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Analysis of Temporal Impulse Response using
Temporal Super-resolution Measurement and

Single Photon Counting*

Kazuya Kitano

Abstract

Conventionally, optical phenomena have been analyzed in a wide range of fields
such as recognition of scenes, analysis of physical properties, and visualization
of physical phenomena. Particularly in recent years, it has become possible to
measure the temporal response of light in sub-nanoseconds to picoseconds by
improving computing power and advancing semiconductor technology. Since the
temporal response obtained as reflected light when irradiating ultra-short light
pulse reflects the physical properties of the object, it contains physical informa-
tion such as the material and shape of the object. By measuring the temporal
response of the object, it becomes possible to analyze the physical properties such
as time-resolved spectroscopy for observing the fluorescence of cells, photograph-
ing of physical phenomena such as plasma, and biological activity measurement.
Also in the field of computer vision, it is used for analysis of optical phenomena oc-
curring in objects such as texture and material recognition of objects, scattering,
refraction, mutual reflection. However, in order to measure the temporal response
of light, expensive devices and complicated optical systems are required. There-
fore, in this research, estimation of the temporal response in sub-nanoseconds to

picoseconds from the two approaches of time axis super-resolution measurement

*Master’s Thesis, Graduate School of Information Science, Nara Institute of Science and
Technology, NAIST-IS-MT1651041, March 15, 2018.
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using a distance measuring device ToF camera and single photon counting is sim-
ple device and calculation It was realized by devising. In the time axis super
resolution measurement, by incorporating a programmable delay circuit between
the light source of the ToF camera and the image pickup device, a plurality of low
resolution images are taken on the time axis, and these image groups are applied
to a super resolution problem temporal response in units of 250 picoseconds was
measured. In single photon counting, single photon counting is performed using
one pixel Silicon PhotoMultiplier which is a high speed optical sensor of about
100 picoseconds and Time to Digital Converter capable of measuring time in pi-
coseconds, We measured the temporal response of about 10 picoseconds. We also
analyzed the scenes where mutual reflection, transmission, scattering etc occurred

using each measuring device.

Keywords:

Transient Imaging, Temporal impulse response, Time-of-Flight Camera, Single

Photon Counting
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Beans4 SRS B

ToF & > ¥ S11963-01CR  EMAF h=27 A
SR ML520G12 =K
L—H&XA A —RRKI4/N IC-HG ic haus
FyuaAa—7 6404D Pico Technology
PSR T DS1023 Maxim Integrated
NV Arduino UNO  Arduino LLC

#* 2 JeiHOMkR
HH fie

RZ 437 1.5A
EFEfEEEL Max 200MHz
HIHD W 850nm, 200mW
HIEOETT  200mW

EFEZLND. INHDRERMNS, B2 BZYMARDIRMINE %2 5114 % 7201213
IR UTOEHHINBETH DI e ND. I, TRXTOEBEIZE T S
INEDOHEEFERZK 6 (e) \TR_T. ZHIE, Light-in-Flight @i & IEENd € D
T, WY —=VATEDEDIERHETLE20E2RLTND.

4.4.2 BHEOORSFABIERIT Y — VDR

F7/z, M7 @) IRTEIIICHALEYAFVEEEL, HEEIOKNZ5 Sk
Y= LTRSS 2 Uz, B 7 (¢) 1, ToF h A 5 CRIERIFEN
Uz TdhD. —MRINBRA AT Tl U756 LEBRICHEE &< 3252 O /5
DR I N T WD, RERTHE U ZKMIGEZR 7 (b) ITRT. HERS
R&Y, HIINAZREREIZ2 OO =B GFETLZIENHRTES. Ih
5220 —27 O/ 12 7 /BT, XA 180cm MATT D IFRIITILT 5.
ik, MEOY XA UHOEREE FAETHD. Db, LY RFY
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ERRI@CEG. <3 %Y EMEORENELR > TWS (d) B (5 ORIE) (o) 95t (¥
2%V OREHE)

DZNZTNOHRREIEE 2L TS VR 5. X512, KIS DOHEER R %
AWT, FRNZHIME LEIZHDEI ATV DORFNEFHET D A HEETH
. 7 (A) SRR EE, B’ T () XY AFYORMNEEZNTNRT.
7 (d),(e), &V, FFDAMITIHUAHE R FZF L DRIEH LRI ENE
NREEINT NS,
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5. B—XFEHICL 2RBEREDSRE D T

ARETI, B—HTFEHUIIL DY —VDORFREDFHIAEICDOWVWTIERRS.

