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Abstract

Body temperature measurements and follow-up are essential processes to
assess illness from infectious diseases such as influenza, encephalitis, malaria, or
dengue, which are easily and rapidly spread via respiratory system or by an infected
mosquito, especially in area of high popular density or crowded places, such as hotels,
schools, factories, superstores, public transport hubs, or calabooses. Moreover, these
infectious diseases can be transmitted across countries by human travelling. To achieve
epidemic controls, a simple method for roughly identifying an infected person is body-
temperature determination.

Although there are many commercial thermometers in the markets, including
contact and non-contact devices, which is highly accurate and inexpensive, they are
only a single-person and long-time detection and are operated in the vicinity of a
patient. Consequently, they are inconvenient and not satisfy for preventing disease
spread. To solve this problem, Temperature screening was proposed by using thermal-
image techniques to select some suspected patients prior to testing with a more
reliable method such as a contact thermometer. Hence, the temperature screening
device don’t necessitate to perform high accuracy but have rapid and high-throughput
performances. Nowadays, thermal-image devices have been developed with high-
throughput, rapid and accurate measurement for screening task. However, the present
techniques are still expensive and don’t have efficient data collection and storage for
epidemiology analysis. Therefore, we propose a new system for determining body
temperature, called “pTherm-FaceSense: Non-contact Facial Temperature Sensing
System”, consisting of wireless-network communication, captured-Image and image
processing apparatus. pTherm-FaceSense provides high-throughput and rapid
measurements of facial temperature of many persons at the same time, while its
accuracy is good enough for patient screening. Technically, visible and thermal images
of a face image are simultaneously analyzed to recognize the person identification and
temperature. Temperature results or associated data transfer to keep in a main server
via wireless. Users or authorities can approach these data and remotely control
puTherm-FaceSense configurations via a mobile application or a software with a high
security platform. Therefore, uTherm-FaceSenseis able to prevent incensement of
patients, decrease rate of the infection and promptly follow any epidemic situations
in real time. Furthermore, data can return for researching other relevant issues in
epidemiology. Hence, uTherm-FaceSense contributes to reduce disease infection and
dispersion that directly influence on Thailand economic.
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2.1.2.1 m3sa5233ulunti (Face Detection)
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2.1.2.5.2 K-Nearest Neighbour (KNN)
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Temperature 3D Depth Thermal
Sensor Sensor Camera

Compensation Compensated

Tambe Tret: Tretom Tobjme D =1 Process — Temperature

- Walking
Direction

~ o Measuring,
-~ Distance

Temperature
reference

Human Temperature

T[:mp 3D Distance Thermal -
Sereening System

Sensor Camera -

UM 14 uansimsednazlasiaiunigluvesnIasiimesu-inaiud [19]

angluedeafamedu-aiwud azinisiligunsaidnadsgamnfivuinidn (Small reference
temperature device) fifin1seanuuuaniasaniz [16] BWaelu wWisldlunszuiunsyaweniny
gndeusiudrvesdgungll Werududunuinamiaissiaumesu-awud uazeyluszesd
fviun Ledosiamefu-awLT 98NS IREALLUTUTIUYBIANININAS BULAYNAYBITLHE NG
Tnedalusid wazazuansnadnsiduddiavgumaivuviiieeyiud 4undosiunesu-avud

Aa awv 1Y) X )~ va o PN
'V|°V]3J'3"\]'EJLu@L‘V]ﬁWWUW%UQ%N@WE‘?MUW@Q@W?WQW 1

M157997 1 UaaInauUmATolunesu-inaiaud

Parameter Properties
Measuring temperature range (Human body) 20 - 50 °C
Temperature Operation (20-40 °C; accuracy +0.5 °C) 0-50°C
Working distance 0.5m-15m

Simultaneous human temperature screening per

time

Max 9 people (at 1.5 meters)

Dimension (w x L x h)

225 cm x 19.5cm x 8 cm

Weight

1.7 ke

Power dissipation

< 20 W (Not include display

monitor)

Thermal image resolution

160 x 120-pixel

Visual image resolution

Full HD

Warning Temperature

Adjustable
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Parameter Properties
Offset Temperature Adjustable
Storage (Still Air), Not Operating Temperature | Min 0 °C, Max 40
(Sustained, °C
Controlled)
Temperature | Min -40 °C, Max
(Short 70 °C
Exposure)
Humidity Temperature /
RH: 40 °C/
< 80%
Power Adapter Input: AC 100-240V 1A 50-60Hz
Output: DC 5-8V 4A 20W
Wi-Fi Wireless IEEE 802.11n
Standards (draft)
IEEE 802.11¢
IEEE 802.11b

4.1.2 A159BNLUULINALISUANVBILATDIRINDTU-t WALy UD

S a v

nuIdgdn1simulusunsunsvingamgil warasiaduluninnigldvtdininuudiiaies
fwesu-wlawud wiuseusesuds lunsldnuanamgisvuandunimmiseuanmadudiuay
anwsdlgIntiefsvevosynnatiug iuiinnglusseziian 0.1 Wl wazausansvinlavaleny
1% v ~ oA a a3 a o @
Wiouq MU NIANATIAINUYARRTIHlA1gun ) dIAUA1 Temp Threshold Ain1vua daavlunin
a & W = I o o Y v Ao = =
ildguludnusdunaruialnguardidesndunowiuinwuanddusun 15 Tsunsuiinisesnuuy

Wenunsansinnsfinesangg vasmsialavuniiaegui 16 Failseazidendiail

® Temp Threshold

Alduansauuidendgungiindesnisiiiesewdnieulafiflaidu Temp Threshold

lnggaumgilinasgiunailife 37.5 ssrwaldea
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® Temp Offset
4:4' v )~ aa vy v  a = 1 a o v va
Lu@\‘lf’ﬂ']ﬂeLUﬂ']{LsUQ'?u GWQNUWQﬂimWﬁg‘Lsﬁ@]@QﬂqiﬂiULW@J‘VI?@@@IV‘WWQN‘VTQN ﬁqil'ﬁﬂﬂi‘UlﬂV]

HATU Temp Offset

® Exposure Mode
AlduansaieninunauaIaven M uusnludi (Auto) vSewuumvuaLes
(Manual) 1¢1

® Adjust Exposure

AlduansaiiuvseanA1nLaIavenmleios

® |mage
Tunsdiimuupaafifigamnigendnan Threshold Aifviun asiinsiuduiinnmuazen

gaungivesyaratiull

® Total

AN TIngaumgilly 1 Ju

® Fever

a 1

UIUAUTLYUNNNFINTIA Threshold Mmualy 1 Fu

Y Y

a a & v a4 a ¢ s
E‘U‘V] 15 LLﬁﬂﬁﬂqimﬂmﬂLLaSﬂ'ﬁIGUQ']ULQTENlI'JLW@iN-LWﬁL%u‘U
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Temp Threshold
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alusiufisiAudiaudadnssanis “AUTOMATION EXPO 2022” dufununanunaluladuazlugiu
spuusmlusi@ Tuthetudl 16 -18 furau w.a. 2565 Lleldmaaeunstusuinumelunihanegldniinn
Geanunsaiunwlumiyeeaeianadasidsuauioun 25 au Sudauoraadasiialduiuium 8
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JUN 20 fegrnnlunthyadeya Automation Expo wu amldlaninin (amiladre) amdldudinin

(nwilsran)

3) %’agamwiwﬁ'mn COVID Face Mask Detection Dataset

Foyanmluniinainyadeya COVID Face Mask Detection Dataset [30] {ugadoyawuu Public

'
=

Y

Dataset Adalwldusnislaglaifianlddne wielddwmsurinn153deluguuuy Open Dataset @3lusienu
atuilagdyadeyanmlumihyailinlddwiunismaaeulunansiadulumi lunansiaduntnin luea
ATIRTUMTEINRIUNT waztalddmSuulsnininduasiziasuuninluninainga COVID Face Mask
Detection Dataset lng dataset yatififoffe Hianmyaranauniininasuazliaiuninnin suds
= = ) | a & a =

1N13ANUNAINNAVBBATEIUTEAU (@IUNLIN AILLIU) Linel (18 11E09) waziiev @ (815U 1ede) way
Junmiignaneunanuainwanganinwindey Jansiiasihunlddwiunaaeuiulueaiiseus el
IolumanaganansailUldnuldlndlfssivaninwindenssdiilaunfiantues dmsunaindiogsvesyn

doyanmluniih COVID Face Mask Detection Dataset Iduandlifagudl 21 uag Uil 22

bha
: LA
14

E‘Uﬁ 21 LLam61”;@8"1amwiwﬁﬁmngmmamﬂagﬂmw COVID Face Mask Detection Dataset mﬂmwvﬁu

naunmlunthfadlandninewndeasa

naunmlunihitliaulanininawnde
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T ey an1nlund v amunaInyga COVID Face Mask Detection Dataset @1115091uunla

mudnuwaznsay/ldanuuiu war auuarliaiumidinin lnedwiuiavualagndtwunlbifemisd 2

977?77\777 2 LLWN??JQ%/@ COVID Face Mask Detection Dataset
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Tantinnn laild@ntinnin NIUUA
Tewiu 35 18 83
Talldwiu 189 282 517
e 224 300 600
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737988y (Validating Dataset) 1,534 AN wag %’agaﬁqwmaau (Testing Dataset) 1,643 AN
4.2.2.1 mawssagatayanmnsallyialamdinin
nsnFsudeyaninlumii biaaunidininaziininy anauiduluinansraduluni

MobileNetV2 iiiavimsasiaduianizdrwvesumidadudiuiiaula dsgun 23
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E‘U 23 LLammsmsamamamwiwu'mmlmmmmmﬂ

4.2.2.2 maaseadayanwdmiuaiuntinin

Tunmswdeudeyanmitanminninaghmsduamgiuinmntun wesngimundsliamis
mundsteyanmlumiiarumiinnlutinaiunneld Tnedduneudsd amyaeadilaildua -
n319duluntd -> Facial Landmark 68 point-> Laaﬂa‘mwa%ﬂuwummmwgﬂ -> overlay udaduns1en

9

@ A 1% o @ ¢ Y Yo 1 v 9 -
Wiugafiiden -> annuaraiilduuadaney -> asaadulunildndinin dsgun 24

el' = v v = v
EUVI 24 LLa@ﬂﬂqiW\iﬂﬂﬂ]@iﬂaﬂqw‘\lUﬂu’]ﬂﬁma'ﬂmﬂu’]ﬂqﬂ

4.2.3 nszurumsIsn1sianluntihanglaniann

vasndiniduladamnssudoyanmlunindudiSousesuds fuideddldeanuuunisiamn
wedanisialumi wiidesnquantivesnmlumifivdeifisauddiuvosuinaminnuasnim
FwviliAneuenlunsisiluwh Taslamzegradanmluvimaaeuiialdwiuezilenatiazgndes
anas LilesniauduiuvesveaaeuansaaziouLas blue light Bevinlinaudnuazyesnin (feature)
findostuulumihynnadsantiesatly Ssdsmasgrsmnndumsilunihaneldntinin

Fefuiidedaduiuasuminisidlumilmiludnuasuuy Hierarchy danuindieia

aﬂéfﬁm°'“%umﬂLL&JﬂmmaaULUuaaaﬂama mvﬂ,auw way lilduiu Tnefiaddolduvstuneusenidu 5

Y
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Junaumeiu Usenaunig L.asaumluntiniglunin 2.a539aeuninluninldninnin 3.1d@ndnn
Tinulumin d.e519aeuninlunidnlawiu 5.015397Tumin lnedunaunisinauaziandting Block

diagram Tugu#t 25 waiinidulsesuamelianldluudaztunouluitedaly

1. Face
detection

2. Masked face

Yes—lY

3. Wearing mask

5. Face
recognition ‘[NO 4. Eyeglasses-wearing face Yesl
5. Face 5. Face
recognition rocognition
¥
;No Scores > Base values Yesl
No prediction Personal ID

| - |

U1 25 Flow Chart 1%53Un15%UY8952 Uy

4.2.3.1 n1saumluninniglunin (Face Detection)

' 1%

[
U a o

Tupaun1snTdulunthasduduneunsnneunasinamluniluyiussinanaddn Tneduneul

L oA 1o o

gyhnsidendaamzdiuvedlunt welvidaiedeyadiunliddysonisidausen wazasliiane

' 2
1 = =

Poyadiunddgliviniy eannnuiianainlun1s3nzingu

Y

a a v v a v 4 a :JJ o
Anddelanegeumaiianisnsiadulundivainvanemaila aluU Haar Cascade Classifier ,

n15%9 Histogram Of Gradient (HOG) 5 q1un U Support Vector Machine(SVM), Multi-task Cascaded
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A a 1

Convolutional Networks (MTCNN) Lag 3515 Single Shot multi-box Detection(SSD) FauiTanuin
mansrafuninlunthifl#38ns Single Shot multi-box Detection(SSD) Hufinaruusiugngsdigatisan
Tunthiflanthmnuazlildanalandinn daduiinmstasdunsematuiagine q melunmanldauly
nsasradumamlunii Tnensld Resnet-10 ihlumaitugiu Fudonl#35ns Single Shot multi-box
Detection (SSD) lun1snsaaduninlunti

4.2.3.2 mafansesamlunthitanslduaglaianidavthnin

n&sndunounisasredunmluniuddu Suneudelufe nsdwunguamlundiildan
fumeuusnifiossylilénmlumidandn Wunmiiaslandinin wie liaslavinin lnenisuua
Snwagvosnwluninduaesdnuaed Mofiudssdvsamlumssslunihfundedu lneenizesai
amlunthwesynnailiflanthnniifisddeaveduneianisaislumaidlunguilaaldnininuaslsiay
Tanthnnlutumeudaly

Fanrsnaun1sesaeunnluntnfauldnaz llauldandininiu duddulanauitasnagay

[
=

UszanSamwesismansaaeunluntiinlavtiininainisnisluma CNN Afllassadefiuguanain
MobileNet 1USsuiisuiuisnsluina CNN wos Karan Malik [15] il eidentinaiiad i qasnldly
Tnsen1s daftudsnudn 38013 CNN Base MobileNet tfufinrmutiugrgandndniznisuils uarldinanlu
n3Uszananadilndifeiu 1ne33n15 CNN Base MobileNet Hldtinlana MobileNet AifiAntiuinuos
“ImageNet” uazunldrovanlaun1sas1emealwasang q Wireingain Pretrain Model 1y [14] Anw

AN 3

9757199 3 wandlasiasrvluinavedseuunsI93uluviiaiy CNN base Mobilenet

Layer Output Shape Parameter
MobileNet (None, 7, 7, 1280) 2257984
AveragePooling2D (None, 1, 1, 1280) 0
Flatten (None, 1280) 0
Dense (None, 128) 163968
Dropout(0.5) (None, 128) 0
Dense (None, 2) 258
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4.2.3.3 MSENNNUNININFLATIZARUzIULUN WUt @ nSuneaau

TA8NAIINA N IUTUNDUNITINWUNNINA buntn R auldndininwaz lulaaulandininuinan

o
v '

Tunousolude azthamlumiiaulanininluduneuiinium danamudesuniinineunds
dielnmmariufinisanddandmnidudnuasientu sudunisananufanaialunisidiinan
yinvasgUuuuntininlutunoud 4.2.3.5
TneudTelawaulusunsuil ansrandiunl el il aviin1s Face alignment wazyh
nswdzmthmneundfeadiunugesg 4 udlumih lewininifuddeldtmadusuuninneundoma

nswnngdi wazlevihnswdemihninaslvlunmudiaglanmealugun 26

. TR
N

, 4

JUN 26 awdegemsanumininlaiusuamluntn
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4.2.3.4 nMsaTdaunWluniinlduiu

Tupoudanifunisduunnmlumiaulandinndldfudiunildwumuield Wunsia
ey ligunm ieifiuauuduglunisssydiny dednuniafadusdrnmlumhedldntiinindld
wiuazgnadludalinaszyfmilantninuaglduiu amlumheaudlavinnudlilduiufasgnddluda
Tuavesauldmininilaldwiusely

Tnensesraaeuluminfiaaalduiubiu fiuddeldith Convolutional Neural Network (CNN) 7y
Pretrain model 984 MobileNet 1ldlunnsasraluinaiiieldlunsnsaaeuaulduiums elaildudiu 6]
lngamsudlgyadeyaninluntiaulduiunislilduiuiuyateya COVID Face Mask Detection
Dataset F3tayayni 31w 524 nw Feyadeyatl axusznavludmengunmluniidilandnan 224

amuazngunmlilanininin 300 A Aua19 1

4.2.3.5 wailatunaun133anlunin

° v o v oo v & & v o v a v oo v A

dwsutuneuveensidtuntil szudadulimaiinluntiluassguuy e Tumaginluning
Lianuldniinin waz Jeaddnlunthnauldntinin FatuneunsiwunanusdazUssinnlaesuielily
TJunaunountd laedunounisidnninluminldlaaild vinnduagyauludnwasdunaun 1)
wardunaunsiinnlunthaiglantniniuashouludnvastuseui 2) lnen1siiinmluminiegld

v & o & a v ° v I3 = | = I3 Y oAy 1 v M o9 1

nihnnuy Iuduidesuunguamlunteeniluteulvdes Ao iWuamlundildntninuelalawiy
v amlunthildnminnuazldauwium weinluihiuleamuusiazysean neilnadanisasiuay

v
v A

NAAOUNNTII Fiail
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1) afuluealaznageunisiantunthnsallyaamiinig

- Tra:ni”g KNNISVM (7
ace hages Classifier : Target |
Model : :
ResNet-29 Conv Feature

Vector Mr.A

128 Mr.B

> —> — Mr.C

Mr.N

fcl

\ ) )
!

f

CNN Feature » Classifier Model
Extraction

Testing
Face Images

Prediction

Mr.A

- J

U7 27 wansnmmsiSeuduasnaaeusmeds ResNet-29 CNN Feature Extraction 3/ KNN %138 SVM

Classifier Model iileasrslunnazirluminsadlsiaumiinin

NngUTt 27 ddeyaaiFeudumihmsadunaidiluminsdiliauvinnlagyinisdeunn
Tumtindluriu pre-train Tuinade ResNet-29 fignadsdumnlaed weight dusumsfausnmnuuaneg
voslumiiilelvldnimesandnuazddty (Feature Vecton) Aifldnwaziauving 1x128 senuudily
379 Classifier luiaa KNN (K-Nearest Neighbors) wag SVM (Support-vector machine) W%@M‘ﬁﬂizq@]ﬁ’]ﬁ

Y [ 1

Wy (Class Target) InnmesauanvazdAydananegluaaala wevinsaiauaaiitlumin

LdeumthnniSeuieswan drdudnluasyinismegeunnugndedaeinteyaninyansivaeutoudig

Tunanammseulinan

2) afalunanaznaaeunsIIluninsalaauninig

ms§dlumihamelintiinindu fadeldustunsunisidesndu 2 Tuaados Aolueaillily
Auamlumiiilduiu waz Tumad ldlusuamlumdiladlduiu Tasfinddoldain Pretrain model
989 FaceNet 1l 0111971591 transfer learning S2ufUn1SAIWILNIAT loss #2835 Triplet loss
fugsiineusuvesteyavesitideiiuszneuluse yadeyavesnulduiudiuiu 44 au uazyndoyavesny
lailduiudnnu 73 au Tasfimsuuguliimanagmsdimedsing o Wuldammaed 4 uasilassnmsliea
flaguil 28
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§757199 4 wandlasiasvlunavedseuuns299uluviiaiy CNN base Mobilenet

Parameter FaceNet

Epoch 50

Optimizers Adam

Learning rate 0.00001

Batch size 32

Loss Triplet Loss (Margin = 0.1)
Input size 160x160

f Training

KNN/SVM 7
Face Images Classifier | Target |
Model ' ;
fel Feare [ .
FaceNet
Vector Mr.A
Mr.B
128 Mr.C
Trlplet loss—® > 4
Mr.N
Testing >
Face Images Y - (L‘t
CNN Feature ClasBifda¢ioon
Extraction
Mr.A

- J

'gﬂﬁ 28 LLammwm‘iL%EJuiﬁ’JEﬁ% FaceNet Feature Extraction 521U KNN %158 SVM Classifier Model

Taga1nguil 28 hdeyavaiseuiuvinsaiadunaisluminsdfauminnlaginsdou
awluntiidluR pre-train Tuinade FaceNet iuluinafignisouiunaingiudeyanin VGGFrace2
iioaannnesnudnunizddy (Feature Vector) Afidnwaizisuvunn 1x128 senin Taeluauideves
FaceNet Miiavamafianisduanman loss wuulmifiidedn Triplet loss fre Tngazyhnsmsuliag

WeUsua loss tUisewe) aunitazlae loss 1ilng 0
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4.2.4 mseanuuunssanlunieinunsenldinsedng
duilesninuszAnsnmnsiauvesgunsaifddediaivasuninenslunsssananauy
vasnUszinana (Jetson Nano) fioraliiiiisanelunisidlumimesléau duiufinidedesududes
oonuuuszuulegluguvosnsialunteitu APl Services tileliiuasausazuasauszanalanzaiu
yosmsnsIaiaanufeunazihdinmlunihoonlulsznanaiiils APl Services wagsosunanis3andusn
JuFevendvesnmlunthunwaninaununisussanadivedn Jeiiuddeldwmun AP Service uuiATas
poufimosuideiiosesiumsiSenldau Tnefindnnsvihnudesud 29 Faiuinmlumivesussa
wgnadludl APl Service Tnagunmlunihdsnanaziinisidisianindmesanesfiunuvanmnsludnune
Symmetric Key InefisAdelfidendaneiiiuuuu AES Aidudane3iuiiumnesguiléfuniseensuanly
9 Fadioils API Service $ulnldfandnazviinsaeasiaiiovnmiignidsaluiddelusunsa

a v

SPneunagneunaulidivesa Faiiidevihnsidrsianindsndriiiedesiunisiilvavestoyadiuynng

Y

LY

Yo liannndesiunsEydsiinuasestoyadiuyananazusenaldluianaisd w.e. 2565

nensviateyauazidnlunth

; 0 O
Whswadeya &
{ %
AL 0
g OC

- L - <
/—;-\’ © Json API
[name list]

E‘U 29 ﬁuumaumimmwaaaﬂﬂsammﬂumﬁamamsmwmmmLUu API Service

FeisAdelsendrunisihauvesnsidluniesninlivuniesneufinmesuitne Falusunsy
dudalundduldgnitannlidaoniw Python fuiufinddedesndudosinun web API fisosiunis
yharudaen1w Python Tasvisdassesiuntsinugalavniideddiisatumssarlunth fuadelddne
a3 Web APl iiosassulusunsuiivaulisnentvn Python 18 Tnendsaniifiuidelddnwinas
NAaolde1u wua Flask (mmawﬁaaﬂalﬁmaﬂé’ﬁ https://flask.palletsprojects.com/) @111505995U
n1sviaulugUuuures Web APl 1ag Flask Furdu web framework 7 Waiund uanad1m$u Python

Wialdsauiu webserver 8u 1wy “Apache” 1usiu Ine Flask gnisandn micro framework ins1z31 Fulyl

)=

£ a = . U 1 =3 @ v [ a . a Y Y
ABINTITLATDIUD I Llibrary azlamn LLG]@EJNI?ﬂGﬂiJ Flask NE9IT8ITUATITLNY extensions WLﬂ‘HI@@'JEJ

-¢

Wi Huddedalaiaunlanludiuveanissdnlundiludnuaenisiauiuy Thread i Flask Litaiiiy
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UsEANSAmweInTeIuUL Services unndu wiiuisendunuin desiaves Flask Framework fe
lisesfumsvauludnuae Concurrent fatufiisessfommanddaymlnenisun Flask Framework
191U39UAY Gunicorn (Green Unicorn anunsadnu Al https.//gunicorn.org ) 4 "Gunicorn” ‘5
vt S udugsinesiibunandidenselusidiudeuszaiuves Python sfuldusuuuy pre-fork
g1 Gunicorn Buannsadfuldfuiumsuisaunnueasildldouldine §wihle APl services

Alaronuuuilanunsnsesiun1svitanuwuy Concurrent 3nKtdunateauls @sdagdu APl Services

I 1% o 2 a 4 [ v t-:l'
‘lliﬂﬁfla’i']\‘iﬂ’ﬁﬁ/l’N'WUUULﬂ’i@\‘IﬂE]@JW')LG]’P]?LLLI“U']EJ@QEUVI 30

Face Recognition (Python code)

Host OS

Infrastructure

a

sU# 30 Tnssadamsvianuuuadesaeuiinmesisivng
Tumsmsadunaznlumihuadnsilianmsisesudaminsginanismeassiléinnnnsise
TnenvnaeuauaazUsznafsreuinmesayanasu Dell Vostro 7570 fiflssuuusvanana CPU
Core i7-7700HQ Wag GPU NVIDIA GeForce GTX 1050Ti @ am1nviin1suszanadugunsaid uq agld

szeznatunsUssnanuanseiuveenlulaeduegiuussavan nvesgunsaliue

4.2.5 HAaN15ATIAIUAWLUNTIN
Tnsnan1nadeulszdnsninlunisnsiaduninlunminiimuine95n1s Single Shot MultiBox
Detector (SSD) #333elnldyataua COVID Face Mask Detection Dataset snlglunisnageuinusyd@nsam

lun1sasiaduamlundluyadeya Fallnanisnaasuvesnisnsivaaulumituuunig 9 lun1s1an 5

v
tY

Fawuin anuwiuglunsnsaduvesnmlumhdmivyaeadilanihnniuegidesas 74.67 uaziinm
uiugrgennlunisnsadumnlumiilifléaniinn dasimnuusiugegifesas 100 Falasamsinves
Usgansamanuusiugilunisnsiadunnluminazey ivszanaiovas 87.33 dmiuyadeya COVID
Face Mask Detection Dataset fiaiiarusiugilumansaasunwluniiflaminindivesiduslaigamnn
Homninsmeaeusunthnniifienuvainuans sawvunimnialuuagmiininiifainans Javils

okaauusiuglaasn
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ANuLUuglun1sTIasulunn .
; waadely
TUROU wauld nwaulald .
. . VLA n13UszaNa
NUNIN PUININ
ATSAUNTLUNTN 74.67 % 100 % 87.33 % 110 ms

4.2.6 wan1saansasnnluntinnalnldwazluauldniianin

lneiuddelaiaulusunsuieldnsiamamluntniesenuezawluninialdninninuse
Lilganuldnininlagldignsianmtinin Tagldnseuiun1syinauiuu CNN AflASIasaiugIuanan
MobileNet Taglevinnsilseuiiisuiuisnisluma CNN vae Karan Malik iivaideniimatiaiiffngaunldly
lasans lngnaaauiuyadeya COVID Face Mask Detection Dataset @sdnnluniinviavian 524 am
Uy aaweulaniinin 224 s eulallaninnan 300 aaw Fefisddenudn 35015 CNN Base MobileNet
Wuliauudugnganindnisnisnis wagldiianlunisusemananlndifsaiu lagnanisiSeuiiey

y) v o | gy | v Y ) =i
nsnsadunmlunthauldntuaylildauldntninlananidanisnan 6

AITNT 6 UAPNKANITNAFOUSEUUNTIVTUNINIA

a%ﬂ’ﬁ ﬂ’J’]ﬂJLLﬂjUETWSLUﬂWﬁﬁi’JQﬁﬂﬂi’e]x‘iﬂ‘lﬂﬂl L’Jﬁ?lﬂﬂ’ﬁﬂi%ll’la&la
NN
CNN base Mobilenet 98.47 % 40 ms
CNN 293 Karan Malik 88.55 % 70 ms

4.2.7 wan1sudzntinindnassuuniwlundi
a a o v ¥ ° 9 Y v Yo A o o
weldlunszurumaiudruuamlunivesldaudmsuielildasunasdmieiunly
NAAoUANYNABIRILIAATIN NTdedsladiiaunlusunsuiianlzamvinindiassuuninlumi
lagnagauinusednsnmnisudzarimmtinindiaeaiuyadeya COVID Face Mask Detection Dataset

Tednamsnaaaululuauns Wi 7
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97519 7 HanISIAaaUKUEININT 809U Il U)

TUNDY naulunihldvdnin | ngulumildlaminin Ve
NIFEIUAEININ 67.67 % 98.00 % 82.83 %

NN INTINVOIUTEANT ANV antInINTaetey i sauay 82.83 lavludunauilldiian

lun1sUszananamiuegf 300 ms Nedamitldaunsafaniininlassddnuaeaguil 31 Wedune

Y
i

gnuIaeniInInka At untduaziinadenisldninninligndes uenanuuLaazAINATIN

maﬂwﬂwﬁé’aﬁqmaﬁiaﬂ’rﬂﬁuﬁﬂmﬂiﬁgﬂﬁaq

JUN 31 fMegrnmnstaniininitlignées

4.2.8 wansnsraaaunwluntiildudunn
Funoutandunissuunamlumiaulandininildsuidwdlduiunmiold Wunns
JanuavylsunmnewiluldianluminitunssuiunisAnuenluseuuluy Hierarchy Feazdaeidiu
arasugilumsszyiaureslfnuldtuniy Weduunasiuwdnlumihauldwinninilduiuay
gnasludslumaszysanilavininuaslduwiu awlumihauilanihninuslildawiudazsgnddludduna
vasaulavthnndilallduiusely
n1snageusruuITnaasulaglyyavteoya COVID Face Mask Detection Dataset 31u3u 524
Tnsnzutsoaniunguyadoyaiilaninnin 224 nmuaznguamdlalantnn 300 am Senmstamueia
ggnnsadulunthnouiiingnsruiunmaduniun wardusseznaldlunsuszinanase Tassans
naaovazidulumumsned 8 Faarnnanisnaaeunuin amusiuglaesimegisesay 92.33 neiileld

nNINLAUTEANI N NAzanadantioy

[\aviidryan¥umu BT2-20/1-61] ih 62



famafu-wawud: szuunsivingumgiilumhuuulidudariagnarsyarawaznisiudsdoyaruaistienisieas

§I5NY 8 BANITNAFOUSEUUAITNTIDIULIUN)

ANuLUug LTIt ulunn LAty
B3 amauld amaulalld . s
) 5 P9nUA
NN PN Usyanana
SEUURSIERUAL AW IY 86.67 % 98.00 % 92.33 % 100 ms

4.2.9 HaAMUYNARIVRINTTZIINNTUNT
\ & & < o v | < A aa
druvestuneuilazidunsruiunisseuinulagldlund lngazuuseeniduaesdiude 38013

Y

dmsunmlunthnladlaninnin 38nsdmsunmluninlandinin Wesndinsldnussuussyinu
nntuntntaninniniuagiussansn1nueIseuuanadaniay
UBNIMNUUN O NANULNUEIVDITEUUTTYRIRUTDIN LU A lantInn Falaviinisdnwun

sunwlunieendunmluniilamininusladlauiu duawlumihalanmininuaziiun

4.2.9.1 uapugnaeslunisseysnudmiunmluninldldndanan

a

mm‘i%’aié’maaumammgﬂéfaqmﬂmwiwﬂwmQ’ﬁlﬂﬁmﬂduﬁwmn InenadaunU pre-train
model 40 ResNet-29 fignasrstulnsiuisunanmgndesannnisseidaiy Classifier Tuina KNN (K-
Nearest Neighbors) wag SVM (Support-vector machine) Wu31n1548 ausa Pre-train model 1911y
Classifier model wuu KNNs T#aanugndesanniian Taefiuddelsdenldrdmiunsiiines (n = 5)
dieldszyimmiludugaiine Seiiuideldvaasufugateyanaaouainaulineusuifunwluntiives
yArasIuIY 117 yara deldudsynnmithunlineaeuinuszansamuestumaidiluni d1uau 1643

A Banwiavanagiuiinaauusiuglun1sIegn 92.97 %

4.2.9.2 wanugnaslunsszydnusitulundiniglaniinin

nsiauszansninlunisszuimuveanluntnalaninniniu szuvinsianailuasnsdl

Y o d' Y v d? o U 4 d' 1 ! U ¥ d' I} 1 1 |5 1%
mulanasdnnlaairadudmiunmluntnlduiu du amlumihalulaldwiy witunsunisasisluea
yosnsaonguiuagldluwa FaceNet [31] 4vinsimsunteyadnyateyanisinausuwazyatoyau
nssansanldlunsmaaeuianavesaugnaes eagldisn1sviuwuy Triplet loss favnganNmIunag
FaceNet iathelvlunaiiasistuanunsausunguuasnnlumiiegaanaifednuuieglndiu neunaely
foN1ueaY Classifier Model LUy k-nearest neighbors algorithm (k-NN) wiialt predict ArnauvaInIN

