$20% 48 e R TR Vol.20 No.8
2012 4£ 8 H Optics and Precision Engineering Aug. 2012

ETER-THAXAE-RENLEFITHARK

MRE" AL HA REH Rk B &
(I BFREIARF IAELERGETRRPERLIRE LA FE 210094;
HAEBTARAREGHRERLLE, KT HZ 710065)

FEE 25 B HME G 0 BUS B AR DG A: B far 5 5 1 5 Sz BB 0 e 7S T4, A5 SCHR 8 7 — 3 T B0+ RS O s —

W5 (GM-APD) 6 F I BUSAR I %07 B DA T R A GM-APD /BB SR B2 7T , DL 4 80 10 07 203 i 39 e 2% 15

SARREI . BT GM-APD Y6 U Wi R A A, i) T R B R BT R A AT T O AR X GM-APD B 25 i R

E’JENH ET GM-APD % 1) 0505 Ik o4 22 500 7 I 8% B Z A G 20k 20, #5144 1 BUR S0 I R R
IE S AR B TN E R B F R AT O F I EMR . SR ARMEAL BT R A T AR B FE DG F IR A 3.0 X 10"

coum/s M4 AF TR 5 20 S 56 206 AT AR AT L S AT 0 A% 5 24 0% F % BE 3K 8 2. 7 X 10° count/s B, FR AL BLAF B KT

0. 53 SEHL T FEAR Y Ik 25 15 1 R O T 807 Skt B AR 14 9 A S5

x B WEATEHAREATHEARMGERAAREIRELLEE

FE4FE S TN312. 7; TP391 SCERFRIAED : A doi: 10. 3788/0OPE. 20122008. 1831

Photon counting imaging based on GM-APD
HE Weiji'* . SIMA Bo-yu'*, CHENG Yao-jin’, CHEN Wei’, CHEN Qian'

(1. Jiangsu Key Laboratory of Spectral Imaging and Intelligent Sensing,
Nanjing University of Science and Technology, Nanjing 210094, China;
2. National Key lLaboratory of Science and Technology on Low
Light Level Night Vision, Xi'an 710065, China)

% Corresponding author, E-mail ; njusheweiji@163. com

Abstract: As conventional imaging systems suffer from the excessive noise from Analog-digital Con-
verters(ADCs) at low signal levels,this paper proposed an imaging method based on Geiger-mode sin-
gle photon counting Avalanchen photodiode(GM-APDs) to realize all-digital detection of weak optical
signals. The photon response model for the GM-APDs was established,and the performance of GM-
APDs with dead-time effects was analyzed by using Markov renewal process. Then, the relationship
between the digitlal pulse frequency measured by GM-APD and the input photon rate was deduced.
Furthermore, a 2D scan imaging system was also built to verify this method. In the experiment, the
photon counting images with different input photon rates were obtained. By using standard mutual in-

formation to assess image quality, it is demonstrated that the experimental system can achieve visual
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imaging with an input photon rate of 3.0X10" count/s, and the value of standard mutual information

is over 0.5 with 2. 7X10° count/s. It concludes that this system can realize photon counting imaging

at low signal levels efficiently.

Key words: Geiger-mode single photon counting Avalanchen Photodiode(GM-APD) ; photon counting

imaging; Markov renewal; standard mutual information

|

uu\«

Bl 25 2E ) B 2 7S ()R LA K B B3 e S A i
AR K W w55 0 2 R I 7oK H 358
FEIX N A RO E S G F IR 8 BT, &
PR 8 B BE AL T 44 P 5 5 BOR A LA (E
SR T A0S o FR R Ol AR R R A R
M b A TR R R

Sy SIS O AR AR S A R O
P 28 30 5 7 B 0 A A i O A H A 3G
T, BAE SR i fof 45 5 30 3K e - R 4 28 2 AT
X Az H A 45 5 E AT HL A A 1 L 0 H
D25 PFALFE AR IG5 2% B T A5 1S CCD DL ROt
FEREAE L SR, 52 B A% 1 e 75 I HL I R R A
H R R, YL ESRE TR EEBOLT
TS s b A 1 1 A BR R0 R AR A IR B S R
SR TCTE W R T 3K