5.1 FIRHESBDOEEEMRETEICOWT

PERD SRR H B0 B— MR BEE YEWRIZ AST U 7 BIZE - IC B X b
WEBEMBIZE > THEZRE LU THS M. EEFEMAEAMIZERS. BT, TH
ZTNDHZEF DN FIEIZDOWTHRET 5.

5.1.1 74 M4 —REBWLNKRE

T A& MEA A= RIIREINDHERD MR, B 8(a) DL DIZT A ML
A A= RBHAULEE AD AV N—=Z TT YV RIVESIIERT L TR
YRZH UL EMD ZENTED. ZAUE, NHERIZLZEBRE DM
AHHEBIZIG U TR ZAL T 220 TH D, /2, INLDETIIEET T
L, FEE2HEIET D20 TAFEEREOND ZOIZH NPT V. UnUAR

5, RTBEERORMAHREIX 1/ BREENRATHL0DT, T LEdz
BEAZFHT D Z LN TIR.

5.1.2 B—}FHRHSRZHAVARE

KB LW T- O A OWEND B0, filI ENDRNGEITENT, i
KBRS FENDHRS R D DT, SOk T Cbf) 2HADIENTES. Z
DNTF WAL L2 G FEHEE D, BTtz 5720DRTLL
T, NETHEAEEX Single Photon Avalanche Diode(SPAD) 72 & D JEH i 43 237
595, IN6DFETIE, KA UZBREIZEREK IR ET S 2O
POVAZRHNT S, ZOEDBREEE —BINR T 4 b & A A — ROMILE— RIC
HNUTHAH—FE—REERN (K 9). »DEEDRZ R > 2 FAEF 25T 5
(Z0E, T D AGIRE 2 EEEEHI L, B 10 D & SITHF D AR R & 71 v
NIDODC AN T LZRDDZBENDHD. EEIZIE, K 8Db)DLSITyIh
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(a) 74 A A A — RO ERAER

Pad
SPAD | v7 :Ii/lfl/_g
B R 51381 [B1 8 _
I J__| (Time to Digital Converter) ‘ H
i H AR
7+raJEE T4 )LER

(b) SPAD o [a]#H sk
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SUIE N VAR SR I, JEIE S0 b O SHO R % IO TRt
T3 L TRTHAR U2 FHIT 5. — IR TR, B
AR L EHE IR OMEARIEN S 50T, WRAKIHNTETHS.

5.2 B—tFiRtasDEFIRE

Bttt e 1E, MO BER R TRAET AL E R Z D 2DDN
LY THD. ZOVHIE, KT ERELU BV AESEH TS, H
—HFMHERHIR E <2 OEEFHEGE L ERREE I 60s. SEIE,
G AR FZFTdH S SPAD & SIPM IZDOWTHEFHT 5. 11 12 SPAD & SiPM
DB R
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— MR T A DA A A= R AANEEEZ DT CTHEMAT S, BifFE LTI, SLEMEINT 52
DNTEBMMPEEIMT S, —FT, SPAD TlX, NFMWAM U 7B BERBELDFEET S 72D1C
BRGNS .