Tunihimsaiunmveseanalanings wedumnaulunisiitlumin
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Fenanugnavavaen1sislumihiiinanmsuiinguuesnnluninlduayldlduwd ulduanald
A9M15197 9 FeUsEnauAuluNntNToIRUN WS UTIWIUNMNA 142 YAAS F9131NNENVRIYATRYA

HNausy 91U 117 AuLarYatayaresuiingsAnis (Automation Expo) 31W3U 25 AY

M5 9 WaNIINAFEUIEUUSEYAInUA L lumhmelgminnadugntoyani 9

Model and Datasets (Accuracy)
Datasets (Number of - LEIGE
) Tunthilylald .
identities) Tuntlduiumn | \dey
WU

} 4

YT ANNOUTH & YAUBYAYDS

Y 9

R 79.15 % 82.11 % 81.00 %
QUUNTIANIT (573U 142 Aw)

laganuan1snaaeuluni1s199l 8 nuIIANLLUEIVEIYATOLARNBUTY & YATDYAVDINY
a = 1o a 1Al = 1o o w v o Vo v
ns3enns danuwiudlagiafiveg 81% wazlianuuduganasdmiunmlumhalanamininuas
WIUMBEN 79.15% uazaudugivasninluntdiauldunniininiiiesegeisetazeyn 82.11%
watlmnduuaulugadeyadduiuiindueivszdwaliussansamanuuiudranas duilssanlena

Ao luntnazeateiuaataduleiuuniu

dwsunsnageuruiiluduneui seldszasalunisussuianasgliiv 0.5 Jund

4.2.10 528LIAINITAIAITEUURASITNISNIVUALE BN 1ETUN155189U1

drwsunisldanulusunsuddnlundiiu Wsnsudnludedwanlavasuazlumaifeslduauy
PUIYAIIUTT TIUTIHIATUNNTAIAINITVINUNINT U DS UAUYINIY FeTunauniIsisuausulUswATY
¥ o @ ¥ 3 dy v o ¥ a A | ¥
wldnalsstanauudnidnies Nellszezialunisuszuiananisianlunthluasansd fe Tdntnin
(lonanalinannsnen 10) waz ildniinin(lawanalinemisned 11) Nefinsalvasninibulduntininagly
natesgninlunisuszananatasitunaun1syina i lduindiasanliindudesassisazidaandudaume

IUsgansnmANNgNAesiatagie
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M5 10 seeziaalunisussaianan 9 vesssuuszylumbhilaniinig

Funoy szzalagUseun
10) nMsmsadulunin 110 ms
10) MsTwunlunthannastaniininuselaldminnin 40 ms
10) syuulaninnlunulune 120 ms
10) nswunluninannishawiunselaldniy 100 ms
10) szvuszydmuruluntaiglantinin 500 ms
naRldveINTEUILNNSIILR 800 ms

m15097 11 sveziIallunsuszianany 9 veeszuussylumhilalaniinin

Funou syazalagUseine
1) nsesadulumiin 110 ms
2) msawuntuntiannstatinnnvseldld@ntnnin 40 ms
3) szuussymeuulunihangldninnin 500 ms
naldveInsEUIUANSTILS 600 ms

4.2.11 wan1madauyszansainnisiantuntsinunsienldinsadng

wdniuATeldeanuuUkaz WML APl Services Liias035UNITYMUUIASIES S UL DA
Au3T5dldnaaauUsrENS AMNAITTI9IUT0I5EUY APl Service ad19d U Tnen1snaaeun1sds
Connection 3111A5 89mMA@aU (terminal) §7u7u 3 1A5 09lUg 952U APl Service 1A 89a% 200
ConnectionsImﬁmamimaauﬁ’qﬂﬁ 32 §aNan1SIOUNaUTBILAS BIABLT LAY w1 lUS
\A3psnoufinneiaaeuIAIosusnlFnaisdy 191 3N waziAesreNiamesnaaouiaedldinanaauy
192 1t uazidpsnoumasadaulIosiianyldnaneay 194 Juni fuuAiedsvenisusyanana
awmsliusnsegisesu (191 + 192 + 194) / 600 = 0.962 3undl (mneims 1Tunsmeaaunisyiavu
WosUfuinIsinSev e aiusunSesmeuiunatusare Fanrsldauaedniiudesrifedonufives
GELER)
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(api-environment) ¢ ~/mutherm-code/test-script$ python3 test2.py [(api-environment) @ g : ~/mutherm-code/test-script$ python3 test2.py
At the beginning of the calculatlon At the beginning of the calculation

Mon Sep 13 10:34:44 +07 2021 Mon Sep 13 10:34:47 +87 2021

Processor time: @ Processor time: @

Mon Sep 13 10:34:44 +07 2021 Mon Sep 13 10:34:47 +07 2021
{"ID":"1","Name":["Phithak,0.3856"],"Total":1} {"ID":"1","Name":["Phithak,@.3856"], "Total":1}

Mon Sep 13 10:34:44 +07 2021 Mon Sep 13 10:34:47 +07 2021
{"ID":"1","Name":["Phithak,®.3856"],"Total":1} {"ID":"1", "Name":["Phithak,0.3856"], "Total":1}

Mon Sep 13 10:34:44 +07 2021 Mon Sep 13 10:34:47 +07 2021
{"ID":"1","Name":["Phithak,®.3856"],"Total":1} {"ID":"1", "Name":["Phithak,@.3856"],"Total":1}

At the end of the calculation Mon Sep 13 10:37:55 +07 2021 At the end of the calculation Mon Sep 13 10:38:01 +07 2021
Processor time (in seconds) : 191 Sec Processor time (in seconds) : 194 Sec

(api-environment) g : ~/mutherm-code/test-script$ python3 test2.py
At the beginning of the calculation

Mon Sep 13 10:34:45 +07 2021

Processor time: @

Mon Sep 13 10:34:45 +07 2021
{"ID":"1","Name":["Phithak,0.3856"],"Total":1}

Mon Sep 13 10:34:45 +07 2021
{"ID":"1","Name":["Phithak,0.3856"],"Total":1}

Mon Sep 13 10:34:46 +07 2021
{"ID":"1","Name":["Phithak,®.3856"], "Total":1}

At the end of the calculation Mon Sep 13 10:37:57 +07 2021

Processor time (in seconds) : 192 Sec

SUN 32 nammegeuUsEaniamanaunIeanieuiy

YoNINNUALITeLAANEINITVNIUVDY NGINX [32] (Sneazidenvad NGINX idiuaunsadnele
7 https://www.nginx.com) i 83¢ LA U sz nel 199145095 UInann15VUn 1IN T U Fednwy

Architecture 98315919 lauanalideguin 33 1lleea1n NGINX duiigneenuuulisessunisviaules

Y

a awv

wagdlmnuadeslunisinauliuinig waiuddenaunutdgmmnuianldauass Ineiuidelanegeunis
5luwtheinunsBa Connection 911384 terminal TUgszuy API Service fisassumsviinusuiuves
Flask , Gunicorn wag NGINX $7u72% 2 terminal $9u2ULA5 8988 200 Connections WU7 1431 884
Connection a1nvisaaaadasblds APl Service Fnszeznivznuintaniin Connection Mvind1an1s
ﬁwwuﬁué’qgﬂﬁ 30 LAMINNTIEBUNINEINTVDILAS DIABNRIABS UL Y1y avdunaiiuineg og
poufinmesusiv1elallifinsly CcPU Amneudsdndrinveandeauidiefgud 35 Auandvannisiey
89 CPU Torann sauiisdsesdumiymussmsiaulussdardiuvedasadsiaunuininannsi
NGINX SufinnsBenldsiunisidousaves Socket File Sadausialudie Gunicorn uaz Flask uuia3 e
ﬁzjwé’qgﬂﬁ 33 YgmdananninaindeditavesnisSenldanuniu File System Fwilanneunisieu
slaflsutunsldeuniy Gunicorn fu Flask Tnenss faideiidedunadnmildoildaindrodned e ns
Wl Architecture wilazindiufvesatgesAlsznauunltuluanwuzratsawes wan1sgeuiunu
YouaLasiuneionvdwaneUszans awnnsyauldiwuieatudansad sofuiiuidesdd apl

Services NVUKIL Gunicorn way Flask @9UN9enaLiganan1syinaIul
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Face Recognition (Python code)

Socket File

NGINX

Host OS

Infrastructure

UM 33 1ASIAS19N15YIN9UVD9 APl Service UUN15YINIUY89 NGINX

Y

<html>
<head><title>502

</body>
</html>

{IIIDII B ||1||’ "Name"

Mon Sep 13 11:26:
{IIIDII : IIlII' IINameII:

Mon Sep 13 11:26:
{IIIDII : lllll, IINameII:

Mon Sep 13 11:26:
{IIIDII : IIlII' IINamell:

Mon Sep 13 11:26:

Mon Sep 13 11:26:
{"ID" 3 “1"1 "Name":

Mon Sep 13 11:26:
:["Phithak,0.3856"],"Total":

Mon Sep 13 11:26:
{IIIDII : IIlII' IINameII:

34 +07 2021

["Phithak,0.3856"]1,"Total":

34 +07 2021
["Phithak,0.3856"]1,"Total"

36 +07 2021

["Phithak,0.3856"],"Total":

36 +07 2021

Bad Gateway</title></head>

<body bgcolor="white">
<center><h1>502 Bad Gateway</hl></center>
<hr><center>nginx/1.14.0 (Ubuntu)</center>

37 +07 2021

["Phithak,0.3856"]1,"Total":

39 +07 2021

39 +07 2021

["Phithak,0.3856"]1,"Total":

1}

:1}

1}

1}

1}

1}

JUT 34 Han1snadeuUsEaNSAInYes APl Service UNNMSYINIUYBY NGINX

[Lavndeyan

o
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top - 11:57:12 up 161 days, 22:56, 6 users, load average: 1.67, 1.20, 0.67
Tasks: 483 total, 1 running, 301 sleeping, 2 stopped, @ zombie

%Cpu(s): ©.1 us, 0.2 sy, 0.0 ni, 99.7 id, ©.0 wa, ©.0 hi, 0.0 si, 0.0 st
KiB Mem : 39489264+total, 24860168+free, 49039416 used, 97251552 buff/cache

KiB Swap: 999420 total, 999316 free, 104 used. 34190540+avail Mem
PID USER PR NI VIRT RES SHR S %CPU %MEM TIME+ COMMAND
438 ekkachan 20 %] 44944 4392 3284 R 0.7 0.0 0:16.52 top

6418 root 20 © 105688 6824 5856 S 0.7 0.0 0:00.03 sshd

837 root 19 -1 155464 40276 28068 S 0.3 0.0 182:51.38 systemd-journal
1404 root 20 0 110640 2744 2204 S 0.3 0.0 100:09.61 irgbalance

1453 root -51 0 0 ] oS 0.3 0.0 36:44.82 irq/179-nvidia
7543 root 20 0 0 ] 01 0.3 0.0 0:04.71 kworker/10:2
28592 sasakorn 20 0 30.749g 2.399g 499100 S 0.3 0.6 1:26.91 gunicorn
29035 sasakorn 20 ® 27.856g 1.959g 499100 S 0.3 0.5 0:43.70 gunicorn
29231 sasakorn 20 0 29.113g 2.136g 499100 S 0.3 0.6 1:01.40 gunicorn
29269 sasakorn 20 0 32.241g 2.646g 499096 S 0.3 0.7 1:47.95 gunicorn

[ a

Eﬂﬁ 35 S1899IUVDINTITVINUVBLATBIUL NGINX A8991AARN1TANY

LALLAABNNTYIN U aTUUA

g

4.3 nM13WmUN Dashboard dususengdaganisldauaiaiiamesu-inaiwud

(Y (% 4

iwsesdunesu-awud gnesnuuuliiinisfudweyarimsiiweindAyreinsinainwuees

o

#1199 11T aenauUi RBsUIYUY (Server) Fafinsudeyat launvinn1sIiAserinagsieauuy

[
v v 3 1%

Dashboard ns3deiamunuies lneiigidifeleya 2 seau e

Y

ldauszaui 1 : aulu Admin fiawnsagainsinvemnesesasgunmaios laluszezlna

A ¥

Yy o o I = = v S & a ¥ ¢
éi%ﬂﬁﬂizﬂﬁﬂ 2 : U User%qwuwamqgQuawiaaﬂszawuawu%aqaaﬂuwumw]wﬁwuﬁsanmaa

[
&Y

Toya ngiunauealaviiiu

4.3.1 Dashboard Eﬂ%ﬂﬂuizﬁuﬁ 1 d%5U Admin

® Al Dashboard 9zdunisiinfiadeyarenniesiinmesu-iawudiamuniingzangegin

Y

[ 1

Useina wazarunsalsenadeyanie o i S1uiuidavagay uiugUigavay

Y Y

v

sregIaINsidearay udseyanisidnululsazaniundndiy dagun 36
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avafinouid A Sirajit Vuttivong A
All Dashboard Thu, Jun 9, 2022 10:41 AM

Snaulfnuaza (au) e Snnudiheazm (au) FsEvMAI

2,047,771 12,721 W 1710 fou 4 fu

5U#l 36 uansdiayanth All Dashboard

® Daily Dashboard 9ztduni1sitnisdeyanisldauvesiull Fesaunsonaniusnis
Wousedumesilnvausazieseslunsazanuild saudloyansldnuazay wasdiuiu

HUaavaumRagUn 37

aYannauitn A Sirajit Vuttivong 5]
Daily Dashboard Thu, Jun 9, 2022 10:56 AM

Swouiliruiud () e oo :
895 ot i 18 W

Snnugihussmsid (n)

— e Zx $1u7u Online 8 1A594

11.94%

\

977U Offline 59 1A504

0 13 21 40 54

88.06%

Uil 37 wanstoyanii Daily Dashboard

®  Map EHAAININAIIUVUILUULAENITNTEANLAIVDAATRI LN TU-Wagus Ngnidanu
VUsEINA LavanueN 1S oNreduNe s InveuazIASoIRITUT 38
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ajafnouid A Sirajit Vuttivong B

India

v
T lang!
& fon
5UN 38 uansdayantir Map
® Maintenance 3zl aTUNINITANAT Toyan15U1395n¥IATIN 1 wazdaya

o % I A & a s s - [ =
NITUIFIINYIATIV 2 VOUATDINUNDIN-LWALTUY UAaZlATEY AIFUN 39

Aui 4 da & 3 -
somwdinds : NTUTIVIN uuny
on, 10 Aug 2020 Sun. 10 Jan 2021 Tha, 10%n 2021
AT
iduits _ 4
anwitdnds : NANY. AN
Wed, 12 Aug 2020 Tue, 12 Jan 2021 sat, 12 3un 2021
DAL
Fuitdoqiu : Thu, 09 Jun 2022
a0
Serial Number : 1422819075112 Fuitans : Wed, 12 Aug 2020
Maintenance (MA) 1: Tue, 12 Jan 2021 Maintenance (MA) 2 : Sat, 12 Jun 2021
Arurimin M afe 2
dnui v ¥
anwitdnds : TN, Ui
Sun, 16 Aug 2020 Sat, 16 Jan 2021 Wed, 167un 2021
fRun 4o & P
anuidnns : FUENAIAUT AT
Wed, 12 Aug 2020 Tue, 12 Jan 2021 sat, 12700 2021

5U# 39 uanstayaniin Maintenance

u

® Connected Server \uni1sidaaniugeanisdetoyavinas esdiunesu-inasud

WduATeIRNNINBTHIYIY (Server) MaNUBIlATINITATIUN 40

o
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SN

1423119020700

1422819075295

1422919080861

1422919083830

1423519045425

1422919082097

1422919079668

1423219037507

afatinouid A Sirajit Vuttivong B

~ ' 4 )
nwmwamusmstéeummmuumu

4
At

Gousnmumogd

uonamn A

a1nnslud o2,

Goudrdunowiaon

AR AT 90
W2

GoudnuAwing

Sz Asaas A 1

naws. qai 2

Suitdsdoyadgn

Thursday, June 9, 2022 11:10 AM

Thursday, June 9, 2022 11:08 AM

Thursday, June 9, 2022 11:08 AM

Thursday, June 9, 2022 11:07 AM

Thursday, June 9, 2022 10:57 AM

Thursday, June 9, 2022 10:37 AM

Thursday, June 9, 2022 10:14 AM

Thursday, June 9, 2022 9:00 AM

{gﬂﬁ 40 LLamsﬁagamﬁw Connected Server

Amnudu

wii Hudn

Wi A

5 Wi AU

wii Hudn

15w Audd

Wil Hudn

59 wTi MU

s

. . I 1% % [ a a a v (% P
® Timeline L‘UuLﬁu‘Vl'Nﬂ?iWWUWﬁSUUﬂ@ﬂiSQQMﬂQ@W@QVI@J’J?]EJL‘Llﬂmﬂ(ﬂ\‘i?;ﬂﬁ/l 41

sUfl 4

U

2017-2018

]

aYannowgn A Sirajit Vuttivong 2}

1 uanadayanin Connected Server

[Lavndeyan

o
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' '
° w =

® Sensors Data 9sifuuviasvestayanisiwesidAgyesszuu Jeagldlunisnada

o

A a s ¢ i A [ Y] P
E‘jsﬂﬂ']WGU@QLﬂﬁaﬂll']Wl'f]ilJ-LWﬁL"?juaﬁ LL@agLﬂiaq‘lﬂ @QE‘U‘V] 42

adafnouit A Sirajit Vuttivong R

Select SN location

Serial number : 142 #in nectec A M,
,l Viumananroouusiu

sy

Date Time L . ) m(C) Tref (*C) Tmref (*C) Distance (m) Ambient ('C) Humid (%)
TR vy

Alt Dashboard nam. g1

Wednesday, Apelt . 3423 39.89 43.78650000000002 1.194000005722046 35.28 3997

aily Dashboard avin. Uiy

quova Al
Wednesday, April

Map

’ - 3662 39.89 a3 1 344 3523 40.03
VoumaonuDavsuyn

Maintenance

Connected Servers WoRARa, AL 2T, 2022 554 P 374 3756 39.14 42.557799999999986 1.4260001182556152 3452 an

Timeline

. Wedaesday, Api 21, 2022 5:50.PM 373 3685 39.06 41.590099999999985 1.3060001134872437 3453 4107

About
Yadvestay, Apil 27,2022 5:30 PM 371 37.29 388 422613 1.0980000495910645 3441 4052
Wednesday, April 27,2022 5:01 PM 31 36.44 38.12 40.462700000000005 1.2990000247955322 3357 38.96
Wednesday, April 27, 2022 4:36 PM 372 36.63 37.43 39.71330000000002 1.2960000038146973 325 3086
Wedaesdiy, Al 210, 2022 X 19 FM 368 37.03 37.35 40.91369999999999 0.9970000386238098 3258 309

g‘Uﬁ 42 me%gaﬁﬁ’l Connected Server

® About aziludayavesEiam daguil 43

avadnouith A Sirajit Vuttivong B

pTherm Facesense

nauidegunsaianinsalntuasivuies (SSDRG) uasnduidenisdoms
uazIA3aty (CNWRG) j

w:,
‘ »

i Tuladdiannseiindl WnesuiIA 112 gnenu

a <. - - -
fiil  Maintenance Ingnmanivsandlne a.wnalodu a.aaomils 0.ABIMAN 2.UNusI
12120

Connected Servers

line

5UN 43 uanstayanti About

o

[vavil Feyayrsumu BT2-20/1-61] w1 72



Tamasu-awud: sruunnvingaumgilunthwuulidudariasvansuanrawaznssuddoyaniuasevienisdedns

4.3.2 Dashboard ;ﬂ%ﬂﬁuizﬁuﬁ 2 d1%5uU User

sziunisidisengteyavenniosdawmesu-wawud luaaiuniug lnedidnvesaniui
wihluanansangle #u Username wag Password iy Beazuanstoyavasoaniui 31U
w3 aeiidnlUTdnuluanuity Juifene Tuiiasuseun1stnungesny wagdnuauiinsuns

ARNTOIQUUNITIIVUA Fa5UN 44

o

All Dashboard (Status : User) Fri, Mar 12, 2021 3:57 PM

dniataddon: 2 wdas “m-'!ﬁ"ﬂ‘]
Yodnui : anriunsFurind Ussg A
Select Serial Number :

Serial Number : 1422919080865

1422919080865

anus:

All Dashboard

O

Wed, 05 Aug 2020 Tue, 05 Jan 2021 Sal, 05 Jun 2021

=]  Daily Dashboard

B4 About FunAafa : Wed, 05 Aug 2020
Asurivun MA adail 1

nstigednw afefi 2: Sat, 05 Jun 2021 wdadn 84 Fu

dnnugihsazau (au) SETHHIAAEAN

471 W B oU7@euTiu

56,873

dnnuldamuniely 75y

5Ufl 44 Login User Dashboard vesteganisldauy

4.4 msanfunufinaunissnauianaswiviendnuadasenis fgudandnidunes dseasdendsil

(%

MuATulaniufnf sz uuUfuRnTs Red Hat Enterprise Linux 1835%u 8 liiuLA3asnauimes
wieflaaniduauinde (Wanduaives Dell U PowerEdge R740 Server) flagufl 45 Galavanuuuy
msvhaludnua Virtualization Jaduwmeluladireuiunesuivivainsawdenisinuesndunias

ABDUNILADS LU B LUULAL DUNATULAT DI LAVINIIUNS DUAULAZLENANTYINUAULABEHIATULN BB 95U

nsvgnealalusuinn faguil 46
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08:56

Monday, March 15

[~ Tpsomivie]

RedHat
Enterprise Linux

PN 1 « a ¢ 1
EU‘V] 45 AMNNUIIDVDILATDIADUNILDTHUUTEY

Virtual Machine Manager X
File Edit View Help
(9 &= Open n ~
v QEMU/KVM
mmﬂﬂ
=== Running

JUN 46 nmnnsldanu Virtualization vedATesRaUiImaIwAYNY

Mntufinddedslddndunsinduniesneuiamosusidiodnd nidl INET Data Center (INET-
IDC1) 1e1sunaninenaies a.s1ei Tutunsdl 10 nuatius 2564 d9 INET-IDCT Tiugudand
Le?iuma%ﬁgﬂaaﬂLLUUﬂﬁaiﬁﬂauL%Uﬁ: Clean, Green, Innovation, Saving, WA Security AUUINITFIUAING
FaawvsznevludeszuunisTiusnsilugiuuasdssasaiuasaandi dausiuate Jussansam
nazillafiosnmgs 1wy srUULA3esUuBINIAd3e (Redundancy Air Condition) ta3esdnsaslu (UPS)

wazndnnszualnili (Generator Set) WioarruaNguvnil sEUUATIATUANLTU wazszuutesiudaddey

Alau1nsgiuana nieuinnunaen 24 vy waz szuumnudasnsiy (Security) vesauddoyalefiidl
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nMsinwANuUasniunisidn-een mesiadiuyanatazinIasawnualgilnile viednsiionudasnsiy
WD 2 1 UIMTIANTITUU-08nUTERYNYAK1UTYUU Access Control WSaunaedeasia ynya

Jusiu Faduluauniseuauanuasndenisansaunanieuinggiu 1SO/IEC 27001:2013

a [

Fadelalviuevinsindaasesnauianesuduieidnivies Intemet Data Center lagnaneiay

a

Serial ¥99LAT09ARUNNADS LUV BT LALAAIIAISUN 47 FandINnNAuIve

aa aw\ly %

AVUGIULATDINDUN UMD T L]

e

[ ¥ 1%
a Y 1 o v

1 a v 2 YYo a a o vy & a Y] ¢ A O v
YUINNDY IDC QQI@@WLUUﬂWi@@@QQﬂﬂ?m‘IWSLﬁﬂJmQLLG]ﬂ']iﬂJ@L‘U']WUV] ﬂ']iﬂjﬂﬂﬁ/iﬂﬂ@ﬂﬂimLLa%ﬁ]ﬂ(ﬂ\ﬂﬂn

v v yal v

flug Rack mutdunaudazun 48 lnsinIespauiinnesuitieilannseling Rack Aeguil 49 Fan1mas

Y

ee

a

TUNBUNTANAIITLAASLIRAgUT 50 - 53

X L J F 2
v g\ g g g o Lo :L

—— — — .
ST: SFJDXS3
Exp Svc Code:
20530595847

JUN 47 nungiay Serial Number Ua4iA509ARN IR IIUNY
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2.
vy
v a

S s o o o e e A y
E‘U‘V] 48 mu@@uﬂqssﬁﬂquUﬂLﬂﬁ@ﬂﬂ@uW?LmaiLLﬂmqﬂﬂ@uuqﬂq@ﬂ@QW% Rack
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Test lusgAuu0s System Test Lﬁ'amaf\]aauLLazﬁuﬁmﬁﬂqﬁ‘si'i’umivi’ﬂmuﬁmmqﬂﬁaa
AU auaudnuaziiimuslagldnsesnuuunsdinismageuLuy Black Box Testing
2) n1INadavUseaN5n1w (Performance) : 35 n15nadausaNg w1s azvinludnwaly
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ABANYAEINYIUA
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ATeN 1 Asen 2 A3an 3
AIANAN o e ldanansontn
r 1 FNTUUULLIILWIVI6 4 d.m. 2563 8 u.A. 2564 | 28 n.A. 2564 . - Y
(25 1A309) Aunsle
o g a ldanunsondn
2 | aodunsS e 4 a.n. 2563 8 1.A. 2564 | 28 W.A. 2564 . .
Aunsle
lsaenuaguIadnsal aninvintng
3 4 d.m. 2563 8 u.A. 2564 | 24 n.A. 2564 18 n.A. 2565
(Usze A)
lsangnuaguiadnsal anin1ynlng
4 4 d.m. 2563 8 u.A. 2564 | 24 n.A. 2564 18 W.A. 2565
(Uszq B)
L5INETUIANTEUING N
5 | (hewumvnsdeansd 101) aynsaas 10 a.A. 2563 8u.A. 2560 | 28W.A. 2564 | 24 W.A. 2565
(391 1)
L5INETUIANTEUING N
6 | (neswunnsdeoansi 101) aynsanas 10 a.A. 2563 8u.A. 2560 | 28W.A. 2564 | 24 W.A. 2565
(3971 2)
NBIVUILUATHRILININITNTLINY
7 12 d./. 2563 11 u.a. 2564 | 24 w.A. 2564 18 W.A. 2565

[\aviidnya¥uvu BT2-20/1-61] th 83




famefu-wawud: szuunsivingumgiilumhuuulidudariagnarsyarawaznisiudsdoyaruaietienisieans

o , , ., ufign HuUN15U1593n
2inA GERR] Far89u IUNANTUNITANAT - — -
AN 1 AN 2 AN 3
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8 Aansinsyied wagfan1sinsauuiAw 12 f1.0. 2563 11 4.0. 2564 | 24 W.p. 2564 18 W.A. 2565
WA (Namv.) (999 1)
AMNENIIUNISNANITATEILEDS
9 L4 a
Aansnsiiayd wazfanisinsauunay 12 9.A. 2563 11 1.A. 2564 | 24 W.A. 2564 18 W.A. 2565
WA (namv.) (3ai 2)
10 | NUSIYIN JNIAUUNY3 10 &.A. 2563 12 3.p. 2564 | 26 W.A. 2564 | 18 W.A. 2565
11 | Foudnnaeaynsusinig 6 @.A. 2563 13 1.0. 2564 | 28 W.A. 2564 20 W.A. 2565
usEnsalwin 5.9, 91da (Airport , 3
o lalgansan
12 Link) Luaa1nnssus 22 @.A. 2563 13 1.p. 2564 | 26 W.A. 2564 .. .
AUl
usEnsalwin 5.9, 91da (Airport Tagnunsadn
13 . 22 d.A. 2563 13 4.A. 2564 | 26 W.A. 2564 . - N
Link) LUaiangn aufunsla
14 ATLNTNANUIAN ANAU. (?‘1‘6117{ 1) 13 d.m. 2563 11 1.A. 2564 | 25 W.A. 2564 18 W.A. 2565
15 | NIENTNANUIAL NN, (ﬁ;@ﬁ 2) 13 4.m. 2563 113.A. 2564 | 25 w.A. 2564 18 w.A. 2565
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A3an 1 A3an 2 AN 3
nssaluuvisUsemalng (5vin.) we
16 . 12 d.m. 2563 12 u.A. 2564 | 26 W.A. 2564 19 w.A. 2565
Unanu
17 NIUADUAIUARLAY 16 @.A. 2563 12 u.A. 2564 | 25 w.A. 2564 18 W.A. 2565
18 | nsudsAunf 16 &.A. 2563 12 3.A. 2564 | 25 W.A. 2564 | 18 W.A. 2565
19 | lssweuianszuaseieysen (3af 1) 12 &.0. 2563 7R 2564 | 27 WA. 2564 | 26 W.A. 2565
20 | TsamenuianszunsaSogsen (9 2) 12 a.A. 2563 7. 2564 | 27 WA, 2564 | 26 W.A. 2565
21 | 139URNaNIVYT FMIRTINY3 9 @.n. 2563 7. 2564 | 28 W.A. 2564 | 18 W.A. 2565
22 DIANTUALNA FINY. 8 1l.¢. 2563 8 N.8. 2563 8 1.8. 2564 18 W.A. 2565
23 | 21ASETNNUNANNE JIN. 17 3.9, 2563 24 .9, 2563 | 24 3.8, 2564 | 18 W.A. 2565
24 91A17 INC2 #IN%. 17 n.A. 2563 12 5.A. 2563 | 12 .8, 2564 18 W.A. 2565
25 | 91e3les on. 17 n.A. 2563 19 5.A. 2563 | 19 1.8 2564 | 18 W.A. 2565
AAnyTueen L5INEIUIAAAINTZUTUTITNT 4 13
(5 1A309) 26 | 191 anmvalng Jaminvays 12 &./. 2563 7. 2564 | 25W.A. 2564 | 25 W.A. 2565
(391 1)
TSaNENUIAAUAINTZUTUS VT o 13
27 | 1% annvalng Jaminvays 12 &.A. 2563 7. 2564 | 25 W.A. 2564 | 25 W.A. 2565

(391 2)
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ATIN 1 ATY9 2 A9 3
AUGHAINGNSUNINNAENT J9TR
28 - 12 @.m. 2563 7 U.A. 2564 25 W.a. 2564 25 W.A. 2565
YAYI
29 | Seudiawivnel Jwminvays 12 @.p. 2563 8a.A. 2564 | 25 W.A. 2564 | 25 W.A. 2565
30 | Miumanutavauyan Smindunys 9 d.A. 2563 8 .M. 2564 | 24 W.A. 2564
Ao AAUINISIARALNITIRA UATEITIA
r 31 9 a.A. 2563 7T U.A. 2564 | 23 W.A. 2564 22 W.A. 2565
(2 1A389) annanalng
32 | lssmenunamesysed 17 a.A. 2563 73.A. 2564 | 28 W.A. 2564 | 27 W.A. 2565
A 33 | Yiunan Ui UanAwIauLNU 9 @.m. 2563 51.A. 2564 | 29 W.A. 2564 6 1.4 2565
Az iuoaNLRLUNiD .. . .
4 34 | Soudinansnasdll JaninuAsIvELN 17 @.A. 2563 73.A. 2564 | 25 W.p. 2564 | 27 W.A. 2565
(2 vP909)
AARNZIUAN P L
y 35 | [IPUTIDUNDLUFDN JINTARIN 9 d.A. 2563 73.A. 2564 | 25 W.A. 2564 | 25 W.A. 2565
(1 P909)
AAle P R
1 e 36 | Weudwmdagiin 17 d.A. 2563 8u.A. 2564 | 15W.A. 2564 | 5  il.b. 2565
11399
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v o online
o offline < 1 day
¢ o offline < 30 days
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(Online)” @9t
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aauil anuii a01uy
1| lsmenuiagmaensal anin1waing (Uses A) Online
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WA (nanv.) 3an 1
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5 13PUTINANTIVYT s Ivys Online
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i FTAUAUNIND LR VU0
FNUIWITY
1 2 3 q 5
1. AENITUNNSNANITNTEBEY Nan15Insiay
uagAamslnsauANLiIR (nane.) (997 1) v
2. AENITUAISAINTITNTL8LE S Nan15INTviAY
WagNANSINIANNALLNYIR (NEn.) (ﬁ;mﬁ 2) v
3. MssalvwisUszinelng (sun.) datisalwin$edn
(lyal) !
4. NTTNTNAUUIAL (fqmﬁ 1) v
5. NITNTNANUIAL (fqmﬁ 2) v
6. NFUTIYOUN FTAUUNYT v
7. nsuUsAUAR v
8. usunsalnin .99, 91i% (Airport Link) 1
SUIREEAIN !
9. lsaneg1u1aIaINTal annvalng (Uszq A) v
10. lsangnunagmiaensal an1nwinlng (Useq B) v
11. 21AUSNSLaRALAIR UATAITIA @N1NT1YA
ne !
12. 139URBUNDULUFDA FJIWIANIA v
13. Vinan uunUnileyua LAy v
14. Soudgia (Ula) Lifiveya
15. TS9NGIUIAFULA INTEUTUSIVNT o4 AT 5190
. v
an1nvalne Jainvaus (Red 1)
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22. \FaUdNaNELNIUTINIG v
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24. TssnenunansyunsAiegsen (d 1) v
25. lsanguianszunseieyse (afl 2) v
26. A0UUNSUIRNR Useg A v
27. anndunziSuiend Useg B v
28. lsanguamysysal v
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31. Tssngnunanszaangindn (neswunmsdeansi
101) aywsanns (3ail 2) !
32. usEnsalii 1.9, 9199 (Airport Link)
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TESTING cas?

summary of test results

The EUT was tested and complied with the referent standard IEC 60950-1:2005 (2nd) + Am 1:2009 + Am
2:2013

Tests performed (name of test and test clause)

1.6.2 Input current

2.1.1.5 Energy hazards test

2.5 Limited power source test

4.2.7 Mechanical strength - stress relief test 70C
4.5.1 Temperature rise test

5.1 Touch current & protective conductor current test
5.2 Electric strength test

5.3 Fault condition tests

Copy of marking :

uTherm-FaceSense NE;TECi‘
MODEL: MTFS2020

Rating 5V === 4A

SN: MTFS2020NT0001

This test report is test results from the EUT only, not the product's quality certificate. It shall not be reproduced except in full without the written approval by PTEC
REPORT No.103/63-043 PTEC-LB-FR-103
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REPORT No. 10 / 63-136 Page 1 of 16

TEST REPORT

Report No. : 10/63-136
Equipment Under Test (EUT) No..: EM-63-0927
TISI No. HE

Testing Laboratory . Electrical and Electronic Products Testing Center

Address : 111 Thailand Science Park, Phahonyothin Road, Khlong Nueng,
Klong Luang, Pathum Thani 12120, Thailand.

