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Abstract

Suwit Kiravittaya
December 2017
The project entitled “Technology Transfer and Human Resource Development of Perfectly
Secure Quantum Communications” is supported by Office of the National Broadcasting and
Telecommunications Commission (NBTC). The objectives of this project are
1. To raise the public awareness of the perfectly secure quantum communication technology,
which has a promising potential in the future, by grouping among policy development, education, as well
as research sectors.
2. To study and follow the development of quantum cryptography standard in the world. This
includes the raising awareness and developing the master plan of Thailand.
3. To establish an international cooperation/technology transfer. Moreover, to further perform
research and development by ourselves with this new technology in the future.
4. To produce media and public documents for training, knowledge transfer and human resource
development.
In order to achieve the above objectives, three activities are operated within this project:

1. The technology transfer from foreign researchers by using personnel collaborations. It includes
organizing special lectures, perform joint study and propose appropriate technology for the long-term
research and development in Thailand.

2. Development of human resources, including creating documentation and online media to present
technical information on basic and intermediate levels. This includes making a report from the survey
research on the intellectual property and technology related products worldwide (patents, publications
and related products, industry research groups, etc.) and organizing training seminars and developing
specialized research groups.

3. Preparation of a summary of the quantum cryptography standard. This includes the translation and
monitoring of the development of global standards proposed by ETSI (European Telecommunications
Standards Institute), organizing seminars to hear the opinions of those who involved with this technology
(education, state agencies, and the industry) as well as promoting the existence and applications for the
future.

Result shown in this report consists of the contents of the seminars (in Chapter 2). In Chapter 3,
the summarized reports of the special lectures by experts are presented. Chapter 4 presents a
summarized report of the result from the discussion after the seminar and the overall summary of the
report from related persons. The appendices show the "Quantum Information Technology and Its
Applications” (App. A), Information on "Quantum and Communication: What is it and what is it for?" (App.
B), Report on the related intellectual property and product (App. C), the summary of the standard related
to quantum security 2014-5015 (App. D) and the report on "the Future of Thailand about the Quantum

Information" (App. E). All documents have been publicized according to this project.
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2.1 WeanmaIrinsveanaluladnisdeasuasniugeaanlesiaauniaus
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dmduindetiaziluniseduranannisuaznguiiiieatesdumaluladaiunisdeans
Uaensugs lnaisusiuann naufiugiuvesielfumalulagnisdeaisiasndegs Feuuinisldsa
auluiagiuiludseanilu 2 35 Ao msldnauadu way nsldnaueasisay wdrniudaliaue

waluladnisdeansuaensivgaaamesiiadualausiu

2.1.1 fugumsaeaisuasndegs: Inenissiiadau

Inen135Wadu (Cryptography) Wuinginisiasnsduiievinlvinsdearsinnulaon e
eldanigiauuaindinnuneiginlunisanaiuvielaufseuudoans lagn1sHa1sanseuunis
a A a v & an va ' A v Yo v g a .
Ansiedeansluinginisauil LazauuRlviiyanasaeddie Ao gawazgsuans Wiveldu odw (Alice)
waz Uou (Bob) mudndu lngynnaiiidasagnengiufindedeasieiuiiussuuneuinmes way &

= g v @ A & val =y a a 1 4 & a

yarafiawulviverlu 8w (Eve) iWugimeneuanauvielaufssuunsindedeansi Ingluineinis
AUl 1519einsusuaLUasnieresteyanidw uteInen1siea1sane o Naulaiiansan wu
szuunsevielnsdniliany stuuiaseviedumesidaniuaiiion vie ssuumiotiedumesiin

ruduleduas (g3un 2.1)
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yee: ode (Alice) & . . > wiu: usu (Bob)
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Tunsfinnsanseuvdeansiuinenmsstaduil sesRnduisnisuidamsne q lunsdesns
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suasarslumhsnuiuanuiuasing o slan way ludonded Tnestaduildluinenisiduda
Iiluaesszianlvg o Ao siaduadanmuadu (Secret Key) way saduadanmuaasisuey
(Public Key) 3sinenmsildswasuianssiininonuunlunisdeasineiusgaunusfiinis

ihlulganuiuegrunsvanglulagiu lnginensusasUssinviineazidendasdeluil

INYINTIAEAUNYUIAU (Secret-Key Cryptography)
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Standard) lngynsgiunsaesiiseasdualunisldnauslunisidisiasazaensianuaneieiu lngd
anwagmlufe mnnsidennuuanauaziinisinuaaududeulunisidnsiauazaensianuin
~ o Y v 9 v 1 ° Moy A
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neAIvale
| was: ody (Alice) SN | A .| w¥u: veu (Bob)
N R L | ORIV V8RN
' Kplaintext) (encrypt) :

: q]‘aﬂ'g']uw?'}tjﬁa : (decrypt} (plalntexﬂ :
) f ! (ciphertext) : f 4
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INYINIINEAUNEYUAAS158U (Public-Key Cryptography)

Wenssiadurdanguadu Widneinisidnisldauuuiuaunseiclul aa. 1976 W.

Y a v v a
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| e odw (Alice) | - . §3U: Ueu (Bob) :
© odglasungua : R S L
GALRERIE ' NOYRIATTUE + |(encrypt 1) (private key)
e ' (public key) e e e e e e e e e e e .

() . pj”ﬂﬂa: 3 (Eve)

+ lunsuneuesaiud
+ Jeluanunsanensiale

K3U: Uou (Bob)

;Jéa: aa (Alice)

VAU LWTvE 2 ! . . _ | DA% VAU .
! |(plaintext) (encrypt 2)| YDA ' |(decrypt) (plaintext)] *
f ' (ciphertext) . f X
: nauIEsITRE | . | nawemuh
. (public key) . . (private key)
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weluladsiaduyianguaasisugitinsldauiuegunsvarsludagiu fe szidevds
RSA (5@@111%@;36@5‘14 Ao Ronald Rivest, Adi Shamir, ua¥ Len Adleman) @sseilauisiondunin
Fudpulunisauinnisuendiusenavvesdnuiwanzlunsaiinguaasisue lnvendaainy
Fudaulunisueniiuszneuvessiauneadamans taunsananladn fomnudideaisinng

' ) = v 1y °

Uaenfegsziunils dedmmeddniledoyassfamauanunsadmiuneigunonsiauddosld
nanwuanndedneamvasnexiameiemigeaaluomaintagiud uididelafinquasiady
Fadudddlunisoensiagnlasnssululddmeusifissunsdinazviilinrmeinlunisaonsia
anasluld Bemmunauasiasuanuiladsnensiaeantdieturliimenssiaduuuuidliio
fmmaendogegn wneiiodnenmueedosfuanmiensuinaeigunniy (sauianstie
warldaulfaTevesmeuduneufinmes) wardifannismintulsesdnsiauveineinissia
Sutuanlvl Fdld3udimaiarusnamaninouduussandldlunisiudanauasiady Bonsva
Fuuuuiiin “GnernissaduiBmeusy (Quantum Cryptography)” Lﬁalﬁms%fudnqzy;mﬁﬁé’uﬁ
Amaaenfeuniy
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2.1.2 walulagn1sdeansUaenfugegadiesisdundoudy
welulaBnnsdearsUaondfugeandissiaduasuiilugnanduiulul a.e 1984 Tay

Charles H. Bennett uag Gilles Brassard [Bennett et al., 1984] lngUag0u s3enluslanoailin
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walulagnsideasuaensduggamesiadualsuduilillaiiiiedusinneaiisn Tud a.a. 1991 Artur

Ekert [Ekert, 1991] Iauslildnisiaiuiganiausiy (Entanglement) vaslnmaulunisiiisiateya

o

a ] = a % v o a o & Yo ' |
LLAZLIgNIN I‘Uiimﬂaa E91 mL‘1/1ﬂ‘uﬂmﬂ‘nmi‘WTJ‘W‘LlL?Nﬂ’l’e]‘lm§J‘uﬂWaﬂlﬂiUﬂmﬁJmﬂf\]EJEJN@J’]ﬂSL‘um‘JJ

(% [

v a s A < o 5 v ° a @
UNINYIAITRN T L‘LJ@Q'°1]'1ﬂLUULWWIUIHEJVIﬁ'WlI'Wﬁﬂﬂ'TTUﬁ%EJﬂ(ﬂI"U VLW]‘VNﬂUﬂ'Tﬁﬂ'TU']mmNﬂ'JBUQlI

(Quantum Computing) e NN3A0EIILTIAIDUSN

classical
channel
sender: Alice receiver: Bob
quantum
channel e

JUN 2.4 dnwausilurenisliineanissiaduidenisuiulunisdeansuaensivgean

Ingimsiaduiemeudiu iuszuuvesingnmssiaduildnsdnyuaduiiugomisnig
doasidanieusiu (Quantum Channel) 1w iulotiuas (Optical Fiber) 911a (Free Space) (931
7l 2.0) Tgnauasviaduazgnuvuseaniuzynaneudy 1wy Inanlswtuvestineu vioxysuimavesty
now udu uagldngniemeuduiidnddisduduaulasnderessyuy a1unsonsianugidiun
dnasurlusdeyansteamenisieasifsmeuduldiaue msdanyuasiadurdenisnszaedd

AIBUAN (Quantum Key Distribution) anansauustiiluaesgunuudie

1. ULUUNTE LA IALUUSTIUAN

nsimuegnugnaeuiuuuladoyawUUATTR Lardwaniugssdumaudiuangdaluds
Hulneudummasniemevinaailiuiuewvedlawuidsn fennfimssuniuangdnasunisg
daazfFuasnsuldananusiitianisasunlas fMedrsnisdaaznisinaniugaiousunuy

SIUAT WU NAUSTIS BB8A wneuaiis BO2 Wusu
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o B R A5 ; Quantum I
Single- Channel ; PBS D1:

i | photon | => | PC1| C>-----~ O-----o> B2}~ - D
1 | source : 0 ; v 5
; ® 0°,90° | : ®0° C) 5

: . . beam of
: Alice ® 45 single photons

PC = Pockels cell, PBS = Polarization beam splitter, D1 and D2 = Single-photon detector

=i o I e v o A @ = Y = =
E‘UV] 2.5 G]’JBEJNﬂ’]{LGU’W]Eﬂﬂ’]iiMﬁaUL°ZNﬂ?@u@MIUﬂ’liﬁaﬂ’]iﬂaaﬂﬂEJEjQ?jﬂ Tneilasanlnneunil

DAY

wiwldannsagnuenaenlasn Javiliganilslaianmnsarinisanilelalnen

Y

-f5ulaingu

Entangled photon Quantum
generator Channel

beam of ;
entangled photons ! Dg2 Bob

LY 1

SUN 2.6 segunsldinganissiadulsaieudulunisdeaisuaensivasan neldamuaudiniig
Wiuveseynnateudy viligsuansasudeyaangdldlagliifinsdnile

(mniinsinile Teyandsazgnivdeuntas, Ingluuil dinsazmedmnlilunisivuadeyanugd)