5.2.1 Single Photon Avalanche Diode D E&j{F[RIE

Single Photon Avalanche Diode(SPAD) & i&, YoFDEHUIMAIER 7 4+ N &A1
F—=RTH5B. HEDVPHREIND &, SIVAESHHIING. BEEED 100ps
BRELEET LA TREOMBRNESPRIBAETHS. MR T4 A
Z— RI&, WEHERIZI>TAF U TFREFICEHBINSD. —F, SPAD
X, 507100V AEEDEBEEZNIT D Z L IZL > TEFNEBITMOER 2 FREXE
TWa., ZOEBRPHILESRIZE>THREL-BFEMEIEE., DL X,
MR U 7B AR FICEET DI LT, KreEfIy, I5IC20EFVER
W&o TIMEI NG, NS DOBEENEFHIZE SRIINDG L TEHRDL D
IESMBEI NG, BEVEEINTOLET2M 1212577, 20T, #
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WEDRE T, BEOVWENETEZRL TS, TOEMIZE-T, EENE % HEH
LTWa. 7272, 25 SRISHEK (7 U7 7 Y oflld) IZEHOBREDE
INDH D7D, HFDOARWGIZE > TUIMEEPH I IND £ TORFENEZL
5. 5O FEERDOC AN TS LD ELE RIFT. FEB, FHK
INZWIDNLH R S EEEEERIEE % /R, 24X, Diffusion tail &
IEIER, 7Y RINDHFEDBDBNEEIE-> ) &8 Nd. SPAD XN T %
MELTUES &, EFERICE>TERMNRENIEZRLVIZZS. £IT, SPAD
R U TR A BAICEER T2 Z 22X > TERMIKIITHE X, SPAD NES
DBAMETRT DI LITE>TEHREILDD LN TES. ZOEZI TV F
VIEEIES (1], AL, —EBEFAMETLTLUES &, TOBFREIZ[IE
T2 ETHRFOFIMNTELRY, FHUTIROEEMDOZ &%) 2y MR L RS,
ZD, ¥ ) BHEADN/ OV A Z T 5 2012138 R UEHITT %
WBERHD. 72, SPADD /) A ZEFE UTiE, —MHBR74+ M4 A —RE
ERRICHEEIROE FWIEI NS Z L &Ofibéﬁ“ﬁﬁﬁ/%@,%?k
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(a)Single Photon Avalanche Diode (b)Silicon PhotoMultiplier

X 11 FF O/

(a) 51 H:SPADIlab, Politecnico di Milano research group,
http://www.everyphotoncounts.com/spad.php

(b) BIHTEIRMA =2 A S13360-1325CS 7 — & ¥ — |,
http://www.hamamatsu.com/jp/ja/product/category/3100/4004 /4113 /S13360-
1325CS/index.html

Ml A ONZB TP UENTHIING T 7R =7 OVANEET D, X—7
AV ME, — O ERY, 7OV ZADE DTN DIZEB XD L.
UNUBDRS, 772 =7V AI, SEEMRICE > THREL ZE 72— R
TRIGIZHE A 5ND 72017, KT ORHUMEE L XRIR DR, 2ZL, The
NOJ A XDOEIIHERIE, HTOMBHERI Y LA ZOICMEIZZ L RN &
MEZ,

5.2.2 Silicon PhotoMultiplier D E#{F[RE

SPAD 7 /31 ADKsE E, —EXT2RETH L, ERRENEETLET
HFa2FHTEZENTERN. T2T, K 1312589 £ DIZSPAD % 2Rtk
AN, EBUEREANZ BT D 2 &2 & o CHEGEMISEF ORIl 2 B U &1
3 Silicon PhotoMultiplier(SiPM) T& 4. SiPM i&, #%(0D SPAD 2 X T
Wb5DT, HIREDRKIIDREFE TR OIXEG L THRFFHENRETHD.
F72, SPAD & iU CHEMFANIZ AT Y M HRERZDIZE A F IV I LU IMN
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NS FOmEIZE D EFVRE. IEINEFDPRFIHESTLS I ETRAPA AV
L UEBODE F 2 S 2 BIR P HBKIZRET S

JE<, SPAD &) & F T HEKDHEEREN SN 2O IR REEKTHATE S
BEDMBMDHD. UNUEBNRS, BERENGHEITVR, Bt nVEEDRES
HHBRDT, RETVITREDEKRT V TTREEE2HMIETIHENHS. F/-,
SPAD @/ o AERIZINAZ T SiPM D/ o RERE L THEBLURIT LR 5730
EDELTIZRAN—=IRETFOEND., JOAN—21%, BOEHZIZETHRY
BT ZLIZE>TIEETRILUZIZEDLDDL T 2EENDESNH I NS
BRTHD. AWIETIE, BRIV NVE2ETEEL TS 2OIZMEE R SR
WA, HD 1EIOFHIZE T DHT-DHT Y NUE EEIZRD 720G AT IX R
AN

