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Calibration and correction of afterpulse characteristics of a photomultiplier tube

WANG Yuan, CHENG Xiaojin
(Mechanical and Automotive Engineering, Shanghai University of Engineering Science, Shanghai 201620, China)

Abstract: In order to accurately reflect the optical signals received by the lidar, it is necessary to correct and calibrate the

afterpulse characteristics of the photomultiplier tube. The probability distribution function of the afterpulse was used to analyse

and verify the sounding data of the airborne marine lidar with wavelength of 486nm and 532nm, respectively, and the corrected

results were compared with the data obtained by Monte Carlo simulation. The results show that the correlation between the
calibration data and the Monte Carlo simulation data is as high as 0. 9689 (486nm) and 0. 8648 (532nm) , respectively. About
98m(486nm) and 33m(532nm) false signals are eliminated based on the corrected data compared with the data before, and the

accuracy of measurement of the airborne marine lidar is improved effectively. This research is helpful for the measurement of

ocean depth and the study of submarine geomorphy.
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Fig. 1 Schematic diagram of lidar system structure
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Fig.2 Schematic diagram of the photomultiplier tube

I AR A A PR T RO G K s I ) ik o

R AT AR, Al DOWLEE S — 28 )5 kb, )5 Jik e
W T PR MR E K i 8 P 1 15 5 RO At 00, R
T INFR P R RE I 70 FE, FRAE K o200 i
R ZE . P, a0 O B s 2R 40 P i I e LA
SR kR A AR, DAGEAR TE Hoa 55
1.2 #HEHERERE

HELEIGIR s Dk G IRAE 220 31 Y ) eI 5
AJCHUFHEAE , 3d 1 o0 A ' AR 3 A i ek b i 3
I AN T B b o A A BER o AE BT I, 5 BT
DR AR SR AR ][] B A T80 AR AT S, T3
J k) 43 A RE 3, TR AL S8R R0 #E 4T T 20000
RN I3 Hrad 7 g i B A BE JE an k- (1)
G RLATIEAE YA SR G TR AR P 1) 23 A 296 A TR AR 23 A
Gt (2) A FAEY A LI — @ R 5 K —4
s A Ja bkt ELIG K o™ Az B RE R 55 AR 5 BE AT
BT,

e AR ARSI LA R N ] ] B s Oy
T, 76 BCA R Kk B &0 T, O I 4 B [1] e
Ar R B TR O T RO 0,1,2,3 - I ER 7y

Bse ™ rre ™ LA e (AT e

SR IE MK s LT, TR JE Bk i o B

T 2o — IR S F, R L S s (R TE] B Ae INZ T4

HEZR p (0) ANPH S Bk i el A2, HAE 2R ek Z50RT Bl 1 A%

e p(0) =e™™ (1)

W p o, R R G B R 1S Mkop i

HESE, IR B B ] ) B A6k 1 A 31EL p (1)
H

p(1) =e™rAu(1 -p,,) =

p(0)rA(1 - p,,) (2)

o LR N A, E AR B B[R] [) B PO

BOR 2 BIRERAE p(2) B, 75 227 LR YA P 43 A ME AL

LA b RAT— T80 A 19 5 Bk v A SR A6, ] e 34

IETFIHECH 1= A 55 Bk R RAE , k=

p(2) =3p(0) (rA)* (1 =p,,)* +p(0)rip, (3)

b py FRBHERE BB — 5 Bk AR
X (1) 3~ (3) AL BE, a] DUSE T HOE 1Y
(] B 5 IR RE K 14 I kb A AR

1
= () (4)

Py = 1 =p(1)/[p(0)rAt] (5)

(2) (rA)’(1 -p, )71 1
2(0) - 2 rAt (6)

r

no=|



FA5E HSH

TGRSR b B o

B p A PIIE G DK i IR IR A p ooy FH R 2K
25t

Puy =P +p" +p’ = p/(1 -p) (7)

AR —A W06 i ki = A B I 225 konh B HE R

850 p. JBAE A — A2 G 825 Tk b i (8
pJS N

p. =p.+p’ +p’=ps/(1=-p)  (8)

p. =p. /(1 +p)) (9)
PR (3) BUE l:
P(2) = 2p(0) (A (1 = p,)* 4
p(0)rAep(l - p.") (10)
PNITCIEES
ps/ =1 - P(z) i rAt(l _pany) (11>

p(0)rAep 2p

T S A R A Y DK RSO A R AR R
TN 3 s I R GE . 38 3 R Gk AR
PMT [ROGIRHEAT 1 A0S 0 ] ) 00 22 1) 8080, S B &%
SRR R A R, R AR B A Bt AT H SR L AT
AP, MR G E SR ROOEI RS LR
%% (acoustic optical modulator, AOM) B ] ZE 2 &5
{545 A ( periodically poled lithium niobate , PPLN) | £
D AR 2 I 1064nm 1) 32 22 50 3O
3 ARNEEHLE R 12V /R e IR #S b, Ry

a trigger signal

attenuator

Fig.3 Physical diagram and composition diagram of the test system
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Table 1 ~ Main parameters of the test system

transmitter

486nm & 532nm
2.7mJ(486nm) & 5.4mJ(532nm)
100Hz
8.7ns(532nm) & 4ns(486nm)
4. 7mrad (486nm) & 2.4mrad(532nm)

wavelength

pulse energy
repetition rate of laser

pulse width

beam divergence

receiver

diameter of telescope 200mm
maximal field of view 20mrad
optical efficiency 0.6
detector PMT(H10720-210)

efficiency of detector 0.15@532nm & 0.23@486nm
sampling time resolution Ins
2000m ~3000m

200km/h

height of plane
speed of plane
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Fig.4 Curve-fit result for the baseline of 532nm and 486nm channels
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Fig.5 Result of accumulating the photons collected by the photomultiplier
tube was obtained under the noise
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Fig.6 Program flow chart for the background noise of PMT
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Fig. 8 The fitting image of PMT and its probability distribution function under different optical attenuation values
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Fig.9 Flight data of airborne marine lidar
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Fig. 10 Marine flight data processing results of airborne marine lidar
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