2. sduuumsdenazialagandennuiany

v
a

gn1slazendunuanifvesnnuiiiun1eaioudu (Entanglement) lagvinnsriniilng

D

mandanuedldamisanenaniulaaesaniug Mnduvinisdseyniandanuiaiuiuludai

®
N

'
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dauazgSutlsazuilsounia Wevhmsinanusigdersnareaniusveseumanguiasyilingu

@32

Avey o o

anuzaeseyNIAESUTuT uimninisanasudneunialuandunissuniuanugssuuveeYn1AT

Y

fanuiaiuiy wazanuiiiusenivaaseunafenaIasgnyinaieas viabinswladiinsdnasy

WlugouNAATY (93UN 2.6)

NANNISINIUVBITZUUINYINISSHAAULTIAIDUAY
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N13aeNEYRITAARUIAE TEUUINEINTIHAEULTIAIBUGAY YINTaeloyaveInyuasTiaduaiy
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nsunudndoyanieiIameaniugidsnleuduvsedidn (Quantum Bit 38 Qubit) lneUndeyalda
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amadnduszuuvosnisldaniusunndnsiuaesanng Amuadududn “0” uasln “17 sndoens
duaindidana Fadussuufiannsauidfiduaesaniuroguiuou uarliflonaiiaznuanugi
anslimdouiu drudateyaliemeuiuiidoFuninddn Wudateyailunuseaniugnianieudiy
aosanuzAunnisiulussuua saumaBsmneudiy Wy szuvinenmssiaduidanieusy

Tuszuuinenissiaduidemeudurgldnamansaeududunuidyniiosnisfiune
ANAUTINAID STUUINEIMITTRGUIBsmeusiazunudeyausar TnfeTngluseiumiousuiien
u Timeuiden Tnslinouwideadianusauisievduulaeunannnissuniuaniuzida 90
audnwazfinanuandliifiuinszuuinenssfaduidsmeusulilldtosiunsdndunauaangdu
uianusansaaeuiniagninduluvdelsl anmsasieasuanugmeneusuiiudsuly denn
nayuagndndudasiannsnaingualyiuaradlussiuldsnade

NsEMTUTEUUINENNSIRaR Tldtusgaundvanglunssuaunisnszaennuasiady
Bapoudude Aeinasiis BBsd Faduidnisusnigniniaus lng wasad twudn (Charles H.
Bennett) inneneansuiaaudideleTidn (IBM research center) UseimAanigowsni wag fawad
Us1aw13a (Gilles Brassard) WisnmIIngauuoaniooa (Montreal University) Ussinauauian g
FAUNAUIINSINABaNI U SHALUTEUUINYINITITAARUITIAIBUAN d19SUaS1IMaENTENLN YT
sWaduiuFenszuuii 8884 uarldadreiunvussuuinemssiaduidanieusugansnuadian
dusalud ae. 1989 TngldautAnisiinanlsiwduvienisinSosmedlwneudealunisidisiady
Faguil 2.7 Fesunuudanananansadedeyaldfiszozna 32 wufins fednsislunisdeszana
10 Unsieduni

fegamilivasinenssiaduiuuinmei’s BBsa Mnaulafenisldautinisiinanlsiedu

voslinouwden Tnefivdnenulinueuveslawuidsnduunundnlumsinwaulasafevesszuy
Inenssaduids meudulnenmusiis BB8a sULUUE fdwardFuarainguaninaniugmig

U ag v ¢ A o1& o . X o i '
Asusunldguaaininesgiuilinainiu (Nonorthogonal Basis) Jusnaesyn andreegagy lu
wnweszuusnldanunalswduvedwneuluwuisu Ae anug [«>) (Horizontal Polarization)

Awualu |H) wazanuslwailsiwduvesinnouluuuida fie @oug |T) (Vertical Polarization)
o Id = 4 c’lll s a ¥ . . a [ [y 6 1
Avuadu |V) Benuneesgiuyaidininmeignudadunss (Rectilinear Basis) Weudgydnwali
® (g3uUi 2.5) daunnmesgiuiiaedddanusinalswtuvetlnneuiyu 45° Feanuy ) trwmm

Wu [+457) ey antuzlwanlsiwduvedlrineudiyu -45° Aoaniuz N fvuadiy —45%) Fon

Toyaraiu Ly

“07 = |H) vdo 17 = |+45°)
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“0” = V) v “0” = |-457)
o Jo

GRE L
srguanwesguuazindeya Inennwessiuuarndeyaniduiavseadudoyanduogiuiiads e

Y

] o

wagdFUITRndeaiui UM IYesioasmeauRuLarYeddeasans1sue lnurds

gusuldilifimaiigdinfuasannsanaadeyayaild andufddsdndoyaniunistosdoas
My fFuinsdunnwesgulumsiu wdifunesddmnadddateyaisuldameinnnes
MU Sndnywanu (Raw Key)
ndsnldnyuaiuuds fedwuardiuariemsvaounyuafildieiinisedihiging

vielal Inensdunauaiuiusnuisdruudansnaeuinssiunielsl fdoaflinsstugannuans
Aaaufianaindusgninanisas Wdeidfdntvegludosdearsiuies Bnsivinlianse
nmapunsdnesiindulfiane wardmnwuhiinfuasosinyuaiuiluudiGudngus
Tyl Tunsdifinayuaiunsstulfasisdafildilamelunsnmsaouddnduiuly Safmdoandunaua
fazhluldlumsidsaseismsimnzausoly

() dmiauts Photom ultipliers
o Sender's pockes cells “"'“"T“"' 'y Q
- y " See— t '\
- -0 - v 1
s v Y . ‘ ) L j f ’b
Pinhole . Hasdaarivieniavdi Calcite Wolastion Prism

Pinhole fia BasilemnadmdmBumnnuashivauas
Aperture Aaraviiemnalimdafunnuse hivauannnniiPinhole
Polarizer An dmasumiienyauhiafuusotunn taunvilssule

Photomultipliers fia ses1% iaudon g muunvaaaganme
Senders pockels celis da suldpunnuasima s utumagy

Receiver's pockels cells da énldsuumnuasinatndduluniaiu
Calcite Wollastion Prism @a #aminmuonuunud s isaiithidasun ude

JUN 2.7 fuluussuuing N ssiaduidenisuiugausnveddan (n) Mnegseuuaie

way (U) NMNINanINsaNAIeSUIY [Bennett et al., 1992]
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ngufiudunnuuaanievanyul

NNTANENNITNAUIMNEINTIRERUTIMOUAN dwnsnduduanudasansmenanaall
wuueuveslawuidsn (Heisenberg Uncertainty Principle) @sannuananuliiuusuveslawudsnn
81791 Mialuuudvveseunialudiuysenouniuuuiuny x Inedadnuldudueu Ap, uad lu

yauzisifuisanisaiadiunisdudiuuszneumuuuinny x Insdanuldutusudigaie
Ax=1/(2Ap,) Towasuudn Wulvladlfiagsinismaaes e indvesiiudsaesnilifudaszvos
ns¥nsenineiulfodnauslusandonuiaaesyn [Nouredine, 2001] sndoeadu afaudsiilau
aszvesnsinassifeiumisazlumudy Aliaansovdundauaglusuiuvesoynialdedis
wiugmdontu nvdnnistannsadeuluguillléd Sifdann A wae B fenudiiudiuuuull
|igfuvean1s¥n (incompatible) Wefimsdannoynialas lussuuidameudueddumsdunad
ety viliansdaneildfianlimioutu 1wy mnsaliifdaunn A vinsdananouddung B o
Ignanisdaunnsinsnimmmsaifigdans B ulheBudanateunddins A vnnmsdanalunanin
11 Usingnisaifanananansaesuteldin Weddaunn A innsinaldesnausiugn fdanm B ozl
amWsa"’imﬁhﬁgﬂﬁaﬂﬁwé’qmﬂmié’aLﬂmiﬂa A [Nouredine, 2001] annnanaulaiiiuauyadbaiwy
O30 anwnsaldlunmstuduainudasadevesssuuinemssiaduidenteusiulad ddganfunayua
seniaiifdeddludadiu asvilisuuuvesnuaiidaudsuntasazamsaduduldindinnsdny
Joyald {WunsBuduiisvuuineinssfaduidsaesusuiianudasaieuinnitssuuing nissa
Fudulutlgtuitlimusausulaznrvaeuginudoyavesssuuld

uananiudmivszuinenssraduidenieusiy sUnuunsdoansazlinsunudnvos
Yoyareaniuzilsmeuduresoyniaiiien snfeeiadunisunufeaniuzvedineuied Tng
sumaiiilianunsowdaderndlindouiunnusznnsls [Wootters et al, 1982] Sufieanansn
Bushilddmniinisdnasudndunmuasialuseriamsds fdnaouliaunsavheinnudliniioudy
Isiegnsgniiaatiuies

AeINsINEAULTIARUA U RS lWAULAY?

¥ U U ¥

WM sTiadueateudiuendanisdideyameauniasedumoudy Mngastudagsuly

Y Y

= o

Yagduiinainuateguuuy [Gisin et al., 2002] 35n1nilanlasuainuaulovazsuildauaielu

v A a C Y

agtumeinenssiaduidenieudulaeodalinoungingnivunanusiinisuduwnulnteya

3

o Yo

Mngdandealudafiu maashlafienssuiuns@dnivenismageussuuIne N ssiaduiangn?