5.3 Time to Digital Converter DEN{F[RIE

Time to Digital Converter(TDC) & &, K% 7Y IV EIEOATEHIT DT
NAATHS. ZDOTNA AL, 22079V AEF5DILH EAY B D 2% % ZHl
95, KETIX, —#&N72 TDC Tdh S Vernier B TDC DO EMEFRHLIZ DT
$ 5. Vernier # TDC &%, D-Flip Flop(D-FF) &\ 7 7 &% /2 TDC T
HD. MHENEMCHBICERTRERZ &5 AR TDC DEEHEE LT
AU TWS [9]. K 1412 Vernier B TDC D [FIEEX % R9. ZOFEETIE, N
77 RZIVANGEES B ~BEE IR TERBIEI S 2 L 2R L TSHYE
B ATEE L ORFMZEZFHIL TS, EEOEEFRBIZOWTK 15 %
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IND. HOFEt+ At IZEWTEFHHOD D-FF IZEEWMERE LU 2R TSIRIE
BMWNH ENB Y, §ARTOD-FF B —FIZ DT D AN &2 GHAHT. IO,
LEFEHMNS EFHODO D-FFRIZIMEEMERHEL TWE 20121 2H 0L, k+1&H
MHnHEHETOD-FFIZIMESWEREL TOHARWAZOIHIIEN 0 &85, Z
2T, N\ I77RTORBETFERTHY, TNZTNDNY T 7 FETOBEIZEU
Thded2dL, 1%L 7% D-FF BN SSBEBIRDNLS B2 & AS
FEDRMAZRDD ZENTES. #7200, B 15 &Y, AESELSRES
DIRDILH ERNYD £ TORRINE SN DT, SIRESOEEN RO S -y
%5 < 2 TEBORMAZROZ ZENTES. M 16 IEENMEHELT
W BEFERT. EEWERLAZETFE2AL VY IBATRLTVS.
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d, HROKE b WEHDGEEIRET S, ZTD& X, YRITEGELXCHA S %
I RVHBK YR E T 5. fE>T, TIVEEEINE L 7ZBFRD/ OV A
W 0(1) % ¥ — VIR U TR S B A1t VI A 2 KB BIE,

s(t) = ad(t — 2d/c) + b (15)

TRIND. TIT, Y=UNotvVHITARUEATFMESL L THIINS
HlazEZL. #AELY, KFMES L U THAOINIHEE N IFZATORTHE
IND.

At) =n(ad(t —2d/c) +b)

=1
= n(s(t)) + ba (16)
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ZIT.ne(0,1]iF vy IDETHEEZRL, bk, SPADRYYDE—2I7
7Y N OHEZ RS, Shinldt VI OIGENT IV A B (t) TRI DB
INVETHD LIEL TN D, HDHH A % B—NTFEIC BT 2B AHT S
RECVDIRE T2 L, m=T,/A ZRHEEVORBEELRTD. HIOEZRIIN
VAW §(t) & N, IS U7z & SORRME V281 20 73O R IEm x 1
NI My LEETS. ZTIT, AP FIBNGE2REL 256, SIVA%
N, FRS U7z & EORTMIBEIE, BTV UAHETRTILENTES.
)\ke—A
k!

IO E, XITMEREL, NIAEORMMNIZH D HERVIET LM, k
FHLRMICH T2 HRORERBTHL. HAIRMELE Y L IZB T2 HTDRHE
WA Ny, IZUFORTRIND.

kA

yr ~ Poisson (N (n(ad(t — 2d/c) + b) + by|dt) (18)
(k—1)A

ZIT, k=1,..mTdhd. £/, BAI+2BEVEEEZRKET D &,

Poisson(X = k)

(17)

S g < N, (19)
k=1

WAL G %, £oT, SPADR YYDy MEHDHHTE 2.

RIZ, Quercus & [5] WHREL 22 VY ORHIGEE T VIZDOWTHEHT 5.
Quercus H512& b &, SPAD 2 HIZA VIV KD EE AR U ZKED L >3 D
IRE I TSR LA & Exponentially Modified Gaussian(EMG) & £ & U 7=
BT 72— VA, B=2 70y N EDEREEANIIRT HIENRE
INTWD. Jeansonne 6 [6] 12L&, EMG OREREEEBIE, U AnfmE
BB EZ BARAAZEBE 25, KT, 2o YOIREREET
Ve UTHlRE XN ZINT A =2 THh DN MEER L Exponentially Modified
Gaussian(EMG) DA% FIWTERK . 7z, SiPMIFEEHIETEHEM T EETH
2%, 1RIOSHESORHEAIZIE 1A F UL ZVWEDE 95, 22T, u
T VYO — VK, o3t VY OIREHEEOEIE K D KD 5 5 FEHE
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Rz, MEPELRONEHINTG A —XIZL > TR F 5 diffusion tail TH B. otk
VY DINERIEDOYENE tpw s DA FDANSRKDENDS.

