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Design of image simulation system of TDICCD space camera
ZHANG Min'**, JIN Long-xu, LI Guo-ning', WU Yi-nan, ZHANG Ran-feng', HAN Shuang-li'

(1. Changchun Institute of Optics » Fine Mechanics and Physics ,
Chinese Academy of Sciences, Changchun 130033,China;
2. University of Chinese Academy of Sciences, Beijing 100049 ,China)

Abstract: Space camera ground detection system before being put into service must be carried out self-
test function testing strictly. In order to solve the problem of waste of time and resources when tes-
ting with the massive CCD camera system, we design a kind of space camera image simulation system
based on the working principle of TDICCD space camera. The system obtained the image data through
USB bus interface. The image data transfer through the SRAM cache. To realize the permanent
storage, the image data are stored in FLASH. This system may realize the change of camera line {re-
quency and image size, so it can simulate different models of space camera. The experimental results
show that the speed of data download comes to 40 MB/s from USB interface, and the image display by
the space camera ground detection system is consistent with the original image sent by the host com-
puter, without loss of data and error conditions. The camera image simulation system is flexible, sta-
ble and reliable performance, wide application range.
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Fig. 1 Image format for space camera
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Fig. 2 Composition of the image simulation system
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Fig. 3 Connection of the FPGA and USB interface

circuit



el

ik 85T TDICCD 25 [l A AL G B LR &R 4 151 211

WA T B £ 5 AT, fik 8 SLWR 5,
FIFO #4ls o2k b i %4l 2 78 IFCLK &4~ L
THIEE AF| FIFO b, fEPDIRAE T, i’k SLRD
Jei o« B TF Uh DB T 0k 04 07 5 ) B A
Tt RAEZRERBEGRET, M2 R
SLOE 4b T filt & 4k 75 . PKTEND 0 22 4h 315 5
L BUHR AL . LA R A% A L
3.2 FLASH B3R KEEFMEBAR

FLASH 8 A2k = 2 2 ®l B9 NAND #
FLASH(K9K8GOSUOA) , % ith F B Fi 17 fith 7% it
J 8 Gbits, B U (page) H 2 048 F47 FA7Ak X
64 T A N IX SR AL A, 64 71T B9 2SR XU T
FRURELFRIC . 64 T (page) 4 l—Ht (block) . #%
fEEEA 8 192 Fe, R NS —1 2 048 F 1Y
WA, X FLASH #7 5t Bh. |
SR AE i A B b B B AR AR s 2% A7 B 0T A A
arrh, SRS FEXT UAE A AR HEAT RS HAE L T LA
FLASH 5 7 A7 76 U4 F2 B (8] #0002 432 H B i), —
T S TR 4 AR ) DR 200 s, B K 4 AR I ]
700 ps. AFAEBYECHE I AFAif A0 T 3 25 A7 2% (regis-
ter) (32 HH B DB KR 20 pst 107

H 5 {4 A% B M B r g, FLASH 5 A — 5L
s T BEWA A R (1) AT A7 48 0 2% #54F , 00 FF
TER RN AL 35 Ay 4 otk B 0 i 28, 5 R
4P B 8 (write cycle time) B /A 25 ns, B B HR K
GAM AR 40 MHz, Q0¥ & K5 A8 30t

[
VIR |

BN — TUBCHE A i g et ) B3RO 102, 5 ps,
(2) U0 4 F2 B AR, Y 005 A7 4% B0 I 4858 iR
O A BE AR A g v B EIE SO BN A A
JoT H L BT G BRI [R] S 200 s, B K 4 A2 )]
H 700 ps. HAGBEBRAEL WG A REHEAT T —
TS AHAE AT LA 004 B ) ) B KL SR
M) 5040 A7 A R A DG B R R AR R AR
3R FLASH 4% 85, R H 8 R /KL S #H Ak, /I
Xf— 2 FLASH # 17 9 B 09 ) 8] Xf o5 — 4
FLASH #4775 77 a8 I 2 B2 VE . X PR3 1K | 4
BT 0T G AR B E] AT FLASH [ 51 1 77 %
FEAT B 48 . ER A & Ak 67 2 12 bit, i
FLASH M5 e 5 By 8 i, i 7 i — 20 42
T FEAE YR B L A FLASH 347 52 B — 4> i i
EGE e B9 A7 6 Horh — J FLASH 17 8112 %K
I 8 A, U9 — H FLASH 774 B 18 B8 1Y A%
A7, MILTE 8 Him /KL RERER. A 4
FiR .