Y
£

W NRENO WA 9 Aail

nsesuednunsreuaisnamansateufutiy uasszneviunneyniadiuaumnil
annsoudaenlsdaieniluneu noufinadafugudlaeziindanuanauuusimanlilin uas
ieannlrinouanunsaedunelaluguvesndunsdmanlvidedlumusdudayn neundouise
AR luggIne Lwi%gﬂmaﬂﬁﬁi’haaLﬁamu@hﬂmﬁuq uammmﬁiﬂmaué’qﬁ@mauﬁﬁmm

AawegYIlenusounsNaenuazideduula [Bachor et al. 2004]
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nsiiialneewdgrdiniunisusvendldanudieg du wiaailalnnowngidzied

'
vad o v A o

AuautAnddyAe AdalinowiiisdnnauieIeg1aunase nglineuiliinduidasinnauiiniu
A 1« I o a Y o~ a a o a ° |
gnIrfuANAeY waaiudalineusediseansamlunisiidalnneugs waganmnsainuayaa

lunsiudialwmneula

dmiunisAnuideludisusnvesnisWaunmansauidy §3deasidunisAnunide
dl o ldl L% 1 dy U va ldl 1 ! L aa
Wnerfulnneuhgaiing 1l Inserdenuautivedlinowfedsionisdsdniugnisaiousiu 35013
Adalnpeunenieuldludagdurenslddyayauiadainlalonviinmwesanudusiuaiannou
AnUtiumaelineuied Sennudululalunisiinlineuazilulumuaiivestive (Poisson)
= o a = o ° =~ [
Wasnnisilialnneungilagafenisaaneudiuiulnney 91adguassAaInuasiilnnou
winndmililineungaoenin SIuNIsnawnsanidalinewnelnuniniiseniUuddnnouid
nannIskarnIrUIunITAINAueenly WeRasuuasnuidalnpeusinmigg Avizandinsu

@

a g X ] yaay v a 3 2 = -
NUIRYTVUNUFIUUU ﬂﬂﬂﬂﬁﬂ'ﬁaﬂﬂ’nﬂmﬂ%@ﬂLLﬂQ”U']ﬂVL@IQWGU‘u@LaL‘Uf’JiﬂTJLWa@IWWBUL@EJ'J LUBIIN

a a

Bidauazain wazdsalugain inliaunsaasisgesusuusigg adauimdnuaznion
YSudsuienunisdoansinaesdala

FnsilalinouneliflgisnsanmnuuannLauawasazlduaalwesyianad 13u91n
nslduaaniaseanunanialostawasuiannaunnutual azlernuazidunasilnneudas
29NN 7 IWneu nduwiulinewnde p Wneu dadulunumndnainvostivs fell

n

P(n,u)= %e’” (1)

K & o a | =~ = ' & a '
NAUNTULUNIATINLLAANABUNINNIUTI NN DY FIA1LUELTUNILAANRNBULINAIN

wildlnneuiiae
Pl > 1 > 0, )= 1= PLO.£) =PI 1)
1= P(0, )
- (2)
ety p
e

o

Wnstesiudgmivinlalnenisidenldlnneudiinadonuing Wwunmualidsiuiul

nounde 0.1 neu dedyaaiadnilsdyqyraidduivlalenawes (g3un 2.8)

naaniin1sddlnnoulad nsaTImiineunelnesldgunsalniiuseansnings lneda

Y wad o A a a a o = Y
RNIIVNR1THADIUAUANUANEIAYAD MUisamﬁmWmeEJuMMQQ llF’]’J']llﬂqmqifﬂUﬂ’]i'ﬂ(ﬂIV\m@uLQW’w

q <

a

YRAMUYIAFUTIZAN TonTIAuREanaInlun1snsImdyaaliesanauaudaniglus &

o v o

Anuslunsasmirneutaranuslunsfiuvanniensiamiineuludduialigs walulad

nstiulnmoustaluasguuuude fnsiaminneuidyyinesnlivuegiuduiulvneu dude

Y
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o Ay oA I a o Yo = < @ =
fyfyﬂmaaﬂwi(ﬂ%wummL‘mLG];JLLJJTHJw}i?ﬁ]minul@ﬁ]’lmuﬂIV\lmauﬂmm LAZHINIIIUINUVUIN

o

vosdyruenulInudIuuinnaulufe Bwmsramanunuliseuldundyyrusenilaaziivuin

)

v v

Wity lunsdisasmaminpeudmivenuddedaslimnsamiivunedygiaeenlifufuduulv

nou wianusansRaeuneuiilddulnnewisssudelideinnadn
ndnvarvesinsamlnneuding 1 fnsanilnneufiianumunzauie oxuaus

Inlalalen (Avalanche photodiodes, APD) esnmsldauazaan fUszAnSanileniousiugs

ninTamedadu dvuiadn wardnsInsnTIndyaaRanaaLleInFInTIaRLe

1.0 1.0 1.0
pn=01 p=1 u=10
= = =
T 05 o 0.5 o O.SI
i _— ML RO S s S
00 0 5 10 15 20 00 0 5 10 15 20 U 0 5 10 15 20
n n n

SU 2.8 nswanuasvesuulnnudeaduamiuiulnnewade p e 9

Menssiadueateudulagliglunaunaiu
uenaNIEUUININsTHaduTsarousulasTnoudsinds Tl aa. 1991 Snsdnaue

wwiAalmidmiusruuInemsviaduaneudiulagedenuatURnuiiuvedinneu uaddsl

pouludafduazdu mntuiddauantfivesanuimiudenouiilunisduasBuduaulaon e

o

vaanayka [Ekert, 1991] Faszuunsdeansaananenfengud Al

A2MUNINU (Entanglement)

dmfuszuuiiussneusisaniusiieaisuduinnnimisaniuy Wy szuufidaniusid
AeuiuiiBeninAdnassanius lunsdiinisesunsanusiassiidntuliaunsadousnaonyn
Huaouzfiludaseaeiuld d1vinisinAvesddausnazinansnuiuavesdaiaoniniuatig

o (%

= v 2 a ) v ' v o
uiviule n1snldannsasenaaturesnundudasyanniulatuiSenitaaiugianuy (Entangled

state) MsfimuafUntuasnsawandlalugudydnuel 0) wnudn 0 wax 1) unuidn 1 lngdnegns
Yosauiaiuidaaue nMsuenluanavesezneuasesaoufiinisalusindugud lnausas
pxnouavilaludu 1/2 ndsnuensznonnasliudazevmeumdsuilluluiidniwmsaiudnu o

[ ) = = = S [ v oa ) =
AUABEADULUUBENDUN 1 LATDLABUN 2 LuaamﬂiwuuumﬁayiﬂﬁimLmummmgm PNUUTSUUN
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a X [ % = A a X = N A - v ouoaA =
Lﬂmu%l,ﬂuvlmﬁaﬁgﬂl,wwm 9LADULINUAUUVU DEMBUNFDINATUAY NIDNAUNUADDLHADULINI

atuas egmeunaslatuiu lnsuanssyuulalugvesilaiduniu sl

vo= 333l

NAIINNTASNANULTINULARINA1ILAD WaLeNDEADUTNADIDEADUIUATURTIAUTILLAT
msinAaduresezneulng azinailiieAaluvesdnoyneunilifiaonndoiiuoznoulsnluiud
O A I v vy a g = Y] o ' v &
Hufesyuuresaetesneuilliainsakenanniulduasialussuuideiiuudoznonavoginaiuinig

TnganugaesruIRuldamnsalddmiussuurane 9 aauglanie

AMuTAUdeYas EPR Uangui)vadiuad (The EPR-Paradox and Bell’s Theorem)

¥ .. 2478 Einstein, Podolsky Wag Rosen ldjnausuuifnfinininlsauysainuuves
namaninieudy Seamsananlagaguléin deyniraeseynmaisunsierfuluefin gaaudd
Fendduarldinisasegeluivouanmnoyniatuienaintu ndfensdunnaniugids
meuduvaseynalasynanilaglifiianszmuiveyniaflegrinieenty Famnnstniauetiiuass
ananldimauiareudiulianysal wegaruiaiudeieuduagliiAatuaie nsanidestym
Fananaegnaenuiuaunszndlud wa. 2507 John Bell lidunuItnisnadeuszuuiisinanuiaiu
Bemousi Ingordeaunisneadinmanizasonimdnaullaunavesiuad (Bell's inequality)
[Bell, 1964] éz”famﬂauﬂﬁﬁa'}miai%'lﬁﬁ’mzwﬁﬁLﬁmaaaaqmﬂwhﬁ?u 1R8N DAUNSVDIUAR
grvinénalddonanisvaaedlag Anmuansin namansmeusudunguifigndes dduiignffinng

nAaeIvinaeaNnsiuardudulainamansalsuiuiianuauysal

miﬁ%ﬁﬂmmauﬁﬁﬂ'J'mﬁ'aﬁuﬁ'wﬂi']ngmmﬁ Spontaneous Parametric Down Conversion
Spontaneous Parametric Down Conversion (SPDC) fig ATzUAUNIIANSTa8IWROY LA
idnlwneuaesiinouiidaruivesrdulunimisodnneudigniats udnisasdaumnnisaid
Iggeadlfinnouiidunsizonfuiinarsnaniidauauiiraumanslidadu Wolwaeudsniudi
TWlundndenudululffesielnneusonmasdiinou deglnnouiioonudussiianuiaiu Tne
wisuuaslumuiumesgiinouszinfulnaeuRsiiudlulundnnungmseyinundsau

wazlaueY
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extraordinary

(vertical)
uv-
pump
B
BBO-crystal N
ordina ' e
(hO:‘iZOrl‘y'l!aU |H>A:V)'B + |V>A|H)i!

sU# 2.9 Usngnisal SPDC MvilsiiAnnisuanudesTrimeuasslau [Bohm, 2003]

lunsdngunsal WelvinasnfouniiundnniinuanUlidaduidy BBO (Beta-Barium
Borate) Tuwunvdnzauazyinliminlnnaussnuiilanudrazdunasnulninoulidnwuzidunsie
P ¢ a ~ & ¢ & ~ 4 Y

goanye nyevialusaddwanlsduuiueu Snnsrevtalusadlnanlsduuisia einseasssiniu

I o & a = &  a v o o = 1o o 1
wilunarinvednarlswtunsaesin Fulugeiifealinowiniudmnnlivihnisinagldauns

'
a

nuliidunadlnanlsduuds viseuwiueu lnen1sdingunsaluansdagui 2.9 [Bohm, 2003]

Tunsdngunsalidmiuinllaginneuiaiulaenisiundnifiauan UAdeiaumanslddu

o =

a8 v =~ a =~  a A 7 o

Faduasiidymisesveamsiinneundlnanlsdluwuiueu wasuuing wdsuiunlineuiuiioann
AaNURTaINITARoUNH KGN Feaaiinsusuliunlnauniaswmiauiulaenislindnasnau
(Half wave plate) snvianisindsunvesiinowieliinisunuiniouiy wazaunsmiglinou

Wﬁﬁuﬁlﬂ%muﬁuq sald [Bohm, 2003]

2.1.3 n3evngalaunun ldnagauingnsisduideatauanludagiu

PNMIANYITIAINANUL LA TUENINITUITYVDITEUVINGINTTRERULTIAIOUAL LD

o I ]

N5 89U NUIUATeRmdulunaulannuisaunieg Malan wazdiuidsulgiunig

1Y

Auiulaseinistl auiaieasernunsertnsdewidenineites ddoasusisil

-niVelsy
Development of a Global Network for Secure Communication based on Quantum

Cryptography (SECOQQ) ifunguauidsuesnivelsy Iinedanguideiivuszneuseamidn 12

Usemenigaudszanandt 11 a1ugls ieuidymisesnnulasnievesnisdatayadniansnig

FEUUIMEINTITASULTIAIBUAY ndu SECOQC latauan1sandnnisvininuuwuulasaingvesssuy
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WMeMsIvERUdImaURNLINTIaNysaiuTENaualY 6 lun 8 ldun1e TuTui 8-10 panau w.a. 2551
[Peev et al., 2009]
Ingnountity nguide Max Planck Institute for Quantum Optics 31NuMINENdY Ludwig

Maximilians University of Munich Usgwmelgasudl lanageussuuinennssiaauidenioudy lngld

a

InanlsiwtuvodlWnoulneInuinugio BB8A d@IW1ueInA 538819 23.4 Alaluns AIgsnsINITE
foya 1 Aladnsiotunit fenuRanaiaiesay 5 Tl ne. 2505 (93U 2.11) fanrlul we. 2550 ma
an1dulasinuieduinidenvatganduluanninglsy n1smeaeessuuingInIssiaguid
moudy Tngldinanlsiwdureslnnowiios via BBSG dwiueinie ssezvng 144 Alawns #ae