Applicant’s name ................c.c........ : NATIONAL ELECTRONICS AND COMPUTER TECHNOLOGY
CENTER (NECTEC)

ADArESS oo . 112 THAILAND SCIENCE PARK, PHAHONYOTHIN ROAD,
KLONG 1, KLONG LUANG, PATHUMTHANI 12120

Manufacturer’s Name..................... : NATIONAL ELECTRONICS AND COMPUTER TECHNOLOGY
CENTER (NECTEC)

POATESES ..., ooineitisinnemmmsmssenmsrmmemssmmses : 112 THAILAND SCIENCE PARK, PHAHONYOTHIN ROAD,

KLONG 1, KLONG LUANG, PATHUMTHANI 12120

Standard .+ CISPR 22:2008
Non-standard test method.. -

Test item description....................: pTherm-FaceSense
Trade Mark.........cccoovieiiiiniciiis § e

ModellType reference.............ccccu.... ! MTFS2020

RIS . commsmmmnsashsnniums : 220V /50 Hz

Date. of receive.......ummnsisstssisinas : 23 April 2020

Date of tested : 1,25 May 2020
(B (- N) {1 LM ———————— ¢ 4 June 2020

Approved by

A My

(MR. Anake Mee4oosor)
Operation Manager

This test report is test results from the EUT only, not the product’s quality certific It shall not be except in full without the written approval of testing laboratory.
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TESTING 0432
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CONTENTS

1 SUMMARY OF TESTING

2.1 TEST PLAN

2.2 DEVIATIONS FROM STANDARD
3 TEST CONDITIONS

3.1 OPERATION MODE

3.2 UNCERTAINTY APPLICATION
3.3 EQUIPMENT CLASSIFICATIONS
3.4 PROTECTION CLASSIFICATIONS

3.5 PERFORMANCE CRITERIA OF TEST SPECIFICATION

N N N N~ o oo oo &~ » oW

3.6 EUT FUNCTION MONITORING

4 TEST SYSTEM CONFIGURATION
4.1 EUT EXERCISE SOFTWARE

4.2 EUT MODIFICATIONS

5 EUT DESCRIPTION

5.1 EUT SPECIFICATION

5.2 EUT CONFIGURATION

5.3 PERIPHERALS DESCRIPTION

5.4 CABLES DESCRIPTION

6 TEST SETUP AND RESULT

6.1 TEST ITEM: CONDUCTED EMISSION

w O O o 0 o0 o0 o ~N ~N

6.2 TEST ITEM: RADIATED EMISSION

=

This test report is test results from the EUT only, not the product’s quality certifi It shall not be except in full without the written approval of testing laboratory.
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REPORT No. 10 / 63-136

1 SUMMARY OF TESTING
This product was tested and complied according to following specification standards:

CISPR 22 Information technology equipment - radio disturbance characteristic - Limits and method

measurement.
Test Item Test Specification Test Method Result
Conducted Emission CISPR 22:2008 Ed.6.0 CISPR 22:2008 PASS
Radiated Emission CISPR 22:2008 Ed.6.0 CISPR 22:2008 PASS

Note: -

This test report is test results from the EUT only, not the product’s quality certificate. It shall not be reproduced except in full without the written approval of testing laboratory.

111 Thailand Science Park (TSP) Phahonyothin Road Khlong Nueng, Khlong Luang Pathum Thani 12120 Thailand
Tel 02-117-8600, Fax 02-117-8625, website yaww.ptecorth
PTEC-LB-FR-10 REV.1/02-01-19
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TESTING 0432

Page 4 of 16

2 TEST PLAN AND DEVIATIONS FROM STANDARD

2.1 Test Plan
Input
No. Test Item Mode | Test Port Test Specification
Voltage
220V/
1 Conducted Emission A AC Main CISPR 22:2008 Ed.6.0
50 Hz
220V/
2 Radiated Emission A Enclosure CISPR 22:2008 Ed.6.0
50 Hz
2.2 Deviations from standard
This test report is test results from the EUT only, not the product’s quality It shall not be except in full without the written approval of lesting laboralory.

111 Thailand Science Park (TSP) Phahonyothin Road Khlong Nueng, Khlong Luang Pathum Thani 12120 Thailand
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TESTING 0432

REPORT No. 10/ 63-136 Page 5 of 16

3 TEST CONDITIONS
3.1 Operation Mode
A: Normal Operated.

3.2 Uncertainty Application

3.2.1 Uncertainty application according to CISPR 16-4-2 for Conducted Emission, Radiated
Disturbance and Disturbance Power Testing.

Compliance or Non-Compliance with a disturbance limit was determined in the following manner
If U,y is less than or equal to Uy, in table 1, then:
- Compliance is deemed to occur if no measured disturbance exceeds the disturbance limit.
- Non-Compliance is deemed to occur if any measured disturbance exceeds the disturbance
limit.
If U, is greater than U, in table 1, then:
- Compliance is deemed to occur if no measured disturbance, increased by

(U U,

cism), exceeds the disturbance limit.

- Non-Compliance is deemed to occur if any measured disturbance, increased by

( Uy -Ugiee), €XCEEdS the disturbance limit.
Table 1 - Values of U,
Abbreviation Testing system Frequency range Uiy Ueispe Ui Usispr
CE Conducted Emission 9 kHz - 150 kHz 2.88 4.00 -1.12
CE Conducted Emission 150 kHz - 30 MHz 3.51 3.60 -0.09
RE Radiated Disturbance 30 MHz - 1000 MHz 4.80 5.20 -0.40
RE Radiated Disturbance 1 GHz - 6 GHz 5.1 5.2 -0.09
PE Disturbance Power 30 MHz - 300 MHz 242 4.50 -2.08
This test report is test results from the EUT only, not the product's quality It shall not be except in full without the written approval of testing laboratory.
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3.2.2 Uncertainty Application according to LAB 34 for other testing system.
Pass Unjudged in Unjudged in Fail
Case A Case B Case C Case D

The measured result is The measured result is The measured result is The measured resultis

within the limit, even below the upper limit, above the upper limit, beyond the upper limit,

when extended by the but by a margin less but by a margin less even when extended

uncertainty interval, The than half of the than half of the downwards by half of

product therefore uncertainty interval; it is uncertainty interval; it is the uncertainty interval.

complies with the therefore not possible to therefore not possible to The product therefore

specification.

‘ = measured result

state compliance based
on the 95% level of
confidence. However,
the resull indicales that

compliance is more

state non-compliance
based on the 95% level
of confidence. However,
the result indicates that

non-compliance is more

does not comply with the

specification.

:[ = uncertainty interval

probable than non- probable than

compliance. compliance.

3.2.3 Uncertainty Application for immunity testing.

Uncertainty of each test systems are applied for compliance with related standard according
to LAB 34 Edition 1 ( Figure 3)

We have at least 95 % Required Test level to apply which gives
This is the estimated confidence that the Immunity a 95 % confidence that
uncertainty of our actual applied level is specified level has been
applied level. In this range but only achieved is the standard
a 50 % confidence that uncertainty multiplied by a
the required level has factor k=1.64
\< been reached.
10
Immunity /
Test level J<
Frequency
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3.3 Equipment Classifications

3.4 Protection Classifications

3.5 Performance Criteria of Test Specification

3.6 EUT Function Monitoring

4 TEST SYSTEM CONFIGURATION
4.1 EUT Exercise Software

4.2 EUT Modifications

This test report is test results from the EUT only, not the product’s quality certifi It shall not be d except in full without the written approval of testing laboratory.
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5 EUT DESCRIPTION

5.1 EUT Specification
Input Voltage 220 V/ 50 Hz
Input Current/Power <16 A
Clock/Oscillator =

5.2 EUT Configuration

220 V

1
G | s |2 =T
FIGURE 1 - EUT Configuration.

5.3 Peripherals Description
Diagram Description Trade Name Model Serial Number

5.4 Cables Description

Length Connection Connection
Ref Cable Type Shield Ferrite Connector
(meters) Point 1 Point 2
1 AC Power line No 1.0 No AC Adapter 220V
2 AC Power line No 0.5 Yes AC EUT Adapter
This test report is test results from the EUT only, not the product’s quality certifi It shall not be except in full without the written approval of testing laboratory.
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6 TEST SETUP AND RESULT
6.1 Test Item: Conducted Emission
6.1.1  Test Setup

® Test Specification

See 1and 2.1

©® Test Equipment

Equipment Name Manufacture Model SIN Traceability | Due date
EMI Test Receiver Rohde & Schwarz ESU26 100572 DKD 19-10-20
LISN TESEQ NNB52 36109 NIMT 10-02-21

® Customer’s Equipment
Equipment Name Manufacture Model SIN Traceability Due date

® Test Uncertainty: £3.51 dB

® Test Location: TRM-001

® Test Environment

Temperature (°C) | 25 Humidity (%) |55

® Test Setup Description

The disturbance voltage at the main terminals testing measurements were performed with the EMI
receiver to observe the emission characteristics and to identify the frequency of emission that had the highest
amplitude related to the EUT configuration.

The EUT was placed on an 80 cm from ground plane in the shielded room. The power line of the EUT
was connected to the LISN, which was located in the shielded room. The EMI receiver measured the noise
signals from the EUT. The testing method and the EUT setup were performed according to CISPR 22. The EUT

configuration for the disturbance voltage at the main terminals testing is shown in FIGURE 2 and 3 respectively.

This test report is test results from the EUT only, not the product's quality certificate. It shall not be rep except in full without the written approval of testing laboratory.
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® Test Picture

Non-Conductive table

P s oSy |

M,

pom——
&
g
a
g

iground plane g
1

8

g ||
Gl P ¢

- AC LIsN .

‘ Input

»
x 40 cm to vertical
'/ reference plane

FIGURE 2 - The setup diagram.

,-* To EMI Receiver
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FIGURE 3 - The test setup picture.
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6.1.2  Test Result.
Measuremen( Port AC Main Operation Mode A (See 3.1) 4]

Test Result for Neutron

[dB(pV) ]
20 T T <CISPR22 Class B>
E 1 Limit (QP)
70 Limit (AV)

<63-927ACE>

Spectrum (N, PK)
——6—— Final Item-QP(N)
—&—— Final Item-AV(N)

60

50

40

Level

30

20

 RRSRS Rames

10

Il i
o
0.150 0.500 1.000 5.000 10.000 30.000
Frequency [MHz)

Measurement Result of Quasi-Peak and Average Detector

=== N Phase ==
No. Frequency Reading Reading c.f Result Result Limit Limit Margin Margin
P CAv QP Cav QP AV op CAV
[MHz] [dB(pV)) [dB(pV)] [dB]  [dB(pV)] [dB{pV)] (dB(pV)] [dB(pV)] [dB] [dB]
1 0.15592 48.1 35.8 10.3 58.4 46.1 65.7 55.7 7.3 9.6
2 0.16414 47.8 37.6 10.3 58.1 47.9 65.3 55.3 7.2 7.4
3 0.17384 43.4 33.5 10.3 53.7 43.8 64.8 54.8 11.1 11.0
4 0.20928 40.0 33.9 10.3 50.3 44.2 63.2 53.2 12.9 9.0
5 3.86976 32.7 25.6 10.3 43.0 35.9 56.0 46.0 13.0 10.1
6 4.11296 34.2 25.7 10.3 44.5 36.0 56.0 46.0 11.5 10.0
This test report is test results from the EUT only, not the product’s quality certifi It shall not be except in full without the written approval of testing laboratory.
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Test Result for Line1

<CISPR22 Class B>
Limit (QP)
—— Limit (AV)
<63-927ACE>

Spectrum (L1,PK)
——6— Final Item-QP(L1)
—¢—— Final Item-AV(L1)

Level

Se
-
[l s
)

0.500

5.000 10

Frequency

.000 30.000

[MHz]

Measurement Result of Quasi-Peak and Average Detector

=== L1 Phase ---
No. Frequency Reading Reading
QP CAV
[MHz] [dB{pV)] [dB(pV)]

1 0.1562 48.6 36.9
2 0.16544 48.0 38.3
3 0.18208 45.3 34.8
4 0.22652 41.4 32.9
5 4.09072 36.1 27.1

Result:  Pass

This test report is test results from the EUT only, not the product's quality

c.f Result Result Limit Limit Margin Margin
QP CAvV QP AV P CAV
[dB] [dB(pV)] [dB{pV)] (dB(pV)] [dB(pV)] [dB] [dB]
10.3 58.9 47.2 65.7 55.7 6.8 8.5
10.3 58.3 48.6 65.2 55.2 6.9 6.6
10.3 55.6 45.1 64.4 54.4 8.8 9.3
10.3 51.7 43.2 62.6 52.6 10.9 9.4
10.3 46.4 37.4 56.0 46.0 9.6 8.6
Tested by: MR. Prajak Choieklin
It shall not be rep except in full without the written approval of testing laboratory.
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6.2 Test Item: Radiated Emission
6.2.1  Test Setup

® Test Specification

Seeland 2.1

® Test Equipment

Equipment Name Manufacture Model SIN Traceability | Due date
EMI Test Receiver Rohde & Schwarz ESU26 100572 DKD 19-10-20
Amplifier Sonoma 310N 186897 NIMT 10-02-21
Trilog - Broadband Antenna SCHWARZBECK VULB9162 9162-088 UKAS 20-05-21

® Customer’s Equipment

Equipment Name Manufacture Model SIN Traceability Due date

® Test Uncertainty: +4.80 dB
® Test Location: TRM-002

® Test Environment

Temperature (°C) 25 Humidity (%) 56

® Test Setup Description

The radiated emission measurement was performed with EMI receiver to observe the emission
characteristic and identify the frequency of emission that has the highest amplitude relative to limit by operating
the EUT with a typical configuration. The EUT configuration, cable configurations of operation are determined
for producing the maximum level of emissions.

The EUT was placed on the 80 cm height non-metallic table on a 1 m radius turntable.

The Trilog - Broadband Antenna (30 MHz - 7GHz) was used for received the noise of EUT and put on
the antenna mast, which they were in side the semi-anechoic chamber. The testing method and the EUT setup

were performed according to CISPR 22. The EUT configuration setup is shown in figures 4 and 5, respectively.

This test report is test results from the EUT only, not the product’s quality certifi It shall not be except in full without the written approval of testing laboratory.
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@ Test Picture

3]
i o

*Qonductive
nterira mast
m
S

1 Non-Conductive table
] Bilog Antenna

A
Turntable an g

To EMI Receivers

FIGURE 4 - The test setup diagram.

FIGURE 5 - The test setup picture.

except in full without the written approval of testing laboratory
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6.2.2 Test Result

Measurement Port Enclosure Operation Mode A (See 3.1)

Test result for horizontal polarization

[dB(?V/m) ]
20 T~ F 1 1T T T T 7 7 3 77| <cseR2z>
P e b | ' TE R
IR ERE : bl <eaeznBBEER
O H H . L
b T : A A Spect.run (i, PK)
' T | ' ' ' 3 A ' —©—— Final Item(H,QP)
R R AR ' | %o |
Voo 1 1 v 4 |
50
T R R N \ =TT |
R R AR i
Voo H A e | H i T 1
y e 4 ¥ it 1 I |
1o H | = @
- S I i ' ' T '
£ Voo | \ H 1
N oab o 4Ll ali ¢
HE 1 i
[ g '
g I H i
[ AL & H H i pled
2o~\/w 0 0 0 Hl R T
i k ' ' | Hll 8 i
' | ' i il [ R
. O %] ' H Vo HEE
Voo | | el HEE
10
T T Vo v v | IR
I i | \ vl 4
T I | H o #1537
Voo ] i | [ 18- R
0 Il L 1 e | 1 1 ! 1 1 1 .
30.00 50.00 100.00 500.00 1000.00
Frequency [MHz]
Test result for vertical polarization
[dB(?V/m) ]
70 - v — - — <CISPR22>
F R A | Voo e R 16 (0P
! ¥ N 1 : Lo <e3-ozakERst ()
60 ettt T S Spectrum(V, PK)
R R S R i TR
F ' ' 6w b ' ' [ —>— Final Item(V,QP)
L R R 1 g
50
L R v (R T
r | | T v
| R A A H H H
R I 1 | | '
40
- ' H H i
- N BRI H ) H
L O I, : g
HE AW IH 1
e | I
I ALY 1A
viia § i SRiEL
20 S j | TR
' HE R H Vo
ol I A h | FE
il (S H | I
MENEE RS | | R
10
o | | F
I I R | | o
O (T \ | Vi A
0 1 ] 1 | - 1 1 | B I |
30.00 50.00 100.00 500.00 1000.00
Frequency [MHz])
Measurement Result of Quasi-Peak and Average Detector.
No. Frequency (P) Reading c.f Result Limit Margin Height Angle
QP QP QP QP
[MHZ] [dB(2V)] [dB(1/m)] [dB(2V/m)] ([dB(2V/m)] [d8] [em] (2]
1 150.001 H 59.0 -20.3 38.7 40.0 1.3 203.0 18B0.0
2 225.003 H 55.5 -16.0 39.5 40.0 0.5 200.0 0.0
3 445.510 H 54.9 -10.8 44.1 47.0 2.9 100.0 0.0
4 593.955 H 49.0 -8.0 41.0 47.0 6.0 100.0 0.0
5 743.008 H 47.8 -5.5 42.3 47.0 4.7 100.0 0.0
6 36.118 VvV 52.5 -17.1 35.4 40.0 4.6 100.0 0.0
7 44.422 VvV 46.9 -15.6 33.3 40.0 8.7 100.0 0.0
8 95.992 V 50.3 -17.3 33.0 40.0 7.0 100.0 0.0
9 360.006 V s1.5 -12.5 39.0 47.0 8.0 100.0 0.0
10 445.474 V 51.0 -10.8 40.2 a7.0 6.8 100.0 0.0
11 593.995 Vv 52.1 -8.0 44.1 47.0 2.9 100.0 0.0
This test report is test results from the EUT only, not the product’s quality certificate. It shall not be except in full without the written approval of testing laboratory.
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Measurement Port Enclosure Operation Mode A (See 3.1)
Test result for horizontal polarization. (1-6 GHz)
(dB{2V/m)]
90 T T T T <CISPR 22 Class B_l-6GHz>
\ \ ' ' Limit (PK)
= ' ! ; | <e3-s27akATRESAY)
i H l : : Spectrum(H, PK)
\ | H H —S— Final Item(H,PK)
H H H [ —&— Final Item(H,CAV)
60
! a = =
L %0 H ) H H
+ + . +
; s a = o
40 v 1 : o
: H g
30 H ) l E I, ‘wLanLv‘ Al ?‘M 3 E
gt APT : : :
55 \ ! : !
e | HERE
i : : ! : .
0 1 1 1 ] L
1000.00 2000.00 3000.00 4000.00 6000.00
Frequency [MHZ)
Test result for vertical polarization.
[dB(?V/m)]
90 T T T H T <CISPR 22 Class B_1-6GHz>
E | i H H H Limit (PK)
L i : : : : <e3-sz7akEmEAY)
9 H H H H H Spectrum(V, PK)
H H H H i —%— Final Item(V,PK)
! ! ' ' ! —>— Final Item(V,CAV)
= : : : (I
H H . .
50 : 1 H H
E 5 : : : :
. i | | H o
? 1 ' \
L 1L L L ettt
30 R H | Ak N sl H H H
i LA b s AV AT \ ' \ |
sk J i ) H 1
3 1 H \ H '
10 ? :
; ! ! A
! 1 1 H H
0
1000.00 2000.00 3000.00  4000.00 6000.00
Frequency [MHZz]
Measurement Result of Quasi-Peak and Average Detector.
No. Frequency (P) Reading Reading c.t Result Result Limit Limit Margin Margin Height Angle
CAY PK v PX CAV
[dB(2V)] [dB(2?V)] [dB(1/m)] (dB(?V/m)] (dB(?V/m)] [dB(?V/m)] [dB(2V/m)] o (:lu
1 H 39.8  ~=meeeae -95.0 50.8 cmeesane 70.0 50.0 .
2 H -9.0 o o - 26.9 70.0 50.0 o 0.0
3 1187.756 H -7.5 47.3 - o 70.0 50.0 0 0.0
4 1187.756 H -7.5 - - 70.0 50.0 0 0.0
s H ~-6.1 70.0 50.0 o 0.0
6 H =6.1 70.0 50.0 o 0.0
7 ), ¢ -9.0 70.0 30.0 o 0.0
] v =-9.0 70.0 30.0 o 0.0
9 v =7.5 70.0 $0.0 o 0.0
v =7.5 70.0 50.0 o 0.0
v =1.7 70.0 50.0 0 0.0
v -1.7 70.0 50.0 ] 0.0

Tested by: MR. Prajak Choieklin
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End of Report
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Certificate of Calibration
NSC-TISI-TIS 17025
Certificate No. : TR-0050-20 T
Issued by : Non-Contact Thermometry Standard Laboratory
Thermometry and Optical Metrology Department
Page 1 of 3 pages
MEASUREMENT ITEM : uTherm-FaceSense (Thermographic Instrument)
MANUFACTURER :  National Electronics and Computer Technology Center
MODEL/TYPE : MTFS2020
SERIAL NUMBER ¢ MTFS2020NT0010
CUSTOMER ¢ National Electronics and Computer Technology Center
112 Thailand Science Park, Phahonyothin Road, Khlong Nueng,
Khlong Luang, Pathum Thani 12120, THAILAND
MEASUREMENT DATE . 12 June 2020
Reference: Date: Approved by: Performed by:
TMC4237-01/20 12 June 2020
C/—/‘/\/ /4—% jlow 41,
(Charuayrat Yaokulbodee) (Athikom Manoi)

Partial reproduction of this certificate is permitted only with a written permission from NIMT.

Technopolis Office, 3/4-5 Moo 3, Klong 5, Klong Luang, Pathumthani 12120 Thailand, Telephone: 66 2577 5100, Facsimile: 66 2577 3659
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DESCRIPTION : nTherm-FaceSense (Thermographic Instrument)
MODEL : MTFS2020
SERIAL NO. : MTFS2020NT0010
MANUFACTURER : National Electronics and Computer Technology Center

MEASUREMENT DATE  : 12 June 2020

ENVIRONMENTAL CONDITIONS

The measurement was carried out in an ambient temperature of (23.0 +2.0) °C and the relative
humidity of (55+10)%.

MEASUREMENT METHOD

The measurement item was calibrated by comparison between its reading in the region of interest
(ROI) and the reference temperature measured by platinum resistance thermometers, taken into
account a correction value due to emissivity. Variable-temperature blackbody sources were used as a
calibration source. The used temperature scale indicated by the standard thermometers was in
accordance with the International Temperature Scale of 1990 (ITS-90).

TABULATION OF RESULTS

The tables in the following pages give the calibration results at the points specified by customer and
associated measurement uncertainties.

UNCERTAINTIES

The uncertainty stated is the expanded uncertainty obtained by multiplying the standard uncertainty by
the coverage factor k = 2. It has been determined in accordance EA publication EA-4/02 M: 2013
“Evaluation of the Uncertainty of Measurement in Calibration” and JCGM 100:2008 “Evaluation of
measurement - Guide to the Expression of Uncertainty in Measurement”. The value of the measurand
lies within the assigned range of values with a probability of 95%.

TRACEABILITY
This certificate provides traceability of measurement to recognized national standards, and to the
realization of the International System of Units (SI).
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NIMT
Continuation of Certificate of Calibraion Number ~ TR-0050-20 Page 3 of 3 pages

MEASUREMENT RESULTS

The measurement results of the measurement item are reported in the table below:

Standard temperature UUC Reading Correction Uncertainty
(0 °C) 0 (°C)
30.0 30.1 -0.1 0.3
349 34.7 0.2 0.3
39.9 39.6 0.3 0.5

Notes: The measurement results are valid for the conditions as below:
1. Aperture diameter of a blackbody source used was 70 mm.

2. The measuring distance from the blackbody aperture to the measurement item was set to 100 cm.

3. The setting emissivity of the measurement item was set to 1.00 as the details provided by the customer.

*End of Certificate of Calibration*

o
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National Institute of Metrology (Thailand)

Ministry of Higher Education, Science, Research and Innovation

Certificate of Calibration

NSC-TISI-TIS 17025
Calibration 0144

Certificate No. : TR-0049-20

Issued by ¢ Non-Contact Thermometry Standard Laboratory
Thermometry and Optical Metrology Department

Page 1 of 3 pages

MEASUREMENT ITEM :  uTherm-FaceSense (Thermographic Instrument)
MANUFACTURER :  National Electronics and Computer Technology Center
MODEL/TYPE : MTFS2020

SERIAL NUMBER ¢ MTFS2020NT0001

CUSTOMER . National Electronics and Computer Technology Center

112 Thailand Science Park, Phahonyothin Road, Khlong Nueng,
Khlong Luang, Pathum Thani 12120, THAILAND

MEASUREMENT DATE ;12 June 2020
Reference: Date: Approved by: Performed by:
TMC4236-01/20 12 June 2020
(e Aok 2.
(Charuayrat Yaokulbodee) (Athikom Manoi)

Partial reproduction of this certificate is permitted only with a written permission from NIMT.

Technopolis Office, 3/4-5 Moo 3, Klong 5, Klong Luang, Pathumthani 12120 Thailand, Telephone: 66 2577 5100, Facsimile: 66 2577 3659
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" Continuation of Certificate of Calibraion Number TR-0049-20 Page 2 of 3 pages
DESCRIPTION : uTherm-FaceSense (Thermographic Instrument)
MODEL : MTFS2020
SERIAL NO. : MTFS2020NT0001
MANUFACTURER : National Electronics and Computer Technology Center
MEASUREMENT DATE ~ : 12 June 2020

ENVIRONMENTAL CONDITIONS

The measurement was carried out in an ambient temperature of (23.0 +2.0) °C and the relative
humidity of (55+10)%.

MEASUREMENT METHOD

The measurement item was calibrated by comparison between its reading in the region of interest
(ROI) and the reference temperature measured by platinum resistance thermometers, taken into
account a correction value due to emissivity. Variable-temperature blackbody sources were used as a
calibration source. The used temperature scale indicated by the standard thermometers was in
accordance with the International Temperature Scale of 1990 (ITS-90).

TABULATION OF RESULTS

The tables in the following pages give the calibration results at the points specified by customer and
associated measurement uncertainties.

UNCERTAINTIES

The uncertainty stated is the expanded uncertainty obtained by multiplying the standard uncertainty by
the coverage factor k = 2. It has been determined in accordance EA publication EA-4/02 M: 2013
“Evaluation of the Uncertainty of Measurement in Calibration” and JCGM 100:2008 “Evaluation of
measurement - Guide to the Expression of Uncertainty in Measurement”. The value of the measurand
lies within the assigned range of values with a probability of 95%.

TRACEABILITY
This certificate provides traceability of measurement to recognized national standards, and to the
realization of the International System of Units (SI).
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NIMT
Continuation of Certificate of Calibraion Number ~ TR-0049-20 Page 3 of 3 pages

MEASUREMENT RESULTS

The measurement results of the measurement item are reported in the table below:

Standard temperature UUC Reading Correction Uncertainty
0 (°C) 0 o
30.0 303 -0.3 0.3
35.0 35.0 0.0 0.4
39:9 40.1 -0.2 0.3

Notes: The measurement results are valid for the conditions as below:
1. Aperture diameter of a blackbody source used was 70 mm.

2. The measuring distance from the blackbody aperture to the measurement item was set to 100 cm.

3. The setting emissivity of the measurement item was set to 1.00 as the details provided by the customer.

*End of Certificate of Calibration*

o
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N/\* National Institute of Metrology (Thailand)

\ , Ministry of Higher Education, Science, Research and Innovation

NIMT

Certificate of Calibration

NSC-TISL-TIS 17025
Certificate No. : TR-0051-20 Calibration 0144

Issued by : Non-Contact Thermometry Standard Laboratory
Thermometry and Optical Metrology Department

Page 1 of 3 pages

MEASUREMENT ITEM : uTherm-FaceSense (Thermographic Instrument)
MANUFACTURER :  National Electronics and Computer Technology Center
MODEL/TYPE . MTFS2020

SERIAL NUMBER : MTFS2020NT0020

CUSTOMER : National Electronics and Computer Technology Center

112 Thailand Science Park, Phahonyothin Road, Khlong Nueng,
Khlong Luang, Pathum Thani 12120, THAILAND

MEASUREMENT DATE : 12 June 2020
Reference: Date: Approved by: Performed by:
TMC4238-01/20 12 June 2020
T et
(Charuayrat Yaokulbodee) (Athikom Manoi)

Partial reproduction of this certificate is permitted only with a written permission from NIMT.

Technopolis Office, 3/4-5 Moo 3, Klong 5, Klong Luang, Pathumthani 12120 Thailand, Telephone: 66 2577 5100, Facsimile: 66 2577 3659
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National Institute of Metrology (Thailand)

Continuation of Certificate of Calibraion Number TR-0051-20 Page 2 of 3 pages
DESCRIPTION : uTherm-FaceSense (Thermographic Instrument)

MODEL : MTFS2020

SERIAL NO. : MTFS2020NT0020

MANUFACTURER : National Electronics and Computer Technology Center

MEASUREMENT DATE ~ : 12 June 2020

ENVIRONMENTAL CONDITIONS

The measurement was carried out in an ambient temperature of (23.0 + 2.0) °C and the relative
humidity of (55+10)%.

MEASUREMENT METHOD

The measurement item was calibrated by comparison between its reading in the region of interest
(ROI) and the reference temperature measured by platinum resistance thermometers, taken into
account a correction value due to emissivity. Variable-temperature blackbody sources were used as a
calibration source. The used temperature scale indicated by the standard thermometers was in
accordance with the International Temperature Scale of 1990 (ITS-90).

TABULATION OF RESULTS

The tables in the following pages give the calibration results at the points specified by customer and
associated measurement uncertainties.

UNCERTAINTIES

The uncertainty stated is the expanded uncertainty obtained by multiplying the standard uncertainty by
the coverage factor k = 2. It has been determined in accordance EA publication EA-4/02 M: 2013
“Evaluation of the Uncertainty of Measurement in Calibration” and JCGM 100:2008 “Evaluation of
measurement - Guide to the Expression of Uncertainty in Measurement”. The value of the measurand
lies within the assigned range of values with a probability of 95%.

