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Abstract: In order to increase the dynamic range of push-broom remote sensing cameras, An imaging

method which applied the DTDI (Digital domain Time Delay Integration) technology with fixed inte-

gral stages and display method of HDR (High Dynamic Range) image was investigated in this paper.

Firstly, the principle of DTDI was introduced. Secondly, by adopting the DTDI technology with fixed

integral stage, the full well limitation could be overcome. Thus, a picture with higher image bit depth

and larger dynamic range could be achieved., and then the dynamic range of the push-broom remote

sensing camera got extended. Finally, a new evaluation function based on the entropy and histogram
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of an image was constructed, and it could be used for automatically selecting the best show window

covering the most abundant information and the richest gradation from the original HDR image. The

calculation and experimental results indicate that when the fixed integration stage is 64, the dynamic

range of the push-broom remote sensing camera increases by 36. 124 dB. And the automatic selection

by the constructed evaluation function can get the best result more accurately and quickly than the ar-

tificial selection. The method proposed in this paper can meet the demands of HDR imaging and dis-

play in the field of push-broom remote sensing cameras.

Key words: Complementary Metal Oxide Semiconductor(CMOS) ; Digital domain Time Delay Integra-

tion(DTDD) ; overcome the limit of full well; push-broom remote sensing cameras
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Fig. 1 DTDI imaging process of CMOS sensor with MX N pixels
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Tab.1 Evaluation result of different slide show window
r H) w(I) G
1 2.45 1918 0.001 28
2 2.51 1 851 0.001 36
3 2.91 1 652 0.001 76
4 3.19 1613 0.001 98
(dr=4 5 2.93 1738 0.001 69
6 2.53 1 940 0.001 30
7 2.22 2163 0.001 03
5
TDI
b
(e)I'=5



949

(1]

(2]

[3]

[4]

(5]

[6]

7]

36.124 dB,

[D].
, 2015 3.
WANG CH M. Research on key technologies of ex-
posure fusion [D]. Jinan: Shandong University,
2015 3. (in Chinese)
[D].
, 2016 83-84.
LI ZH H. Research on ultra wide dynamic range
image sensor [ D]. Changchun: Jilin University,
2016: 83-84. (in Chinese)
HDR
[D].
, 2016 3.
GUO J Q. Research of multi-exposure fusion algo-
rithm and design and implementation of HDR im-
age merging and tone mapping algorithms [ D].
Hefei: University of Science and Technology of Chi-
na, 2016: 3. (in Chinese)
ROBERTSON M A, BORMAN S, STEVENSON R L.
Dynamic range improvement through multiple exposures
[Cl. Proceedings of 1999 International Con ference on
Image Processing » IEEE, 1999 159-163,
DEBEVEC P E. MALIK ]J. Recovering high dy-
namic range radiance maps from photographs[ C].
Proceedings of the 24th Annual Conference on
Computer Graphics and Interactive Techniques .,
ACM, 1997 369-378.
MEI Y, QIU G. Recovering high dynamic range ra-
diance maps from photographs revisited: a simple
and important fix[ C]. Proceedingsof 2013 Seventh
International Conference on Image and Graphics .
IEEE, 2013 23-28.
. s 2016, 24(9); 2283-2292
LIW ZH., YI BSH, QIU K, etal.. Detail preser-

ving multi-exposure image fusion[J]. Opt. Preci-

(8]

(10]

[11]

[12]

[13]

[14]

sion Eng. , 2016, 24(9): 2283-2292. (in Chinese)

HUO Y Q. ZHANG X D. Single image-based HDR

imaging with CRF estimation[ C]. Proceedings of

2016 International Conference on Communication

Problem-Solving . IEEE., 2016, 1-3.

;. TDI CCD
LJ1.

s ’

, 2012, 20(12): 2791-2795.
XUE X CH, HAN CH SH, XUE D L, et al.. In-
creasing dynamic range of space push-broom remote
sensing camera by two-row TDI CCD[J]. Opt. Preci-
sion Eng. , 2012, 20(12): 2791-2795. (in Chinese)
CEYLAN O. KAYAHAN H. YAZICI M, etal..
Implementation of pixel level digital TDI for scan-
ning type LWIR FPAs[J]. SPIE, 2014, 9070: 7.
CMOS

’ 1 ’

[J]. » 2017, 32
(3): 240-248.
SUN H H, HE SH W, WU P, et al.. Design and
imaging analysis of high dynamics scientific CMOS
cameral J|. Chinese Journal of Liquid Crystals and
Displays, 2017, 32(3): 240-248. (in Chinese)
Lyl

, 2012, 41(6): 642-648.
LUHY, LIU Y, XUE X CH. Selecting the opti-
mal integral grade for TDI CCD in remote sensing
cameras| J]. Acta Photonica Sinica, 2012, 41(6) ;
642-648. (in Chinese)
CCD

[J:|~ ’

1l ’ [l

2015, 23(7) . 1829-1837.

LIU Z X, WAN ZH, LI X SH, et al.. Influence fac-
tors on SNR of TDICCD space cameral J]. Opt. Preci-
sion Eng. , 2015, 23(7) . 1829-1837. (in Chinese)

[D].
FANG ] Y. Studyon methodology and technology

» 2016 78-82.



26

[15]

[16]

of acquisition and rendering for high dynamic
range color images D]. Hangzhou: Zhejiang Uni-
versity, 2016: 78-82. (in Chinese)
[D].
, 2016 14-28.

YUAN F. Research of automatic exposure based
on intelligent vehicle[ D]. Wuhan; Hubei Univer-
sity of Technology. 2016: 14-28. (in Chinese)
GONZALEZ R C, WOODS R E. Digital Image

Processing [ M]. 3rd ed. Beijing: Publishing
House of Electronics Industry, 2010.
(1990—>, )

,2013
. E-mail: sun-

wuhit@163. com

[17]

[18]

LI, . 2015, 8(1):64.
PAN F, YAN B B, XIAO W, etal.. Digital holo-
graphic reconstruction image fusion based on math-
ematical morphology [J]. Chinese Optics, 2015,8
(1):64. (in Chinese)
, , s LJ1.
, 2017, 10(14) :445-446.

WANG H, ZHANG Y, SHEN H H, etal.. Re-
view of image enhancement algorithms [J]. Chi-

nese Optics, 2017, 10(14) :445-446. (in Chinese)

(1972 —>, s
1993
, 1998

’ ’ °

2004

E-mail;: xuan han@ yahoo. com. cn