8ns1n1sdadeya 12 Un Wieui [Schmitt-Manderbach et al., 2007] (@Jgﬂﬁ 2.12)

19



Alice

Zugspitze
(2,950 m)
Bob
Westliche
s Karwendelspitze
(2,244 m) -
et a D(45°,0)™\
| _234km |
TF BS R PBS
1l pe,y) EHOUSS
PBS
Fast pulse R D(0°,0) Computer
COITIDUIET generator Mobile phone Bob
Q A N —

JUN 2.11 mwdnuaizn1saaesdeasuasniugegamesiadumeuduinaaedlut we. 2545
[Kurtsiefer et al., 2002]

Transmitter Receiver
144 km

Tenerife

JUN 2.12 Mwednwaizn1snaaesdeasuaensiugagamesiaduaeaudiu iaaedlud w.e. 2550
[Schmitt-Manderbach et al., 2007]
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NaxIdLaIN University of Vienna Useineeaainse yin1sMaaauseuuIngInssiaduids
mousurdaunasindavdaginneuiaiu dmsunisdeanseidlunisvingsnssumianisiiy fe
spogMe 1.45 Alaiwas ddulouas Annueniedu 810 wilumns wausingindsasnisdedoya
80 Unsiodunil Tl w.a. 2547 siaunlul wa. 2550 danusudetuinidearnvatganduluanam
glsU naaouszuUIMeMsTiaduslauvasiudaglnnouiaiiu Fomsiiueniaiessesne 144

lalns mednnisdoya 178 Uanielunian 75 Jurd [Ursin et al., 2007]

-ndasni

Useimaansigewsni dnssunquivaiielassigseuuinginssianuidenioudy lng
wia1u DARPA Juidlumisauvesnsgnsunalvuussimaanizeninn Wulunsaaeieds
naueusnievedlasinisiivsznaudeninssumdn 4 fle BBN Technologies iut3smilideuas
imualuladdugdlulsemaanszening an1tulde Las Alamos daduantuifouisnfes
Usginaanigatuinn National Institute of Standards and Technology (NIST) ¥84Use LN
an¥gouiini uaz UTIM QinetiQ Mnansrenandng Tnedagiufinieriefiomn 10 90 uazan
T¥sildfegnsanysal [Elliott et al,, 2005] (93Ul 2.13) fhegranmnesrinuaiidonselulaswine

Huanasiaguil 2.14

BBN

NIST Freespace QKD Entangled QKD
QinetiQ

Freespace QKD
Amanda  Brian

SUT 2.13 dnwauziierne DARPA [van Meter, 2014]
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Bob

optical
Switch

SUT 2.14 amdngesdusznaudunisluinietng DARPA [van Meter, 2014]

N

UizLVlﬂﬂjﬂH n&au Space Communications Y841 National Institute of Information
and Communications Technology (NICT) Usgauaaudnsalunisinguautflnailswduves
widasdnaweianaaudisudaase (low-earth-orbit: LEO) huduussenmandaituniu n1sin
Tupfailazsilfiinenuimthessnsdeasinelduauamesineniasuluiinsesniuussuy
NINTEENAHITHATULTIAIBUANEIUDINFLUBWIARGIY [Toyoshima et al., 2009]

Useimaealusladnngudifoiiiornisideineriumalulagidaniousy s unninendy

a

wisAUsEmAReAlUS (The National University of Singapore) Inglasusutseanu 150 aumsegy

ABaaI5a9AlUS 910 Research Centre of Excellence (RCE) Tud .. 2550 seni1sasyudayinide

Aad o

P E8952AUIANYNTINIIY BATINBEUNITES19ASDUNUFDEITAIUSRASULTIAIDUAULSNULLNE

denluslusuransulng

a v

nNsAnwteyauitelaganiuidenieg nuiussmatuivaie 9 Ussinavesand

miguNnuITeduinginMssiaduidaeuiu saudain1snunguideiieimuiusuiy

=

niouvelinasuanuimtuindulagaidu auggIdes Ielanereuasianinusiuiieuiagng

v v v A

Aallloaiunateviienud A1y 1y NICT UseimagUunaznguide University of Vienna

A

oy
U a v [ 19 v a a

Uszmaoaanse sudan1sltnddevanseaulaniduindtefass (Mentor) saseazidanluuni 4

£

Sl o i« .

XA qu P Yy o o = | a v o <
WQULWE]IV'U?%’LV]ﬂiV]ﬂuI@ﬂqﬂ‘lﬂﬂWQV]‘UﬂULV]ﬂIUIaEJUV]ENE]QI‘U%QQLiﬁJWU LLagaqﬂquﬂwmuqﬂﬂLL%Q%@Q

nuiiluganudnsaseluls
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sl o v

2.1.4 nannueineItasnumalulag

1Y 4

AnzRdelavinsfnynarinsgvideyaniegsia u Jagtu efnwifnnundnsingisnge

Y

v v '
IS A

A = Y o a o  w = o o & A aw
WNWH%’W‘HLL@%LﬂEJ'JGU'ENﬂUﬂ'ﬁﬂ']Luﬂi’wmauaqﬁi‘Uﬂqiaaaqiﬂaa@ﬂﬂwL‘Uu%aus[ﬁﬂﬂi\iﬂqiq"ﬂﬂu LASIN®

3

Anwdianianisuszendsiunawnllundendyd dunagulpedayunal

gunsniidsmaududreynlnnauifien

- U8 Id Quantique Ussinaeinasiaun

Clavis Il (U 2.15) 1udunuuvesyanszaenualenteuiuiiieiduiniosiiodmy
ATe nefinuant@nlansiudenisaduayuiaietisineinssiadusegunsal WOM dmiunns
wstnennauiioanduumeliuesiliiudsdeya fssuvvawenuidomediinainnsg
aaveuliuuusalulf® wandsunguasiadudesnsisnade 1000 9a/Auniifiszeenie 100
Alawwns seluslnrea BB8A way LUsleAaa SARG (qﬂﬂiaiﬂ;ﬂf:ﬁsﬁmﬂszmm 4,500,000 UM .7
2553)

JUN 2.15 1304 Clavisll [idquantique.net]

gﬂﬁ 2.16 \p303 Cerberis [idguantique.net]
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Cerberis (3U#1 2.16) luesasdmiunsidnsdaiiouselagaiauuugnnogadilndifienis
o o A < a o 4 a v oA a .
Snwiaulaenievenasetiy luN9INNAAANTIveIaRIUTEN AeuTun Id Quantique Uszine
aInlgosuaus NUUSEN Senetas Usenenaainsiay Jansasdolaanwuuldainnsaidouse
CypherNet Fadugunsaldniunisidnsita SruiumanefmiuszuunIzaenyuasiaauilniausiy
Wesasanfeald 1Wesainnisldnuassdinyuasiaduanizuianaviity insesynidanuise
Uszndainieanseanenauasiaduidaatouduld (@unsalyaiiiisiarusezann 4,500,000 U w.a.

2553)

- U3¥N MagiQ Technologies Useinanigawsni

MAGIQ QPN 7505 Security Gateway (g‘dﬁ 2.17) \JUFULUULINUIYAN T8N YRILT
ousiuiimedmnevesisni dwiulflueiernsmsdeasuuugarogn Tnsflsverlunisdedoya
gean 120 Alawns duduletuas aunsaaiianyuasiaduedisdeidesuuunanaieisngiiy

25.6 AladnsoIui (s1A1Uszanns 5,000,000 U W.A. 2553) MAGIQ QPN 8505 Security Gateway

=l

d, < ) ] A = ' | v
LﬂULﬂiaQWWWUWNWQ’]ﬂ?u 7505 a’lmiiﬂ‘mumia‘mEJﬂ”liaam’iLLUUﬁ;ﬂmaﬁgﬂ Ni%EJgGLUﬂqiaQEU@lI“a

v
s

gean 140 Alawns drudulednuas uagiiunesadousieriu LAN (@Unsalyailisnaussann

q

6,000,000 U w.A. 2553)

SUM 2.17 1A389 MAGIQ QPN 7505 waz QPN 8505 [magiq.net]
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- UTEW Smartquantum UseinaclSaiea
SQBox Defender (93Ul 2.18) Wua3esilefivanwuulaunsaldeusiuiu QKD module
. = & v L v v (% < a a Ia = Yo

uag Encryption module lngiasosiansnsadisiadulamesnsnsi 1 Inzdnsieiund lnglddane
35U AES fremnuenInuasiaay 192 In wandsunmuasiaaulassesnig 80 Alawns uagsyuuy
nsvieuuiuy Plug & Play (591058010 2,200,000 UM W.A.2553) @31 SQKey Generator «Ju
yanldlun1sairanauasiadu nglymalulagidulediuas 1 du aunsadeuadls 2 anuegningu
awnsasandsunguasiadulaszezni 80 Alawas wazszuunisiauduiuy Plug & Play

(s7m1UsU9e 2,000,000 U W.A. 2553)

8$QKey Generator

SQfkox Dofender

gﬂﬁ 2.18 \pdeq SQBox Defender Wag SQKey Generator [smartquantum.net]

¢ a v Y o a 3 v o
gunsalileAauiueyaiinglnna Uy

- U3 qutools Useineileosiiuil

'
a 1 LYY

QUED Entanglement Demonstrator (3U#1 2.19) 1ugafndaglinouiiiu Jamannis

' o 1

197U quED Av nasUsAuTRLasLAdD U IUNEn BBO vinliiAnaduosuasniwanudulaely

Y

'
v & = v v W

wiasnLllanauawosvuin 15 Jaaind deinadon1aindnsdygiauiiauiiiuiuuinnin 1

4

wnneidsd wazUssdnsamvesnisiinglnneuiiiuuinndt 96% (gunsalyailiisiAnuseuin

Kl 9

900,000 UM N.#. 2553)

E‘U‘ﬁ' 2.19 ipdeq quED Entanglement Demonstrator [qued.net]
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- @n1Uu AT (Austrian Institute of Technology) Usgindeeainse

YANAADUTEHUNBIUJURNTS “Exploring entanglement” (Qg‘ﬂ‘ﬁl 2.20) szUUiiUsznausae
uwidsinaginneuiaiy uargunsaifisdudmiunisiigaingarulitusumums Faduaie
dwmiunsdlvesnnuiniy Fensuiulnanlsiwduildlasnamyulnatlsives Aoulezyiuuualv
poungiduloiuas ndsainnisesamiinou aituldainiaIesiusiuaulnneu (Photon
Counter) ¥99In529M17 1 FInTa9mil 2 uazsinsramdmiulimeudisnndouiu (Coincidence)

sglasunalliosannanuduiusvedlnailsiedy (gunsalyailiisia1useuias 2,000,000 UIN W4,
2553)