TRACEABILITY
This certificate provides traceability of measurement to recognized national standards, and to the
realization of the International System of Units (SI).
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MEASUREMENT RESULTS

The measurement results of the measurement item are reported in the table below:

Standard temperature UUC Reading Correction Uncertainty
0 C) C) 0
30.0 30.5 -0.5 0.2
349 34.9 0.0 0.2
399 39.8 0.1 0.4

Notes: The measurement results are valid for the conditions as below:
1. Aperture diameter of a blackbody source used was 70 mm.

2. The measuring distance from the blackbody aperture to the measurement item was set to 100 cm.

3. The setting emissivity of the measurement item was set to 1.00 as the details provided by the customer.

*End of Certificate of Calibration*
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Self-Compensation for the Influence of Working
Distance and Ambient Temperature on Thermal
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Abstract—Nowadays, body temperature screening is very
important especially in the current global coronavirus disease
(COVID-19) epid It can be considered as the first step in

itoring the fever symp if the body temperature is checked
regularly. Aiming at alleviating the influence of working distance
and ambient temperature disturbance, this article proposes and
d ates a self. P ion technique that is built into our
low-cost thermal imaging-based temperature screening system.
The key idea relies on a combination of a 3-D depth sensor,
an electronic temperature sensor, and a reference temperature
for realtime data feedback and control. In addition, we obtain
simple mathematical models for p ting the infl of

ambient temperature and measuring distance variations. Exper-
imental demonstration using a blackbody radiation source as
an object confirms that the measured temperature under our
self-compensation agrees very well with the blackbody radiation
source, showing a very low standard deviation of 0.10 °C under
21.0 °C-40.0 °C ambient temperature. In addition, an improved
standard deviation of 0.18 °C and a low 0.020 °C/m for the
measured temperature are obtained under the variation in
measuring the distance from 0.50 to 2.00 m.

Index Terms— Compensation techniques, COVID-19, fever
screening, infrared thermal imaging, optical sensors, temperature
measurement, thermography.

I. INTRODUCTION

N TODAY'’S digital era and the pandemic of emerging
diseases like severe acute respiratory syndrome (SARS)
and COVID-19, human temperature measurement via a low-
cost infrared-based digital thermometer [1] is an initial and
fast diagnostic method. With limitation in measuring the
temperature of only one person at a time and in a close
measuring range, this method is unsuitable for use in large
public places, such as subway terminals, hospitals, airports,
and stadiums where large human temperature screening (HTS)
are required, particularly during infectious disease outbreaks.
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July 26, 2021. Date of publication August 9, 2021; date of current version
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Nowadays, isolation and quarantine centers in large public
areas around the world employ a 2-D thermal imaging camera
as it provides non-contact and rapid screening of hyperthermic
people and prevents operators from being too close to sick
people. Its operation is independent of skin color as there is
no emissivity difference between white and black skin [2].
Generally, the thermal imaging camera is operated such that
people move in one line and the temperature of only one
person is determined at a time [3]-[5]. It can also screen
the temperature of people with and without eyeglasses [6].
By exploiting the availability of 2-D space in the camera’s
field of view, managing the flow of human movement, and
applying image processing algorithms, efficient HTS was
proposed and demonstrated [7]-[8]. In these works, human
face recognition and tracking via image thresholding and
filtering was employed rather than using inefficient and slow
processes through multiclass multifeatured fuzzy connected-
ness [9], support vector machine [10], and normalized cross
correlation [11], [12]. However, a drawback of this system
during implementation is that the objects having their tem-
peratures near human temperature are incorrectly determined
as temperatures from humans because of the use of simple
image processing algorithms. A mobile phone-based automatic
fever screening module was proposed and demonstrated [13]
with embedded today’s high-accuracy and fast-processing face
detection algorithms [14]. Its drawback in the internal heat
accumulation that affects the operating time and performance
of the system has been recently alleviated by implementing an
internal temperature compensation module and deploying an
external low-cost reference temperature [15] apart from sup-
pressing the effect of internal heat accumulation, this approach
simultaneously compensates for the temperature fluctuation of
the operating environment and improving the specificity and
sensitivity of the system.

Some additional real-time factors, such as measurement dis-
tance, ambient temperature, and dust can affect the results and
errors in human temperature measurement. Unlike conditions
in the industrial processes [16], dust in the optical path rarely
affects HTS in a typical scenario. More importantly, changes
in ambient temperature and measurement distance occur all
the time during system operation and they can greatly affect
the performance of the thermal imaging temperature measure-
ment [17]-[19]. To alleviate these two concerns, this work

. Personal use is permitted, but republication/redistribution requires 1EEE permission.
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Fig. 1. Diagram of the HTS system for parallel measurement of human
temperature.

proposes and demonstrates an automatic self-compensation
method. The key idea is based on a combination of
a 3-D distance sensor, an electronic temperature sensor, and a
reference temperature for realtime data feedback and control.
Once analyzing with simple polynomial fitting algorithms can
lead to the improvement in system accuracy, robustness, and
reliability.

II. PROPOSED METHOD

Fig. 1 shows a typical diagram for mass HTS via the use of a
thermal imaging-based temperature measurement system [15].
Due to the spacing between the incoming people and the
HTS system, the variations in measuring distance (D) on each
person and the ambient temperature (Tump) can lead to the
incorrect measured temperature measurement (7o) Via the
use of the HTS system.

To alleviate the above concerns, we propose to embed a
3-D distance sensor, an electronic temperature sensor, and a
temperature reference inside the HTS system. The 3-D dis-
tance sensor provides D from each person while the electronic
temperature sensor determines 7jy,. These two additional
parameters are sent back to the electronic controlling unit.
For the temperature reference (Tif), it is located at one of
the four corners of the thermal imaging camera’s field of
view. Its functionality is to send its temperature value back to
the electronic controlling unit. At the same time, the thermal
imaging camera also reads the temperature value from this
temperature reference (Tief,n). The difference between Tt
and T, can simply be used for a typical internal heat
compensation [15].

Once Tumb, Trefs Trefms Tobjm, and D are known, the real
measured temperature of an object (Tobjcomp) can be math-
ematically compensated for the disturbance of measuring
distance and ambient temperature. For simplicity in compen-
sation, it can be mathematically expressed as [19]

Tobj.comp = Tabj,:n + AT. (N
Here, AT is the compensation temperature factor under the

influence of variations in ambient temperature and measuring
distance.
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Fig. 2. HTS system embedded with additional electronic temperature sensor,

3-D depth sensor, and temperature reference.

III. EXPERIMENTAL DEMONSTRATION
A. System Implementation

Our mass HTS module called “uTherm-FaceSense™ is
shown in Fig. 2 [20]-[21]. This module employs an FLIR
Lepton 3.5 with the suggested radiometry mode and flat
field correction operation [22] which provides a long-wave
infrared image with active 160 x 120 pixels, the thermal
sensitivity of <50 mK, a frame rate of <9 Hz [23], and
an appropriate measuring distance of 0.50-2.00 m for HTS.
The 3-D distance sensor embedded in our 4 Therm-FaceSense
is an Intel RealSense D435i depth camera. The electronic
temperature sensor for determining the ambient temperature
is an electronic temperature sensor BME280 that provides a
temperature accuracy of 1.0 °C. In addition, we fabricate a
small internal temperature reference device, and it is placed
in front of the thermal camera at one of the four corners in
the camera’s field of view, thus obtaining Ty . This small
temperature reference device is made of an aluminum rod
and it is coated with a carbon black powder and polymer
resin [24]. It has dimensions of 0.60 cm x 0.30 cm x 1.24 cm
and is drilled at the center of the rod in order to insert
a 100-kQ thermistor (7). The electronic controlling unit
is a Jetson Nano Developer Kit board containing 128-core
NVIDIA maxwell graphic processing unit (GPU) and 4 GB of
random access memory. The measured overall response time
of uTherm-FaceSense is 8 ft/s.

During the operation, the electronic controlling unit
receives Ty, from the electronic temperature sensor,
Tobjm from the thermal imaging camera, and D from the
3-D depth sensor for automatic compensation of working
distance and ambient temperature disturbance.

B. Calibration

Measurement is carried out in an environmentally controlled
cabinet under the ISO/IEC17025 certified laboratory with
a relative humidity of (61.0 + 14.0)%. Two commercial
blackbody radiation sources are set at a distance of 1.00 m
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Fig. 3. uTherm-FaceS

and two blackbody radiation sources in an
environmentally controlled cabinet.
4.0
35
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Fig. 4. Relationship between the change in the measured object temperature
from pTherm-FaceSense with respect to the object temperature and the
ambient temperature.

apart from our xTherm-FaceSense as shown in Fig. 3. They
are portable Mikron M310-HT blackbody calibration sources
with a 76-mm aperture diameter. They provide high effective
emissivity of 1.00 across 8-14 um operating wavelength
range, the actual emissivity of greater than 0.995, and the
temperature control capability from 5.0 °C to 450.0 °C
with +0.3 °C stability [25]. One blackbody radiation source
(BB1) functioned as an object and its temperature is set
at 37.5 °C (Topy). Another blackbody radiation source is used
as a reference temperature (BB2) at 35.0 °C to ensure that the
temperature from BB1 is always at 37.5 °C.

By varying the temperature inside the control cabinet (Tynb)
from 21.0 °C to 40.0 °C, ATunp = Tobj — Tobj,m» Which is the
change in the measured Topj,, from our uTherm-FaceSense
with respect to the real object temperature Top;, is gradually
decreased from 2.2 °C to 1.1 °C for the change of T,y from
21.0 °C to 30.0 °C. It is then slowly increased from 1.1 °C to
2.9 °C when the Ty gets increasing from 31.0 °C to 40.0 °C
(see Fig. 4). Note that for each Ty, there are 90 values of
AT,mp with a time interval of 10 s, indicating a total data
collection time of 5 h. In addition, we find that the standard
deviation of ATy is 0.37 °C. In this scenario, the relationship
between AT,mp and Tunb, can be mathematically written by
using polynomial fitting as

ATy = 0.011272,, — 0.642 Ty, + 10.536. )

As a result, the compensated temperature of the object
in (1) can be rewritten under the influence of the ambient
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Fig. 5. Effect of disturbance on measuring distance on the change in the

measured object temperature from g Therm-FaceSense with respect to the
object temperature (ATp).

temperature disturbance in (2) as

Tobj.comp = Tobjm + ATamb. (3)

In the case of the working distance disturbance, we vary the
working distance from 0.75 to 2.00 m at an incremental step
of 0.25 m. The temperature values are recorded for 20 min
with a 10-s interval at each measuring distance, indicating a
total data collection of 100 min. Note that because the envi-
ronmentally controlled chamber allows us to have a maximum
working distance of 1.00 m, we perform this study outside
the chamber and find that the measured ambient temperature
is in the range of 21.5 °C-22.2 °C with a measured relative
humidity of 65.9%-68.1%. In addition, due to the small
number of pixels from the thermal imaging camera in our
uTherm-FaceSense, its operating range is limited to about
2.00 m [15]. Here ATp is the difference of the compensated
temperature of the object (Tobjcomp) In (3) and the real object
temperature Ty As shown in Fig. 5, the standard deviation
of ATp is 0.16 °C in the range of 0.75-2.00 m. In addition,
as expected, ATp gets decreased when the measuring distance
is less than the initial value of 1.00 m. On the other hand,
it starts increasing once the measuring distance is <1.00 m.
The relationship between ATy and D can be mathematically
expressed as

ATp =0.7254D — 0.717. “4)

This linear relation agrees quite well and is suitable
enough for the compensation in a short measuring distance as
described in [18]. In this case, the compensated temperature
of the object in (1) can be rewritten under the variation in
measuring distance as

Tobj.comp = Tobjm + ATp. (5)

C. Test Results

Once we obtain mathematical models in Section III-B for
compensating the influence of measuring distance and ambient
temperature, we embed them in our electronic controlling
unit of our xTherm-FaceSense. Because ATy, has higher
standard deviation than ATp, we set our uTherm-FaceSense
to first compensate for AT,y and then ATp. Again, we set
BBI to be an object with its temperature at 37.5 °C (Top)-
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Fig. 6. Effects of ambient temperature fluctuation. Note: (A)-with only flat
field correction mode of operation suggested in [22] and (B)-with both flat
field correction and intemal heat compensation used in [15].

It is located at 1.00 m from xTherm-FaceSense for temper-
ature measurement under the ambient temperature variation
from 21.0 °C to 40.0 °C. The ambient temperature is set
to increase 1.0 °C at a time. For each ambient temperature
setting, temperature values from BB1 and BB2 and our
uTherm-FaceSense are collected for 15 min with a 10-s time
interval, indicating a total of 5 h for data collection.

From Fig. 6, the temperature values of BBI (Torj) and
BB2 stay constant for all operating temperature. When
our uTherm-FaceSense operates in the flat field correction
mode as suggested in [22] and no internal heat compensa-
tion inside the xTherm-FaceSense, the measured temperature
[see red line (A)] of the object are totally incorrect with a
maximum measured temperature error of 3.0 °C. The incor-
rect measured temperature varies from 34.3 °C to 40.0 °C,
indicating a measured maximum-to-minimum temperature
of 5.8 °C. It gets increased steeply with respect to the ambient
temperature. With the flat field correction mode of operation
and the internal heat compensation used in [15], the com-
pensated temperature follows a downward parabola trend
(see line (B) in Fig. 6) with a lower temperature variation
between 34.6 °C and 36.4 °C and a standard deviation
of 0.37 °C. By applying our mathematical model for
compensation of the ambient temperature disturbance,
the compensated temperature is coincident with the real object
temperature with a very low standard deviation of 0.10 °C.

For the influence of measuring distance, we again perform
the test outside the environmentally controlled chamber due
to the limit of a working distance of 1.00 m inside the
chamber. In this case, we vary D from 0.50 to 2.00 m at
an incremental D of 0.50 m and collect temperature data
for 9.5 h with a 16-s time interval at each D step. Under data
collection for 38 h, the measured ambient temperature varies
widely from 27.1 °C to 31.7 °C and the measured relative
humidity is in a broader range of 44.7%-71.3%. As shown
in Fig. 7, T, from BBI and the temperature from BB2
stay flat. As expected, the measured temperature without any
compensation [see red line (A)] is always less than the
real object temperature. It is also further decreased with
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Fig. 7. Effects of disturbance from measuring distance. Note: (A)-only flat
field comrection mode of operation suggested in [22] and (B)-with both flat
field correction and internal heat compensation used in [15].

a maximum temperature error of 2.9 °C and a standard
deviation of 0.38 °C when our xTherm-FaceSense is moved
further away. The incorrect measured temperature also varies
from 34.6 °C to 35.6 °C with a 0.720 °C/m. With the flat
field correction mode of operation and the internal heat com-
pensation used in [15], the compensated temperature follows
a 0.700 °C/m linear relationship (see line (B) in Fig. 7)
with a lower temperature variation between 35.2 °C and
36.2 °C and a lower standard deviation of 0.18 °C. Under our
compensation model, the compensated temperature shows an
improved 0.020 °C/m linear relationship and a low standard
deviation of 0.18 °C, thus agreeing quite well with the real
object temperature.

IV. CONCLUSION

Variations in ambient temperature and measuring distance
during the measurement of temperature under a thermal
imaging camera can tremendously affect the temperature
value and its standard deviation. In this work, we propose
a self-compensation technique that combines key information
from 3-D depth sensor, an electronic temperature sensor, and
a built-in reference temperature for realtime data feedback and
control. It is embedded in our low-cost thermal imaging-based
temperature system called xTherm-FaceSense. Once analyz-
ing the temperature under simple polynomial fitting algorithms
leads to the improvement in measured temperature accuracy
and fluctuation without affecting the response time of 8 ft/s.
Under a long range of 21.0 °C—40.0 °C ambient temperature,
the measured temperature from our xTherm-FaceSense is
matched to the real temperature value with a very low standard
deviation of 0.10 °C. In addition, the measured temperature has
a lower 0.020 °C/m and a low standard deviation of 0.18 °C
when the measuring distance varies from 0.50 to 2.00 m.
In the future, we plan to extend our experiment to include
a combination of these two effects and other spatiotemporal
variables. Then, we will apply it into the real scenario in order
to get more data and adopt deep neural network techniques
in order to obtain better mathematical models for realtime
compensation.
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As fast human temperature screening is needed in large publicareas, this paper prop alow-cost mobile platform
module that combines the advantages of analyzing visible and thermal images. In particular, the key idea relies on
face detection in the visible image. Then the coordinates of all faces detected are mapped on to the thermal image to
determine their corresponding temperatures. Internal t and external reference tempera-
ture also are employed to reduce the unwanted temperature fluctuation inside the module and in the surrounding
environment. Our mobile platform module, called uTherm, uses a FLIR ONE camera as our visible and thermal
imaging cameras. It can simultaneously determine the temperatures of nine people at a speed of 8 frames/second. A
field test operation was performed for four days with 1,170 people, with very promising results of 100% sensitivity,

ure ¢
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92.6% specificity, and 92.7% accuracy. ©2020 Optical Society of America

https://doi.org/10.1364/A0.388313

1. INTRODUCTION

Human temperature is one of the important parameters used
for the initial diagnosis of a fever. It is typically determined in
today’s digital era by an infrared-based digital thermometer [1].
A handheld digital thermometer can measure the temperature
of one person ata time. To get a measurement, a user has to point
the infrared-based digital thermometer at a person’s forehead at
a close distance. This slow process is definitely not suitable for
use in large public places such as subway terminals, hospitals,
airports, and stadiums, where human temperature screening for
thousands of people is required, particularly during infectious
diseasc outbreaks.

Today, isolation and quarantine in large public areas employs
a two-dimensional (2D) thermal imaging camera for noncon-
tact fast screening of sick people. Its operation is indifferent
to skin color because there is no emissivity difference between
white and black skin [2]. It also helps reduce the risk for opera-
tors from being too close or being in contact with sick people.
Generally, it is set up so that people move in one line and
only one person’s temperature is recorded at a time [3,4].
By exploiting the 2D space available in the field of view of
a thermal imaging camera, managing the human flow, and

1559-128X/20/17E112-06 Jounal © 2020 Optical Society of America
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applying image processing algorithms, a much faster approach
to efficient human temperature screening through parallel
measurement was proposed and demonstrated [5,6]. In these
works, rather than using inefficient and slow processes with
multiclass, multifeature fuzzy connectedness (7], supportvector
machines [8], and normalized cross correlation [9,10], human
face recognition and tracking via image thresholding and fil-
tering is employed. It was previously deployed at Thailand’s
Suvarnabhumi Airport in 2009 during the avian and swine flu
outbreaks. It also has been in operation since 2008 at Rajavithi
Hospital in Bangkok, one of the largest hospitals in Thailand.
Because it is embedded with a simple image processing algo-
rithm for human face detection and tracking, one drawback
of this system during implementation is that incoming people
should not carry any warm or hot objects. In addition, the any
objects carried should have temperatures lower than human
body temperature.

Because face detection algorithms available today for visible
images offer high accuracy and a fast processing time, it is bet-
ter to perform face detection on a visible image first and then
apply the coordinates of the face detected to a thermal image.
Previously, we proposed and experimentally demonstrated, for
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Fig.1. Proposed diagram of our human temperature screening module for parallel human temperature measurement.

what we believe was the first time, a low-cost, mobile-phone-
based module for automatic fever screening [1 1] embedded with
Apple Inc.’s iOS core image application programming inter-
faces (APIs) to detect faces in a visible image [12]. Its small-scale
field test operation for 62 people at a local children’s medical
clinic showed promising results of 100% sensitivity and 70%
specificity. Its operating time is limited to 10 min because the
heat accumulated inside the module induces a fluctuation of
1.3°C for the measured blackbody temperature, thus affecting
the specificity of the human temperature measurement. In this
work, we demonstrate our infrared-based, low-cost mobile plat-
form module suitable for mass human temperature screening.
It is also embedded with a temperature compensation module,
and it deploys an external low-cost reference temperature to
suppress the effect from internal heat accumulation and at the
same time compensate for the temperature fluctuation of the
operating environment, thusimproving the system specificity.

2. PROPOSED ARCHITECTURE

T}lf n.rmngf:ment Of our mass human Itmperature screening
approach is shown in Fig. 1, where people are walking toward
our human temperature screening module. It mainly consists of
athermal imaging camera, a visible imaging camera, an internal
temperature compensator, and an electronic controlling unit.
The internal temperature compensator is made up of a com-
bination of a thermistor, a Peltier attached to a heat sink, and a
temperature controller. The spacing between the thermal and
visible imaging cameras is minimized so that both cameras have
almost the same field of view. There is also an external object
located inside the field of view of the thermal imaging camera
that functions as a fixed reference temperature.

This study has two objectives: face detection in the visible
image and the determination of facial temperatures in the ther-
mal image; and the reduction of the temperature fluctuation
inside the module and compensation for the fluctuation of the
external temperature.

Capture visible and
thermal image

Face detection process

on the visible image

Mapping each face detected
location to thermal image position

Temperature

calculation process

Display image and
temperature result

Fig.2. Flow operation to determine temperature values for all peo-
plein the image.

The operation of our human temperature screening module
follows the diagram shown in Fig. 2. First, it simultancously
captures the two images from the thermal and visible imaging
cameras. Since face detection algorithms available today per-
form well on the visible image, all faces of people in the visible
image are first detected. Then, the corresponding coordinates of
all faces detected are mapped onto the thermal image to deter-
mine the maximum temperature of each person. After that, our
human temperature screening module displays the images of
people with their corresponding facial temperature values. By
setting up the suitable temperature offsetting from the true body
temperature and a warning temperature, our human temper-
ature screening module can simultaneously highlight the sick
people in the image.
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Fig.3. The uTherm human temperature screening module: (a) perspective view and (b) user interface.

3. EXPERIMENTAL DEMONSTRATION

A. System Implementation

Our mass human temperature screening module called
“UTherm” is shown in Fig. 3(a). Inside uTherm, a low-cost
FLIR ONE camera is used because it already comes with
a 160 x 120-pixel thermal imaging camera and a 640 x
480-pixel visible imaging camera with a maximum frame rate of
8 frames/second (fps). The distance between these two cameras
is 1 cm. APIs supported by FLIR ONE camera also automati-
cally reduce the size of the visible image to match and align well
with the thermal image.

For the electronic controlling unit, an Android box embed-
ded with an Android 6.0 operating system is used. The FLIR
ONE camera is interfaced to the Android box via a universal
serial bus (USB) port. Since we use the Android box that inher-
ently provides a high-definition multimedia interface (HDMI)
port, WTherm can show its result on a desired flat panel dis-
play available in today’s marketplace. The measured electrical

o
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power consumption of this module is 12.5 watts. The overall
dimensions of W Therm are 53 x 17 x 15 cm?.

A 40 x 40 mm? thermoelectric cooler (TEC) Peltier plate,
a 10-k2 thermistor, a heat sink, and a temperature controller
are installed at the back of the two cameras to maintain a con-
stant temperature at 25°C. In this case, we achieve a low 0.7°C
fluctuation of the measured blackbody temperature.

The external reference temperature unit is made from a
5 mm thick black acrylic sheet. The black acrylic sheet has an
emissivity of >0.90 [13,14]. In addition, a 60 x 60 mm? TEC
Peltier plate and a temperature controller are used inside the
external reference temperature with a fixed 37.5°C temperature
setting. A 10-£$ thermistor is also embedded inside the external
temperature controller that sends a reference measured temper-
ature (7o) to uTherm. The internal and external temperature
references each consume 36 watts.

The first version of uTherm’s user interface is shown in
Fig. 3(b). Starting from the left side, the warning temperature
(Tarm) can be setat the “Alarm.” If itis setat37.5°C and there is
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Fig.4. Results of face detection demonstrations: (a) re[ationship between the distance from pTherm and the person; (b) reladonship between the
distance from pTherm and the measured temperature; (c) nine faces detected simultaneously and displayed in the visible image (left) and in the ther-
mal image (right); and (d) undetected hot object with respect to ahuman face.

at least one person with a temperature of > 37.5°C in the image,
uTherm will give a warning sound and switch the display of
his or her temperature from green to red. There is an “Infrared”
button for switching the display to show either the thermal or
the visible image. On the right-hand side, the user can inde-
pendently adjust all coefficients of a cubic calibration equation.
The location of our external reference temperature inside the
image can be setat “X” and “Y.” The detection plane can be filled
in at “MSX distance.” The “Offset” is used for the user to fill in
the offset temperature ( Togic) so that the temperature value dis-
played above each person corresponds to the body temperature.
Tt of the thermistor from the external reference temperature is
also shown at “Ref. Temp.”

B. Human Face Detection and Tracking

We choose widely used APIs available from Google for face
detection [15]. We apply APIs for face detection on the visible

image, which have automatically reduced its image dimensions
by four times. Referring to Fig. 1, the accuracy of face detection
depends on the distance between uTherm and the person. From
a farther distance, a smaller size of the face region is obtained,
thus reducing the accuracy of the face detection.

From Fig. 4(a) the smallest size of the face region inside the
visible imageis86 x 108 pixels, and itis obtained ata maximum
2 m from pwTherm. Measured skin temperature is also reduced
linearly with respect to the distance at a rate of 1°C/m, as shown
in Fig. 4(b). By setting a detection plane at 1.5 m, pTherm can
simultaneously locate up to nine people at a speed of 8 fps, as
shown in Fig. 4(c). Note thatif the “Infrared” button in Fig. 3(b)
is pressed, the display will switch to show the thermal image with
nine people found inside the image, as shown on the right-hand
side of Fig. 4(c). In the lower right corner of Fig. 4(c), the image
of our external reference temperature is shown and its tempera-
ture value is determined from the maximum temperature inside
a fixed region of interest (ROI). By having a hot object inside

o
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Table 1. Separation of Normal and Sick People with Therm
Fever (people) No Fever (people)
Without Temperature With Temperature Without Temperature With Temperature
Comp i Comp i Compensation Compensation

Positive test results True positive (TP) 21 True positive (TP) 21 False positive (FP) 163 False positive (FP) 85
Negative test results False negative (FN) 0 False negative (FN) 0 True negative (TN) 986 True negative (TN) 1,064
uTherm’s field of view, only the human face is detected and its 410
maximum temperature is determined, as shown in Fig. 4(d). 400 |¥=0032866x’-3.643436x" + 134.955360x - 1,634.177214]
This result confirms that pTherm can only measure the facial g ’
temperature. £ 390

From nine people in Fig. 4(c), turning their faces left and §
right can affect the performance of the face detection and the é 38.0
measured facial temperature. We find that pTherm can locate 2
the face at a maximum angle of £30 deg, and the measured z 370
facial temperature isapproximately reduced by 0.5°C. E 360

£ 350 -

C. Fever Identification

The uTherm is deployed for a field test operation for four days
at Thammasat University Hospital (TUH) in Pathumthani,
Thailand. The external reference temperature and the detection
plane are 1.5 m away from uTherm. From the results described
in Section 3.B and from the practical operation point of view at
TUH, the people passing by would stop for 5 s and directly look
at uTherm for their facial temperature measurement. During
the operation, although the measured ambient temperature
varies between 25.6°C to 28.7°C, T4 from our external refer-
ence temperature shows a low 0.7°C fluctuation. In addition,
the measured human temperature ( 737) and the measured refer-
ence temperature of the external reference temperature (7, wf)
are determined by wTherm. Due to the temperature fluctuation
of the surrounding environment, Tjy ¢ is not equal to 7o
therefore, 7y needsto be compensated as

Ty =T+ (Tt — Ttuet) - (1)

For four days, 1,170 people pass by t*Therm. Their forehead
skin temperatures are also measured by an infrared-based digital
thermometer (Microlife AG) [16]. It is embedded with a self-
test procedure and is designed to determine human temperature
at a working distance of 5 cm from the forehead. From Eq. (1),
we find that the measured temperature (7},) correlates well with
the forehead skin temperature as

T'=0.032866T}, — 3.643436 T35 + 134.955360 T,

— 1, 634.177214. @

Four coefficients of the cubic Eq. (2) can be set on the right-
hand side of our user interface in Fig. 3(b). As shown in Fig. 5,
T}, is deviated from the forehead skin temperature at (30') by
0.9°C with the correlation coefficient 0f 0.731. To notify users
about the people with fevers, Tin Eq. (2) is adjusted to Zyuning as

Taming = T+ Toffce- (©)

Equation (3) also makes the calculated 7 close to the body
temperature. When Ziuming > Zoarms WTherm gives a warning

o
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34.0
340 350 360 370 380 390 400 410
Measured temperature from gTherm (°C)

Fig. 5. Relationship between the measured temperature from
uTherm and the forehead skin temperature.

sound with the temperature value in red. On the other hand,
no sound comes out and the temperature value is displayed in
green for Ziaming < Zilam- In our four-day field test operation,
the Tjgrec is setto 0 and the 7y, issetto 37.5°C.

There are three important system issues. The first parameter
is the system sensitivity, and it is defined as the ratio of TP to
TP + FN. Another important parameter is the system speci-
ficity, which is equal to TN divided by TN + FP. Accuracy,
defined as (TP +TN)/(TP + TN + FP + FN), is also a key
system performance issue. Table 1 shows that although we
achieve a high system sensitivity of 100% without the use of
the external temperature compensation module, a low 85.8%
and 86.1% system specificity and accuracy are obtained,
respectively. Note that without the internal temperature com-
pensation module, the operating time of WTherm is limited to
less than 10 min due to the induced heat inside the uTherm,
which affects the measured temperature. On the other hand,
with the temperature compensation modules proposed in this
work, we obtain high system sensitivity, specificity, and accuracy
0f 100%, 92.6%, and 92.7%, respectively. These results imply
that under the current settings of warning and offset tempera-
tures in WTherm, we achieve no false negatives. There are also
people withour fevers detected as fevers, which is acceprable in
the case of an outbreak of infectious diseases.

4. CONCLUSION

In this work, a mobile platform module called pTherm is intro-
duced for fast human temperature screening. It is also the first
time, to the best of our knowledge, that all faces for temperature
measurement are first detected in the visible image to achieve
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highly accurate face detection. Nine is the maximum number
of people that can be detected at a measured distance of 1.5 m
and a speed of 8 fps. Once all the coordinates of all faces are
known, their associated temperature values can be determined
from the thermal image. In addition, an internal temperature
compensation module and an external reference temperature
unit help improve key system issues. For the four-day field test
involving 1,170 people, uTherm, which uses a low-cost FLIR
ONE camera, provided very promising results of 100% sensitiv-
ity, 92.6% specificity, and 92.7% accuracy, with a total electrical
consumption of 84.5 watts. Aiming for real time in areas with
large crowds of people, our future work relates to improvement
of the temperature compensation technique to make pTherm
more compactand to increase overall system performance.
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ADVERTISEMENT

NEWS THE INSTITUTE

This Temperature-Screening System for COVID-19 Can
Check Up to 9 People at Once The system uses a thermal
imaging camera, facial recognition, and Lidar

BY THE INSTITUTE
04 AUG 2020 | 3 MIN READ |

The mTherm-FaceSense. KORNRAWEE KAEWMOON

https://spectrum.ieee.org/this-temperaturescreening-system-for-covid19-can-check-up-to-9-people-at-once#toggle-gdpr 1120

[vavil Feyayrsumu BT2-20/1-61] i 204



Fanasu-aud: szvunsvingamgdlunmiuuulidudaniasnatoyanauazn1ssudstoyaniu

\A38UN1SHRANT

3/3/65 16:03 This Temperature-Screening System for COVID-19 Can Check Up to 9 People at Once - IEEE Spectrum

¥ f in

TAGS

IEEE MEMBER NEWS IEEE COVID19 RESOURCES COVID-19 LIDAR FACIAL RECOGNITION THERMAL CAMERAS

THE INSTITUTE A team of researchers at Thailand's National Electronics and
Computer Technology Center, part of the country's National Science and

Technology Development Agency, in Pathumthani, has built a temperature-

screening system called pTherm-FaceSense (m reads as mu) that can examine
up to nine people at a time. Fever is a common symptom of COVID-19. More
places are screening people so the ability to scan several at once could
eliminate waiting lines, the researchers say. By the end of July, nearly 40 of the
units will be installed in several of the country's hospitals, correctional
facilities, and public transportation systems.

The project is being led by Armote Somboonkaew, Sirajit Vuttivong, Chalee

Vorakulpipat, and Sarun Sumriddetchkajorn, an IEEE senior member. The

mTherm-FaceSense, or MTFS system, combines a visible camera and a
thermal imaging camera. It is equipped with features such as Lidar and facial
recognition—which can be used with or without a facial covering—to
determine where a person is standing in the camera's field of view.