— A5 8 4 FLASH ., %40 FLASH 2 4
B 5 — A PLLSE AL AE A8 P2, 55 — AL AE A
P3, LIS R 25,8 4 FLASH 43 S 47k 8 4>
T S A E . B AL AR T 1 USB S R
Ui i, FIFO & 3% R ECE WU an il 4 Jiow , e 02
P i B 4 A4~ 3E ER S B kB 4 A3 18 ER 3K
PR —1%00 R 5 P P R BL B I BEE —%oc.
FLASH M5 A h e 40 MHz, Iiif FLASH

i | AT

P —— . % R EJ_E RET2 i o !
PR B RIT 1 HRFRTIL T2 HRFRTI2 | :
2T o eee——— g T k- s i %) !
PR T . ! | ol B e —hl - !
. _ [sumumies | | L i T2 GHETR i !
e T i : (5] R | Bl mmm | P4 !
BIEHB R !_’: '%‘E WEI i R TT2 e ]

B R i Lo | BRI | e GIFLT2 Sram# 7411
PUBRLH2T : s b R g | gwEm2 | ________________.
PELAT | PR | Ka SAETUI | | e : |
p——— ! . & T FAEED | Bl !
PR | i [T T | e | B2 |
B2 i Rk HET A — :
BEEHURT  |pgumor i e HET s | | B3 !
BB ' HET s : B4 :
BaER 2T ! 8 G s T ]

|
. Sram#B1E42
L]
UG LfrHL B Flashifi K SramUHEH R G
SR WA

Bl 4 FIASH Wi K LA TR
Fig.4 Flow of the FLASH assembly line operation



212 W5 BoR

o531 %

AE A ISF )3 6 45 B0 o 28 0 o At v I . 38 1 B 4
HR e K B g RS E) T H 550 % 7 FLASH B9 SE RS A
B E RN 5.1 MHz, L %ifE SRAM
AT BR ., 2k )5 AN SRAM 32 H £k 4l
5 AH| FLASH . 7EXT55—20 FLASH #1748
WX 55 — 2 FLASH #E47 8080 48, 7055 — 41
HEAT 2 B 40 ) %465 = 40 FLASH 47 5088 09 48
H# FLASH 7752 P.B i i 55 — 1% oc B 5
BF, B4 USB — A~ Wi {545, 5 ) USB 4k 2k 1%
s A OC R B LA 2R HE TR L BB E S
BOE A7 A o8 He Sk 1k . 3XORE DR IR K AR, AR
FLASH 7 f7 4 7 0] R w6 25 18 00 44 A2 1) ) 1), 3 g
T FLASH M % . K L BAE R 19 FE 0
K & B R FLASH 7 fif 3 1 19 8 fi5. 13
FLASH ##% H A R 15 5] 10 MB/ s,

4 FRHAESR

4.1 MRHFE
STt F A B OUSB 0 OB B Ll &

FLASH # DB Mg, AR 56 2 7E Xilinx ISE
10. 1 A4 FIFE A ModelSim 6. 1 58, &
A Y1 FPGA #EF R Verilog HDL # {41E& 5
wit, USB #2045 BB P i 5 iR, B e fil &
SLOE Pl K¢ SLRD 155 M A% L ~F A ROR &L Y
USB iy FIFO 7S Wi tr i i FLAGA 2 = B R,
F W] USB NS FIFO RIEZRAS, e A USB
(896 48 BUE Bl , — 4~ IFCLK B b TV B
E—AEHE . 4 USB W3 10— B AL T % 22 19 3%
BOSUHE R A 1) SLOE LA K SLRD 5 5 — EL#f A%
i & RZS . M USB #dfg &k FDL15 = 0] & 3% &
PR O E R T LR IS 2] FLASH 4 1 A9 0
B FE A 6 FiF 7 . fE FLASH 3 F e (& ] 2L
Bk ITA a4 Lk BUE AR E WE 55
0 FFHES A, CLE #l ALE 43 5 45 17 48 4 i #b
k. 5 FLASH #8/EE %5 A 80H 4, MG S
A5 AR HhE L OF HLAE WE B T8 S
TR BN A A DL EEHGE B RBES —H
SbFARHCF RS SR (G 5 B A, RPEE T
LT ABNTFAR T AT — U ERAE,

File Edit View Insert Format Tools Window

1

1

J
[000d fo00e ____JO0OF ____(JO00T _____J0002 _____J0003 _____J0004 ______J0005 ____)000s _____Jooor7 0002
il 0000 0001 J0002 _____)0003 _____Joo04 _____Jood5 )00 Joooz _____Joo0s 0003
{00 o1 02 03 } (73 105 Y06 107 Y08 J(E]

K 5 USB #0445 EifF R

Fig. 5 USB interface simulation timing sequence diagram

= =

Bl 6 FLASH 4% [ B

Fig. 6 FLASH interface simulation timing sequence diagram



el

sk 8,45 T TDICCD %5 ) A AL RS U & e i i 213

4.2 BN

T BEAR 2R G 0 IV Rz DA KM e AR
FE . R FPGA S R 8 15 BGOR H00 I8 (4 17 43
Bl 18 PRI Ak i, O HLGE o B A HL & 36 45
Fat % . AN b L 2 USB #2144 4 — i
ML AR EIEINE 7, A7 5] FLASH H, 8%
Ji# i Cameralink 4% %) PC HL i 47 o . 13
FIMEERME 7)) Piw, TR M, LA L i
Y JE A 42 1 28 Cameralink 78 B9 B2 — 30, TG
BE SRR 1 L

