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Abstract:

polarization are analyzed and combined to improve the dynamic range compression of the laser echo signal in airborne
laser bathymetry. The corresponding device with variable gain is developed, and implemented in experiments in tank

The techniques of channel separation, range gate, variable gain of photomultiplier tube and cross

and sea in situ. Results show that the combined technique compresses the dynamic range of submarine signal
effectively and meets the demand of shallow sea dynamic range for the airborne laser bathymetry. The technique of
cross polarization does not improve the effect of measuring signal compression remarkably, and the influence of after
pulse effect of photomultiplier tube on depth measurement is also reported. Valuable reference for further study on

dynamic range compression is presented.
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detection in airborne laser bathymetry
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Fig.6 Two-channel submarine return signals of shallow (a) and deep (b) sea in airborne laser bathymetry

3.3 EHMIMK

TS KR A R R IRAR, b FEER
R SHES , B S B ERM G
BkobBLE . JEH A5 E 5 Bk ob 00 7= 4 B £ 05 T O B
W, HEEFEEZSL FAAREANE —FHEEkZ
SRR B, BB TABRGERT. W
HECARERE, B R B KREHBETF., Bk
T PR R0 A Y B AR i ) 58— £ 1 e AR =2 1R 9
FEHEXDMIBRAFHAEGEESERFERX. AFHAES
MR, SR Z R B B AR TR BB L, 5 Bk
MUK, B TFENBIOCWE RS, )b 3%
ST 3 b 57 B 9 T 5 80O RS B BE G, B AR
MESE TR AR E WG kb . ARIZSHIEH
£ 1658 10 Ja Bk b /N R S B B R AT, BB UG, FE RS
Hh 8 Y P D E A 1 00 0T L S K e o B ) D g
ReAEFEATRLI , DA E ARG B R I B RS

Kb 3 4 B A T EE AL (Hamamastu) [
PMT R1828,GDB333 # 17 W %%, & ¥l R1828-01
25 CLOTD R 7= K, W75 /N, (82 5 Bk v 7= A i
B BREERT, KAEITEITIFZ)E 180 ns, FFEHAE
SEAE—E,X 50 m YW KES W& EREKX
S 5 T [ = GDB333 [ 38 25 g /) , (B 5 Bk v ™= 2R
W RS, RATFETTHEZ G 500 ns H 3, X 50
m DN ES HEA 4SRN, B R4 % E
AT, B 7 5 GDB333 #l R1828 il & A
HIAWERMES.

EMI iy 9893B/350 J2& g y6F 3% i A i % 31
WA G 58 ) TR 3 25 D B A IS B A AR S — 1
FL AR [ 28] e B A% T o o 7 3% Qs /N B B AR T B 55

O
va/"”" ‘1 /‘W‘M«\\
~300 f \ \ ]
Jj Echo wave|
Z 600} | b :
2 | \f
£ 900} f i J"
|
J ! ,{\ | After pulse
1200 i Vi
i
~1500 I
0 500 1000
Time/ns

H 7 PLBREOLMERE BEGES PGB
Fig. 7 After-pulse in return signal in airborne laser

bathymetry
— A AR AR DG T AR , T8 D H B S Bk v B L
HB ALK P, R PO B A
AR 2B R W, REEHE, TREREET R
GEr BB A, IR DT T R0 Dt R A 3 4 R
MRS, 3 8, (HAS BE AR Z 3R O6 IR A, LA E &

FEHLBRBOET R R 5
485 ®

Whi B L BB WIR RS, R A T 08 E B
BLE MG AR AR R G A T AR
P [E P (55 Ml S E . @K R A L
AR B8 T B RS R B A T R ML RO
RAGXMRER B RBREWEHFTR. HE, N
WA LSS, BAERBERRENACE,
WEARECRIT X%, RN, TUEBERES
HERHE—FERESHIITEE, R RERT



1176 i % % il 26 %
,ﬂ:ﬁ‘( B(J fjj&?i E[ R ji}iﬁ = H;k 7'1:' )@E % /J\ ﬁ % m o; 7"6 3] relationship between parameter choice of airborne laser

SHHEHEEE

2 £ X W

1G. D. Gilbert, The effects of particle size on contrast
improvement by polarization discrimination for underwater
targets[J]. Appl. Opt., 1970, 9: 421~428

2 L. J. Nullen, Amarildo J. C. Vieira,
technology of aerial lidar system for enhancement of shallow
underwater target detection[J]. IEEE. Trans. on Microwave
Theory Technol. , 1995, 43(9): 2370~2377

3 Michael P. Bristow, Donald H. Bundyd. Signal linearity, gain

Application of radar

stability, and gating in photomultiplier: application to differential
absorption lidars[J]. Appl. Opt., 1995, 34(21); 4437~4452

4 Michael P. Bristow. Lidar-signal compression by photomutiplier
gain modulation influence of detector nonlinearity [J]. Appl.
Opt. , 1998, 37(27) . 6468~6479

5 Brian Concannon, V. Michael Contarino, Thomas P. Curran.
Adjustable dynamic signal compression by photomultiplier space
charge control[C]. Proc. SPIE, 1990, 1302, 421~432

6 P. B. Coats. The origins of afterpulse in photomultipliers[J]. J.
Phys. D. Appl. Phys., 1973, 6,1159~1167

7 M. Yamashita, O. Yura. Probability and time distribution of
afterpulses in gap first dynode photomultiplier tubes[J]. Nuclear
Instruments and Methods, 1982, 196; 199~202

8 Wang Quandong, Chen Weibiao, Lu Yutian e al.. Analysis of

bathymetry and maximum penetrability[J]. Acta Optica Sinica,
2003, 23(10): 1255~1260 (in Chinese)
ERRGIR.AHE % SREFREENRRESERITS
BRBMEER S 4HT]. k22 HK, 2003, 23(10); 1255~
1260

9 Yao Chunhua, Chen Weibiao, Zang Huaguo & al.. Study of the
capability of minimum depth using an airborne laser bathymetry[]J].
Acta Optica Sinica, 2004, 24(10) ; 1406~1410 (in Chinese)
PEE R, RAEE & ILRBOLIINRR G &/ W H IR E
BESE[T]. A% %3, 2004, 24(10): 1406~1410

10 Yang Kecheng, Zhu Xiao, Li Zaiguang. Compression of large
dynamic range returned signals by polarization detection in
airborne laser bathymetry system[J]. Chin. J. Lasers, 2001,
A28(1): 74~76 (in Chinese)
BREBLR B, FEL RURRAETEERFSKISER
BmIREZE]]. + Esck, 2001, A28(1). 74~76

11 Zhu Xiao, Yang Kecheng, Xu Qiyang & al.. Airborne laser
bathymetry phenomenological lidar equation [ J]. Chin. J.
Lasers, 1996, A23(3): 273~278 (in Chinese)
KB, BRBLBREME % LRBCERERERFEL]L +
Bk, 1996, A23(3); 273~278

12 Zhu Xiao, Yang Kecheng, Li Zaiguang. The experiment of
airborne laser bathymeter[J]. Chin. J. Lasers, 1998, A25(5):
470~472 (in Chinese)
BREELAR B, EEN. LBRBOLWRRARII]. Fa%k,
1998, A25(5); 470~472