MTFS also uses an algorithm that compensates for distance shift that happens
with traditional thermal-imaging-based temperature scanners. Distance shift
occurs when several individuals being checked are not at the same measuring
distance, leading to a fluctuation in temperature measurements. Measurements
from the Lidar and other inputs are used to compensate for variations in
distance between an individual and the scanner.

The Institute asked Sumriddetchkajorn about how MuTherm-FaceSense
works.

This interview has been edited and condensed for clarity.
What problems are you trying to solve?

We are trying to find ways to compensate for distance shift and the

mecassemcson Al v bmcmnon msenbecaon i nbacntlnan T cit Lncnn Aar AT Ac il bncnn mcenbacaan

https://spectrum.ieee.org/this-temperaturescreening-system-for-covid 19-can-check-up-to-9-people-at-once#toggle-gdpr 2120
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screening. As we measure the facial temperature, we also look for a way to
correctly analyze facial temperature values from people with and without their
facial masks on.

ADVERTISEMENT

Explain how the MuTherm-FaceSense works.

It basically looks for all faces in its field of view, and then simultaneously
analyzes the corresponding facial temperatures [of each]. If the temperature of
any person detected is equal to or above the threshold value, for example,
37.5°C, his or her temperature value is highlighted in red on a display screen
and a beep sounds. If the person has no fever, the temperature value is shown
in green and there is no beep.

Again, fluctuations from the distance shift and the surrounding temperature
are compensated [for] during the temperature screening.

The set-up process is simple and is similar to a typical thermal imaging camera
that is used for fever screening today.

What challenges have you faced, and how did you overcome them?

The accuracy of the measurement [in the prototype] was not acceptable and
not stable due to the distance shift and the fluctuation of [the] surrounding
temperature. Once we brought in Lidar and designed and implemented our
own low-cost internal reference temperature, these issues improved
tremendously.

We also designed and engineered the prototype so that it passes electrical
safety requirements and has no spurious signals that can disturb other
electrical appliances or medical equipment. It complies with IEC60950-1, the
international standard related to electrical safety requirement and CISPR22,
the international standard related to electromagnetic compatibilities.

https://spectrum.ieee.org/this-temperaturescreening-system-for-covid 19-can-check-up-to-9-people-at-once#toggle-gdpr 3120
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What is the potential impact of the system?

MTFS benefits society as a whole for the public's health during and after
COVID-19. Because it was invented in Thailand, we also believe that once the
technology transfer to a private company happens, it will create more jobs in
the country and improve the skills and knowledge of the talented workers. It
has the potential to be a high-tech export product of Thailand as well.

Where has the system been installed?

Units have been installed at various facilities in Thailand including the
National Science and Technology Development Agency, the Office of the

National Broadcasting and Telecommunications Commission, and the Thai

Red Cross Society. In addition, they can be found at medical facilities including

the King Chulalongkorn Memorial Hospital, the National Cancer Institute,
Phra Nakhon Sri Ayutthaya Hospital, and Phramongkutklao Hospital.

MuTherm-FaceSense is also being used at prison and correctional facilities in
Bangkok, Pattaya, and Phuket. Train stations that are part of the State Railway
of Thailand are also using the devices.

How many people are on the team?

Fifteen people are involved in the research and development.

ADVERTISEMENT

IEEE membership offers a wide range of benefits and opportunities for those who

share a common interest in technology. If you are not already a member, consider
joining IEEE and becoming part of a worldwide network of more than 400,000
students and professionals.

https://spectrum.ieee.org/this-temperaturescreening-system-for-covid 19-can-check-up-to-9-people-at-once#toggle-gdpr 4/20
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Advancing Technology
for Humanity
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A Message to Our Community

2020 was a year like no other, filled with challenges—but also unexpected opportunities.
As the COVID-19 pandemic rapidly spread across the globe, IEEE members and
volunteers—and the organization as a whole—came together as one, actively responding
to this threat with speed, agility and resourcefulness.

Though many IEEE members and volunteers were impacted by the pandemic, that did
not stop them from pivoting their own work and joining the front lines. We express our
heartfelt thanks to all who worked tirelessly to leverage technology to continue their work
and conduct their research, in some cases in the development of vital treatments, tracing
mechanisms and preventive measures.

IEEE, too, learned much from the experience. During this time of crisis, IEEE pulled together
to keep the organization moving forward, adapting procedures to ensure our members
and volunteers could stay engaged. We found new ways to connect, and, despite the loss
of in-person contact, IEEE became more vital than ever.

Throughout it all, IEEE remained true to our mission of advancing technology for humanity.
Today, we are more committed than ever to sustaining this mission as we move confidently
into the future—together.

o
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Powering Through Together

The COVID-19 pandemic brought together the power of the IEEE community across the
globe to help humanity move forward.

IEEE took critical steps to keep the mission and work of our organization in motion. We
reimagined in-person meetings and live events, while finding new ways to connect—from
transitioning our conferences to virtual events to providing free access to a collection of
COVID-19-related research articles and standards.

Despite the many challenges, IEEE remained nimble, resourceful and optimistic. As the
world’s largest technical professional organization, we hold an unwavering belief that
we can overcome any obstacle and thrive during the most difficult of times. By meeting
the occasion head-on and racing to find urgent solutions, IEEE members and volunteers
helped to create the life-saving technologies that will lead to a healthier and more
prosperous world.

o
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Top Left: Project team members from
the IEEE Uganda Section used 3D printing
technologies to make face shields for
frontline workers in its response to
COVID-19. The project was funded by the
IEEE Humanitarian Activities Committee
(HAC) and the IEEE Special Interest Group

on Humanitarian Technology (SIGHT).
Top Right: COVID-19 News and
Resources Hub at IEEE Spectrum
Bottom Right: IEEE volunteer Daniel Falla
Photo Courtesy of National Grid ° e
L]
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Above: Toshio Fukuda (left) and Stephen P. Welby pointing to their IEEE Fellow pins

Message from the IEEE President
and the Executive Director

As we look back on 2020, we marvel at what

has been 12 world-changing, paradigm-shifting
months. In this year of unprecedented challenge,
the mission of IEEE did not waver. We remained
committed to fostering technological innovation
and excellence for the benefit of humanity. We
came together in new ways, faced the challenges of
a global pandemic and emerged even stronger.

Throughout 2020, our international community of
engineers, technologists, scientists and researchers
continued to respond to the COVID-19 pandemic.
This worldwide crisis brought with it public health
challenges, global economic uncertainty and
transformative lifestyle changes that will most likely
have a lasting effect on not only business and markets,
but also our attitudes and behaviors. Understanding
the pandemic’s far-reaching implications for IEEE
required that we successfully navigate the financial
and operational challenges of coronavirus while
also rapidly addressing the impact on our members.

The role of IEEE became even more imperative:
to facilitate the exchange of knowledge, advance
the technical state of the art, promote guidelines
and standards for professional excellence, and
raise public awareness and recognition of our
members’ contributions.

Despite the loss of face-to-face opportunities and
interaction, IEEE became more vital than ever in
2020. IEEE operations not only continued but
intensified to meet the increased need for access to
technical resources; the need for swifter dissemination
of pandemic-related papers, a seamless transition
to online platforms for conferences and events and,
perhaps most importantly, embracing new ways to
connect and communicate.

In response to the pandemic’s challenges, we
leamned even more ways to use technology to work
smarter and to reach wider audiences by engaging
them how and where it worked best for them. We

o
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supported the research and technology community
with a historic number of journal papers and
conference proceedings published. We replaced
travel with virtual meetings and events. We supported
our members with new models for outreach,
turning local events into global ones. We made
efforts to engage members in more languages
than ever before.

IEEE continues to envision new opportunities

and environments to ensure we are reaching our
members wherever they are and meeting their
transformed needs. We are focused on the capabilities
that will ensure that our organization is as pioneering
and agile as our members are. We will continue to
look for ways to improve IEEE's products, our
communications and our advocacy. We will also
continue to engage the public, policymakers and
the news media about the important work that our
members and colleagues do each and every day.

Another promising development for IEEE is the
ongoing evolution of its role within the field of
continuing professional education and lifelong
learning. It is imperative that IEEE be one of the
driving forces within the area of professional
development—taking advantage of the latest online
platforms and our unique worldwide volunteer
community, which can provide a local-content
perspective from almost anywhere on the planet.
Throughout 2020, we dedicated time, energy and
expertise to this important topic.

In a year of unprecedented challenge and uncertainty,
we've had the remarkable opportunity to witness
IEEE's mission—advancing technology for the benefit
of humanity—in action by our members, who

are making significant improvements throughout
society. Many IEEE members continue to be directly
and indirectly engaged in the fight against this global
pandemic—supporting biomedical research and
applications, providing data analysis and modeling,
maintaining critical communications and power

o
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infrastructure and caring for each other. Their
efforts have resulted in numerous technological
innovations in a wide variety of sectors, including
artificial intelligence and machine leaming,
robotics, cybersecurity, finance, health [T, logistics
and agriculture.

The year certainly demonstrated the impact that
professional engineers and technologists have on
society. We witnessed amazing engineering
developments and important medical and
technological breakthroughs. We stayed connected
and engaged, leveraging computing and
communications to allow critical work to continue
while keeping individuals and families safe. The
challenges and changes we witnessed in local
communities, across nations and around the world
confirm that the work of professional engineers,
technologists and educators, and young professionals
and students preparing for technical careers, will
continue to be in high demand and have significant
societal impact.

Navigating the post-COVID environment will require
adaptability, flexibility and innovation. We are
confident that a future of promise and possibility
lies ahead for the global professional community of
IEEE. In the face of a global pandemic, IEEE members
have changed our world—and we will continue do
so every day.

Sincerely,

T U Rl

Toshio Fukuda 2020 IEEE President & CEO

St P WY

Stephen P. Welby IEEE Executive Director & COO
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9,285
1,626
11,087
29,920
8,162
49,978
2,390
8,388
1,914
3,402
3,548
9,720
2,425
9,301
4,422
9,456
12,877
4,042
3,870

2,105
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N

IEEE Society Memberships

IEEE Aerospace and Electronic Systems Society
IEEE Antennas and Propagation Society

IEEE Broadcast Technology Sodety

IEEE Circuits and Systems Society

IEEE Communications Society

IEEE Computational Intelligence Society

IEEE Computer Sodiety

IEEE Consumer Technology Society

IEEE Control Systems Sodety

IEEE Dielectrics and Electrical Insulation Sodety
IEEE Education Society

IEEE Electromagnetic Compatibility Society

IEEE Electron Devices Sodety

IEEE Electronics Packaging Society

IEEE Engineering in Medicine and Biology Society
IEEE Geoscience and Remote Sensing Sodety
IEEE Industrial Electronics Sodiety

IEEE Industry Applications Society

IEEE Information Theory Sodety

IEEE Instrumentation and Measurement Society

IEEE Intelligent Transportation Systems Society

2,716
10,939
3,939
1,821
6,967
39,687
10,210
780
591
1,552
14,801
18347
1,720
10,165
5114

3,101

2,191

5314

IEEE Magnetics Society

IEEE Microwave Theory and Techniques Sodety
IEEE Nudear and Plasma Sciences Society

IEEE Oceanic Engineering Society

IEEE Photonics Sodety

IEEE Power & Energy Sodety

IEEE Power Electronics Sodiety

|EEE Product Safety Engineering Sodiety

|EEE Professional Communication Society

|EEE Reliability Society

IEEE Robotics and Automation Society

|EEE Signal Processing Sodety

IEEE Sodiety on Social Implications of Technology
IEEE Solid-State Circuits Society

IEEE Systems, Man, and Cybernetics Sodety

IEEE Technology and Engineering
Management Sodiety

IEEE Ultrasonics, Ferroelectrics, and Frequency
Control Sodiety

IEEE Vehicular Technology Sodiety

333,214 Total Society Memberships

53% of IEEE Members

Belonged to One or More Societies in 2020
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Top: Display screen of temperature values on pTherm-FaceSense’s temperature sareening system

Photo Gredit: Kornrawee Kaewmoon
Bottom: A self-driving vehicle delivers lunch baxes to workers in Pingshan District in Shenzhen, China

Phato Courtesy of Unity Drive Innovation
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Innovating Over Obstacles

2020 was a year of unprecedented disruption. IEEE members adapted their work with determination, dedication
and resolve to support efforts in the fight against COVID-19. IEEE Spectrum, |EEE's flagship magazine, shared a
number of these inspiring stories throughout the year.

o
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Modeling the Effectiveness of
Preventive Measures

H. Vincent Poor, an IEEE Fellow and professor of electrical
engineering at Princeton University in New Jersey, led a team
of researchers in the development of a mathematical model
that evaluates the impact of factors that can help limit the
spread of COVID-19, such as mask wearing and contact tradng.
The model also accounts for mutations in the virus.

L 4

Keeping Medical Workers Safe
with 3D Printing

When the pandemic first hit, IEEE member Samantha Snabes
responded by pivoting her 3D printing company to create
personal protective equipment for medical workers. Snabes
realized 3D printing was the ideal solution to bridge
short-term supply gaps thanks to its ability to produce
masks and shields at a faster rate than traditional
manufacturing methods.

Above: H. Vincent Poor
Photo Gredit: Sameer A. Khan/Fotobuddy
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Above: The Gatek amera compx scans individuals

produces a visual image of each and displays their temperature.
Photo Gourtesy of Longan Vision

Using AR to
Combat COVID-19

Before the pandemic hit, Canadian IEEE member
Enzo Jia was busy developing an augmented reality
visor with thermal imaging to help firefighters see
through smoke. When COVID-19 began spreading
in Canada, Jia and his colleagues realized they
could use the same thermal imaging to check

for virus symptoms. Specifically, they created an
innovative device called Gatekeeper that can be
mounted on a wall or tripod to measure the body
temperature of up to five people at once. To date,
units have been installed in long-term care facilities,
grocery stores and universities.

Gatekeeper can measure the body
temperature of up to 5 people at once

Top: Augmented reality visor with themrmal imaging camera
Photo Gourtesy of Longan Vision

Bottom: The Gatekeep comp monitors
the calibrated temperature of an area.
Phato Courtesy of Longan Vision
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Hands-On Learning in a Virtual World

COVID-19 has forced universities around the world to hold classes remotely. IEEE Senior member Marco Winzker
wasn't going to let that stop him from offering hands-on experimentation to his students. As the head of the
Centre for Teaching Development and Innovation at Bonn-Rhein-Sieg University of Applied Sciences in
Germany, Winzker made the decision to open up his remote lab to anyone in the world—allowing them to
attend for free. The lab provides students across the globe with the opportunity to perform hands-on experiments
with real hardware over the Internet, such as designing digital circuits.

More than 100 students from 30
countries attended the remote lab

Building and Repairing Ventilators to Help Patients

Volunteers from the IEEE Rio de Janeiro Section repaired more than a dozen broken ventilators used in
public hospitals. To cover their expenses, the IEEE volunteers received US $5,000 from the COVID-19 Fund
sponsored by the IEEE Humanitarian Activities Committee (HAC) and the IEEE Special Interest Group on
Humanitarian Technology (SICHT). Meanwhile, members of the IEEE Kenyatta University Student Branch in
Nairobi designed and built a low-cost ventilator for COVID-19 patients. The project addressed the shortage of
mechanical ventilators in Kenya.

Below: IEEE Rio de Janeiro Section volunteers [from left] Julia Neri, Neilson Dantas, Felipe Piancd,
Alexandre Pinhel, Yuri Gabrich, and Wanderson Aradjo
Photo Credit: Alexandre Pinhel

o
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Robot Vehicles Make
Contactless Deliveries

IEEE Senior member Ming Liu helped ensure that needed
groceries were safely delivered to communities under
lockdown. Liu's Shenzhen-based startup developed a fleet of
self-driving vans that delivered fresh produce to areas under
quarantine. The vans made more than 2,500 autonomous
trips in China. The unmanned vehicles provide a “contactless”
alternative to regular deliveries, helping reduce the risk of
person-to-person spread of COVID-19.

2,500+ Q

Autonomous Trips

Above: A self-dnving vehide departs a distribution center
to deliver fresh fruits, vegetables and other supplies to
residents in Zibo, in the Shandong province of China.
Photo Courtesy of Unity Drive Innovation

Temperature-Screening System Increases Efficiency

IEEE Senior member Sarun Sumriddetchkajorn is part of a team of researchers at Thailand's National Electronics
and Computer Technology Center that built a temperature-screening system called pTherm-FaceSense. The system
can check the body temperature of up to nine people at a time. More places are doing temperature screenings
before entry, so the ability to scan several people at once can help eliminate long lines. Dozens of units were
installed in hospitals, correctional facilities and public transportation systems throughout the country.

®®§® S to 9
®® ®®

Right: Developed by researchers in Thailand, the temperature-screening system
HTherm-FaceSense uses a visible camera, a thermal imaging camera, Lidar and
facial recognition technology.

Photo Credit: Kornrawee Kaewmoon
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Center: Volunteers from the IEEE Kyambogo University Student Branch IEEE SIGHT Group in Uganda designed and created
3D-printed devices with IEEE HAC and SIGHT funding to hep frontline workers avoid touching high-contact places such as
door handles and elevator buttons.

Bottom Left: COVID-19 News and Resources Hub at IEEE Spectrum

Bottom Right: In the IEEE Rio de Janeiro Section, a project team used HAC and SIGHT funding to train volunteers to
repair hospital machinery, such as ventilators, working in partnership with local universities, professional associations,
industry representatives and the Brazilian govemment.

13
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Supporting Our
Members and Volunteers

IEEE's response to the COVID-19 pandemic was instantaneous. The first in-person conference was postponed
on January 24. By early March all in-person meetings were eliminated and the first large virtual conference was
organized. We also launched the |EEE COVID-19 News and Resources Hub to deliver critical resources from
across |EEE to assist our members and volunteers and highlight their technology developments to fight the virus.

o
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o 1,700+

Events went virtual or hybrid

* 1,549 e ]62
Virtual Events Hybrid Events

Above: IEEE member Benoit Pelletier, 2020 5G World Forum keynote speaker

IEEE Conferences Pivot

As the virus spread IEEE quickly took action, engaging conference organizers to navigate them through the
process of shifting to a virtual format. IEEE was able to |leverage the Digital Event Center of Excellence, which

it had developed long before the pandemic. This resource presented alternatives to conference organizers who
were evaluating contracts, finances, digital models and pathways for publishing the important research at the
heart of many of IEEE's events.

The Meetings, Conferences and Events team produced over 50 virtual conferences at no charge. They also
provided platforms and materials for organizers to produce another 50 events, again at no charge.
2020 conferences included:

IEEE International Conference on Acoustics,
Speech and Signal Processing
« Transitioned to virtual within six weeks:

16,000 attendees, 12,000 of whom attended for the first time Below: Virtual PowerAfrica Platinum Sponsor Session

during the 2020 IEEE Power & Engineering Society and
2020 Virtual 5G World Forum IEEE Industry Applications Society PowerAfrica Conference

» Program included sessions, speakers and tutorials:

728 attendees from 49 countries

IEEE International Conference on

Computational Electromagnetics OMICRON

o First hybrid event, which implemented specific protocols to
keep attendees safe, including divided meeting rooms to
ensure social distancing requirements were met

Conference Organizers Rise to the Occasion

By mid-February, COVID-19 was affecting the planning of nearly every one of IEEE's almost
2,000 conferences. But conference organizers rose to the challenge. IEEE Senior member Humphrey
Muhindi worked with IEEE staff to pivot IEEE PowerAfrica 2020, held in August, from an in-person to

a virtual conference within three months. Despite the obstadles, the conference, which he co-chaired,
delivered 60 different sessions and saw its highest number of registrations and presented technical papers.

IEEE PES & IAS

POWERAFRICA
CONFERENCE

Right: IEEE Senior member Humphrey Muhind, PowerAfrica Conference General Co-Chair
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COVID-19 Resources for Members

IEEE created the COVID-19 News and Resources Hub, which compiled products, services, courses and tools to
help IEEE members during the pandemic. As the organization made existing and new resources available, they
were immediately populated to the Hub. In-depth coverage of IEEE members developing cutting-edge
technologies and solutions to combat the spread of coronavirus were also reported by IEEE Spectrum.

IEEE-USA, an organizational unit created in 1973 to support the career and public policy interests of IEEE's U.S.
members, launched the “Here to Help” campaign featuring online content and resources to assist members
during the COVID-19 crisis. The campaign included everything from an online panel discussion on how job seekers
can stand out in a virtual world to tips and tricks on how to stay active at home when gyms are closed. [EEE-USA
also made its ebooks free to all IEEE members worldwide.

Q

2.29 million

Page views

1.66 million

Visitors

Right: COVID-19 News and
Resources Hub at IEEE Spectrum
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IEEE Provides Free Access to
COVID-19-Relevant Research
and Standards

IEEE provided free access to a collection of COVID-19-related
research articles and standards. Included were
COVID-19-related papers and standards in the IEEE Xplore®
Digital Library on topics such as using artificial intelligence
for health diagnostics, telemedicine and the use of

robotics in laboratories.

IEEE Societies Fast-Track
Valuable Content

The IEEE Engineering in Medicine and Biology Society
created a fast track for the rapid review and publication

of research and data that could help in the fight against
COVID-19. The Sodety committed to an expedited peer-review
process that ensured high-quality, relevant papers were
disseminated in a matter of days, rather than months, to
clinicians and engineers working on the front lines.

The IEEE Power & Energy Society also delivered a global
report, “Sharing Knowledge on Electrical Energy Industry’s
First Response to COVID-19," featuring insights on how the
industry worked to keep the lights on during the pandemic.
The report delved into the steps that electric utilities and
system operators took to mitigate the effects of the pandemic
and provide safe and reliable power to their communities.

IEEE Xplore’

Digital Library

Lavdgan
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IEEE Sections Congress 2020
Goes Virtual

Pivoting to an all-virtual format, IEEE Sections Congress provided an
opportunity for more than 350 volunteers from across the globe to
review recommendations that focused on improving membership
activities. Recommendations were received from all 10 IEEE Regions,
and covered a variety of topics ranging from providing continuing
education programs to engaging with local industry leaders. The virtual
training portion of Sections Congress was rescheduled to 2021.

SC2020"

IEEE SECTIONS CONGRESS 2020
LEADING OUR
GLOBAL TECHNICAL
COMMUNITY
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Top: IEEE student volunteers from the Kyambogo University Student Branch in Uganda and its IEEE SIGHT Group
in Uganda hold a planning session about the design of 3D-printed door-opening devices to help frontline workers
avoid touching high-contact places in their daily routines. Funding from IEEE HAC and SIGHT allowed them to make
over 800 devices.

Center: A student enrolled in the TryEngineering program working on soldening a dircuit

Bottom: As a part of TryEng g Together eM g, STEM p Is support student STEM learning in this
virtual TryEngineering Live event.
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Commitment to
Lifelong Learning

IEEE continued to support its members throughout the pandemic by offering resources to help them advance
professionally—whether they are young professionals just beginning their careers or higher-grade members.

o

@il FeyayrSunu BT2-20/1-61] wth 230

—



Fanasu-aud: szvunsvingamgdlunmiuuulidudaniasnatoyanauazn1ssudstoyaniu

N =
LAFRVIUNITEDANT

21

Powering Continuing
Education

IEEE is dedicated to providing its members with
continuing education resources to help move their
careers forward. IEEE President Toshio Fukuda
kicked off an initiative to develop a program providing
increased value for the continuing educational
needs of IEEE members and technical professionals.
Spedifically, IEEE areated the role of “Educator-in-Chief”
in each of the key areas of artificial intelligence,

internet of things and smart grid to help identify ® @
and develop content and resources to support
lifelong learning opportunities.
B iy 42,272 13,210
Registrants Attended in Real-Time

IEEE Virtual
Learning

60+

Virtual Events

16,508
On-Demand Views
IEEE Embraces
Virtual Learning

In 2020, IEEE developed creative responses to the pandemic, including the launch of more than 60 free
educational webinars produced by IEEE Educational Activities and designed for students, faculty and technical
professionals. Many people used their extra time at home to engage in virtual leaming and stay current

on the latest technology trends. 2020 also brought record usage of IEEE online courses.

o
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Above: Virtual partidpants of the Region 10 2020 ~
Student, Young Professionals, Women in Engineening and |
Life Member Congress »

7B SYWL IEEE Engages with
= Young Professionals Across the Globe

In 2020, IEEE continued its work to include more young professionals in the organization’s leadership, as well as
fostering greater geographic diversity.

One event to support these efforts was the Region 10 Student, Young Professionals, Women in Engineering and Life
Member Congress, which was held virtually. The theme was “Pandemic to Opportunity—Collaborative Leadership
Toward Technology Advancement for Humanity.” The Congress enabled students and young professionals to
explore new modes of collaboration and discover meaningful ways to advance technology both during and

after the pandemic.

22
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Top: Volunteers from the IEEE Uganda Section IEEE SIGHT group install a solar panel at the Mukujju Health Center to
improve its ability to offer quality medical care to the local community.

Bottom Left: IEEE MOVE truck outside the disaster relief operation headquarters in Nashville, TN

Bottom Right: Volunteers from the IEEE Uganda Section used funding from IEEE HAC and SIGHT to make over 3,300
3D-printed face shields for frontline healthcare workers (some of whom are pictured here) and assist their country in its
response to the COVID-19 pandemic.

23
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Advancing Technology
for Humanity

Despite the pandemic, technology and innovation continue to move forward. Throughout the year, IEEE worked
to ensure that technology professionals had the information they needed to pursue innovation and develop
solutions that benefit people everywhere.

o
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IEEE Defines an Ethical Approach to Artificial Intelligence

The IEEE Standards Association (IEEE SA) completed the first phase of its efforts in autonomous and intelligent
systems certification. This work is focused on developing critical certification criteria for responsible innovation and
delivery of autonomous and intelligent systems. IEEE invited companies, governments, public bodies and other
interested stakeholders to engage in the second phase of work, which is aimed at deploying trustworthy systems
in business-to-business, business-to-consumer and business-to-government environments.

Extending Knowledge in Quantum Technologies

IEEE-USA, with support from the IEEE Quantum Initiative, IEEE's leading community for all projects and activities
on quantum technologies, was proud to be a founding partner of a new quantum education initiative sponsored
by the White House Office of Science and Technology Policy and the National Science Foundation. The new Q-12
Education Partnership program helps teachers incorporate lessons on quantum science and quantum engineering
into their curricula—all packaged in one easy-to-navigate website.

To share the latest research on this rapidly emerging topic with the technology community, IEEE hosted a Virtual
IEEE International Conference on Quantum Computing and Engineering (QCE20) event. The inaugural five-day
event, IEEE Quantum Week, served as a showcase for quantum research, practice, applications, standards,
education and training. More than 270 hours of high-quality content was delivered to 2,500 audience
members who ranged from “new to quantum” to “quantum experts.”

Below: Dashboard of a virtual room at the 2020 Virtual IEEE International Conference on Quantum Computing and Engineering

Registrants

Hours of content

o
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Top Left: Student members from the Zambia Section IEEE SIGHT Group designed, produced and distributed 10,000 high-efficiency, reusable face masks.
Top Right: Volunteers from the IEEE Uganda Section conducted a project to reduce the spread of COVID- 19 in the Imvepi Refugee Settlement Gamp.
Bottom Left: The Malaysia Section IEEE Engineering in Medicine and Biology Soaety Chapter prepared a structure that decreases the chance of
spreading the coronavirus between dentists and hygienists and their patients.

IEEE SIGHT Grant Program Supports COVID-Related Projects

The IEEE Humanitarian Activities Committee and Special Interest Group on Humanitarian Technology (SIGHT)
held a special call for IEEE member proposals to support grassroots humanitarian technology and sustainable
development projects. The more than 100 funded projects include:

The IEEE Malaysia Section |EEE Engineering in Medicine and Biology Society Chapter
received funding to create a device that limits the spread of patient aerosols generated
during dental appointments. The device allows dentists to work with patients while
maintaining a higher degree of safety. Over 150 devices were distributed to a
government hospital and dlinics in Malaysia.

The IEEE Uganda Section received funding for its project that used 3D printing
technologies to assist the country by addressing the lack of medical supplies. The team
produced 3D-printed face shields and made them available to front-line health workers.

The IEEE Zambia Section SIGHT Group used its funding to design, produce and
distribute reusable face masks. They also created educational materials on measures to
reduce the spread of the virus and shared them with community members.

Additionally, IEEE India, in collaboration with the India Council, put out a call for proposals to address and mitigate
the COVID-19 pandemic. The result was the funding for Virobot, a robotic nurse designed to assist doctors and
caregivers while attending to COVID-19 patients.

26
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United Nations Grants IEEE Consultative

Status in Sustainable Development Efforts

IEEE received consultative status with the United Nations Economic and Social Council (ECOSOC) in

2020. ECOSOC is at the heart of the United Nation’s efforts to advance the three dimensions of sustainable
development—economic, sodal and environmental. This approval recognizes IEEE's contributions to sustainable
development and humanitarian technology, supporting the achievement of the UN Sustainable Development
Goals and provides further opportunities to contribute to these efforts.

President Fukuda Delivers
Keynote Address to
Chinese Scholars

IEEE President Toshio Fukuda delivered the keynote
address at the 22nd Annual Meeting of the China
Association for Science and Technology (CAST). This
was a high honor as President Fukuda was the only
international keynote speaker at the event.

Right: Photo courtesy of CAST
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Bridging the Gap Between Standards
Developers and Technical Communities

This year saw the introduction of IEEE SA OPEN, an open-source
collaboration platform that provides support and services for open-source
projects, induding projects related to standards development, community
projects, projects undertaken by industry consortia and projects
sponsored by industry for the benefit of humanity. IEEE SA OPEN is
designed to bridge the gap between standards developers and other
open technical communities to enable nimble and creative technical
solutions. The platform, which includes source code management,
collaboration, testing and other tools that are available to Open
Community Projects at no charge, was used in the development of
standards in 2020.

—— MOVE Truck Assists in Recovery Efforts

IEEE's MOVE (Mobile Outreach Vehicle) truck responded to five natural
disasters impacting multiple regions of the U.S. The mobile emergency relief
program provides disaster victims and Red Cross volunteers with a range of
services including cell phone charging, Wi-Fi access, technical support and
power and lighting supply. Even during COVID-19, IEEE was ready to help.
The MOVE truck was fully equipped with personal protective gear and volun-
teers were trained on the appropriate protocols for operating in a pandemic.

Right: IEEE MOVE truck preparing to deploy during Hurricane Isaias

28
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Expanded Offerings in Open Access
Provide Diverse Publishing Options

IEEE is a global leader in open access publishing in engineering, computer science and technology, offering multiple
tools and publishing options that support research reproducibility. These efforts ultimately enable engineers to
make new discoveries and build the next generation of technology.

30
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New Gold Fully Open Access Journals Added to IEEE Portfolio

To support the growing interest in open access publishing, IEEE continues to launch additional open access
journals, providing more publishing options for researchers and authors seeking to share their work with a broader
audience. In 2020, IEEE added 14 new gold fully open access journals to its open access publishing portfolio, with
13 meeting or exceeding their article publishing goals.

IEEE Access® Makes Major Strides

The multi-disciplinary open access journal continued to grow in 2020:

© ©

20% 14,709
Increase in submissions Published articles, a 19%
over 2019 increase over 2019

IEEE Access continues to have a quick turnaround time for authors, with an average
article submission-to-publication time of just four weeks.

IEEE Forges First Read
and Publish Agreement

IEEE inked its first Open Access Read and Publish agreement
with the University of lllinois, a leading institution for engineering
research. Under the agreement, researchers have access to
IEEE's premier collection of journals, conferences and
standards via the IEEE Xplore Digital Library and are able to
publish articles via open access—free and available to be
read by the general public—without having to be

responsible for article processing charges.
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H - E ] o;mg in Medicine
Journal Article Garners Major and Biology
Media Coverage

A study published in the IEEE Open Journal of Engineering in Medicine
and Biology by a team of MIT researchers eared the attention of major
media outlets, including Fortune, Psychology Today and USA Today.
The researchers behind the study were able to build artificial intelligence
models that accurately detect virus infection in COVID-19 patients using

waud: szuuasiaiagamgiluniuvulidudaiazvatsyanawaznissudsdoyaniy

a voice recording of their cough. The pandemic further demonstrated
the importance of open access publishing, allowing free access to

groundbreaking, timely research.

