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Abstract: For ultraviolet remote sensing instrument, a CMOS spectral imaging system based on the
CMOS image sensor GSENSE400 produced by Gpixel company and Virtex-4 FPGA produced by Xilinx
company was realized, including driving circuits, bias and the timing control unit. When receiving the
high-speed data, the conventional LVDS training method only take into account the random jitter and
ignore the sample error caused by deterministic jitter. Therefore, a new training algorithm was estab-
lished to improve the accuracy of transition identification by increasing a judgment of sample data cor-
rectness. A real-time window monitor method was also presented to avoid the drift of temperature and

voltage in aerospace application without affecting the data transmission. By monitoring the distance
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between sampling edge and the edges of data window and readjusting the delay of the data paths as
soon as the window enter the transition, the method held the sampling edge in the safe sampling win-
dow and ensured the high reliability of long time data receiving. The system designed is stable and re-
liable, the highest image data rate is 2. 5 Gb/s, the temporal noise is 1. 72e~ , the dynamic range is 94
dB, satisfies the requirement of the space load.

Key words: ultraviolet remote sensing instrument; CMOS spectral imaging system; driver circuit; da-

ta eye; real-time window monitor
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Fig. 1 Block diagram of spectral imaging system
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Fig. 3 Diagram of voltage references circuit

CMOS N
\ RS-422
FPGA 1/0
Xilinx Virtex II ~ Virtex4
W (Virtex 11 ).
Xilinx Virtex—4
. Vir-
tex—4 VC4VSX55 .
FPGA
4 FPGA
FPGA VHDL s
o : .CMOS
SPI N RS-
422 N o

CMOS 19

SP1 SPI
RS-422
CMOS )
4.1
AD , GSENSE400
LVDS
) 8 300 Mb/s LVDS
1 150 MHz LVDS
(DDR ) o DDR
PCB )
o FPGA ,
BUFIO(1/0O Clock
Buffer,1/0 ), FPGA
(Skew),
CMOS
, (Data eye)
) (Bit Alignment) ,
12
bit )
s (Word Alignment),
( ) o )
ISERDES( )
(Bitslip) ) ISERDES )



CMOS

475

(Transition)

| &N | e | & |
<>G Data 0 I / | Data 1 D<>
SEEERT SR f
4

Fig. 4 Diagram of data eye

12

0x4C7 (010 011 000 111)

b

1,

4.2

X LA R PF AR |

FHE—ITER |

FEEEEE Brtslip
F T UIZRFY BRI —IR

FHE -

Fig. 5 Flow chart of training algorithm

b

(Real-Time Window Monitor, RTWM)

°

RTWM )

. Virtex4
IBUFDS DIFF OUT

o

b



476 26
, 10 .,
© *
W AR A AT
’ N (K
( AL SR
b e R A  BUEEE - 17
) TR HERT 1R 1
’ ’ I e
° 2
’ WA R )
— A (K
TREARA
o Ho e .| BOREE -
2 (delay tap), (a) HUEILAL?
; )
W AR S
, — M O
. (b —
; 7 RTWM
, (c) , Fig.7 Flow chart of RTWM

X2

X2
X2
X2

mew b

6 RTWM
Fig. 6 Diagram of RTWM

RTWM 7

o

1, ,

4.3
( ) , (
) o 12
2 048 , =

ceil(log, ((2'* —1) X2 048))) =23 bit,
= (2 048 X 2 X 23 bit) X 23, 8 {/s=2. 243

1\/“)/5o ]
RS-422 s 3
MHz,

, = (2 048 X

2 048X 12 bitX2)X23.8 {/s=2.4 Gb/s,
Camera Link
) NI
1433, Camera Link

PCIE-



2 ) CMOS 477
, 4. 76 3. 33 ns, 44 ~45 R
Gb/s (Medium) , , 3~6
Virtex—4 FPGA PCB o
, Camera Link ,
o o 784
9 .
5 ; . ,
4 o
CMOS ,
N ACKT TBERYE [ -
i 253.65 nm
EMVA 1288 Ll
) 8 o o
=
1.72¢, CMOS R
296.72 nm
1.4e” , s L
313.95 nm
B — = ———31460nm
45 S REE
Fas
35+ 9
7? I Fig.9 Spectral imaging of mercury lamp
Ls|
U 6
05+

[=]

'
W
=
at
3
=]
S

Fig. 8 Temporal Noise Distribution

Camera Link
SerTFG (Serial communica-
tions To Frame Grabber. ) ,
8 39.
39.41.40.42,40.41 39 . Virtex4
75/s, 300 Mb/s

[1] . , ,
[rl. . 2013, 6(5): 692-700.
ZHANG ], WANG SH R, HUANG Y, etal.. Status
and development of limb imaging spectrometer [ ] ].