ARSCHR T — B I T SR AR-T e R
(GM-APD) 56 F i+ B8 07 vk . %07 i LU
JEF R AR GM-APD A 2 £ I 5. 5T 3k 52 80 % 24
BOLF WM e m e, FE, L GM-APD i
BT KR E 5 1 2 5k RAEAGOGAF 5 158
55, kT DR LB B R A et B S LA
BT AR M

AR CH S T GM-APD 9 5t6 F ¥ i J AR
RO 5 3 43 [R] 3 B 56 S 00 R S 56 X X
D7 AT T S UE AN IR I 45 T AR ST 5 4

2 GM-APD st i a AR A

GM-APD & — 2 TAE T i 45 488 2R Y R ik
VOIS e A, TAE Pl gl L B, 52
PG R, Lm0 g A 0 iR 2 Ak AE T
GM-APD #8135 A 00— BIF g - 4% Tk B 3l
2k, FET LB B GM-APD ¥ 2506 F i
JOLBE 77 5 DT HE B F 0 5 X, 200 R FH VA K e %

e 20k T A% 1 ORI R B AE 1. GM-APD
JEF B E XA AEAE 45 GM-APD 565 37 i Lz
EIAELRERL R GM-APD % 1 50 Bk g %
ot A 2R, Bk, % 2 oy
GM-APD Jt:F It Wi b A5 78 3 43 7 GM-APD i i
P14 50 T AT 38 5 016 - Ui B R 22 ) 1 G

% & GM-APD £ 7506 F#H W & X, GM-
APD Y3 B o A2 0] LLIA K & GM-APD 78 JF
HORS S H RS R E . FFIEE, GM-APD
b T FFTBCIRAS S R0 3 — S 6 B 3800 5 % A
EPRAS S #EAOCF IR E X, N K H B 2%
1EJEFHERIE X, A ffi15 GM-APD i & R EE
B AFEHOIRZS . B3 AT, GM-APD Ot
DL O ) R T R ) R AT SR R R,
4 3 B R AT KAz s o] LT, GM-APD 6 - i i [
FE L, 155 GM-APD i i,

TEMAA S 6 A4 06+ A 50 w5 A o ik
MIARA 53 A o B AE — B i ) oy #8021 = A 4K
AIRE R

—xT k
Pk, =S

%o X FRoR FLAL B[] P ER ) 9 S 206 5L
B IFE] Y L GM-APD S 1 0 17 114 48 5 43 #i 25
#rF GM-APD 7 FF it 55 35 PR 25 ) 5 4 1 vk 5k
1 RE 53
¥ GM-APD BGFHRIE X, BPAL T3 AR
BIEENEEHN o, 2 t0=0, 0, 6 KR HEM 45 8%
REEFR WP, 8 L.
le 55 on LR B B R ES
"olo B o REBBIIFHORS
(X, t,) n=0) W4 B 55 /R AT 5 B30 ok 72
Bk P(Xo=1)=1, B FF & B 4R 00 % 2 b T FF
JHORS o JU] I FF TR S e % 3] dt A IR 285 BT T A Bsf
Vi) JI A 4R R 43 A
o(D=1—e ",
52 HX I, GM-APD M 35 B IR 25 %5 % 5] I
JHCER ZS: B4 BsF 1) 43 A5 A



AR Al AR 3, 45 3 35 A% 1% f A 16 T BURR 1833
0 =<ty A
¢<t>:{ . [me:‘ -
1 =y G , (12)
T Y eSS {Rm<s>:iew‘
S
0 (1) . .
[Qu]—[ ¢ t} , (D AKX D, 115,
(ll)(t) O I k1
Py F(k )7 }\? — k= Ditys )\ —ktys
HtQ, (o7 X ROV e Y
Qi (O=P(X, 1 =jstp1 —t,<tl x,= 1) (13)

FORTER nIKIREFHERBHEHD]  REHFMET .,
B ont 1 WOREF B 2§ RIS I F s a] i A%
e A 5l AR .