048 QIEEE

Manuscript

O—

ot

( IEEEDataPort )

L

626,000+
&

Users

o

[vavil foyausumnu BT2-20/1-61]

1,800

Datasets

Wi 242

In Support of Open Science
IEEE DataPort Sees Gains in 2020

IEEE DataPort continued to experience strong growth in
2020, reaching more than 626,000 users and 1,800 datasets.
IEEE DataPort is an accessible online data platform that
allows users to store, search, access and manage datasets

of up to two terabytes across a broad range of topics. The
platform also helps technologists analyze datasets while
supporting open data initiatives that keep referenceable data
available for reproducible research.
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Top Right: A student participating in a TryEngineering activity soldering a drone
Bottom Right: IEEE Xtreme 14.0 coding competition partiapants from An-Ngjah

33 National University, West Bank Falestine
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Elevating Engagement

IEEE members and volunteers are passionate about advancing technological innovation to inspire change and
make the world a better, more prosperous place for everyone. In 2020, despite the circumstances, IEEE
engaged deeply with the global community and we strengthened our outreach efforts around the world, offering
to members opportunities that were inclusive and accessible to all.
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IEEE Keeps Student Members Engaged

IEEE kept student members engaged in the organization throughout the pandemic, even though they were not
able to meet on campus. IEEE offered various remote workshops, socials and other events during the year to help
prepare student members academically and professionally. At the University of California, Los Angeles, IEEE student
member Bryan Wong organized a hackathon for students, as well as an alumni career panel and a hands-on
soldering workshop—all held remotely.

IEEE Members Share Technology Solutions

Top-tier media outlets turned to IEEE members for expert insight into how technology can help society adapt
during the pandemic. Some examples include:

IEEE Fellow Karen Panetta was featured in an NBC News story that discussed how
human-robot cooperation is enabling society to combat COVID-19 via improved cleaning
and disinfecting capabilities.

IEEE member Antonio Espingardeiro spoke with The Engineer about how COVID-19
has accelerated the broad implementation of Al and robotics, and why this trend is likely to
become more prevalent in the future.

IEEE member Mario Milicevic was featured in MarketiWatch discussing how the
tremendous bandwidth demands resulting from so many people working and learning from
home during the pandemic are impacting the internet's ability to function properly.

IEEE member Carmen Fontana was quoted in InformationWeek about
the importance of cloud technology in a post-COVID world.

Below: Sample of news coverage featuring
IEEE member insights

Oplnlon'The internet is being put to its
greatest test, and it is passing (so far)
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IEEE Day Hosts Virtual
Global Celebration

IEEE continued its |EEE Day tradition to showcase how the
world advances technology for a better tomorrow. For the
first time in its 11-year history, IEEE Day held all its events
virtually. The commemoration induded personal testimonials
from IEEE members and volunteers discussing how IEEE has
enhanced their careers.

Above: IEEE Day 2020 virtual participants from the IEEE
Cairo University Student Branch in the IEEE Egypt Section

IEEE App Makes It Easy

to Stay Connected TAP :
The IEEE App, which gives members and the general public CONNECT. f\}

the ability to engage with all things IEEE, reached over NETWORK. » Ia

375,000 downloads in 2020. Given the unprecedented SHARE m A pe
nature of 2020, it was more important than ever to stay "
up-to-date with the latest news on technological advancements. mn ® S s
The IEEE App made it easier for people around the world to QE [
stay connected and learn about the many opportunities IEEE Q\EEE

offers around the world.

375,000+

Downloads in 2020

An Ongoing Commitment to Diversity and Inclusion

IEEE's 2019 diversity and inclusion efforts carried over into 2020 with the approval of an updated IEEE Code of

Ethics. The changes incorporate high-level principles that include a commitment to uphold the highest standards
of integrity and ethical conduct in professional activities, as well as to treat all persons fairly and with respect and
to not engage in harassment or discrimination.
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IEEE Milestone o=

ah_t)nal Large.Sraia
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Above: IEEE President Toshio Fukuda (left) and NEC Chairman of the Board Nobuhiro Endo at
the dedication ceremony of two IEEE milestones in Tokyo, Japan, in December 2020.
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Notable Achievements

IEEE has actively shaped the future of technology—and the world—by tirelessly advancing innovation and
technological excellence. In 2020, IEEE honored numerous leaders across multiple disciplines whose achievements
sparked radical transformation and made our planet a better, more sustainable place to live. Additionally, 282
IEEE members with extraordinary accomplishments were elevated to IEEE Fellow status.
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Top Left: IEEE Life Fellow and Medal of Honor Recipient Chenming Hu
Top Right: Front display of the Medal of Honor and the IEEE Simon Ramo Medal

Chenming Hu Receives IEEE Medal of Honor

Sponsored by the IEEE Foundation, the Medal of Honor is IEEE's pinnacle of recognition. In 2020, it was awarded
to |EEE Life Fellow Chenming Hu, a professor at the University of California, Berkeley, for “a distinguished career of
developing and putting into practice semiconductor models, particularly 3-D device structures that have helped
keep Moore's Law going over many decades.” Hu's pioneering achievements in transistor models and novel
transistor structures have enabled the continued scaling of semiconductor devices, ultimately leading to the production
of smaller, less expensive and more powerful computers and electronic devices.

Space Pioneers Awarded Prestigious IEEE Simon Ramo Medal

Dr. BN. Suresh and Dr. K. Sivan of the Indian Space Research Organization received the prestigious 2020 IEEE
Simon Ramo Medal. The two recipients were recognized for “their outstanding leadership in developing the national
space program of India and for pioneering space technology.”

IEEE History Center ~— The IEEE
Celebrates 40th Anniversary H|St°|'y Center

In 2020, the IEEE History Center celebrated its 40th anniversary.

The mission of the IEEE History Center is to preserve, research in -1
and promote the history of information and electrical A | < 18
technologies. Industry luminaries, including IEEE President g i

Toshio Fukuda and IEEE Past President José Moura, gathered
virtually to raise a toast to the IEEE History Center.

Anniversary

o
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Honoring Historic Technology Milestones

Each year, the IEEE Milestones in Electrical Engineering and Computing program recognizes exceptional technical
achievements that occurred at least 25 years ago. In 2020, four Milestones were dedicated, including:

e 192]1-1923

Piezoelectric Quartz Oscillator

Middletown, Connecticut

Piezoelectric quartz oscillators advanced ultrasonics, sonar, radar and myriads
of other electronic applications, and appeared in everyday life through their
use in quartz wristwatches.

¢ 1971

Demonstration of the

ALOHA Packet Radio Data Network

Honolulu, Hawaii

ALOHAnet was the first network to demonstrate that communication channels
could be efficiently shared on a large scale, leading directly to the development
of Ethernet and personal wireless communication technologies.

¢ 1980

First Commercial Digital Signal Processor Chip
Kawasaki, Japan

NEC developed the first commercially available, programmable digital signal
processor chip, accelerating the adoption of digital signal processing in
communications and broadcasting.

¢ 1982

First Operational Large-Scale Latent

Fingerprint Identification System

Tokyo, Japan

NEC introduced the world's first large-scale automated fingerprint identification
system (NEC AFIS), equipped with a latent fingerprint matching function
that enabled the world's police agencies to expedite searches for suspects.

40
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Above: Photo taken February 2020

2020 IEEE Board of Directors

41

Back Row from left
Tapan K. Sarkar*, Keith A. Moore, Jason J. Gu, Kukjin Chun, Alfred E. Dunlop,
Thomas M. Conte, Manuel Castro, Wolfram Bettermann, James M. Conrad, Elizabeth Burd

2" Row from left

Stephen P. Welby, Ljiljana Trajkovi¢, Stephen M. Phillips, Akinori Nishihara,
Theodore “Ted” W. Hissey, Kazuhiro Kosuge, David A. Koehler, James R. Look,
Eduardo F. Palacio, Joseph V. Lillie, Jill I. Gostin, John P. Verboncoeur

Front Row from left

Alberto Sanchez, Rabab Kreidieh Ward, Miriam P. Sanders, José M.F. Moura, Toshio Fukuda,
Susan K. (Kathy) Land, Robert S. Fish, Kathleen A. Kramer, Magdalena Salazar-Palma,
David B. Durocher

MEEE thanks 2020 IEEE Director and Vice President, Publication, Services, and Products Board Dr. Tapan Sarkar for his years of service to
the IEEE community. Sadly, Dr. Sarkar passed away in 202 1. He will be missed by his colleagues and friends within the IEEE community.

Not pictured: Sergio Benedetto
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fe— .

Above: Photo taken October 2020

IEEE Management Council

From left
Karen L. Hawkins, Donna Hourican, Steven Heffner, Jamie Moesch, Stephen Welby,
Thomas R. Siegert, Cherif Amirat, Mary Ward-Callan, Cecelia Jankowski

Not pictured: Chris Brantley, Konstantinos Karachalios, Sophia A. Muirhead
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MESSAGE FROM THE TREASURER

2020 was an unprecedented year with COVID-19 disrupting = Membership: revenues declined by $4.4 million or 7%
all aspects of daily life. Yet, through it all, IEEE pulled due to lower membership renewal revenues, which was
together as an organization and kept moving forward offset by expenses declining by $9.1 million or 10%.

by being agile and responsive with its activities, such as

transitioning many of its in-person conferences to virtual
or hybrid events. IEEE continues to focus on its mission

of advancing technology for the benefit of humanity.

= Standards Association: revenues declined by $2.7
million or 6% due to a reduction in Standards Working
Groups revenues, which was offset by expenses declining
by $0.5 million or 1%.

1am pleased to present the audited financial reports

of IEEE. These reports indicate that the overall financial Non-operating activities generated $59.5 million in net gain,

health of the organization remains strong, with total primarily due to $69.7 million in net gain from investments

assets of US $917.9 million exceeding total liabilities (inclusive of interest and dividends) and $0.5 million in

of $252.6 million as of December 31, 2020. income tax benefit related to IEEE GlobalSpec. These gains
were offset by a $10.7 million loss on the sale of

The IEEE Statement of Activities reflects total revenues IEEE GlobalSpec assets.

for 2020 of $467.0 miillion, a decrease of $90.6 million,

or 16%, from 2019. IEEE had total operating expenses Overall, IEEE Net Assets increased $133.1 million in 2020 to

for 2020 of $393.5 million. This represents a decrease $665.3 million, as compared to the 2019 year-end balance

of $115.1 million, or 23.0%, from 2019. Accordingly, of $532.2 million.

IEEE's expenses decreased more than the decline in
revenues, resulting in an increase in net assets of $73.6
million from operations, as further discussed below:

Grant Thomton LLP, the independent auditors for IEEE,
met with the IEEE Audit Committee to discuss the scope
and results of the financial statement audit, to review

= Periodicals and Media: revenues increased by $0.2 the adequacy of IEEE's internal accounting controls and
million or 0.1%, while expenses reduced by $19.8 million to examine the quality of IEEE's financial reporting prior
or 10%. Despite the impact of the pandemic, overall to issuing its opinion on the financial statements. |EEE
performance was driven by sustained customer demand received an unmodified opinion from Grant Thornton LLP
for IEEE products and continued focus on improving in the Report of Independent Certified Public Accountants.

blication effici d cost reduction.
Puilon elidenoyanc costreschon IEEE is tax-exempt under Section 501(c)(3) of the Internal

= Conferences: revenues dedlined by $83.4 million or Revenue Code. The IEEE Foundation is a separately
399, principally driven by pandemic-related cancelation incorporated, related organization of IEEE; accordingly, its
of planned large face-to-face conferences and events. audited financial statements are not included in the
To mitigate this impact, IEEE successfully organized virtual accompanying documents.

and hybrid conferences in 2020. Conference expenses
declined by $81.5 million or 49%, largely driven by
the smaller number of events and reduction in
conference travel.

| submit these financial statements with confidence that
IEEE continues to be a financially sound organization.

, / B2

Joseph V. Lillie
2020 |EEE Treasurer
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REPORT OF INDEPENDENT CERTIFIED PUBLIC ACCOUNTANTS

To the Board of Directors of: The Institute of Electrical and El ics Engi I porated

We have audited the accompanying consolidated financial statements of The Institute of Electrical and Electronics Engineers,
Incorporated and subsidiaries (collectively, the “Institute”), which comprise the consolidated statements of financial position as of
December 31, 2020 and 2019, and the related consolidated statements of activities and cash flows for the years then ended, and
the related notes to the consolidated financial statements.

Management's responsibility for the financial statements

Management is responsible for the preparation and fair presentation of these consolidated financial statements in accordance with
accounting principles generally accepted in the United States of America; this includes the design, implementation, and maintenance
of intemal control relevant to the preparation and fair presentation of consolidated financial statements that are free from material
misstatement, whether due to fraud or error.

Auditor’s responsibility

Our responsibility is to express an opinion on these consolidated financial statements based on our audits. We conducted our
audits in accordance with auditing standards generally accepted in the United States of America. Those standards require that we
plan and perform the audit to obtain reasonable assurance about whether the consolidated financial statements are free from
material misstatement.

An audit involves performing procedures to obtain audit evidence about the amounts and disclosures in the consolidated financial
statements. The procedures selected depend on the auditor’s judgment, including the assessment of the risks of material
misstatement of the consolidated financial statements, whether due to fraud or error. In making those risk assessments, the auditor
considers internal control relevant to the Institute’s preparation and fair presentation of the consolidated financial statements in
order to design audit procedures that are appropriate in the circumstances, but not for the purpose of expressing an opinion on
the effectiveness of the Institute's internal control. Accordingly, we express no such opinion. An audit also includes evaluating the
appropriateness of accounting policies used and the reasonableness of significant accounting estimates made by management, as
well as evaluating the overall presentation of the consolidated financial statements.

We believe that the audit evidence we have obtained is sufficient and appropriate to provide a basis for our audit opinion.
Opinion

In our opinion, the consolidated financial statements referred to above present fairly, in all material respects, the financial position
of The Institute of Electrical and Electronics Engineers, Incorporated and subsidiaries as of December 31, 2020 and 2019, the

changes in their net assets and their cash flows for the years then ended in accordance with accounting principles generally
accepted in the United States of America.

PBunA Thowdon LLP

Iselin, New Jersey
June 2,2021
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CONSOLIDATED STATEMENTS OF FINANCIAL POSITION
As of December 31, 2020 and 2019

ASSETS 2020 2019 2020 ASSETS
CURRENT ASSETS
Cashad ek st s 20126300 $ SHERTO0 IEEE net assets increased $133.1
sh and cash equivalents <0 i million, or 25%, to $665.3 million,
Accounts receivable, less allowance for doubtful accounts as of December 31, 2020 from
of $1,708,300 in 2020 and $1,648,200 in 2019 27,451,200 41,699,100 $532.2 million as of December 31,
Prepaid expenses and other assets 17,550,500 19,710,300 2019-‘The increase in net assets is
Investments, at fair value 813,132,500 649,984,400 primanty/dug: o incarme enerated
from operating activities. The
Investments - other 3,435,900 2,537,000 surpluses from operating activities
Total cument assets 881,696,400 736,053,500 were then invested primarily into
marketable securities and fixed
income investments. Non-operating
HNONCURRENTASSELS activities also increased net assets
Land, buildings, and equipment, net 35,594,300 39,415,300 primarily through income earned on
Goodwill - 2,289,700 investment balances.
Intangible assets - 7,228,300 0%
Deferred tax assets 636,700 145,500 0% 2% 394 .
Total assets $ 917,927,400 $ 785,132,300
LIABILITIES AND NET ASSETS
CURRENT LABILTIES
Accounts payable and accrued expenses $ 55,516,100 $ 56,138,900
Capital lease obligations 114,300 156,700 89%
Accrued pension and other employee benefits 537,000 392,200
Amounts held on behalf of IEEE Foundation, Incorporated 54,112,600 48,367,900
Deferred revenue 117,816,500 125,505,700
Total cument liabilities 228,096,500 230,561,400
NONCURRENT LIABILITIES + ACCOUNTS RECEIVABLE,
Capital lease obligations, net of current portion 28,000 436,800 LESS ALLOWANCE FOR
Accrued pension and other employee benefits, DOUBTFUL
net of curent portion 24,509,400 21,926,200 * PREPAID EXPENSES
Total liabilities 252,633,900 252,924,400 AND OTHER ASSETS

* INVESTMENTS
(CURRENT AND LONG-TERM)
= LAND, BUILDINGS
AND EQUIPMENT, NET
NET ASSETS OF ACCUMULATED
DEPRECIATION

* GOODWILL AND

Commitments and contingencies

Without donor restrictions

Undesignated 644,640,500 509,919,700 INTANGIBLES, NET
Board-designated fund 18,604,200 20,400,000 « DEFERRED TAX ASSETS
Total without donor restrictions 663,244,700 530,319,700
With donor restrictions 2,048,800 1,888,200
Total net assets 665,293,500 532,207,900
Total liabilities and net assets $ 917,927,400 $ 785,132,300

The accompanying notes are an integral part of these consolidated financial statements.
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CONSOLIDATED STATEMENT OF ACTIVITIES
For the year ended December 31, 2020

N Restrcions  Restrictions wa 2020 REVENUES
REVENUES The IEEE Statement of Adiivities
Memberships $ 59,523,600 $ - % 59523600 reflects total revenues for 2020
Periodicals and media 234,579,000 - 234,579,000 of 3467Q>m||l|0n, it
e e $90.6 million, or 16%, from
Conferences 129,029,800 - 129,029,800 2019. Principally driven due to
Standards 41,491,500 - 41,491,500 pandemic-related cancelation
Public imperatives 2,166,600 235,500 2,402,100 of planned large face-to-face
conferences and events.
Other income 9,300 - 9,300
Net assets released from restrictions 143,400 (143,400) - 2% 0%
Total revenues 466,943,200 92,100 467,035,300
EXPENSES
Program services:
Memberships 80,553,100 - 80,553,100
Periodicals and media 171,836,100 - 171,836,100
Conferences 84,965,400 - 84,965,400
Standards 37,730,700 = 37,730,700
Public imperatives 11,241,500 - 11,241,500
Total program services 386,326,800 - 386,326,800 « MEME SHIP
* PUBLIC IMPERATIVES
Sbpporting services: + PERIODICALS & MEDIA
General and administrative 7,144,000 - 7,144,000 « CONFERENCES
Total expenses 393,470,800 - 393,470,800 + STANDARDS
) ! - = |EEE GLOBAL SPEC, INC.
Changes in net assets before non-operating activities 73,472,400 92,100 73,564,500 « OTHER INCOME
NON-OPERATING ACTIVITIES
Investment gain, net 69,633,800 68,500 69,702,300
Pension and related benefits activity other than
net periodic benefit cost 10,400 - 10,400
Loss on sale and dissolution of IEEE GlobalSpe, Inc. (10,691,000) - (10,691,000)
Changes in net assets before income tax 132,425,600 160,600 132,586,200
Benefit for income taxes 499,400 - 499,400
Changes in net assets 132,925,000 160,600 133,085,600
Net assets, beginning of year 530,319,700 1,888,200 532,207,900
Net assets, end of year $ 663,244,700 $ 2048800 $ 665,293,500

The accompanying notes are an integral part of this consolidated financial statement.
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CONSOLIDATED STATEMENT OF ACTIVITIES
For the year ended December 31, 2019

Without Donor ~ With Donor

Restrictions  Restrictions Total

REVENUES
Memberships $ 63,892,500 $ - % 63892500
Periodicals and media 234,358,700 - 234,358,700
Conferences 212,398,900 - 212,398,900
Standards 44,181,600 - 44,181,600
Public imperatives 2,576,000 139,700 2,715,700
Other income 109,900 - 109,900
Net assets released from restrictions 126,100 (126,100) -
Total revenues 557,643,700 13,600 557,657,300
EXPENSES
Program services:

Memberships 89,690,800 - 89,690,800

Periodicals and media 191,647,700 - 191,647,700

Conferences 166,487,300 - 166,487,300

Standards 38,263,200 - 38,263,200

Public imperatives 12,320,100 - 12,320,100
Total program services 498,409,100 - 498,409,100
Supporting services:

General and administrative 10,190,700 - 10,190,700
Total expenses 508,599,800 - 508,599,800

Changes in net assets before non-operating activities 49,043,900 13,600 49,057,500
NON-OPERATING ACTIVITIES
Investment gain, net 72,928,300 77,800 73,006,100
Pension and related benefits activity other than net periodic benefit cost (1,554,900) - (1,554,900)
Gain on sale of land and building 1,827,700 - 1,827,700
Changes in net assets before income tax 122,245,000 91,400 122,336,400
Benefit for income taxes 744,700 - 744,700
Changes in net assets 122,989,700 91,400 123,081,100
Net assets, beginning of year 407,330,000 1,796,800 409,126,800
Net assets, end of year $ 530,319,700 $ 1,888200 $ 532,207,900

The accompanying notes are an integral part of this consolidated financial statement.

47

o

[\auitdnyan¥umu BT2-20/1-61] wih 257



famasu-wawud: szuunsivingungiluntdwuulddudaiaznatsuanauaznissudetayaniu

N =
LAFRVIUNITEDANT

CONSOLIDATED STATEMENTS OF CASH FLOWS
For the years ended December 31, 2020 and 2019

2020 2019
CASH FLOWS FROM OPERATING ACTIVITIES
Changes in net assets $ 133085600 $ 123,081,100
Adjustments to reconcile changes in net assets to net cash provided by operating activities:
Depreciation and amortization 14,003,400 15,896,200
Unrealized gains on investments (48,081,200) (51,211,000)
Gains on sale of investments (11,752,800) (9,221,500)
Gain on sale of land and building - (1,827,700)
Loss on sale and dissolution of IEEE GlobalSpec, Inc. 10,691,000 -
Bad debt expense 909,300 385,200
Changes in assets and liabilities:
Accounts receivable 8,384,900 (6,167,100)
Prepaid expenses and other assets 1,771,500 (1,017,600)
Accounts payable and accrued expenses (1,600,900) 1,883,600
Accrued pension and other employee benefits 2,728,000 (6,921,100)
Amounts held on behalf of IEEE Foundation, Incorporated 5,744,700 6,179,600
Defermed revenue (5,877,900) 5,246,900
Income tax payable and deferred tax liability (491,200) (857,000)
Net cash provided by operating activities 109,514,400 75,449,600
CASH FLOWS FROM INVESTING ACTIVITIES
Proceeds from sales of investments 302,243,800 352,954,300
Proceeds from sale of IEEE GlobalSpec, Inc. 2,000,000 -
Proceeds from sales of building and equipment - 1,971,700
Purchases of investments (406,456,800) (417,619,100)
Purchase of land, buildings and equipment (11,219,700) (6,901,000)
Net cash used in investing activities (113,432,700) (69,594,100)
CASH FLOWS FROM FINANCING ACTIVITIES
Change in cash overdraft 1,989,700 (1,693,700)
Payment of capital lease obligations (67,800) (145,700)
Net cash provided by (used in) financing activities 1,921,900 (1,839,400)
Net (decrease) increase in cash and cash equivalents (1,996,400) 4,016,100
Cash and cash equivalents, beginning of year 22,122,700 18,106,600
Cash and cash equivalents, end of year $ 20,126,300 $ 22,122,700
SUPPLEMENTAL DATA
Interest paid on letter of credit $ - % 62,700
Purchases of fixed assets included in accounts payable and accrued expenses 3 184,700 % 385,800
Aquisition of equipment through capital lease obligations $ - % 539,900

The accompanying notes are an integral part of these consolidated financial statements.
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NOTES TO CONSOLIDATED FINANCIAL STATEMENTS
December 31,2020 and 2019

NOTE 1. THE INSTITUTE OF ELECTRICAL AND ELECTRONICS
ENGINEERS, INCORPORATED

The objectives of The Institute of Electrical and Electronics Engineers,
Incorporated (the “Institute,” or “IEEE") are (a) scientific and educational,
directed toward the advancement of the theory and practice of electrical
engineering, electronics engineering, computer engineering, computer
sciences and the allied branches of engineering and related arts and
sciences and (b) professional, directed toward the benefit of the
engineering community and the general public.

In 2016, the Institute, through its for-profit subsidiary, IEEE, Inc., expanded
its activities in furtherance of these objectives with the acquisition of
GlobalSpec, Inc,, a leading source of news, data and analytics for the
gobal engineering and technical community including the widely known
brand name Engineering360. The new for-profit subsidiary of IEEE, Inc.
was renamed IEEE GlobalSpec, Inc. (“IEEE GlobalSpec”) (wholly owned
by IEEE, Inc.) and significantly complements IEEE's already broad offerings
for engineers as well as its emerging position in research analytics, further
fueling the organization’s value to the industry through its business-oriented,
content rich marketing platforms. Refer to Note 2 for information relating
to the sale and dissolution of IEEE GlobalSpec during fiscal year 2020.

Implementation of the Institute’s objectives is performed by members

and volunteer communities organized as regions, sections, chapters,
societies and councils (collectively, “units”), none of which are separately
incorporated, and their financial results are incorporated in the Institute’s
accompanying consolidated financial statements. These units were formed
to serve the technical interests of members and to coordinate local
activities of the sections and the broader activities of the Institute. The
societies and councils promote the technical interests of their members
through symposia, conferences, various publications and the development
of standards.

The consolidated financial statements include the accounts of IEEE, Inc,
Global IEEE Institute for Engineers, Inc, IEEE Global LLC, IEEE Intemational
LLC, IEEE Europe GmbH, IEEE Latin America SA, IEEE Broadcast
Technology Convention LLC, IEEE Worldwide Limited, IEEE Asia-Pacific
Limited, IEEE GlobalSpec, Inc.' and IEEE Technology Center GmbH.

Resutts of IEEE GlobalSpec, Inc through July 31, 2020 have been induded in the accompanying
cnsolidated financial statements. Refer to Note 2 for information relating to the sale and
dissolution of IEEE GlobalSpec, Inc.

NOTE 2. SUMMARY OF SIGNIFICANT ACCOUNTING POLICIES
Basis of Presentation

The Institute’s consolidated financial statements are presented in
conformity with U.S. generally accepted accounting principles (“U.S.
GAAP") and have been prepared on the accrual basis of accounting. All
intercompany accounts and transactions have been eliminated in the
accompanying consolidated financial statements.

Net Asset Classifications

The Institute’s net assets, revenues, expenses, gains and losses are
classified based on the existence or absence of donor-imposed
restrictions. Accordingly, the net assets of the Institute and changes therein
are dlassified and reported as follows:

Without donor restrictions - net assefs that are not subject to
donor-imposed stipulations. Net assets without donor restrictions
may be designated for specific purposes by actions of the Board of
Directors. Net assets without donor restrictions can be utilized to carry
outany of the purposes of the Institute.

Included within net assets without donor restrictions are balances
of $18,604,200 and $20,400,000 as of December 31, 2020
and 2019, respectively, relating to funds that were designated by
the Board of Directors for the purpose of upgrading the Institute’s
finandial systems and processes.

With donor restrictions - represent amounts restricted by donors
for specific activities of the Institute or to be used at some future
date. The Institute records contributions as net assets with donor
restrictions if they are received with donor stipulations that limit
their use either through purpose or time restrictions. When a
donor restriction expires, that is, when a time restriction ends or a
purpose restriction is fulfilled, net assets with donor restrictions are
reclassified to net assets without donor restrictions and reported
on the consolidated statement of activities as net assets released
from restrictions. However, when restrictions on donor-restricted
contributions and investment returns are met in the same
accounting period, such amounts are reported as part of net assets
without donor restrictions.

Another portion of net assets with donor restrictions include funds
wherein donors have stipulated that the principal contributed be
invested and maintained in perpetuity. Income eamed from these
investments is available for expenditure according to restrictions
imposed by donors and consideration of the appropriation for
expenditure criteria by the Institute pursuant to the New York
Prudent Management of Institutional Funds Act (“NYPMIFA").

Cash and Cash Equivalents

Cash and cash equivalents are defined as cash balances held in bank
accounts and highly liquid short-tem investments held by the Institute
for operating use with original maturities of three months or less from the
date of purchase.
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Investments

Investments in publicly traded debt and equity securities are recorded

at fair value determined on the basis of quoted market prices as of the
reporting date. Investments in alternative investments (e.g. commingled
funds) that are not readily marketable are reported at fair value as
detemined by the respective investment manager as of the reporting
date. The Institute follows guidance on measuring the fair value of
alternative investments, which offers investors a practical expedient for
measuring the fair value of investments in certain entities that calculate net
asset value ("NAV"). Under this practical expedient, entities are pemitted
o use NAV without adjustment for certain investments which: (a) do

not have a readily determinable fair value and (b) prepare their financial
statements consistent with the measurement principles of an investment
company or have the attributes of an investment company. Additionally,
the Institute follows guidance that removes the requirement to categorize,
within the fair value hierarchy, all investments for which the fair value is
measured using NAV.

Such valuations involve assumptions and methods that are reviewed by
the Institute and have been concluded to be reasonable and appropriate.
Because such investments are not readily marketable, their estimated fair
value is subject to uncertainty and therefore may differ from the value that
would have been used had a ready market for such investments existed.
Such difference could be matenal. However, the risk to the Institute

is limited to the amount of the Institute’s investment in each of the
respective funds with respect to its ownership interests.

Purchases and sales of securities are reflected on a trade-date basis.
Gains and losses on sales of secunities are determined on an average
cost basis and are recorded on the consolidated statement of activities
in the period in which the securities are sold. Dividends and interest are
recognized as earned.

Investments - Other

Investments - other consist of certificates of deposit held to maturity with
original maturities greater than three months that are not debt securities
and are carried at amortized cost.

Fair Value Measurements

The Institute follows guidance that defines fair value, establishes a
framework for measuring fair value and expands disclosures about fair
value measurements. This guidance provides a consistent definition of

fair value, which focuses on an exit price between market participants in

an orderly transaction. The guidance also prioritizes the use of observable
inputs and minimizes the use of unobsevable inputs by requiring that
observable inputs be used when available to determine the fair value of an
instrument as of the reporting date.

o
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Observable inputs are inputs that market participants would use in pricing
the asset or liability based on market data obtained from independent
sources. Unobservable inputs reflect assumptions that market participants
would use in pricing the asset or liability based on the best information
available in the circumstances. The hierarchy is broken down into three
levels based on the transparency of inputs as follows:

Level 1 - Quoted prices are available in active markets for identical assets
or liabilities as of the measurement date. A quoted price for an
identical asset or liability in an active market provides the most
reliable fair value measurement because it is directly observable
to the market.

Level 2 - Pricing inputs are other than quoted prices in active markets,
which are either directly or indirectly observable as of the
measurement date. The nature of these securities include
investments for which quoted prices are available but traded
less frequently and investments that are fair valued using other
securities, the parameters of which can be directly observed.

Level 3 - Securities that have little to no pricing observability as of the
measurement date. These securities are measured using
management’s best estimate of fair value, where the inputs into
the detemination of fair value are not observable and require
significant management judgment or estimation.

Inputs are used in applying the various valuation techniques and broadly
refer to the assumptions that market particdpants use to make valuation
dedisions, induding assumptions about risk. Inputs may include price
information, volatility statistics, specific and broad credit data, liquidity
statistics and other factors. A financial instrument’s level within the

fair value hierarchy is based on the lowest level of any input that is
significant to the fair value measurement. However, the determination
of what constitutes “observable” requires significant judgment by an
entity. The Institute considers observable data to be that market data
that is readily available, regularly distributed or updated, reliable and
verifiable, not proprietary and provided by independent sources that are
actively involved in the relevant market. The categorization of a financial
instrument within the hierarchy is based upon the pricing transparency
of the instrument and does not necessarily correspond to the Institute’s
perceived risk of that instrument.
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Revenue

In accordance with Financial Accounting Standards Board (“FASB”) Accounting
Standards Codification ("ASC") Topic 606, Revenue from Contracts with
Customers ("ASC 606"), the Institute recognizes revenue when control of the
promised goods or services are transferred to the Institute’s customers in an
amount that reflects the consideration the Institute expects to be entitled to in
exchange for those goods or services.

The standard outlines a five-step model whereby revenue is recognized as
performance obligations within a contract are satisfied.

Public Imperatives

Public imperative revenues primarily consist of grants and contributions,
induding unconditional promises to give. Grants and unconditional promises
to give are reported as revenues in the period received. Conditional
contributions are recorded as revenue when the conditions on which they
depend are substantially met.

Public imperatives are social good activities that are directed at the public and
not an individual or small group of individuals. They are generally related to
the promotion of the public’s understanding and appreciation of the Institute’s
fields of interest and/or positioning the Institute’s technical expertise in ways
to benefit humanity. Typically, these activities are not expected to create a
finandial surplus but rather are funded by the surplus of other activities.

* Public imperative revenues primarily consist of IEEE-USA Assessments,
History Center and Foundation-related activities.