Chinese Optics, 2013, 6(5):692-700. (in Chinese)

GSENSE400 s
CMOS
.PCB N
: CMOS
300 Mb/s .
o 1.72¢ ,
94 dB, .
(2] . . ., . FY-3A
(1] .

2010, 18(2): 303-310.

WANG L Q, WANG SH R, LIF T, etal.. Soft-
ware design and implementation of FY-3A solar
backscatter ultraviolet Spectrometer[J]. Opt. Pre-

cision Eng. , 2010, 18(2): 303-310. (in Chinese)



478 26
[3] [9] , s APS CMOS
. , 2014, 34(8): 0822005, 1. . 2012,
XUE Q SH. Optical system design of multi-model 32(7): 121-127.
hyperspectral imager for spaced-based atmospheric LANG J] W, WANG Y M, WANG J Y. Applica-
remote sensing[J]. Acta Optica Sinca, 2014, 34 tions of high sensitivity APS CMOS sensors for im-
(8): 0822005. (in Chinese) aging spectrometers[J]. Acta Optica Sinca , 2012,
[4] , , . FY-3C/ 33(7): 121-127. (in Chinese)
Lyl , 2015, [10] BENMOUSSA A, GISSOT S, GIORDANENGO
23(7): 1859-1866. B, et al.. Irradiation damage tests on backside-il-
LIU CH B, WAMG W H, YANG L. Revision of luminated CMOS APS prototypes for the extreme
solar irradiance of FY-3C/TOU[J]. Opt. Precision ultraviolet imager on-board solar orbiter [ ] .
Eng., 2015, 23(7): 1859-1866. (in Chinese) IEEE Transactions on Nuclear Science, 2013, 60
[5] , , , (5):3907-3914.
CCD Ll . 2014, 34 [11] . . .
(10): 1011001. CMOS (Il » 2015
MA J, XIAO X ZH, LANG J W, ez al.. Study on (7). 779, 13.
selection of CCD detector of space-borne hyper- XIE N, DING Y, WANG X, etal.. CMOS active
spectral imager[J]. Acta Optica Sinca, 2014, 34 pixel sensor for hyperspectral imaging application
(10): 1011001. (in Chinese) [J]. Instrument Technique and Sensor, 2015(7);
(6] s > , 7-9, 13. (in Chinese)
CCD (1. , 2011, 19 [12] ; ,
(7): 1538-1545. AR , 2013,
MA Q J, SONG K F, QU Y, et al.. Design of 50(1) . 10008.
CCD circuit systems for ultraviolet limb imaging WANG Y M, LANG ] W, WANG ] Y. Status
spectrometers[ J . Opt. Precision Eng., 2011, 19 and prospect of space-borne hyperspectral imaging
(7): 1538-1545. (in Chinese) technology[J]. Laser & Optoelectronics Progress s
(7] s s R 2013, 50(1): 10008. (in Chinese)
[l . 2015, 23 [13] . . . FPGA
(4): 1131-1137. CMOS Il
WANG ZH L., FENG Y. XIAO H, etal.. Distrib- , 2016, 31(2). 173-178.
uted compressive sensing imaging and reconstruction WANG ZH., HENG Y F, CAO X T, et al.. De-
of hyperspectral imagery[J]. Opt. Precision Eng. , sign of large area array CMOS of high speed elec-
2015, 23(4): 1131-1137. (in Chinese) tronics camera system based on FPGA[J]. Chinese
[8] s s TDI Journal of Liquid Crystals and Displays, 2016,
CMOS L. ; 31(2): 173-178. (in Chinese)
2010, 18(8): 1896-1903. [14] MAC, LIUY, LIJ, etal.. A 4MP high-dynam-
QU H S, ZHAGN Y, JIN G. Improvement of per- ic-range, low-noise CMOS image sensor[J]. Pro-
formance for CMOS area image sensors by TDI al- ceedings of SPIE, 2015, 9403: 940305.
gorithm in digital domain[J]. Opt. Precision Eng. , [15] s . . Virtex4 FPGA

2010, 18(8): 1896-1903. (in Chinese)

(1. )



CMOS 479

2011, 8(2): 54-58.
CHEN X X, XING W, XU Q B. Research on cor-
recting single-event upsets in virtex-4 platform FP-

GAL[J]. Space Electronic Technology. 2011, 8

(1990—), ;
, ,2013 2015

N

o E*mail :

zhangheng(@ ciomp. ac. cn

(C)1994-2019 China Academic Journal Electronic Publishing House. All rights reserved.

(2): 54-58. (in Chinese)
[16] European Machine Vision Association. EMVA Stand-
ard 1288, standard for characterization of image sen—

sors and camera[ J|. Release, 2010, 3: 29.

(1979—>, s
s ,2003
, 2008

mail: qjma@ ciomp. ac. cn

http://www.cnki.net