trwHM
= 20
2v/21n2 (20)
X (21) &Y, Exponentially Modified Gaussian O 3% & B % /R 7.
A o2 —t
t; g, oA ELC A e o (A 21
et 0.2) = e (T @)

ZZT, erfe(t) &,

erfc(t) = 1 — erf

:::;;tZ:6352ds (22)

@%*%éﬁﬁﬁ%%ﬁ@%é.&mwm%%ﬁﬁ%%@¥§%wﬁ%%ﬁ%
SiPM DFREE, EMEEE, RN INDFEREDEBKE R0, Thbidk
%%gﬁﬁtm§®&k%ﬁﬁé%ﬁ&@é.H17K$¥ﬁ?@@thPM
DT % RT.

U UZANRS, EEROETIVTIE, HEOFKLEILORMIEY, £ FInED
J A AR A E DD ERENZEINTHRV. EHEOFEHRM % 1(1), ¥ —
YOWRIEE % r(t) L L2 &, R (15) XU TORTHRINS.

s(t)=(1®7)t)+b (23)

K% N, RS U728 S0 H DM Y k281 2T OREMBD L, F
HBFEZ Poisson(t), ¥V OETHERZ n(t), HEEEBEEZ g.(t) £ TD &,

kA

yr ~ Poisson(N; a ge @ ((s(t)) + bg)(t)dt) (24)

THRIND. HEEE U TRFEOEECUHADOR NG 2 F B U 2R, Sa1af
BOEANT T AL, HTOREHEERT My FYRkDOLNE, 22T, #—
WFEBICE o TROENAZ L AN TS LI, HEOWEZTOEDTIERNT &
WCHEENIBETHD.
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X 17 SeFtshR- RO 757
A LRI b =2 Z $13360-1350CS F— & & — h,
http://www.hamamatsu.com/jp/ja/product/category/3100/4004/4113/S13360-
1325CS/index.html

5.5 FRIREFER

FEEIIN= R =7 ORMERIT, EEREFEREIT o/, FEBRICHERL YA
TLDOMEEM 181TRT. AFERTIE, U I ERE 3280 — & EWIT5E Y
BEDDIEMND I 7-DIZERE - BEL /-, 19 (Z3%EH U 72 M %, 20 1z
TEU 752 md. 72, REBRTHEMEUZBMSRER 3ITRT.

RY AT L& FACTHE-DEFEEE4T D FIRICOWTHHETS. 9, LED &
TDCIZHEIESZ ATT D, I LZ LED BA T2 BT 5. SiPM &YV
YN BRI R SV AEE 29 4. ZhE RF 7V 7 THEIEL,
VNV —RATHIMEERELEL LT VRIVESIIERT L. REIZ, TDC
MSIPM M SRAESGE 77y rvary Iy i —aWoREFAPES % gL,
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Tl ATeRES LS CHTv

SiPM & > H S13360-1350CS  {EMA b =27 A
Time to Digital Converter TDC-GPX2 EMRHBEN=T X
FIBAIA—F 6404D Pico Technology
TJyvrvavizrl—4 DG4162 RIGOL
ELR 2 E AL AR PW36-1.5AD  KENWOOD
Eit 2 e AL AR I PMC 18-2 KIKUSUI

EEE
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Il —A

Time to Digital ££—=
Converter SRISS

X 18 ZHHIY AT A DK

B EDRFHZZFHIT S, ZN2EBERY KT Z & I&-T, KRGAICE
FONTFDDMBROND.