* Public imperative expenses consist of History Center, grants, certain
IEEE-USA activities, and educational activities, initiatives, honors ceremonies,
presentations and some Socicty activitios.

Accounts Receivable and Allowance for Doubtful Accounts

Accounts receivable are recorded at the invoiced amount and do not bear
interest. The Institute reviews a customer’s credit history before extending
aedit. The Institute maintains allowances for doubtful accounts against
certain billed receivables based upon the latest information available
regarding whether the receivables are ultimately collectible. Assessing the
collectability of customer receivables requires management’s judgment.
The Institute determines its allowance for doubtful accounts by specifically
analyzing individual accounts receivable, historical bad debts, customer

51

creditworthiness, current economic conditions and accounts receivable aging
trends. Valuation reserves are periodically re-evaluated and adjusted as more
infomation about the ultimate collectability of accounts receivable becomes
available. Upon detemination that a receivable is uncollectible, the respective
receivable balance and any associated reserve are written off. Any payments
subsequently received on such receivables are recorded as income in the
period received.

Land, Buildings and Equipment

Land, buildings and equipment are stated at cost, including interest expense
capitalized during the period of construction, or period of development, until
the time that it is ready for its intended use. Additions and improvements
costing more than $5,000 and with useful lives greater than three years are
capitalized. Maintenance and repairs are expensed as incurred.

Assets acquired under capital lease agreements are depreciated over the
term of the respective lease agreement to which they pertain. Leasehold
improvements are amortized over their useful lives or lease period,
whichever is shorter.

Included in land, buildings and equipment are certain implementation
costs relating to a financial system upgrade. During fiscal year 2020, the
Institute began the process of updating its financial system and moving to
an integrated, doud-based platform for financial recording and reporting
(including contracts, banking and expense reporting). This implementation
will be a phased approach and is anticipated to be completed in 2021. The
Institute capitalized implementation costs relating to such financial system
upgrade in accordance with FASB Accounting Standards Update ("ASU")
2018-15, Customer’s Accounting for Implementation Costs Incurred in a
Cloud Computing Arrangement That Is a Service Contract, and such costs
are reflected in the “Information systems upgrade in process” line of Note 5.

Depreciation and amortization are provided on a straight-line basis over the
following estimated useful lives:

Years
Buildings 20-40
Building improvements 10-15
Furniture, equipment and vehicles 5-10
Software and infomation systems 3-5
Computers 3
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Goodwill

Goodwill represents the excess of the purchase price over the fair value

of net tangible and intangible assets acquired in a business combination
and is not amortized. The Institute evaluates goodwill for impairment at
least annually and more frequently if certain indicators are encountered
that may indicate that the camying value of goodwill may not be fully
recoverable. Goodwill is tested at the reporting unit level with the fair value
of the reporting unit being compared to its carrying amount, induding goodwill.

The Institute performs its annual impaimment test as of March 3 1st each
year. The Institute first assesses qualitative factors to detemine whether
itis more likely than not that the fair value of a reporting unit, related to
such goodwill, is less than the camying amount. If the fair value exceeds
the carrying value, goodwill is not impaired and no further testing is
performed. However, if the carrying amount exceeds the fair value, the
Institute should recognize an impairment charge for the amount by which
the carrying amount exceeds the fair value, not to exceed the total amount
of goodwill allocated to that reporting unit.

As part of the sale of IEEE GlobalSpeg, Inc, the Institute wrote off its
remaining goodwill balance relating to IEEE ClobalSpec, Inc. Refer to the
Sale and Dissolution of IEEE GlobalSpec, Inc. section below for
details relating to such sale and dissolution.

Impairment of Long-Lived Assets and Intangible Assets

Long-lived assets, including land, buildings and equipment, and
intangible assets, are reviewed for impaiment whenever events or
changes in drcumstances indicate that the camying amount of the asset
may not be recoverable. If the carrying amount of the reporting unit
exceeds its fair value and the carrying amount is not recoverable, an
impaiment charge is recognized. An impairment loss is measured as
the amount by which the long-lived asset (or asset group) exceeds its
fair value. Fair value is determined through various valuation techniques
including discounted or undiscounted cash flow models, quoted market
values and third-party independent appraisals, as considered necessary.

Intangible assets with definite lives are amortized over their estimated
useful lives. The Institute amortizes intangible assets on a straight-line basis
over periods ranging from three to 20 years and records amortization
expense as part of supporting services in its consolidated statement

of activities. The weighted average useful life of intangible assets is
estimated at six years.

The following table presents identified intangible assets as of
December 31,2019:

[vavil foyausumnu BT2-20/1-61]

2019
Amortization Accumulated

Period Gross Amount Amortization Net Amount
INTANGIBLE ASSETS
Registered users 5years $ 12,600,000 $ 9,240,000 % 3,360,000
Internally developed internal-use technology 4 years 11,700,000 10,725,000 975,000
Other (a) 3 - 20 years 3,900,000 1,006,700 2,893,300
Total $ 28200000 $ 20971,700 $ 7,228,300

(@) Represents the value assodated with trade name, long-form content and customer relationships.

As of December 31, 2020, the Institute did not hold any of the
above-referenced identified intangible assets (which were related to the
Institute’s acquisition of IEEE GlobalSpec, Inc.) as a result of the sale of
IEEE GlobalSpec, Inc. during fiscal year 2020. Therefore, the Institute
wrote off its remaining intangible assets relating to IEEE GlobalSpec, Inc.
in connection with such sale. Refer to the Sale and Dissolution of
IEEE GlobalSpec, Inc. secion for details relating to such sale.

The Institute recorded amortization of identified intangible assets of
$2,573,200 and $5,687,200 as of December 31, 2020 and
2019, respectively.

o
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Sale and Dissolution of IEEE GlobalSpec, Inc.

On July 31, 2020, IEEE, Inc. sold the assets and certain liabilities of

IEEE GlobalSpec, Inc. for a total sales price of $2,000,000. Subsequently,
IEEE, Inc. dissolved IEEE GlobalSpec, Inc. on December 21, 2020. The
resulting loss on the sale and dissolution of IEEE GlobalSpec, totaling
approximately $10,691,000, is included in the corresponding line within
the accompanying consolidated statement of activities.
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Accounts Payable and Accrued Expenses

Cash overdrafts are included in accounts payable and accrued expenses.
At December 31, 2020 and 2019, cash overdrafts amounted to
$1,989,700 and %0, respectively.

Concentration of Market and Credit Risks

Cash, cash equivalents and investments are exposed to interest rate,
market and credit risks. The Institute maintains its cash and cash
equivalents in various bank deposit accounts that may exceed federally
insured limits at imes. To minimize risk, the Institute’s cash accounts are
placed with high-credit quality financial institutions, and the Institute’s
investment portfolio is diversified with several investment managers in
avariety of asset classes. The Institute regularly evaluates its depository
arangements and investments, including performance thereof.

Operating Measure

The Institute classifies its consolidated statement of activities into
operating and non-operating activities. Operating activities include all
income and expenses related to carrying out the Institute’s mission.
Non-operating activities include interest and dividends, realized and
unrealized gains (losses) on investments, pension and other employee
benefit related activity other than net periodic benefit cost, and other
items considered to be unusual or of a non-recurring nature.

Income Taxes and Tax Status
a. Uncertain Tax Positions

The Institute is qualified under Section 501(c)(3) of the Internal
Revenue Code (“Code”) as an organization exempt from federal
income tax and applicable state income tax and is classified as a publicly
supported charitable organization under Section 509(a)(2) of the Code.
Nevertheless, the Institute is subject to tax on income unrelated to its
exempt purpose, unless that income is otherwise excluded by the Code.

The Institute follows guidance that darifies the accounting for uncertainty
in tax positions taken or expected to be taken in a tax retum, including
issues relating to financial statement recognition and measurement. This
section provides that the tax effects from an uncertain tax position can
be recognized in the finandial statements only if the position is
“more-likely-than-not” to be sustained if the position were to be
challenged by a taxing authority. The assessment of the tax position is
based solely on the technical merits of the position, without regard to
the likelihood that the tax position may be challenged. As of December
31,2020 and 2019, management has determined that there are no
significant uncertain tax positions that would require recognition or
disclosure in the accompanying consolidated financial statements.

b. The Institute’s Income Tax Provision

The Institute has historically conducted unrelated business income
activities and filed a federal Form 990-T and associated state equivalent

unrelated business income tax retums. The Institute’s financial
statements reflect the changes effectuated by the 2017's Tax Cuts
and Jobs Act (‘TCJA") that require the Institute to track its federal Net
Operating Losses (“NOLs") into separate buckets. Pre-TCJA NOLs
generated prior to January 1, 2018 can be carried forward up to 20
years, while post-TCJA NOLs generated after December 31, 2017 can
be carried forward indefinitely.

For the year ending December 31, 2020, the Institute generated an
additional gross federal NOLs of $395,100, with a cumulative total gross
federal NOLs of $3,034,800, of which $2,353,300 NOLs is pre-TCJA and
$681,500 NOLs is post-TCJA, all are camyforward to future periods. The
Institute also has a cumulative total gross state NOLs of $279,000 with
cany forward periods which vary from 12 years to indefinitely.

Deferred income taxes are recognized for the temporary differences
between the tax bases of assets and liabilities and their financial reporting
amounts at each year-end on the basis of enacted tax laws and statutory
tax rates applicable to the periods in which the differences are expected
to affect taxable income. Pursuant to ASC 740-10-30-2(b) that valuation
allowances are recognized if, based on the weight of available evidence,
itis more likely than not that all or some portion of any deferred tax
asset will not be realized. The benefit or provision for income tax
represents the income tax benefit or payable for the year and the
change in defered tax assets and liabilities during the period.

As of December 31, 2020 and 2019, the Institute’s lone deferred

tax asset is its NOLs; the Institute recognized a defemed tax asset of
$636,700 and $145,500, respectively. The Institute’s defered tax assets
are netted with defered tax liabilities on the accompanying 2020 and
2019 consolidated statements of financial position.

¢. Income Tax Provisions of For-Profit Subsidiaries

IEEE, Inc. and |EEE GlobalSpec, Inc, subsidiaries of the Institute, are
considered for-profit entities under the Code. For these subsidiaries,
income tax expense, deferred tax assets and liabilities, and liabilities for
unrecognized tax benefits reflect management’s best assessment of
estimated cument and future taxes paid. Significant judgements

and estimates are required in determining the consolidated

income tax expense.

o
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In July 2020, IEEE GlobalSpec, Inc.s assets were sold to and certain
liabilities were assumed by a third-party company and resulted in a
taxable asset sale loss of $1,289,100. The legal entity was liquidated in
December 2020. IEEE GlobalSpec’ gross federal NOLs of $9,901,300
survived and carried over to its direct parent, IEEE, Inc.; however, the net
defered tax liabilities of $2,407,200 and standalone state gross NOLs of
$3,949,200 were lost following liquidation.

As of December 31, 2020, IEEE, Inc. had a total gross federal NOLs of
$13,552,300 of which $7,504,900 can be carried forward up to 20 years
and $6,047,420 can be caried forward indefinitely. its deferred tax assets

totaled $3,949,600 and since there was insufficient positive and objective
evidence to support a position that IEEE, Inc. would ever be able to utilize
the benefits of any of these deferred tax assets in the near future, the
Institute’s management recorded a valuation allowance of $3,949,600
against the Institute’s consolidated net deferred tax assets as of
December 31, 2020.

d. Consolidated Income Tax Provision

For the years ended December 31, 2020 and 2019, the benefit for
income taxes consisted of the following:

2020 2019
Current:

Federal $ - 3 5,700
State (8,100 106,600
(8,100) 112,100

Deferred:
Federal (467,300) (591,100)
State (24,000) (265,900)
(491,300) (857,000)
Benefit for income taxes 3 (499,400) $ (744,700)

For the year ended December 31, 2020, the Institute’s consolidated
benefit for income tax is $499,400, comprised of $503,400 in tax
benefit from the Institute’s unrelated business income activities and
($4,000) in provision expense from IEEE, Inc. and IEEE ClobalSpec, Inc.
for-profit business income activities. For the year ended December 31,2019,
the consolidated benefit for income tax was $744,700 comprised of
$1,215,500 in tax benefit from IEEE, Inc. and IEEE GlobalSpec, Inc.
for-profit business income activities and $470,700 in provision expense
from the Institute’s unrelated business income activities.

Use of Estimates

The preparation of consolidated financial statements in conformity with
U.S. GAAP requires management to make estimates and assumptions
that affect the reported amounts of assets and liabilities and disclosure of
contingent assets and liabilities at the date of the consolidated financial
statements and the reported amounts of revenues and expenses during
the reporting period. Actual results could differ from those estimates.

Pronouncements

In February 2016, the FASB issued ASU 2016-02, Leases (Topic 842),
which requires organizations that lease assets (lessees) to recognize

the assets and related liabilities for the nights and obligations created by
the leases on the statements of financial position for leases with terms
exceeding 12 months. ASU 2016-02 defines a lease as a contract or part

o
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of a contract that conveys the right to control the use of identified assets
for a period of ime in exchange for consideration. The lessee in a lease
will be required to initially measure the night-of-use asset and the lease
liability at the present value of the remaining lease payments, as well as
capitalize initial direct costs as part of the nght-of-use asset. In

October 2019, the FASB approved a proposal to defer the effective date
of ASU 2016-02 by one year. Furthemore, in June 2020, the FASB issued
ASU 2020-05, which deferred the effective date of ASU 2016-02 for
not-for-profit entities by an additional year. Therefore, the guidance is
effective for the Institute’s fiscal year 2022. Early adoption is pemitted.
The Institute is in the process of evaluating the impact this standard will
have on its consolidated financial statements.

In August 2018, the FASB issued ASU 2018-15, Customer’s Accounting
for Implementation Costs Incurred in a Cloud Computing Arrangement
That Is a Service Contract, which aligns the requirements for capitalizing
implementation costs incurred in a hosting arangement that is a

service contract with the requirements for capitalizing implementation
costs incumed to develop or obtain internal-use software (and hosting
arrangement that include an intemal-use software license). Accordingly,
ASU 2018-15 requires an entity in a hosting arrangement that is a
service contract to follow the guidance in Subtopic 350-40 to determine
which implementation costs to capitalize as an asset related to the
service contract and which costs to expense. Early adoption is permitted.
The Institute elected to early adopt ASU 2018-15 during fiscal year 2020.

54



famasu-wawud: szuunsivingungiluntdwuulddudaiaznatsuanauaznissudetayaniu

N =
LAFRVIUNITEDANT

Subsequent Events

The Institute evaluated its December 31, 2020 consolidated financial
statements for subsequent events through June 2, 2021, the date
the consolidated financial statements were available to be issued. The
Institute is not aware of any other material subsequent events which
would require recognition or disclosure in the accompanying
consolidated financial statements.

NOTE 3. REVENUE RECOGNITION
Membership Dues

The Institute offers membership for terms of one year. The Institute
satisfies its performance obligation and recognizes revenue evenly

over the membership term as its members simultaneously receive and
consume the benefits over that timeframe. Generally, membership doesn't
commence until after the Institute receives payment.

Payments received for membership dues in advance of the Institute
satisfying its performance obligation are recorded within deferred revenue
in the accompanying consolidated statements of financial position.

The changes in deferred revenue relating to membership dues were
caused by nomal timing differences between the satisfaction of
performance obligations and customer payments.

For the year ended December 31, 2020, the Institute recognized
membership dues revenue of approximately $34,945,100 from amounts
that were included in deferred revenue at the beginning of the year.

At December 31, 2020, deferred revenue relating to membership
dues totaled $32,858,300 and the related performance obligations are
expected to be satisfied within one year.

Periodicals and Media

Periodicals revenues primarily include subscriptions and online products
and content. Such revenues are recognized upon delivery of the online
product or content or over the related subscription period.

Media revenue primarily includes advertising space sold in newsletters
and perodicals and is recognized in the period the newsletter or
periodical is issued and distributed.

Disaggregated Periodicals and Media revenue, follows:

2020 2019

Periodicals $223918300 $ 212,534,300
Media 10,660,700 21,824,400
$234579,000 $ 234,558,700

Payments received for periodicals and media agreements in advance
of the Institute satisfying its performance obligations are recorded
within deferred revenue in the accompanying consolidated statements
of financial position and recognized as revenue in future periods as
performance obligations are satisfied. The changes in deferred revenue
were caused by normal timing differences between the satisfaction of
performance obligations and customer payments.

For the year ended December 31, 2020, the Institute recognized
periodicals and media revenue of approximately 78,574,900 from
amounts that were included in deferred revenue at the beginning
of the year.

At December 31, 2020, defemed revenue relating to periodicals and
media totaled $80,490, 100, and the related performance obligations are
primarily expected to be satisfied within one year.

For the years ended December 31, 2020 and 2019, approximately
77% and 23% of periodicals and media revenue was recognized
“over time” and at “point-in-time”, respectively.

Conferences

Conference revenues primarily include registration and sponsorships,
and also indudes the conference proceedings and published articles
related to respective conferences. Revenues from conference registration
and sponsorships are recognized as the conferences take place.
Revenues from conference proceedings and articles are recognized in
the period in which they are sold.

For the year ended December 31, 2020, the Institute recognized
conference revenue of $11,096,300 from amounts that were included
in deferred revenue at the beginning of the year.

At December 31, 2020, defered revenue relating to conference
revenues totaled approximately $3,635,000 and the related
performance obligations are expected to be satisfied within one year.

Standards

Standards revenues primarily include subscriptions, publications and
online products and content relating to technology standards. Such
revenues are recognized upon delivery of the online products or content
or over the related subscription period.

Payments received for standards agreements in advance of the Institute
satisfying its performance obligation are recorded within deferred
revenue in the accompanying consolidated statements of financial
position and recognized as revenue in future periods as performance
obligations are satisfied. The changes in deferred revenue were caused
by normal timing differences between the satisfaction of performance
obligations and customer payments.

o

[vavil FeyaySumu BT2-20/1-61] it 265



famasu-wawud: szuunsivingungiluntdwuulddudaiaznatsuanauaznissudetayaniu

N =
LAFRVIUNITEDANT

For the year ended December 31, 2020, the Institute recognized For the years ended December 31, 2020 and 2019, approximately 59%
standards revenue of approximately $889,500 from amounts that were and 41% of standards revenue was recognized “over time” and at
incduded in deferred revenue at the beginning of the year. “point-in-time”, respectively.

At December 31, 2020, defered revenue relating to standards revenues
totaled $833,100, and the related performance obligations are primarily
expected to be satisfied within one year.

Accounts Receivable
Accounts receivables relating to the above revenues consist of the following:

2020 2019
Periodicals and standards $ 17,876,500 $ 24,155,800
Media 965,900 5,711,300
Conferences 8,968,300 11,140,300
Other 1,348,800 2,339,900
Total accounts receivable 29,159,500 43,347,300
Less: allowance for doubtful accounts 1,708,300 1,648,200
Accounts receivable, net of allowance for doubtful accounts $ 27451,200 $ 41,699,100
NOTE 4. INVESTMENTS
As of December 31, 2020, the Institute’s investments, at fair value, by level within the fair value hierarchy, consist of the following:
2020
Level 1 Net Asset Value Total
Common stock:
Consumer $ 27,377,900 $ - 3 27,377,900
Technology 79,697,700 - 79,697,700
Financial services 42,772,400 - 42,772,400
Healthcare 32,947,600 - 32,947,600
Industrials 21,051,300 - 21,051,300
Energy 7,615,000 - 7,615,000
Other 13,216,500 s 13,216,500
Total common stocks 224,678,400 - 224,678,400
Mutual funds:
Growth funds 56,471,400 - 56,471,400
Fixed income funds 157,819,600 - 157,819,600
Money market funds 159,319,000 - 159,319,000
Other funds 51,224,400 . 51,224,400
Total mutual funds 424,834,400 - 424,834,400
U.S. Government securities 62,703,000 - 62,703,000
Commingled funds - 89,190,400 89,190,400
$ 712,215,800 $ 89,190,400 $ 801,406,200
Cash held for investment 11,819,200
Add: receivables for securities sold and accrued interest 625,600
Less: liabilities for securities purchased and accrued fees (718,500)
Total investments, at fair value 3 813,132,500
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As of December 31, 2019, the Institute’s investments, at fair value, by level within the fair value hierarchy, consist of the following:
2019
Level 1 Net Asset Value Total
Common stock:
Consumer $ 25,087,700 $ - 3 25,087,700
Technology 53,859,600 = 53,859,600
Financial services 38,612,800 - 38,612,800
Healthcare 33,331,800 - 33,331,800
Industrials 18,053,400 - 18,053,400
Energy 11,937,500 - 11,937,500
Other 10,238,400 - 10,238,400
Total common stocks 191,121,200 - 191,121,200
Mutual funds:
Growth funds 45,012,200 - 45,012,200
Fixed income funds 144,506,600 - 144,506,600
Money market funds 85,672,100 - 85,672,100
Other funds 48,384,200 - 48,384,200
Total mutual funds 323,575,100 - 323,575,100
US. Government securities 45,449,000 - 45,449,000
Commingled funds - 78,533,300 78,533,300
$ 560,145,300 $ 78,533,300 $ 638,678,600
Cash held for investment 11,777,300
Add: receivables for securities sold and accrued interest 339,200
Less: liabilities for securities purchased and accrued fees (810,700)
Total investments, at fair value $ 649,984,400
The Institute’s policy is to recognize transfers in and transfers out of The Institute uses, as a practical expedient for fair value, a NAV per share
levels at the end of the reporting period. or its equivalent for purposes of valuing certain investments which:

(a) do not have a readily determinable fair value and (b) prepare their
financial statements consistent with the measurement principles of an
investment company or have the attributes of an investment company.

The categorization of the investments within the fair value hierarchy
presented above is based solely on the pricing transparency of the
respective instrument and does not necessarily correspond to the
Institute’s perceived risk associated with the respective investment security.
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The following table lists such investments by major category as of December 31, 2020 and 2019:

2020
$ Amount of
# of Unfunded Redemption Redemption

Type Strategy NAVinFunds Funds Remaining Life Commitments Terms Restrictions
Commingled  One fund seeks to outperform $ 89,190,400 2 Tobe N/A One fund has N/A
funds the Russell 2000 Index over determined by daily redemption

a 1 to 3 year period; and one the respective upon notice;

fund seeks to maximize portfolio fund manager. and, one fund

returns while minimizing risk has quarterly

through an asset allocation redemption with

based on measurements of the 60 days notice.

investible universe of institutional

real estate.

2019
$ Amount of
# of Unfunded Redemption Redemption

Type Strategy NAVinFunds Funds Remaining Life Commitments Terms Restrictions
Commingled  One fund seeks to outperform $ 78,533,300 2 Tobe N/A One fund has N/A
funds the Russell 2000 Index over determined by daily redemption

a 1to 3 year period; and one the respective upon notice;

fund seeks to maximize portfolio fund manager. and, one fund

returns while minimizing risk has quarterly

through an asset allocation redemption with

based on measurements of the 60 days notice.

investible universe of institutional

real estate.

The Institute also held investments, which included certificates of deposits and term deposits, totaling $3,435,900 and $2,537,000 as of
December 31, 2020 and 2019, respectively, that were classified as investments - other on the accompanying consolidated statements of financial
position. These investments do not qualify as securities, as defined by relevant guidance, and as such, fair value disclosures are not provided.

Investment income, net, for the years ended December 31, 2020 and 2019, are reflected in the accompanying consolidated statements of activities
and consist of the following:

IEEE 2020 2019
Interest and dividends, net $ 9,868,300 $ 12,573,600
Net realized and unrealized gains on investments 59,834,000 60,432,500

|EEE investment income, net $ 69,702,300 $ 73,006,100

Investment expenses, which are netted with interest and dividends, amounted to $1,425,700 and $1,366,400 in 2020 and 2019, respectively.

For the years ended December 31, 2020 and 2019, investment retums related to amounts held on behalf of IEEE Foundation, Incorporated, that have
not been reflected in the accompanying consolidated statements of activities, consist of the following:

IEEE FOUNDATION, INCORPORATED 2020 2019
Interest and dividends, net $ 748900 $ 944,200
Net realized and unrealized gains on investments 4,587,100 5,130,900

|EEE Foundation investment income, net $ 5336,000 $ 6,075,100

58

o

[vavil FeyeyrSunu BT2-20/1-61] wth 268



famasu-wawud: szuunsivingungiluntdwuulddudaiaznatsuanauaznissudetayaniu

N =
LAFRVIUNITEDANT

NOTE 5. LAND, BUILDINGS AND EQUIPMENT, NET

Land, buildings and equipment, carried at cost, net of the related accumulated depreciation and amortization, at December 31, 2020 and 2019 consist
of the following:

2020 2019
Accumulated Accumulated
Depreciation and Deprediation and
Cost Amortization Net Cost Amortization Net

Buildings $ 17,385,900 $ 14,985000 $ 2400900 $ 17,385,800 $ 14,560,300 $ 2,825,500
Furniture, equipment, vehicles and computers 91,428,300 74,842,700 16,585,600 89,139,400 71,584,700 17,554,700
Software 11,502,000 10,795,100 706,900 19,727,900 13,567,200 6,160,700
Building improvements 21,846,400 14,089,000 7,757,400 22,271,700 17,049500  5222,200
142,162,600 114,711,800 27,450,800 148,524,800 116,761,700 31,763,100
Land 836,400 - 836,400 836,400 = 836,400
Building improvements in progress 93,800 - 93,800 - - -
Information systems upgrade in process 7,213,300 - 7,213,300 6,815,800 - 6,815,800
Total $150,306,100  $114,711,800 $ 35,594,300 $156,177,000 $116,761,700 $ 39,415,300

Depreciation and amortization expense amounted to $11,430,200 NOTE 7. CAPITAL LEASE OBLIGATIONS

and $10,209,000 for the years ended December 31, 2020 and 2019,
respectively, excduding amortization of intangible assets of $2,573,200
and $5,687,200 as of December 31, 2020 and 2019, respectively.

The approximate annual rental payments due under capital lease
obligations for equipment are as follows:

; ’ - ] . Year Amount
Furniture and equipment indlude assets acquired under capital leases
of 108,600 and $762,300 as of December 31, 2020 and 2019, 2021 $ 7110700
respectively. Accumulated amortization of assets recorded under capital 2022 21,300
leases amounted to $55,000 and $172,500 at December 31, 2020 2023 15,700
and 2019, respectively. 2024 -
During the fiscal year ended December 31, 2019, the Institute sold land Total minimum lease payments 147,700
and building located in the State of California for $1,971,700, resulting Less: Amount representing interest (5/400)
in a gain on the sale totaling $1,827,700 that has been reflected in Present value of minimum lease payments $ 142,300

the non-operating activities section of the accompanying consolidated
statement of activities.

NOTE 6. DEBT OBLIGATIONS

The Institute maintained a aredit facility, through June 1, 20189, to borrow
up to an aggregate amount of $50,000,000. The credit fadility consisted
of $35,000,000 with Wells Fargo Bank, N.A. and $15,000,000 with
HSBC Bank, NA. USA. The Institute did not renew this credit facility after
maturity on June 1, 2019. The credit facility was not utilized at any

time during 2019. The commitment fees charged during 2019
amounted to $62,700.
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NOTE 8. PENSION AND OTHER POST-RETIREMENT BENEFITS

The Institute sponsors two qualified pension plans and one nonqualified pension plan and other post-retirement benefit plans for its employees. In
November 2006, the Board of Directors approved the freezing of its qualified employee benefit plans as of June 30, 2007 and the implementation
of a defined contribution plan effective July 1, 2007. Accordingly, as of June 30, 2007, no further benefits will accrue under the qualified employee
benefit plans after that date.

The following tables provide a reconciliation of the changes in the plans’ benefit obligations and fair value of assets over the two-year period ended
December 31, 2020, and a statement of the funded status as of December 31, 2020 and 2019:

Pension Benefits Other Benefits
2020 2019 2020 2019

Reconciliation of benefit obligation:

Obligation at January 1 $ 92855500 $ 80,570,200 $ 7,630,100 $ 6,311,100
Service cost 240,000 240,000 232,400 188,300
Interest cost 2,349,300 2,921,400 208,000 238,700
Actuarial loss (gain) 10,509,700 13,906,600 1,043,000 1,079,700
Benefit payments (1,879,000) (4,782,800) (224,300) (187,700)
Settlements (5/414,300) - - -

Obligation at December 31 $ 98661200 $ 92855400 $ 8895200 $ 7,630,100

Reconciliation of fair value of plan assets:

Fair value of plan assets at January 1 3 84,483,400 $ 62,927,100 $ - % -
Actual return on plan assets 12,668,500 15,223,700 - -
Employer contributions 10,000 11,115,400 224,300 187,700
Benefit payments (1,879,000) (4,782,800) (224,300) (187,700)
Settlements (5,414,300) - - -

Fair value of plan assets at December 31 $ 89,868,600 $ 84483400 $% - 8 -

Funded status at December 31 $ (8792600) $ (8372000) $ (8895200) $  (7,630,100)

Accumulated benefit obligation $ 98,661,200 § 92,855400 § 8895200 $ 7,630,100

At December 31, 2020 and 2019, the funded status of the plans is reported on the consolidated statements of financial position as follows:

Pension Benefits Other Benefits

2020 2019 2020 2019
Current liabilities $ (4200) $ (13500) $ (307,400) 3 (274,500)
Noncurrent liabilities (8,788,400) (8,358,500) (8,587,800) (7,355,600)
Net Amount Recognized $  (8792,600) $  (8372,000) $  (8895200) $  (7,630,100)

Cumulative amounts recognized in changes in net assets without donor restrictions and not yet recognized in net periodic benefit cost as of
December 31, 2020 and 2019 consist of:

Pension Benefits Other Benefits
2020 2019 2020 2019
Net loss $ 17,155,900 $% 18,152,200 % 2,469,500 $ 1,483,600
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The following table provides the components of net periodic benefit cost for the plans for 2020 and 2019:

Pension Benefits Other Benefits
2020 2019 2020 2019
Service cost $ 240,000 $ 240,000 $ 232,400 $ 188,300
Interest cost 2,349,300 2,921,400 208,000 238,700
Expected return on plan assets (3,086,900) (2,905,000) = =
Amortization of net loss 983,100 1,111,800 63,100 900
Settlement loss 941,400 E = =
Net periodic benefit cost $  1,426900 $ 1368200 $ 503500 $ 427,900
Amounts recognized in changes in net assets without restrictions for the years ended December 31, 2020 and 2019 consist of:
Pension Benefits Other Benefits
2020 2019 2020 2019
Net loss $ 928,100 $ 1587900 $ 1,049000 $ 1,079,700
Amortization of net loss (1,924,500) (1,111,800) (63,100) (900)
Pension related benefits activity other than periodic benefit cost $ (996400) $ 476,100 $ 985900 $ 1,078,800
The estimated amount of net assets without restrictions to be recognized as a component of net periodic benefit cost in the next fiscal year
is as follows:
Pension Benefits Other Benefits
Net loss 3 831,200 $ 130,100

The prior service costs are amortized on a straight-line basis over the average remaining service period of active participants. Gains and losses in
excess of 10% of the greater of the benefit obligation and the fair value of plan assets are amortized over the average remaining service period
of active participants.