Q" (v=P(X,=j.t,=<t| X(O=D , (2
KQOFRRRGELT i REMEFMHT B 2 RE
MR ORI SR E ARG, X TF GM-
APD T 5, QP Fn GM-APD 45 n ¥ i JFHOIR 25
FE R 2 B PR AS BT FH R [0 A MR 20 A

FH Sty ) Fm GM-APD # 5] kA6 T F
2 T 3% ] 74 M S5 43 A, 45 3
S(t, k)= prob( S, <<t) . (3)
H
S, b =Qi" " (D . @5
R, 4 fCho) FRAERTE] ¢ Y. GM-APD #
T kAT HRER, W .
fChy)=SCts k) —S(t, k+1) (5)
RAE Q; (o Ay E X, vl LA E] Qi (o 1
QY (OAHEMTFMEREKR:

Qi = | Qi wday w . 6)
0

4 RP () = | e Qpds

0
T QV (o PSR AR e, X2 C6) P i UL
KA1 .
RV () =3sRn (ORP (s . (N
% 8 GM-APD IR I 4 2 b T IR A S B
P(X, =1 =1,n] 55,
RE P (=" "Ry (HRIF P (s, €))
B (H=¢""Ry (DRY (s . (9
FH W (s, 3R SCa k)X ¢ BHL G AR ] .
W(s, =R} (=" R (DRl (s . (10)
L F(ha O EmR fChaOXT ¢ PR AEH,
KRG
F(k,)=W(s,b)—W(s,k+1) . (1D
HR A 7 FQ AR 8 19 5 S, A 0D AT A

xR C13) AT 437 3 17 3y 396 A48 8 - 4k 1] I 1%
7.

k=11, Ijhl

, TEST

flryt) = )\"J

t—kt 3
)\’(”J Z ﬁeﬂ’dt. (14
0 .

A= Jf(k,t)dk F ™ GM-APD % i 8+

ok b A R 0 W A, S B T X (1) AT R GM-
APD 1) 857 ok i 3 050 238 104 8 % 43 A 5506 F IR
W DT HINE X E M CR .
SR IERBONEF IR EMEEYS GM-
APD fi HHBCTF kbR R 2 1L 25 A (D)
Al PLIE X GM-APD i 507 ik o % 4
SRAE HEAT R A 5 DT A5 31000 2 32 3 1 109 2R 0
Bl 1 R FEIME X 60 ns B, 6 F
i W B 5 GM-APD i H 80 ik ol g R )
BAH T IE BB
5 ; ‘ ; ; ; ;
45 : : :
] — S SN - /

35 : : /
3p S
2 i :

15 : /

1 - i

0 2 4 6 8§ 10 12 14
Counting rate(million/s)

Correction factor

B IE R B BT B

Fig. 1 Theoretical correction factor

RIR , 3206 F %W H X 8y 5 m, GM-APD
F14) 50 T i S AT 3 0 3 BRI T O U % B A
HH. GM-APD (19 %05 ok vh i 1340 22 1 [ 7Ok
T E ST E X 2R, BT
PRIE X — & B, O+ it % B2 K, GM-APD (1)
BT K o R s ARG A A — B Ok



1834 e KE TR

5% 20 &

FERIM G Xk A, GM-APD 1% 505 ik vy o 4 2%
AL, XA BFRB /N GM-APD B FHE
H XA B T4 GM-APD 16T 458 3% %

3 KBEE

IR %S Y B SC  anE 2.3 s, S
e H5IC GM-APD 1B 45 , ok H 420
BYE NP AT g R . GM-APD
LR IOE oy I QUINERE= i3 TN kA& Ui a3 e
o

B2 5 D
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