EPR-source

S
i h e

=

Detector
Irulr-—'#'—&— counter S,
I
_“_ counter S,
———— counter C

gﬂﬁ 2.20 M3AnAY “Exploring entenglement” [ait.net]

YANAFDUTEAUNDIUHURN1S “EPR-photon pair source for QKD” Tusguu QKD nld
wasnianianuiaiy wunislddlineuiii avinansenuillosanmsdesiudulediias (Wu
nsnyuvesnalswdu) Jadududesdinsuivvaweiieansiuiumnisailildglnneuniun
Aands pnuiuvednailswduniintuasgninseilaeynsu BB8A Aealinisuyulnadlsiydu
lﬂl lﬂ‘ v o 4 dl YV o L L L (d‘d
Weanxansznuillesnnduletduas Inensvyulnanlsisduielifmesaduialdmgnsaindany
Wauiu Nlatensassdiuvesgunsal laedeslinistudnsivasdnarlswduluwuiunuueou
(Horizontal: H) wuaunuas (Vertical: V) wiinueawdn (+45 04e) wazhuiniesdng (-45 aamn) 1

= v o o a X v Y & o 9 I o A o Ao gy a
wiloufvIuiiAnTunieuiu Mnduvziinisusuunasindanaddilalnailsedunvinliiag

QBER G‘i’wqm (gUnsalynilisnAuseunas 3,100,000 UM WA, 2553)
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10 6 UN3IAU 2560 We . (NFHNN)

11 1 WeAAL 2560 4. YoUWAY (VouunL)

12 13 uAw 2560 1. walulagsvueng 81w fvalan
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4.2 TeeuazURan1sauNuIsUieauAnviuvesdiitiaadas

Tumsussereiavlagglieavsy uag NMsduuul Bnausy vsen1sussgusunglideane

q
v

nakAazase Adnsdununuilianudadiuresidauladisiuionssy wazuenainid Afn1si
WUUABUAN TRgEnSUAaU-Ana Ul lURTinsnandazinetdasiumaluladnisdeansuasnsy

guanresiaduateual asulanal

1. AansAuAlBURLARaLls ?

& A

APUALUSUNUNIINIEA NN Aaa N ldauIsawUIwenledn FansauaAlausunLilnaIn

a A9y a cd a £ o & | a a &
wfadlgasureysngnsaiiiinluiu ayniaidn 9 1w Bldnaseu svnou Luana lnguwifndl
Jaudeivandydfinvesyudlneilu ngullgnimuidulugida.e 1900-1927 wazgninuld
o & v ) " & = ° = Y
Junugmlunsasrianaluladadelmidonnuinuieninisdoans nsewin nsiieu@ins)inmng 9
AU N1589A8 (teleportation) wiAslanauIAm “1a

o/ a s [ 1 1% @ o/ 1 U
2. AdpuRUABNNIWMasIANMsImNend ... Wudgheswaauluu ?

ndeyavaesuda.a.2015 figiia (Google) Useniainlivaaeumiousiunauiinesdnsa

1% ' o a & & ' a X v '

LAY LAYNUIT AIDUANADNNIADSTINIIADNNIADINILY 100 Aruwinlunisuszuranaten
U019 wanTeuItrsuiimesidsldidudereminulasndonisdumesidn wiiinuay
Usvaiana Dwave 2X Migsiagneiuaiulagldvannisadeafsiuatouduaouiunes wadeldla
lnzuMLAdymuiesavintu Tnenisaensid (Msianessuuanuaonis) dumesiindild

aglutligtulildgnameglulymussiaviaeudureniumesiasesianunsondlulgmlig,

3. sidaumlaufufRaLls

v v 1 v

n1sdeanslaendelledsaduuaivzliilasnenliuenangngditanisdadoninulum
winu Tnenauasiaduadliiunisendenuantiniaeuduvedinau (photon) wieniieidnan
« s & X a o A 1 & ) o I
Y93 “uae” Mallannguiareuduiitlidlasannsadnaonanugniemeauiuvennaulalaglily
G ldl % U U g.JI = 1 o v lﬂl YV = G.II v
nsenuvseUAsuLUasanusvesiaiy. detu wniilasungagyilvissuudeansidn Juiulaladinig

doansmegingnisiluaendugegn
4. snaaun?lunildnuagiauninatsunaninludedasldsiaaunloudy wazssuulildndavse ?

wnedldszuvdeansiesiaduareudiunnssidussuuiifinnsadenguasiaduiildniasen

W74 (one time pad : OTP) FataonsieanNn13gnaensianeian1sene 9 100% lagseuuililldun
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A a & ¥ A av a a ° ' 4 g o = g v = !
UULAUFUTLAN MUTUVW]NaG]@E]ﬂﬁ]’]WU']EJWQQ']ﬂ‘V]\‘IEﬂi"d aVﬁi“’l U Lﬂ’]‘mfﬂ,ﬁl 31@’]612@665‘1'15@@@@@@

aziNoULUAR LU

5. Ul memsiusiiaduiBeateusunilaniineslsiveg ?

o >

YJyas1anseve

v 9

glsUusznansufiRneudiugaiians lnssnisiuduglsszogianaud
TnifgaBauasnnaounaontu Judaedotiednds - 1Bedld uastuanifiounnasauds in1mald
Walasansaestndne dsalufaudamuminniniuduumiteadayaains andgewsnime
Suuavstnsunngalulan Junwdsudinandnfuivinisgeiign 1as . Tanlddfmuinisndi

aunesse wazdnisihauenansiaelul 9 lunsenstuidigu Nature ag1amaLilos

6. fiv10enu191 SEAUATRUANGNLEN (hacking) lauda wansinlivasndaase Tavseld ?
Tl .. w2599 1R NAnNYBIIN9NNsARaNsSE TN RAndTUdfINSAean sty fn
o . & o, G K% a o = v o o
d0AU quantum hacking Aslaiwauiuis Wulednlinasaulauisvnuiiniossiaduaouiu uag
ASHIUNITYYNNUAUAIUFISULEAS LANFUAITDI UMD YT U NIT0LE LIRS HATUAIDUAULT DY
msuan Wuiin1saesin gauafnazaiuliauysaivesgunsal usnwislddeanlanlefiiuaui

Tduau

7. Uszwlneaassadmanesagnslsluauia 2

finlassnisiauedt 151 (aulne) msdufiosgisaanlildnouiiodutuladuusniona
anuddouian uaranduiadugdnmssuu Paetudadedann Anvimenounasuisdulianng
939U veuiisunIsanaemeldiinsenudediaugiuanuiinereans dreiuniniadesiv

wiinsedisiuaensivnis (meuduvesiiew) Arstieiuswdly USuusmuies |
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YINIINNITONU-HBUAIYIND AL Feiin15vinwuvasuanluEesiingivesnumalulad
moudy Milugduuvesulaiuagilunsza1y NAN1SBULUUADUNNN (NERBULUVABUANTILIY

77 aw) wansbasasalull

o a ] val P ~ o a < o ~
Han1sTuilinuAniuaINgMNeITaiUsERIaanLUUd1TIIRNARTIuLAn R TlugUT 4.1
Tnsnumalulaginenfunisauinvseasuduasuimesidumaluladiferfuateusunaulauin

ngnAndu 49.4% sosawnlann walulagnmsasaindmeuduiiierdeatumaluladaioudy An

'
v a

Ju 40.3% wazduduiaufewmaluladsiadulemaudiu Anlu 36.4% uarisiuneuiuuaauay
Tianuaulatunsiddedaszynd Anlu 58.4% sosasnlawn vividouazimunduiugiudadu

42.9%

What is your interest in quantum technology ?
Quantum cryptography (sWadui@anioudn) 28 36.4%
Quantum ery. Quantum computing or computer (MSATWIMYIDAIBNANABNTIINAY) 38 49.4%

Quantum co. Quantum imaging (MsasuamuNnQiaataudy) 21 27.3%

Qasntormam,.. Quantum sensing (NTsaTIimdiAaaudy) 31 403%

Quantum se Quantum metrology (WiesIneudinisuu) 25

Quantum simulation (MFiaianuadinloudn) 14
Other 4 5.2%

Quantum me...
Quantum sim.
Other|

0 & 16 24 32

What is the type of your R&D, business, or interest ?
Basic R&D (3dbuasvimmnduiugy) 33

Basic R&D (. Applications (MsUszynd) 45
Applications.... World's IT {computing & cryptography) progress (A1wiimitaedlan) 13
World's IT {c. Miracle of "quantum” technology (Aaiwmavesanaluladnoudy) 5

Just to observe (Ussandnan dunavily) 14
Other 6

Miracle of "q.

Just {o obser.

Other
0 10 20 30 40

Eﬂﬁ 4.1 Han155uUALAR Lﬁuiudaum anmmaiﬂ,wmﬁmau bUUsgauaul

'
a o

NnHaveIkUvasuaunyI Jadefdagdmsulsswmalnglunisiauimaluladnioudy

o w

(53U 4.2) uduusnae n1sasiamIensilszuvarsaunanuaendelagauysaliaiudiAngs

= =

(42.9%) faganan (28.6%) InUulUTUAUTRI@INIAD N1TAS1IABUANABURINBS NfnaU

@

< oA o w ¥ < ! o A v ! o a
UUEBUDTNINUINUAIINEINEYEN (41.6%) Imsgmamw‘uaa‘umummﬂﬁa%au G]VL@LLﬂ N1391738

L4 £ v

ANUNAAIENSAIBDUAN NITHAUNNALULAENSEDES NISHAILIAUMAlulagaIausy N1sTulaune

o
[ ad a [ o 19

seaumAine1tee drunadudadeiddydmsvussmalnelunisimuimaluladaleudu lnedl

Uadudeifien fie arudeinisvesdldiu Agnevwvuasuauiuinduladenianudfysomen

(szsiuUunan) Tnenanismounuvaeuawludiiuandlidiui gineitosuazddemnydnlng
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o o

A % - = P o ) @ =
Weod nMsadvisensiissuuansaumanuasndelaganysaiiinnudidgyadunisimunnalulad

vy

AausiuatUsEme lagludiuvesglienatanudeinislunisimuinalulagduiliiesssauiiu

AN

Building of quantum computer (D-Wave, etc) (mnﬁﬁivunmmnuﬁ'unnuﬁ'.umﬂ) [What is the important factors for Thailand (developing country)'s quantum
technology 7]

very low (pann) 2 2.6%

very low (d... low(@) 8 11.7%
low f¢h) fair (Uwnaw) 29 37.7%
fair {Uunana) high (ga) 32 41.8%
high (g1} very high (gann) 4 5.2%
very high (ga.
0 8 18 2

Absolute secure IT system (1:nn1aﬁﬂnanﬂlluuuﬂm._ﬁnf)] [What is the important factors for Thailand (developing country)'s quantum technology 7]

very low (fhann) 2 26%

very low (@1... low (@) 5 B5%
low (8} fair (Uwnaw) 14 18.2%
fair (1 unana) high(ga) 33 429%
nigh (g3) very high (unn) 22 28.6%
wvery high (ga...
o & 16 24 32