The assumptions used in the measurement of the Institute’s benefit obligation are shown in the following table:

Pension Benefits Other Benefits
2020 2019 2020 2019
Weighted-average assumptions as of December 31
Discount rate 2.19% 3.00% 2.35% 3.11%
Rate of compensation increase N/A N/A N/A N/A
The assumptions used in the measurement of the net periodic benefit cost are shown in the following table:
Pension Benefits Other Benefits
2020 2019 2020 2019
Weighted-average assumptions as of December 31
Discount rate 3.00% 4.06% 3.11% 4.13%
Expected return on plan assets 3.80% 4.85% N/A N/A
Rate of compensation increase N/A N/A N/A N/A

The health care plan benefits are a flat dollar reimbursement to the retirees toward health care premiums. An increase in the reimbursement amount
is not assumed.
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Contributions Expected Benefit Payments
There are no required contributions due to the qualified pension plans Pension Benefits Other Benefits
during 2020 under the IRS's minimum funding regulations. 2021 $ 4,930,500 $ 307,400
IEEE expects to contribute approximately $4,000 to its nonqualified 2022 4,970,100 311,200
pension plan and approximately $307,000 to its other post-retirement 2023 5,525,300 315,800
benefit plans during 2021. 2024 5,381,300 322,800
2025 4,988,000 333,300
2026 to 2030 24,952,900 1,825,600
Plan Assets

|EEE detemines its assumptions for the expected rate of return on plan assets for its retirement plans based on ranges of anticipated rates of return for
each asset class. A weighted range of nominal rates is then determined based on target allocations for each asset class. IEEE considers the expected
rate of return to be a longerterm assessment of return expectations and does not anticipate changing this assumption annually unless economic
conditions change significantly. The expected rate of retum for each plan is based upon its expected asset allocation. Market performance over a period
of earlier years is evaluated covering a wide range of economic conditions to determine whether there are reliable reasons for projecting forward

any past trends.

|EEES pension and post-retirement plan asset allocation at the end of 2020 and 2019, and the target asset allocation for 2020 and 2019 by asset
category based on asset fair values are as follows:

Pension Assets at Post-Retirement Assets at

December 31 December 31

Asset Category Target Asset Allocation 2020 2019 2020 2019
Equity securities 10% 12% 11% N/A N/A
Debt secunties 90% 87% 86% N/A N/A
Cash and cash equivalents 0% 1% 3% N/A N/A
Total 100% 100% 100% N/A N/A

Third-party investment professionals manage IEEE's pension plan assets, rebalancing assets as the Institute deems appropriate. IEEE's investment
strategy with respect to its pension plan assets is to maintain a diversified investment portfolio across several asset dasses targeting an annual rate of
retum of 5% in 2020 and 2019, respectively. To develop the expected long-term rate of return on assets assumption, the Institute considered the
historical returns and the future expectations for retums for each asset class, as well as the target asset allocation of the pension portfolio.

IEEE's pension and post-retirement funds’ investment strategies are to invest in a prudent manner for the exclusive purpose of providing benefits to
participants. The investment strategies are targeted to produce a total return that, when combined with IEEE's contributions to the funds, will maintain
the funds' ability to meet all required benefit obligations. Risk is controlled through liability driven investing. The majority of the assets are matched
against the pension liability.

The Institute’s investment objectives for the pension plans are to minimize the volatility of the pension assets relative to pension liabilities and to offset
the required contributions. The current target asset allocations are 10% equity securities and 90% debt securities. The investment guidelines further
allow the managers to keep up to 5% in cash and cash equivalents.

Investment strategies and policies for the pension plans reflect a balance of risk-reducing and return-seeking considerations. The objective of
minimizing the volatility of assets relative to liabilities is addressed primarily through asset-liability matching.

All plan assets are externally managed. Investment managers are not permitted to invest outside of the asset classes or strategy for which they have
been appointed. The Institute uses investment guidelines to ensure investment managers invest solely within the investment strategy for which they
have been retained.
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The following table prioritizes the inputs used to measure and report the fair value of the Institute’s pension plan assets at December 31, 2020:

2020

Level 1 Level 2 Net Asset Value Total

Common stock:
Consumer $ 1,439,000 $ - 3 - 8 1,439,000
Technology 1,781,900 - - 1,781,900
Industrials 429,200 - - 429,200
Healthcare 747,000 - - 747,000
Financial services 643,100 - - 643,100
Energy 282,800 - - 282,800
Other 195,300 - - 195,300
Total common stocks 5,518,300 - - 5,518,300
Equity mutual funds 4,968,000 - - 4,968,000
Corporate bonds - 74,113,800 - 74,113,800
U.S. Government Securities 624,600 - - 624,600
Municipal bonds - 1,742,600 - 1,742,600
Foreign bonds - 1,156,500 - 1,156,500
Collective trust fund - - 1,063,300 1,063,300
$ 11,110,900 $ 77,012,900 $% 1,063,300 $ 89,187,100
Cash held for investment 100
Add: receivables for securities sold and accrued interest 681,400
Total pension plan investments $ 89,868,600

The following table prioritizes the inputs used to measure and report the fair value of the Institute’s pension plan assets at December 31, 2019:

2019

Level 1 Level 2 Net Asset Value Total

Common stock:
Consumer $ 798500 $ - 3 - 8 798,500
Technology 919,000 - - 919,000
Industrials 669,400 - - 669,400
Healthcare 714,700 - - 714,700
Financial services 941,900 - - 941,900
Energy 88,100 = s 88,100
Other 364,900 - = 364,900
Total common stocks 4,496,500 - - 4,496,500
Equity mutual funds 4,801,100 - - 4,801,100
Corporate bonds - 69,532,600 - 69,532,600
Municipal bonds - 1,686,300 - 1,686,300
Foreign bonds - 1,182,200 - 1,182,200
Collective trust fund - - 2,231,200 2,231,200
3 9,297,600 $ 72,401,100 $ 2231200 % 83,929,500
Cash held for investment 200
Add: receivables for securities sold and accrued interest 553,300
Total pension plan investments 3 84,483,400

The Institute’s policy is to recognize transfers in and transfers out of levels at the end of the respective reporting period.
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The Institute uses, as a practical expedient for fair value, a NAV per share or its equivalent for purposes of valuing certain investments which:
(@) do not have a readily determinable fair value and (b) prepare their financial statements consistent with the measurement principles of an
investment company or have the attributes of an investment company. The following table lists such investments by major category as of

December 31, 2020 and 2019:

2020
$ Amount of
# of Remaining Unfunded demption demption
Type Strategy NAVin Funds  Funds Life Commitments  Terms Restrictions
Collective Seeks the highest level of $ 1,063,300 1 Subject to the N/A Daily redemption, N/A
trust fund current income possible determination upon notice,
consistent with the of the
preservation of capital and respective
maintenance of liquidity. fund manager.
2019
$ Amount of
# of Remaining Unfunded demption demp
Type Strategy NAVin Funds  Funds Life Commitments  Terms Restrictions
Collective Seeks the highest level of $ 2,231,200 1 Subject to the N/A Daily redemption, N/A
trust fund current income possible determination upon notice.
consistent with the of the
preservation of capital and respective
maintenance of liquidity. fund manager.

The Institute also has a defined contribution 401(k) Savings and Investment Plan (the “Plan”) for employees, who are €ligible to participate after the
start of the next pay period following 30 days of employment. Under the Plan, employees may generally contribute between 2% to 16% of their salary;
however, not in excess of IRS limitations. The Institute provides a 100% matching contribution up to 4% of each employee’s salary. The Institute
contributed $4,937,300 and $4,779,600 on behalf of eligible employees to the Plan in 2020 and 2019, respectively. Amounts payable at
December 31, 2020 and 2019 totaled $65,300 and $31,100, respectively, and are induded in the current portion of accrued pension and other
benefits in the accompanying consolidated statements of financial position.

The Institute has established a Defined Contribution Retirement Plan under which it makes contributions to accounts established for each employee
according to a predetermined schedule of contributions. The employee’s retirement benefit is the value of the account. All contributions under the

Defined Contribution Retirement Plan are made by the Institute and are not funded through salary deductions (employee contributions). Vesting occurs
at the completion of each year of service at a rate of 25% per year until 100% after four years. The Institute contributed $10,825,900 and $9,836,700
to this plan in 2020 and 20189, respectively. Amounts payable at December 31, 2020 and 2019 totaled $160,200 and $73,200, respectively, and are

incdluded in the current portion of accrued pension and other benefits in the accompanying consolidated statements of financial position.

Effective September 1, 2002, the Institute implemented a 457(b) plan for those highly compensated employees who have reached the IRS maximum

401 (k) contribution for the year. These employees have the option of continuing their contributions up to the maximum dollar amount under section
457(e)(15) of the Internal Revenue Code of 1986, as amended. All other criteria for eligibility follow the same guidelines as the 401 (k) plan. The
amounts of 7,133,200 and $6,212,000 pertaining to obligations due under the 457(b) plan are accrued and included in accrued pension and
other employee benefits at December 31, 2020 and 2019, respectively, and the related 457(b) plan assets are induded in investments on the
accompanying consolidated statements of financial position.
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NOTE 9. NATURAL EXPENSES

The following table summarizes the Institute’s natural expense classification presented below for the years ended December 31, 2020 and 2019.

2020
Supporting
Program Services Services
Periodicals Public General and
Memberships and Media  Conferences Standard: Imperati Admini: i Total

People costs and
related expense § 44,099200 $ 82152200 $ 29,393,700 $ 19,741,100 $ 4,649,000 $ 1,073,900 $ 181,109,100

Conference event

related expense 116,000 - 36,167,500 - 22,000 33,200 36,338,700
Commission, licensing

and royalty 1,620,200 39,744,900 854,000 171,600 15,700 - 42,406,400
Travel, meeting and

accomodation 3,629,300 1,569,500 1,057,500 2,015,500 220,500 78,700 8,571,000
Printing publishing

expense 6,845,200 12,020,100 2,122,000 402,900 439,300 900 21,830,400
Depreciation and

amortization 1,598,600 6,614,800 1,195,400 2,620,100 55,200 1,919,300 14,003,400
Consultants and

contractors 2,434,100 6,803,100 1,426,500 6,305,400 323,300 172,900 17,465,300
Maintenance expense 1,481,000 4,059,400 1,314,800 512,800 17,600 192,900 7,578,500
Computer software

and related expense 2,233,600 4,460,400 1,306,900 1,342,100 76,700 56,100 9,475,800
General office expenses 3,487,700 3,072,300 416,900 214,200 112,200 66,400 7,369,700
Professional fees 1,549,900 4,173,000 576,900 245,400 - 1,500 6,546,700
Marketing and

promotions 1,632,400 2,749,500 546,000 10,200 80,700 26,300 5,045,100

Grants, awards,
scholarships and

others 926,700 325,200 380,200 40,600 4,072,800 72,300 5,817,800
Operating leases and

related expense 745,800 222,900 89,500 31,000 195,100 3,370,200 4,654,500
Insurance expense 161,300 237,800 597,600 164,000 15,900 63,700 1,240,300
Communication

related sewvices 164,900 588,600 42,200 66,400 3,600 6,300 872,000
Bad debt expense 285,600 361,100 133,000 120,200 = 9,400 909,300
Various other expenses 7,541,600 2,681,300 7,344,800 3,727,200 941,900 3 22,236,800
Total $ 80,553,100 $ 171,836,100 $ 84965400 $ 37,730,700 $ 11241500 $ 7,144000 $ 393,470,800
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2019
Supporting
Program Services Services
Periodicals Public General and
Memberships and Media  Conf es Standard. i Admini i Total

P

People costs and
related expense $ 43,103,100 $ 88242500 $ 33,724,700 $ 17,729,100 $ 4,787,000 $  3,148500 $ 190,734,900
Conference event

related expense 560,700 50,900 107,606,200 = 47,600 181,600 108,447,000
Commission, licensing

and royalty 666,600 42,030,500 781,400 134,500 1,700 78,700 43,693,400
Travel, meeting and

accomodation 12,556,100 8,222,800 5,228,100 6,927,800 821,000 811,200 34,567,000
Printing publishing

expense 7,140,300 12,032,300 2,274,600 799,400 177,000 5,000 22,428,600
Depreciation and

amortization 1,537,900 9,790,100 1,946,100 649,900 54,200 1,918,000 15,896,200
Consultants and

contractors 2,618,600 5,360,200 1,601,400 4,934,400 273,800 732,400 15,520,800
Maintenance expense 1,709,800 3,688,500 2,669,300 538300 = 1,552,300 10,158,200
Computer software

and related expense 1,632,100 4,122,000 1,873,000 1,014,700 66,800 188,600 8,897,200
General office expenses 3,601,600 3,583,100 511,300 197,000 184,600 200,400 8,278,000
Professional fees 1,920,000 3,887,300 982,100 203,400 = 30,700 7,023,500
Marketing and

promotions 1,643,200 3,801,800 372,300 6,600 125,100 192,900 6,141,900

Grants, awards,
scholarships and

others 1,129,100 264,500 596,000 76,500 3,636,300 199,500 5,901,900
Operating leases and

related expense 1,341,800 1,095,200 919,400 215,100 367,500 769,200 4,708,200
Insurance expense 92,400 243,200 478,100 143,500 16,000 176,800 1,156,400
Communication

related services 200,700 556,700 100,700 72,900 6,600 4,900 942,500
Bad debt expense 49,900 304,300 17,900 3,400 9,700 - 385,200
Various other expenses 8,186,900 4,371,800 4,804,700 4,610,300 1,745,200 - 23,718,900
Total $ 89,690,800 $ 191,647,700 $ 166,487,300 $ 38,263,200 $ 12,320,100 $ 10,190,700 $ 508,599,800

Management has reviewed all overhead costs and determined that it is appropriate to allocate the majority of these costs to the program services. There
are a number of allocation methodologies that are used focusing on the location where the costs are incurred along with staffing levels and program
service cost incurred prior to allocations. Included in these allocations are approximately $4S million and $61 million of Society administrative, committee
and executive expenses and approximately $51 million and $55 million of indirect corporate overhead charges in 2020 and 20189, respectively.
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NOTE 10. ADDITIONAL INFORMATION PRESENTED BY ACTIVITY

The following presents the Institute’s consolidated financial results presented in a traditional surplus or loss format for the years ended December 31, 2020
and 2019. This format differs from the accompanying consolidated statements of activities, which present the financial results by the types of products and
senvices sold. The surplus and loss presents the same data pertaining to the nature of activities.

2020 2019
Net Revenues $ 464633200 $ 556,769,200
Less: Cost of revenues 159,033,200 245,868,200
Direct contribution to surplus $ 305,600,000 $ 310,901,000
Expenses:
Seling $ 35,158000 $ 39,988,700
Marketing 33,013,100 32,476,300
Product design 6,715,100 6,718,400
Supporting services 148,309,900 171,228,000
Contribution to surplus $ 82,403,900 $ 60,489,600
Public imperatives, net (8,839,400) (9,604,400)
Non-operating activities:
Investment income, net $ 69,702,300 $ 73,006,100
Loss on sale and dissolution of IEEE GlobalSpec, Inc. (10,691,000) -
Pension benefit (expense) 10,400 (1,554,900)
Surplus before tax 132,586,200 122,336,400
Income tax benefit 499,400 744,700
Net surplus after tax $ 133,085600 $ 123,081,100

A description of each line item is discussed below:

Revenues: Net earnings from the sales of products and services.

Cost of Revenues: Direct costs incurred in producing or providing products and services that are sold and generate revenue.

Selling: Expenses incurred in the effort to sell products or services, includes commissions and other related expenses.

Marketing: Expenses incurred to generate additional sales of existing products or services, induding brand awareness, promotions, displays and media.
Product Design: Expenses incurred in relation to developing new products and services to be sold in the future.

Supporting Services: This caption includes operational support and shared services. Operational support includes expenses that are indirectly related
to the sale of products and services which generate revenue (eg, costs associated with conference and event management, volunteer engagement
and executive or govemance functions). Shared services indude general overhead such as Human Resources, Finance, Information Technology,
Facilities and other related expenses. The presentation of supporting sewvices, as reported on the accompanying consolidated statements of activities,
reflects an allocation of such costs amongst the lines of operation specifically benefited.

Public Imperatives: Public imperatives are outreach and public awareness efforts to inform the public and members about technology and the
engineering profession.
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NOTE 11. LIQUIDITY RESOURCES

The Institute’s primary source of operating funds is derived from the sale of products and senvices for its memberships, periodicals, conferences and
standards. These activities are intended to advance technology for humanity. The Institute has various sources of liquidity at its disposal, including cash
and cash equivalents, and investments.

The following table reflects the Institute’s financial assets as of December 31, 2020 and 2019 reduced by amounts that are not available to meet
general expenditures within one year of the statement of financial position date because of contractual restrictions or donor restrictions.

Financial assets as of December 31 2020 2019
Cash and cash equivalents $ 20,126,300 $ 22,122,700
Accounts receivable, less allowance for doubtful accounts 27,451,200 41,699,100
Investments, at fair value 813,132,500 649,793,000
Investments - other 3,435,900 2,537,000
Total financial assets available within one year 864,145,900 716,151,800
Less:
IEEE Board-designated net assets 18,604,200 20,400,000
Amounts held on behalf of IEEE Foundation, Incorporated 54,112,600 48,367,900
Amounts subject to expenditure for specified donor purposes 1,415,700 1,298,900
Amounts relating to endowment funds with donor restrictions 633,100 589,300
Total amounts unavailable for general expenditures within one year 74,765,600 70,656,100

$ 789380300 $ 645495700

NOTE 12. NET ASSETS AND ENDOWMENT FUNDS

Net assets with donor restrictions are available for the following purposes at December 31, 2020 and 2019:

2020 2019
Grant funds held for spedific purposes $ 737,700 % 880,400
Funds held for awards, medals and other specific purposes 678,000 418,500

Donor-restricted endowment funds, including accumulated unspent
appreciation of $441,700 and $397,900 633,100 589,300

$ 2,048,800 $ 1,888,200

Net assets were released from donor restrictions by incurring expenses satisfying the restricted purposes for the years ended December 31, 2020
and 2019 as follows:

2020 2019

Grant funds released for specific purposes $ 128200 $ 115,900
Funds released for awards, medals and other specific purposes 15,200 10,200
$ 143,400 % 126,100
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Donor-imposed endowment net assets at December 31, 2020 and 2019 consist of assets that have been restricted by donors to be invested in
perpetuity to provide a permanent source of income. The Institute’s donor-restricted endowment consists of eleven (11) individual funds established
principally for awards.

On September 17, 2010, the State of New York passed the NYPMIFA, its version of the Uniform Prudent Management of Institutional Funds Act.

All not-for-profit organizations formed in New York must apply this law. The Institute classifies as net assets with donor restrictions, unless otherwise
stipulated by the donor: (a) the original value of gifts donated to its donor-restricted endowment, (b) the original value of subsequent gifts to its
donor-estricted endowment and (c) accumulations to its donor-restricted endowment made in accordance with the direction of the applicable donor
gift instrument at the time the accumulation is added to the funds.

In accordance with NYPMIFA, the Institute considers the following factors in making a determination to appropriate or accumulate donor-restricted
endowment funds: the purpose, duration and preservation of the endowment fund; expected total return on endowment investments; general
economic conditions; the possible effects of inflation and deflation; other resources of the Institute; and, the investment policy of the Institute.

The Institute has adopted investment management and spending policies for its donor-restricted endowment assets which totaled $633,100 and
$589,300 as of December 31, 2020 and 2019, respectively. This supports the objective of providing a sustainable and increasing level of donor-
restricted endowment income distribution to support the Institute’s activities while seeking to maintain the purchasing power of the endowment assets.
The Institute’s primary investment objective is to maximize total return within reasonable and prudent levels of risk while maintaining sufficient liquidity
to meet disbursement needs and ensure preservation of capital.

To satisfy its long-tem rate-of-return objectives, the Institute relies on a total return strategy, the objective of which is to achieve a return consisting of

a combination of current income and capital appreciation, without regard to an emphasis on either, recognizing that changes in market conditions and
interest rates will result in varying strategies in an attempt to optimize results. The endowment portfolio is diversified among various investment classes
and strategies to help reduce risk.

The following table summarizes the Institute’s total return on donor-restricted endowment investments and the changes in donor-restricted endowment
net assets for the years ended December 31, 2020 and 2019:

69

2020

Without Donor Restrictions With Donor Restrictions Total

Donor-restricted endowment funds - 633,100 633,100

Without Donor Restrictions With Donor Restrictions Total

Endowment assets, beginning of year - 589,300 589,300

Dividends and interest - 10,100 10,100
Net realized and unrealized appreciation in fair

value of endowment assets - 48,500 48,500

Endowment return used for operations - (14,800) (14,800)

Endowment assets, end of year - 633,100 633,100

2019

Without Donor Restrictions With Donor Restrictions Total

Donor-restricted endowment funds - 589,300 589,300

Without Donor Restrictions With Donor Restrictions Total

Endowment assets, beginning of year 534,000 534,000

Dividends and interest 13,200 13,200
Net realized and unrealized appreciation in fair

value of endowment assets - 51,900 51,900

Endowment return used for operations = (9,800) (9,800)

Endowment assets, end of year - 589,300 589,300
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NOTE 13. OPERATING LEASES Letters of Credit
At December 31, 2020, minimum rental commitments due under
noncancelable operating leases for office space and computer
equipment are as follows:

At December 31, 2020, the Institute had irrevocable standby letters
of credit with Wells Fargo Bank, NA, in the amount of $583,000,
which serves as security deposit as required by the terms of its lease

Year Amount agreements with Three Park Avenue Building Company, LP and

2021 $ 2734000 2001 L Street, LLC, respectively.

2022 2,344,800 At December 31, 2020, the Institute had issued standby letters of credit
2023 2,210,400 in relation to certain dealers’ agreements and VAT tax payments totaling
2024 2,059,700 $411,000 with HSBC Bank USA, N.A. The Institute is charged 2% of the
2025 1914500 face amount, upon issuance, of the standby letters of credit.

Thereafter 2,630,500

Litigation
$ 13,893,900

The Institute, in the normal course of its operations, is a party to various
legal proceedings and complaints, some of which are covered by
insurance. While it is not feasible to predict the ultimate outcomes of
such matters, management of the Institute is not aware of any claims or
contingencies, which are not covered by insurance, that would have a
material adverse effect on the Institute's consolidated financial position,
changes in net assets or cash flows.

The leases for the office space are subject to escalation. Total rent
expense for noncancelable operating leases amounted to 3,358,600
and $4,216,600 in 2020 and 2019, respectively.

NOTE 14. RELATED-PARTY TRANSACTIONS
IEEE Foundation, Incorporated

The Institute has transactions with IEEE Foundation, Incorporated (the “Foundation”), a related organization, which performs activities in support of
the scientific and educational functions and programs of the Institute. The Institute made cash contributions of $423,000 and $409,000 in 2020 and
2019, respectively, to the Foundation.

The Foundation has no staff and thus, receives certain accounting and administrative services from IEEE. The Foundation reimbursed IEEE for the cost
of such services, which amounted to $830,800 and $809,900 during 2020 and 2019, respectively. The Institute provided fundraising administrative
services (contributed services) during 2020 and 2019 that were not reimbursed by the Foundation, that were valued at $1,221,300 and $1,286,600
during 2020 and 2019, respectively.

The Institute held on deposit $54,112,600 and $48,367,900 from the Foundation at December 31, 2020 and 20189, respectively, and is separately
reported on the accompanying consolidated statements of financial position. The Institute invests these amounts on behalf of the Foundation.
Receivables due from the Foundation include grants receivable of $889,200 and $1,807,400 at December 31, 2020 and 2019, respectively, and
other receivables of $38,400 and $79,500 at December 31, 2020 and 2019, respectively, and are included in accounts receivable on the
accompanying consolidated statements of financial position. Amounts due to the Foundation of $91,800 and $121,600 at December 31, 2020 and
2019, respectively, are included in accounts payable and accrued expenses on the accompanying consolidated statements of financial position.

NOTE 15. COVID-19

The COVID-19 pandemic, whose effects first became known in January 2020, caused economic interruptions through mandated and voluntary
closings of businesses and organizations throughout the United States. The extent of the impact of COVID-19 on the Institute’s operational and finandial
performance will depend on certain developments, including the duration and spread of the outbreak and its impact on the Institute’s donors, employees,
conference delays and vendors, all of which at present, cannot be fully determined. Accordingly, the extent to which COVID-19 may impact the
Institute’s financial position and changes in net assets and cash flows is uncertain and the accompanying consolidated financial statements include no
adjustments relating to the effects of this pandemic.

As a result of the pandemic, the Institute voluntarily closed its offices in North America, Europe and Asia. In many places, governments also issued
“stay-at-home” orders that required businesses to remain closed. The Institute worked together as a worldwide organization and kept moving forward
by being agile and responsive with its activities. In-person conferences that were originally scheduled to take place from February 2020 through
December 2020 were cancelled or transitioned to virtual events. The impact of the pandemic continues to create uncertainty about the future
economic outlook and poses a significant challenge to conference activities in 2021 due to event cancellations. The Institute continues to adhere

to guidance from the Centers for Disease Control and Prevention and state, local and international governments.
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IEEE Office Locations

Corporate Headquarters
3 Park Avenue, 17th Floor
New York, NY 10016-5997 USA
Phone: +1 212 419 7900

Operations Center

445 and 501 Hoes Lane
Piscataway, NJ 08854-4141 USA
Phone: +1 732 981 0060

California Office

10662 Los Vaqueros Circle

P.O. Box 3014

Los Alamitos, CA 90720-1314 USA
Phone: +1 714 821 8380

Washington D.C. Office

2001 L Street, N.W. Suite 700

Washington, DC 20036-4928 USA

Phone: +1 202 785 0017 (IEEE-USA)
+1202 371 0101 (Computer Society)

Global IEEE Institute for Engineers, India
26/1, Fifth Floor, WTC-Brigade Gateway Campus
Dr. Rajkumar Road, Malleswaram West
Bangalore - 560 055, Kamataka, India

Phone: +91 80 4944 4333

IEEE Asia-Pacific Limited
1 Fusionopolis Walk, #04-07
South Tower

Solaris, Singapore 138628
Phone: +65 6778 2873

IEEE, Inc. Representative Office, China
Room 1503, South Tower, Raycom
InfoTech Park C,

No. 2 Kexueyuan South Road,

Haidian District, Beijing, 100190, China
Phone: +86 10 8286 2025

IEEE Japan Office

E-1904 Aoyama-Twin Tower

1-1-1 Minami-aoyama

Minato-ku, Tokyo 107-0062, Japan
Phone: +81 3 3408 3118

IEEE Technology Centre GmbH
Heinestralle 38

1020 Vienna, Austria

Phone: +43 1 213004 332

$IEEE

Advancing Technology
for Humanity

www.ieee.org
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For English-version news, please visit : uTherm FaceSense: Multi-people Temperature Screening System
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2020 FaceSense
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Mutherm HTHERM FACESENSE
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9 Facebook W Twitter @ Line
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"DoINDSU-WaLsus” (WTherm-FaceSense)

Facebook Twitter

LILE

'UOIN2SPRIWaLBUT'
LASDVINDTURANLDVASY: -

(uTherm-FaceSense)

nmsanainaangisenmeiiuigannsasgunwiidassuiaiusatstiainisuasisasie q 6 Lidnazniu

Tsa'lduwinlval Tsanvdumialaguusoidounay 15a'ldauavdniay 1saunalize 1sa'ldidanaan 5INA9
o & 3 v oa o o o
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sudliausasnusTazinesTn RN AduEEuAsAAAAnsa tauNAtA vinliiAaaandaelunis
uwsnszEuaslsa lumenduduiaiasinaamafiiainsanaiadaindadenanainageadailuailasal
Adavinanannelszina

“fumasu-dataua” (UTherm-FaceSense) ia3asinaaunidansaziaausiamaluladnaadursise
WuAsuuasIATuluminuaaadnTulé (Face detection) TaelifidastdAaudiaiuminninaunie dssuu
Ustnaraisawiuginialy 0.1 Jui aunsaanainaangildaisarnaaaunsandulussasing

pausy ulouroanudushuds

https:/Aww.nectec.or th/innovationfinnovation-hardware-electronics/mutherm-facesense2020_html 1/4

o

[vaiidryan¥umu BT2-20/1-61] th 336



Fanasu-aud: szvunsvingamgdlunmiuuulidudaniasnatoyanauazn1ssudstoyaniu

\A38UN1SHRANT

3/3/65 16:00 “fhmasu-iataual” (WTherm-FaceSense) - NECTEC : National Electronics and Computer Technology Center

“Gunasu-aaug” lasunsisunlviiaumansiaia imidnin suvseuaie lusimdaiuauuliieEs
Inandsle nivaamsitoninaluladaivlsang Taazinsadadeladoulavainnare linaniy s
wWenuia 159158 Bauan aanflzudeansisay danisa’lWvh MRT / BTS vivasswauan Tudaudvousduuun
uunssueEe q tludu

pTherm-FaceSense : fintvasu-tWaLasual m’;"aﬁmqmnqﬂﬁaa’iuz

ANulaalau
e asdaFuluminuazinaAaanniignsas wuuel a1alu 0.1 Jui
o amainaangiinfsasnarayanansandu ussasiogoan 1.5 was
e anduluninyenadnlulié (Face detection) wii@unirninaunsla
e AMuamaannitinsyiv way Auanag M WLInaaN e’
o sa05unsiifausauazIaLAudayaruLAgaina Wi-Fi saudoana LAN
o sa05uMsiifandaansaiuanonatity HDMI

2inyanivivaiia
e Full 160%120-pixel thermal image resolution
e Full HD visible image resolution
e Face detection embedded with LIDAR Technology

e Low cost & Light weight (1.7 kg)
e Compactness (8.5x22.8x19.5 cm3)

masgruwmalulad

e MAssIUAINARauANNUaaasie [Information technology equipment (IEC60950-1)]

(Informatinn technnlnav ealiinment — Safetv — Part 1- General reaniiremeanta)
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dula “drvasu-ilsdeiuae’” (uTherm-FaceSense)
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wiafinda fhanagnsidauazananananaTulad tuama-aIng.
ns. 02 564 6900 aa 2353, 2357, 2383, 2352, 2347
E-mail: business@nectec.or.th
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UTherm-FaceSense : fnwesu-wawud inieringungiidaie

—

https://www.youtube.com/watch?v=VOHKW5_80Zc&t=38s

Toweiu waiwud uinnssulve Tagaumglilu 0.1 3f fu as.asug dugrsiavas

e

https://www.youtube.com/watch?v=e2RBffORpOwW&t=15s

v, v a

3. wi9Ing Anitoaulng mou UTherm-FaceSense iA3asingumyidaniey

https://www.youtube.com/watch?v=uCTR42sRUSE

MOST News fmesu wlaiwud in3esingamaiidaniorlu 0.1 unil

B

https://www.youtube.com/watch?v=Pkl OffeKaN8

&

IN ON AT TV Ep.88 fiawmesu uewndindudanseagiie

https://www.youtube.com/watch?v=IFI5SBgPSWOY
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Yo-uNana :  wievenyl ausfisud
AU : n3dy

AN : AAl Ustyayien

AUEIUIRY/ANuEUTaNLAY @ image processing, natural language processing, machine

learning, general physics

o/ a 1

1 v 4 a v a a ¢ a v L3 IS 4
niguaudein : Muddemaluladnszdsed nauideaunsalawninsalnUuasivuiges
& aa & a s a s | a
AudwaluladBiannselinduazmouiitmo Ty
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D. eXe

Ya-uwana :  UNEIDENN 8134

Y [y

AU n39Y

AN : AMAl Useysyien

q 9

A1UYIUIY/AudUlaN LAY : optical and THz waveguides and devices, optical

fiber, photonic crystal, polarization issues in photonic and Laser application
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] 4 o/ a v = a s a o L3 | s
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Audimalulagdidnnseiinduazaouininesunani
dauiinasie : gudwelulagdidnvselinduaspouiinnesuismfdminnuiaunineieans
wazmnAlulaguiand 0. wvaleSu n.aaemil 0.Aa0ma Unusidl 12120
¢

TNsANI : 02-564-6900 %8 2157

GG

[\aviidryan¥uvu BT2-20/1-61] i 391



famasu-wawud: szuunsivingungiluntdwuulddudaiaznatsuanauaznissudetayaniu

LS RRFRGAR

T2ulAs9nNs 20

v
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v
Yo-uNana :  WLANINT SauasTl

o 1 v ao

AU P RPARKL

Y

AN Al USeueunes

q 9 9 9 v v

A INYIUIY/A1udUTAW LAY : Electronics circuit, High frequency circuit,

microcontroller,Embedded system

1 v v o a a v IS a s a v L3 IS s
niguaudein : Nuddemaluladinszdsed nauideaunsalaninsalnUuasivuiges
& aa & a s a s | a
AudwaluladBiannselinduazmouiitmo Ty
dounifnde : qudwaluladdidnnselnduazreuiinmesurewif d1dnauimun

WemansuazmAluladuviand o nvaleSu n.aaewmils 8.Aaewae Unusiil 12120
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Yo-uwena 1 weuing lany
AU : HYI8INIdY

a

AR : ARl Useuaunl

q 9

AugIUNgy/AnuaulaniAY : Digital image processing, Embedded system

] v o a av IS a 6 | a v (3 | s
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Audnalulagdidnvselinduazaeuiinmosuiayd
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4
Yo-uuena :  wNa CHIA JA Y

o 1 v Y [y

AN HY8UNIRE

AN : il Useyeyaln

q 9

2D

AU I1UEY /A dulawiAe : Embedded system, Digital image scanning system,

Nuclear Security

1 v v o a a v IS a s a v L3 IS 4
niguaudein : Nuddemaluladinszdsed nquidegunialaninsalnluaziguives
& aa & a s a s | a
AudwaluladBiannselinduazmouiitmo Ty
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