5.5.1 LED Y&RDFEIGKRFET R

BN, AR LED OFNEH 2 XTI K DEHIIL 2. ¥ 27 ADORERIE
X 18 L FEDERTHD. UTFILT7 77 avIVzrx L —ROEREERT. K
FERTIX, LED % 10MHz JHIT 20ns iR7Z 13 63 H, LED OEEEHEZ 1.9V
£ 2.0V-3.0V ETO02VHATEZ LN O Uz, U LRI AT 5 E
TiRE L7z, EREREZX 21 1R, 72, sHllEROC AN I A, 56D
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INKEVDT, 10HDT —XDRMBELHDONIEZ T, CANT T A%H
BCIESMEU 72, X 22 1L TR O RO 7T OB R EZ RT. AN
Z LD VX 100 ¥ IMEAL L 25T\ 5d. EBEO LED OFNGIREIX, b
EDY— 27 2NN R IERO M THD L EZOLND D, FIfiTRUZED
W VY ORETH BT D AR RO ARORES S2E/@T 2L, HTD
DAENEALT B, 2200mV ZBLZHET-D AT Y NEIMBZEIZHEMU TS5, Z
NIELED EEOMETH D, — Mgz, X1 4 — RIZXK 9 OEDOBERHEIED 7
FJ7DEDIT, BEENIRITIDEHDIELEZMA2dH7Y) N5 AP HIIER
MBS 2. TD72, LED ONENZEITIEML, T E->THTDOAD Y
NEDPBEIM U 728EZA 615, 1 DORME IS IADNTRANTE LD
BRI D WHIROEE, LED ORSFEHEOY — 200" Ay h3Nbd 72dIC
BRI < 25, ZhiE, E—27ETIE, AFTD 74 bV BNL W20k
BINDIETZRIMBEINL, €— I UNDEIETH TR ATV NI NS MR
g2 EeNOHERMNTFEIH Bo/2EDTHDeEZLND. £/-, LED
DERENFEE A 2400mV L EDIGE, 60000 ¥ IFRDOEBMNI RILNH 2D, X
BRSIICEDLINIXT 7 X — NV ADKETHD. —/T, M23ITRTLIIC
WIRDEENGE, DF D, 1 DOREE VIZENF UL ALRWGE, HFOMm
AR AR < 72 ) 2D IR L T RO O BERS T A U 72 6T O R 3
B3, 777&Y, LED OEREIEEDY 1900mV & 2000mV D & FIZHHFIZ—
EDNA T AWMD2 IR BT WB bbb, ZhlE, SEFEE < 2
22012&oT, =AY M2l 2MENE Bo7220IZ8N/ZED
ThHdLEZOND. B—T7HD Y ML, FHIEISEMHBEICRETZIEDT,
TEHETIE, N T ARSE UTEHII D Z 2RI T WD, EEFEREN S,
SiPM & TDC Z W=tz 556100, BEN TR OWTHRETL
BIFSIERLBNZENDMNE. ZhUE, YIRIZK 2 K72 EDERTHENE
b33 e, BELZEFIGENETVOEBANHEL < 25 L FHRIND-OT
Hd.
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F£d4 7y varvIzr L —ROHRE
HH A
SIS 10MHz 50% Duty
FAEFRPEE 10MHz 20% Duty
HPREBEE 1.9V73.0V

5.5.2 MEDEBENEEHE

KT, HIRE 2V ORICER D ME 2BV /2R THRTHEICAE L 222K
AEY S, AREBRTIE, X 24 ITRT6HDOMEZMHL 2. ZOMEL, Stratasys
HEOEBOMEIEEAEER 3D TV VR E2HNTHELZEDT, 7YX
XTVTNEMENSHFETH S, REBRTHWZMEIX, BRNTRTH—T,
M 25D&5% 7V TEMEAS U IZRADOMEDRERNRL D, BT,
EROEIZAD UK IZEOMEDOEGEINT 5. FEEREL X 21 1TRT. R
PR E B A, AT SR U 72 LED D@ & 22l SiPM 2 > 3 THHI
T3, GoNEHIFERO L AN T A, EH52ERKEVDT, 10fHDOT—
2 DEMBE LI OMZ T\, C AN I AZHEETESELZ. CANT T
LOY VEFEIX 100 ¥ ARHALE B> TWd. X 26 1ADDM E DN FFHE0»
SRO7ZNT OMIBHERZ R, FEEEREL Y, ABRORENEOME (WT003)
DMHHERIME L, FENME (WT007) OMHEER S E N2 L 2% bnd. MED
BENEL R IIONTERBNDWHENK I RDDT, ERAERIZFEREOYH
REL—HUTWD. £z, HEOFRNIEFIE 20 7/ B L ROFELRERTIZH
20, TNENDMEDINLH B ES OO T YIRS DWW "R DT
WHOnd. T, BECI > TORILEAGVWIREZR S O ICRESEICHEL
BEZT0W2eEZLND. X 27T IZERADOME DTN 5K 72 e+ DM
MRZRT. AOOMELRARY, BEOMBEIZNEEZRINT D720, Khik DK
95, TR0, ERERTIRACESGEDOLETY, HEOME KLY MliE
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Photon Detect Probabirity
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