Advance in quantum mechanic research (anudIminidgnadiansalsudi)) [What is the important factors for Thailand (developing country)'s quantum
technology ?]

very low (fwn) 3

very low (#1... low () 13
low (1) fair (Uunane) 24
fair {uawnana) high (g1) 28
igh (g) very high (gan) 8
very high (ga...
0 5 10 15 20 25

Advance in communication technology (A2 w1 miadumaTuTaiin13dpany)) [What is the important factors for Thailand (developing country)'s quantum
technology 7]

very low (gwn) 1 1.3%

vary low {A... low () 3 39%
fow () fair (Uwnang) 18 23.4%
fir e} high (@) 30 39%
high {ge) very high (gauin) 24 31.2%
very high (ga...
0 5 10 15 20 25

World's development in guantum technology (fimin1slandtuimalulaiininudn) [What is the important factors for Thailand {developing country)'s quantum
technology ?]

very low (ghann) 2 26%

very low {dn... ow(d) 10 13%
fow (#11) fair (lwnang) 28 20.9%
fair {thunana) high (ga) 31 40.3%
high (g3) very high (guann) 10 13%
very high (...
o 75 15.0 225 00

o

1Y

JUT 4.2 manssuihenudaiiuludiuvestadendfry

£

Fnsulsenalngluniswauimaluladaiausy
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Related National Policy (‘\i‘[l.ll.l“lll'i:ﬁ’ll!"la‘l“ﬂ.ﬁﬁ’lfﬁﬂ] [What is the important factors for Thailand {developing country)'s quantum technology ?]

very low (fan) 1 1.5%
very low (@1... low () 12 156%
low {#1) fair (wnany) 20 26%
fair (hunana) high (g9) 27 35.1%
nigh (g1) very high (qun) 16 208%

very high (ga...

] 5 10 15 20 25

User Need (Aa1usnantsenaglaau) [What is the important factors for Thailand (developing country)’s quantum technology ?]

very low (Fhmn} 0 0%

vary low (A1 low (sin) 10 13%
low {sh) fair (Uwnane) 32 41.6%

fair {thunana) high (ga) 19 24.7%
very high (gasnn) 15 19.5%

high {g1)
wvery high (ga...

o 8 16 24

@

SUN 4.2 wan1suitepnudaivludruvesadenddn

] o

Fnsulsewmalnglunisvauimaluladalousy (fa)

dmivanuiiuisiiutedidnvesusemalnelumsiauinaluladaieudy (Ui 4.3)
Anounuvdeunudlngiuinsemalneddediiavans q dulaedundn 9 ldun nsviaueau
NINYINTYAAS (89 24.7% LaggauIn 45.5%) N1TUIARASUVUATUAYWILITY (69 29.9% Uazgs
1IN 39%) N15UARARUNBIUJUANTUAZAUIUVABU (9 36.4% Uazgaun 32.5%) NM5UIALAGY
wasguiieades (g1 44.29% uazgunn 14.3%) uarn1snaulovieysme (g1 33.8% uazgun
29.9%) Tnefinnuiiugruiidriauaznisusanglinureuneluladmeusiuil frouuuvasuna
dulngiiuindudadeiinvestsymalnglussduliunats (1w 33.8% Tusaeste) Feinwa
mstesgiuuvasunuludniuandifiui dssmalneasiinmaiuaiieiauinineinsyaea
nuatuayunuids vesUjinsuaraunumegeu e uiliendes wazulouisussmeludiud
Aeatestumaluladiifeliinnswauimaluladduiludssndlng wWeflasilfiAnnisad

winnssuuazUszyndldnuasiluowansoly
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Human resource (nfﬂmnsqﬁna] [What is the important restraints for Thailand on quantum technology 7]

very low 2 2.6%

very low low 9 11.7%
- fair 12 15.6%
high 19 24.7%
fair : 7
very high 35 45.5%
high
wery high
o 8 16 24 32

Research funding {ﬂuﬁﬁuaquﬁuﬁi‘n} [What is the important restraints for Thailand on quantum technology ?]

very low 2 2.6%

very law low 6 7.8%
low fair 16 208%
high 23 29.9%

fair
very high 30 39%

high

vary high

o 5 10 15 20 25

Limited basic knowledge (m‘mfﬁugwﬁa‘m‘n) [What is the important restraints for Thailand on quantum technology 7]

very low 1 1.3%

wery low low 5 6.5%
onk fair 26 33.8%
high 24 31.2%
fair )
very high 21 27.3%
high
wvary high
v] 5 10 15 20 25

Laboratory and testbed (viaaUfiiin suazdursunasaay)) [What is the important restraints for Thailand on quantum technology ?]

very low 2 2.6%

very low low T 9.1%
i fair 15 19.5%
high 28 36.4%

Fair
very high 25 325%

high

very high

0 & 10 18 20 a5

U7 4.3 man1ssuianudaiiuludiuvesdodiavessznelne

Tunswaunmaluladalousy
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Lack of user {ﬂﬁm‘mg’li’i"m] [What is the important restraints for Thailand on quantum technology ?]
very low 2 2.6%
very low low 8 10.4%
fair 26 33.8%
high 22 28.6%
very high 19 24.7%

low
fair
high

very high

Related standard {u'm'&j"m#iﬁn‘;i’m} [What is the important restraints for Thailand on quantum technology 7]
very low 1 1.3%
low 5 6.5%
fair 26 33.8%
high 34 44.2%
very high 11 14.3%

very low
low

fair
high

very high

Mational Policy [n'[tl'l.l‘ul'!m.!'szmﬂ) [What is the important restraints for Thailand on quantum technology 7]
very low 4 5.2%
very low low 8 104%
fair 16 20.8%
high 26 33.8%
very high 23 20.9%

low
fair
high

wary high

Other restraints (im"m"nsu 1) [What is the important restraints for Thailand on quantum technology ?]
very low 4 5.2%
low 5 6.5%
fair 48 B62.3%
high 14 18.2%
very high 6 7.8%

Very low
law
fair

high

wery high

A0

U7 4.3 man1ssuiaudniiuluduvesdodiavesszmnelne

Tunswaurmalulagaiausy (o)
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Tuduanuiiuieiiunisussandldinalulagsiaduaseudululantu (U7 4.4) Yudiu
<@ 1

drAgydnmilanazimvus/dsdulrsemalngldmaluladld lnegnounuvasuaudnlgiiud n1s

Tdwelulagazfntuluiesujufinis umivendes vise audanududesiig 4 deu (3-5 Y, 42.9%)
nuuIdinslgluniienusguasniamms (5-10 U, 37.7%) wagesansvuining (5-10 U, 40.3%)
nuuInianisidnuluessdnsvseugnauinnais > 10 U, 37.7%) waz n1sldauiiludugly

se9ugay (> 10 U, 48.1%)

Government & Military [How's long do you think that Quantum Cryptography will be adopted worldwide ?]
1-3 years 5 6.5%

1-3 yaars 3-5years 27 35.1%
3.5 yaars 5-10years 29 37.7%
> 10years 16 208%
510 years
=10 ypars
0 5 10 15 0 25

R&D Institution (laboratory, university and excellence center) [How's long do you think that Quantum Cryptography will be adopted worldwide 7]
1-3years 10 13%

e 3-5years 33 429%
3-5 yaars 5-10years 24 31.2%
> 10 years 10 13%
510 years
> 10 years
o 8 18 24 42

Enterprise (financial institutions, law firms, Insurance and etc...) [How's long do you think that Quantum Cryptography will be adopted worldwide ?]
1-3 years 7 9.1%
13years | 3-5years 21 27.3%
5-10years 31 40.3%
> 10years 18 23.4%

3.5 yaars
510 years

> 10 years

Medium company and organization [How's long do you think that Quantum Cryptography will be adopted worldwide ?]
1-3 years 5 6.5%

1-3 years 3-5years 20
5-10years 23 20.9%
>10years 29 537.7%

3-5 years
510 years

> 10 years

Public utilities and end user [How's long do you think that Quantum Cryptography will be adopted worldwide 7]
1-3 years 7 9.1%
1-3 years 3-5years 11 14.3%
5-10years 22 28.6%
>10years 37 48.1%

3-5 years
510 years

> 10 yaars

1] 8 16 24 3z

U7 4.4 man1ssuihanudaiiuludiuveinisussendldmaluladsiaduareudy
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dmfuaniiuisaiunsszgnaldinaluladmeuiuaouiamestadumaluladddn
wansulisestinnsléimaluladsiadumoudy (esanmouduneufinnesazaunsanensiailtly
nsdeansluiiagiuldodnniyivszaniam wagvilinsdhsiaildlulegtulivasadedn
sely) fdeaguiwandluzud 4.5 wui frounvuasuaudlngdniinisdiasy/diuiadae
moufunouinmoituiadn (< 128 Ardn) duazvildludianat 10 9 (53.2%) wazn1ssiany/
Funfismeuduasufiameivuanans (< 1024 Adn) duagyildludienan 15 Y (48.1%) las
dwsunissiaesiemeusuneuiivnesvuislng - 1024 A1dn) Faduruiafianunsaldluns
nonsfaveanIndsaildeglutlagiulddu orafedldnanmands 20 T (28.6%) wiewnnindu

(28.6%) Tunsaniialiaunsaldanulaass

Small quantum simulation (<128 Q-bits) [How's long do you think that Quantum Computer will be practical used?]

10years 41 53.2%
g 15years 23 20.9%
15 years 20 years 8 11.7%

> 20 years 4 5.2%
20 years

> 20 years

Medium quantum simulation (<1024 Q-bits) [How's long do you think that Quantum Computer will be practical used?]
10years 16 208%
10 years 15years 37 48.1%
20years 16 20.8%
> 20 years 8 10.4%

15 years
20 years

> 20 years

Large quantum simulation (> 1024 Q-bits) [How's long do you think that Quantum Computer will be practical used?]
10years 14 182%
10 years 15years 19 24.7%
20years 22 28.6%
>20years 22 28.6%

15 years
20 years

> 20 years

3U7 4.5 nanssuiinnuAniiuludinveinisussendldimelulagaiousiunouiiunes
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nan1ssuilsauAnmiuluduestesinvesussmalnelunisiaumeluladduaisaume

=b_

~ ! v X o - < vy 2
mﬂﬂauﬂuﬂuLLaﬂﬁNaﬂﬁﬂﬂﬁugﬂ% 4.6 ﬁ]ﬂﬂﬂﬂWi’J@Jﬂ%LMulﬂ’J’] Q@@ULLUU&BUGWNLMH’N{IQJW}/

@

aanananvesUsemalnglunisvauwmaluladauasaumaniuineuntn dlawn Tausssunns

e

euazimunlulsendlng (g9 41.6% wazaaunn 16.9%) Auansliiuinsdelaiizuuuunsive

wazwanlusumaluladasaumenuszauanudisalosdususesane Jausssun1svinaudy

National policy or politics [What is the important restraints for Thailand on previous (classical) information technology R&D 7]
very low 2 2.6%
vary low low 5 6.5%
fair 28 364%
high 22 286%
very high 20 26%

high

very high

Tnn many roadmap (ICT ministry, NBTC, S&T ministry, etc) [What is the important restraints for Thailand on previous (classical) information technology R&D

verv low 2 2.6%

very low 3 3.9%
fair 33 42.9%
high 25 325%
very high 14 18.2%
high
very high

Too big, too much, too slow (in order to success compared to those of other areas) [What is the important restraints for Thailand on previous (classical)
information technology R&D ?]

very low 3 3.9%

very low low 3 39%
- fair 30 39%
high 29 37.7%

fair
very high 12 156%

high
very high
i 5 10 15 20 25

R&D Culture {no own success R&D model in IT) [What is the important restraints for Thailand en previous (classical) information technology R&D ?]

very low 3 3.9%

very low 3 3.9%
fair 26 33.8%
high 32 41.8%
fair
very high 13  16.9%
high
wery high

Teamwork culture [What is the important restraints for Thailand on previous (classical) information technology R&D 7]

very low 4 5.2%

very low low 7 9.1%
o fair 24 312%
high 26 33.8%
o
i veryhigh 18 20.8%
high
very high

0 5 10 15 20 25

U7 4.6 nanssuiannuAamiuludiuvestediinvesuseimnelng

Tunmswauwmaluladauansaumanduinauntni
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3 (89 33.8% Uag ge1n 20.8%) ildmililsideuasimumalulagauansaumaliagediin
Inedadedu q MAstes (Wlau1s N15919 roadmap WAZTUINTYBIBIANT) ANAADNITNAIUIAIY

aAsauwATIIUY

dmsunamsduilsanudaiuluuidu 9 (U7 4.7) aguldde Jraunuuasuaiudiulng

@

(47.4%) wiwiUszwalngaravziudiudAglunmsiauigeamnssuildmaluladaroudulugu

4 3

Tnefnilszmelngdamaslusunisimuesdanuisuateudusgussann 11-30 U (52.6%) lny

3

Anauwuuasunudlngnglasuvionsiuifgiiumalulagaiouduannountiilud (70.7%) uag

o

weldgursonsuieatunisuaneindmeusiuwaznisiaiy @uduideideninisiiauiiu

NAANERNSAIBUFULIBTUIUNITIINGIY) WIRBUMINTELAT (54.4%)

Is it possible that Thailand would play an important role in quantum technology based industry (similar as those of car, food, and texttile) ?
Possible 20 351%
Impossible 10 17.5%
Maybe 27 47.4%

How's far do you think that Thailand is behind from the world's development in term of quantum based knowledge ?
less than 10 years 18  26.3%
more than 10 yvears (11-30) 30 526%
more than 30 years (30-50) 7 123%
more than 50 years 5 8.8%

Is this your first time hearing "gquantum technology (based on real quantum mechanics)" ?
Yes 12 20.7%
No 41 70.7%

Not sure 5 8.6%

Is this your first time hearing "Quantum teleportation & entanglement” ? and how about them (write in the next box)?
Yes 20 351%
No 31 54.4%

Not sure 5 8.8%

'
=

3UT 4.7 manssuilanudniiuiesiumeluladeeudiulunidu
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Tnsunil 2 sauidonimidsnisiifisadostumealuladnisdearsuaendogeandaesnadu
meus nan1susseefiaslasdifersglégninaueluund 3 antuluuni 4 Buseeuagy

AanssuaN o AlaadunmnulasInisl

% v
=

dmFuienarsusznouniseusuiidaiduniulasinisi liun “wmaluladarsaumeids
mouduiunsUszynd” Aeweuns “areuduiunisdeats Aoozls ioozls” 91891u3d1A
anmugvingdunslygrvesnaluladuasndndusivosiilan unasunnsgiusradualeudulan
WA 2557-2558 Wags1e91unsTindny “ewandsewmalneiuansaumeaganioudu” louandly

ANPHUIN N-7 AIUAINU

¥ o
] =

dmsunisandulasenisifidiuun danudmdiaiueaunisfindidudiulng wasl

Aanssumfeitesnuenmilenniinmualudaiaualasinis lnglunsuduvesnisandunuidaiy
Tasamsfiunuiiagdneususinduanzing e dveniseusuanuiiugiu nseusuauiiamzinu
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Education
April 2014 Thammasat University,
Master of Engineering, Department of Electrical and Computer Engineering.
April 2007 King Mongkut's Institute of Technology Ladkrabang,
Bachelor of Engineering, Department of Telecommunication Engineering.
Publication
Journal
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Physica status solidui a, null(211), 2200
Proceeding
2014 e J. Wetcharungsri, N. Buabthong, P. Thuphairo, P. Sangwongngam, K. Sripimanwat,
"Improvement of Flexible Semi-Parallel LDPC Decoders over FPGA for WiMAX Standards",
The International Conference on Information and Communication Technology
for Embedded Systems (ICICTES2014), 140, 1-4
e K. Boonpavanitchakul, J. Wetcharungsri, T. Wutikhun, P. Kasamechonchung, M.
Horprathum, S. Porntheeraphat, A. Klamcheun, A. Somboonkaew, N. Supaka, P. Prompinit,
W. Kangwansupamonkon, S. Pratontep, 2014, "Controllability on Morphology of ZnO
Nanowire via Critical Concentration for Nucleation and Its Photoluminescence Properties",
NanoThailand 2014, 140, 86
2013 e J. Wetcharungsri, N. Buabthong, S. Jantarachote, P. Sangwongngam, K.Sripimanwat,

"Field-programmable Gate Array Implementation of Low-density Parity-check Codes
Decoder and Hardware Testbed,"; TEEE TENCON Spring 2013 Conference, pp.109 -112,
17-19 April 2013.
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Proceeding

2012 e T. Phromsa-ard, J. Arpornsiripat, 3. Wetcharungsri, P. Sangwongngam, K. Sripimanwat
and P. Vanichchanunt, “Improved Gradient Descent Bit Flipping Algorithms for LDPC
decoding ,” in IEEE Proc. The Second International Conference on Digital Information and

Communication Technology and its Applications (DICTAP), Bangkok, Thailand, pp324-328.
(16-18 May 2012).

2011 e P. Sangwongngam, J. Wetcharungsri, K. Sripimanwat, el al, 2011, "Implementation of
Flexible LDPC Decoder for IEEE 802.16e", International Conference on Information
and Communication Technology for Embedded Systems, 140, pp. 135-138

2009 e S. Jantarachote, P. Sangwongngam, J. Wetcharungsri, K. Sripimanwat, C. Punyasai,
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Thailand
66 (0)2-564-6900 Ext. 2133
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[ EDUCATION

April 2005 Chulalongkorn University Bangkok, Thailand
Master of Engineering, Department of Electrical Engineering
Focus: Telecommunications.
Thesis: Turbo-coded differential space-time modulaltion for temporally correlated
fading channels
Advisor: Prof. Lunchakorn Wauttisittikulkij
Two new techniques for joint iterative decoding of serial concatenation of turbo codes
and differential space-time modulation based on unitary space-time group codes are
proposed and evaluated, under temporally correlated fading channels, assuming no
Channel State Information (CSI) at both of the transmitter and the receiver.

2000 Prince of Songkhla University, Songkhla, Thailand
Bachelor of Engineering, Department of Electrical Engineering, First Class Honors
Concentration in Communications
Senior project: Non-destructive Detection Method of Translucent Disorder and Internal
Gumming of Mangosteens using signal analysis and neural network
Advisor: Assoc. Prof. Dr. Chusak Limsakul
It aims to study an electrical technique for detecting two important threats, namely
translucent disorder and gumming, on mangosteen fruit which is one of the most
important agricultural products in Thailand's export. The electrical method employed
in this work was feature extraction with a spectrum of resonant frequencies.

Summer 1999 Advanced Info Service (AIS) Corp., Bangkok, Thailand
(3 months) Internship, Metropolitan Field Engineer Department
Provided preventive and maintenance services for all equipment in assigned GSM base
stations and corrected any faults and alarms in the base stations; consequently, learned
good planning, problem solving, communication, and teamwork skills.

| FELLOWSHIPS AND AWARDS

May 2006 Outstanding Student Award from the Thailand Graduate Institute of Science and
Technology (TGIST) in 2006 from the National Science and Technology
Development Agency (NSTDA)

May 2005—-Aug. 2005 Department of Electrical Engineering Fellowship under “Cooperation Project
between Department of Electrical Engineering and Private Sector for Research
and Development”

Jun. 2002—Sep. 2004 TGIST Scholarship from the National Science and Technology Development
Agency to pursue the Master’s degree
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1997-2000 University Departmental Full Scholarship - for achieving GPA in the top 5%
among all Engineering students; exempted from extra-tuition fee for all semesters
while pursuing baccalaureate.

| RESEARCH EXPERIENCE

Oct. 2013—present

Feb. 2012—Sep. 2013

Feb. 2012-Sep. 2012

Jan. 201 1-present

May. 2010-Dec. 2010

National Electronics and Computer Technology Center (NECTEC), Photonics
Technology Laboratory (PTL), Pathum Thani, Thailand

Project Manager: Dr. Supanit Porntheeraphat

A “Research and Development of White Light Emitting Diode Based on Zinc
Oxide Optoelectronics Material, Phase 1: Method of ZnO-Substrate Fabrication”
project.

A Involved in the characterization setup, especially the photoluminescence system.

National Electronics and Computer Technology Center (NECTEC), Optical

and Quantum Communication Laboratory (OQC), Pathum Thani, Thailand

Adpvisor: Dr. Keattisak Sripimanwat

A “A Development of Visible Light Wireless LAN System” project.

A Surveyed literature and standards on visible light communications.

A Developed and demonstrated a prototype of WLAN system via visible-light
communications.

A Examined novel techniques in digital baseband transmission to increase
throughput in practical scenarios.

A Led a team of 7 staff under the project.

National Electronics and Computer Technology Center (NECTEC), Optical
and Quantum Communication Laboratory (OQC), Pathum Thani, Thailand
Advisor: Dr. Andreas Poppe, Austrian Institute of Technology

A Invented a novel synchronization for entanglement-based QKD.

National Electronics and Computer Technology Center (NECTEC), Optical
and Quantum Communication Laboratory (OQC), Pathum Thani, Thailand
Partners: Dr. Momtchil Peev, AIT, Austrian Institute of Technology
Prof. Ryutaroh Matsumoto, Tokyo Institute of Technology
A “High Efficiency Key Reconciliation Protocol for Quantum Key Distribution”
project.
A Investigated and enhanced quantum key reconciliation protocols over
hardware platform for high speed key sharing by applying classes of error
control coding to quantum key reconciliation protocols.

National Electronics and Computer Technology Center (NECTEC), Optical a
nd Quantum Communication Laboratory (OQC), Pathum Thani, Thailand
Partners: Dr. W. S. Mohammed (Bangkok University) and Dr. W. Pijitrojana
(Thammasart University)

A Experimented on optical concentrator for optical wireless communications.
A Designed the optical concentrator or antenna via ASAP® Optical Software.



Nov. 2010—Oct. 2012

Mar. 2010-Nov. 2011

Mar. 2009—Sep. 2010

Apr. 2006—Oct. 2009

Sep. 2005—Feb. 2006

May 2005-Aug. 2005
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National Electronics and Computer Technology Center (NECTEC), Optical
and Quantum Communication Laboratory (OQC), Pathum Thani, Thailand

Adpvisor: Dr. Keattisak Sripimanwat

A “National Healthcare Information System (NHIS)” project with approximately
$ 1,000,000 funded by National Health Security Office (NHSO), Thailand.

A Designed, installed and tested secured communication network over seven
nodes covering four distant cities.

A Prepared a report on comparative study of the designs and other commercial
solutions to the secretary of NHSO.

National Electronics and Computer Technology Center (NECTEC), Optical
and Quantum Communication Laboratory (OQC), Pathum Thani, Thailand

Advisor: Dr. Keattisak Sripimanwat

A “Error Control Coding for Security” project.

A Proposed weighted bit-flipping decoding attaining better bit error rate
performance.

A Experimentally verified and validated the proposed LDPC decoder over real-
time FPGA-based baseband tested.

National Electronics and Computer Technology Center (NECTEC), Optical
and Quantum Communication Laboratory (OQC), Pathum Thani, Thailand

Advisor: Dr. Keattisak Sripimanwat

A “Thai Random Number Service (ThaiRand)” project.

A Strengthened randomness property of random number generation via

established online web site at http://203.185.132.49/grngws/index.isp.

National Electronics and Computer Technology Center (NECTEC), Optical
and Quantum Communication Laboratory (OQC), Pathum Thani, Thailand

Adpvisor: Dr. Keattisak Sripimanwat

A “Error Control Coding for Next Generation Mobile Communications and Hard
Disk Systems” project.

A Designed and implemented Low-density parity-check codes (LDPC) decoder
regarding to the combination of Cycle-Invariant Difference Set (CIDS) block-
circulant (BC) matrix, and the A-min decoding algorithm to reduce the
complexity area based on the semi-parallel architecture within constraint on
trade-off between throughput and complexity area over FPGA chips.

A The architecture is applicable for various applications including 3G mobile
communications and magnetic storage.

University of  Applied Science  Northwestern  (Fachhochschule

Nordwestschweiz or FHNW), Olten, Switzerland

Adpvisor: Prof. Martin Kropp

A The eFitness project.

A Aimed to develop a mobile smart client application for collecting and
managing training data of users via mobile phones over different smart phones
and two mainstreams of J2ME and .NET framework.

4 Designed and developed graphic user interfaces and control modules, and
provided specific guidelines for the design and implementation.

Chulalongkorn University , Department of Electrical Engineering, Bangkok,
Thailand

Advisor: Prof. Lunchakorn Wuttisittikulkij

A Investigated and implemented OFDM techniques over hardware board.
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A Employed various instrument and development boards to perform the
experiment.

Jun. 2001-April 2005  Chulalongkorn University , Department of Electrical Engineering, Bangkok,

Thailand

Adpvisor: Prof. Lunchakorn Whuttisittikulkij

A “Turbo-coded differential space-time modulaltion for temporally correlated
fading channels” research topic.

A Conducted graduate research on iterative decoding, space-time modulation,
and bit interleaver.

A Derived the soft-input soft-output demodulator based probabilistic detection
theory to achieve better bit error rate performance of mobile communications.

| TEACHING EXPERIENCE

Jun. 2005—-Aug. 2005 Teaching Assistant. Wireless Communications and Networking,
CHULALONGKORN UNIVERSITY, Bangkok, Thailand.
- Assisted students individually with assignment and graded their assignments.

| GRANTS

Project Leader “A Development of Visible Light Wireless LAN System,” National Science and Technology
Development Agency (NSTDA), Ministry of Science and Technology (MOST), Thailand
Managed six-month project; supervised two Master's students and two undergraduate assistants; invented
and developed a visible light wireless LAN system installed in NECTEC.

Project Leader “Error Control Coding for Security,” National Science and Technology Development Agency
(NSTDA), Ministry of Science and Technology (MOST), Thailand (duration: 12.03.2010 —22.12.2011)
Organized a one-year project; supervised two Master's students and one undergraduate assistant.

Project Leader “Error Control Coding for Next Generation Mobile Communications and Hard Disk Systems,”
National Science and Technology Development Agency (NSTDA), Ministry of Science and Technology
(MOST), Thailand (duration: 01.10.2006 — 01.10.2009)

Managed two-year project with about $ 66,000 budget; supervised one Master's student; established
collaboration with academic partners

| INSTRUMENTATION EXPERIENCE

Electrical and Telecommunication Development platform Quantum cryptography
electronic engineering engineering
Oscilloscope Vector signal generator: ADC/DAC: AD9432 Eval QKD devices: IDQ's
Function generator Agilent modeled E4438C ADC/DAC: FMC150 Cerberis model
Arbitrary wave 250 kHz — 6 GHz ESG Xilinx ML501 QKD devices: IDQ's
generator Network Analyzer: E4445A  Xilinx ML605 Clavis 11
PSA Spectrum Analyzer, 3 QKD devices: AIT's
Hz-13.2 GHz EPR405

Photon counter: Picoharp

| SPECIAL SKILLS

Programming:  (Language) VHDL, Altium, C/C++, NET, MATLAB
(Tool) Tortoise, CVS, Redmine
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PCB design: Altium, OrCAD SPICE, signal integrity, Sonnet Lite
FPGA design: Xilinx ISE, ModelSim
Optics design ASAP® Optical Software

Innovation: TRIZ methodology for inventive problem solving
Patent tools: Thomson Innovation, Espacenet
| PUBLICATIONS

Journal Articles:

A Muhammad Saadi, Ambar Bajpai, Yan Zhao, Paramin Sangwongngam, and Lunchakorn Wauttisittikulkij,
"Design and Implementation of Secure and Reliable Communication using Optical Wireless
Communication," Frequenz, vol. 68, issue 11-12, pp. 501-509, October 2014.

A Muhammad Saadi, Lunchakorn Wauttisittikulkij, Yan Zhao, Paramin Sangwongngam, "A survey on Visible
Light Communication: Opportunities, Challenges and Channel Models,” International Journal of
Electronics & Informatics (IJEI), ISSN: 2186 — 0114. 2013.

A Pisit Vanichchanunt , Paramin Sangwongngam, Suvit Nakpeerayuth, and Lunchakorn Wauttisittikulkij,
"Iterative Multiple Symbol Differential Detection for Turbo Coded Differential Unitary Space-Time
Modulation," Journal Of Communication and Networks. 2008.

Books and Book Chapters
Three books in Thai as follows.

A Laplace Transform. 2007. ISBN: 978-974-03-1925-2.

A MATLAB. 1SBN: 978-974-03-2309-9.

A Channel Coding Theory. TRIDI. 2009. ISBN: 978-616-73-0511-0

Conference Presentations, Proceedings, and Posters:

AT. Phromsa-ard, P. Sangwongngam, K. Sripimanwat, K. Kaemarungsri, P. Vanichchanunt,
L. Wattisittikulkij, "Low-complexity key reconciliation algorithm using LDPC bit-flipping decoding for
quantum key distribution," the 11" International Conference on Electrical Engineering/Electronics,
Computer, Telecommunications and Information Technology (ECTI-CON), 2014, vol., no., pp.1-5, 14-17
May 2014.

A M. Saadi, L. Wauttisittikulkij, Yan Zhao, K. Panlek, K. Woradit, P. Sangwongngam, "Performance analysis
of optical wireless communication system using pulse width modulation,” the 10" International
Conference on Electrical Engineering/Electronics, Computer, Telecommunications and Information
Technology (ECTI-CON), pp.1-5, 15-17 May 2013.

A M. Saadi, T. Sittivangkul, Y. Zhao, L. Wauttisittikulkij, P. Sangwongngam, "A System Demonstration for
Visible Light Communication using Adaptive Thershold Detection for Low Data Rate Applications" in
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[ PATENTS/PETTY PATENTS |

All filed in Thailand:
A Patent title: “Reconciliation with Channel Coding for Quantum Key Distribution” (Filing Application).
Application Number: 1201005110. Filing Date: 28/09/2012.
Designed to comply with ETSI standards; invented for high speed QKD in telecommunication network.

A Patent title: “Efficient authentication methods and key management for secured communications” Filing
number: 1201000033.
Improved security level of current top-secret online meetings in both industrial and government sectors;
invented key management mechanisms suit to composable security of QKD targeting but not limited to
video conference applications.
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A Patent title: “Design of a compact low-cost LED driver for visible light communications” Filing number:
1201002990. Filing date: 20/06/2012.
Improved power conversion efficiency of driving circuits of LEDs in visible light communications; focused
on applications of visible light communications.

A Petty patent title: “The generation of entangled photons using linear optical elements” Filing number:
1203000179.
Invented a linear optical scheme to generate the polarization-entangled photon pairs state that is important to
the field of quantum information. It does not depend on the physical mechanism of a non-linear crystal such
as BBO and can be used in a wide range of experiments in quantum cryptography and computing.

A Petty patent title: “LDPC decoder for 3G mobile communications”. Filing number: 0903001126.
The design of the LDPC decoder facilitates the block-circulant property to achieving better trade-offs
between an implementation area and a throughput for 3G wireless telecommunications.

| EXTRACURRICULAR ACTIVITIES

Exchange student, IAESTE program 2005. Visited Switzerland.
Member, Golf Club, Chulalongkorn University.

Member, Self-Defense Club, Chulalongkorn University.

Member, Electronics and Computer Club, Prince of Songkhla University.

| COMMUNITY SERVICE AND INVOLVEMENT

Volunteer, the IEEE Communications Society (as an IEEE Member). Organized numerous seminars and talks
by experts in fields of quantum cryptography and communications engineering for local community (including
IEEE Distinguished Lecturer Program in Thailand). Co-worked book translation of “the translation version of
the IEEE History Center’s Virtual Museum (ISBN: 978-974-88238-7-4)” and “A Brief History of
Communications”, distributed to schools and universities libraries nationwide.

Writer, a eulogy on “A Tribute to Punya Thitimajshima: a co-inventor of turbo codes” for an outstanding
Thailand's research Prof. Dr. Punya Thitimajshima for IEEE Communication Society.

Active Member, Electrical Engineering/Electronics, Computer, Telecommunications and Information
Technology Association of Thailand (ECTI Thailand). Conducted Thai Telecommunications Encyclopedia

project for Thais (http://www.thaitelecomkm.org/ ).

Committee, "Fourteenth National Software Contest (NSC 2012)", Thailand.

Co-organizer, Thai Quantum Information (Q-Ti) forum founded by National Electronics and Computer
Technology Center (NECTEC) and other academic institutes to be research and educational community in
Thailand.

Social Volunteer, the government's Flood Relief Operations Center, Bangkok, Thailand, 2011.
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