Ca) b HLAT it 19 Ji o P61 45

(a)Original image storage in the PC

(b) % Cameralink 4 I /5 19 <%
(b)Image display through cameralink interface
Bl 7 IR EME LL K 2 Cameralink 322 17 88 7w B9 E{E
Fig. 7 Original image and the image display through

cameralink interface

& X X #:

Xt I AR s B4 PR RO (B R AT U 3
FOTIEAR R R R R DT R 22 4 5K

M N

e = | 20 D) (p(aay) —qlaay))?/(MN)

=1 y=1

(D

Horp, pla,y) WE 7O BBAE ., q(x,y) HE 7
(b) A, M A R AT 8, N R EE S0 8. st
(DA ER W 3 5 R iR 2 e, =0, A L2 (8] 41
ML EGASLE AT LR E AT 5 10 TAE .
5 4 7w

ARSCEETH I 2 R A AL EME BRI R 48, B 4
BT R A B B R S %) %5 8] TDICCD AH L L.
FIH USB $2 1105 B A 7 BLE AT R S 1
#, R T 16 H FLASH LK eVl 7 Xt 1
GBI HEAT EAE TR K4 = T 3 A 26 R 4
O FEAHE R . TR K G BR VR R 1 £ i R 2 o
A FLASH 7l 1Y 8 1%, 4% FLASH (3%
FUA7fif %38 5] 40 MB/s, USB Ay SZFR T 3
JETT LLGAE] 40 MB/s, I A% 3C Y 3 K R AR AR
IEWF ik 2 T USB B F # o . & 5 fl
TLK2711 JE50HE % % 45 i Dl o8 R 4. %
Routeneta . N FH 2 TG AE A X523 8] AH B i
ARy Reny L B —E it S B M1E.

(1] §5 . ako00k . 4ms. LT FPGA ) TR EHRBHLIE R SB[ ], X3 K 54 4R . 2009.23(3) : 261-265.
LU Q. DU L B, WEI P. Design of simulative satellite image resource system based on FPGA[J]. Journal of Test
and Measurement Technology, 2009, 23(3): 261-265. (in Chinese)

(2] %M, &ke, &0 7. %, 2 EAAHILEGESHELRA BT SR % &5 2 5.2012,27(4) :563-568.
ZHU P, JIN L X, LI G N, et al. Design and realization of simulative image compression resource system of space
cameralJ]. Chinese Journal of Liquid Crystals and Displays, 2012, 27(4); 563-568. (in Chinese)

[3] #3t#. &k, BHOEY BB RGBT 5 2B, 3t Sl 2 5 42461,2009,17(7) : 1368-1374.
ZHANG G X, JIN G. Design and realization of image simulator of space vehicle borne optical remote sensing camera [ ] .

Com puter Measurement & Control » 2009, 17(7); 1368-1374.

(in Chinese)

(4] Z#,.42 A0, 458 7,%. SDRAM 7 KM% TDICCD =5 [ AHAL B J]. & F 545 8 ¥ 3R, 2012,34(5);

1246-1251.

LIJ, JINL X, LIG N, ezal. Application of SDRAM to the large field of view TDICCD space cameral J]. Journal
of Electronics & Information Technology» 2012 34(5): 1246-1251. (in Chinese)

(5] HAa# im kL. kB, 5. 0 250 H B AR Ry S BT ). A 345 % £42,2013,21(1) :158-166.
XIA Q Q. WANG D W. ZHANG L G, et al. Realization of fast-view system for high-speed multi-channel remote



214 W5 BoR 531 %

sensing cameral J ]. Optics and Precision Engineering » 2013, 21(1): 158-166. (in Chinese)

(6] #AF.3KEFIE.F LW, F. W CCD HH LM E] LB B4 80T iy BRI LT ] & 545 % T 48,2014, 22(2);
467-473.
LENG X, ZHANG X F, LI W M, et al. Image defect of full-frame CCD in TDI model[ J]. Optics and Precision
Engineering , 2014, 22(2) . 467-473. (in Chinese)

(7] Ba =, &7 4R 44 2T OBAT S R KA & FLASH 77 i il 45 [ 1. & 545 % T 42,2015, 23 (1)
1153-1160.
YANG J B, LI F, QIE J] W. Large capacity FLASH video storage controller based on blanking period of line and
field signals[J]. Optics and Precision Engineering , 2015, 23(4): 1153-1160. (in Chinese)

(8] R AEHuk, 22 BT FPGA Rl USB2. 0 M8 R A RG] MR K 5 4 & E.2009(3) :49-51.

AN R, REN Y F, LI S K. Data sampling system based on FPGA and USB2. 0[J]. Instrument Technique and Sen-
sors 2009(3): 49-51. (in Chinese)

(9] A, #T07, 240 &, . B0 NAND B[R A7 19 55 3 R 45 4 AR A7 i 4 [T, 0 5 4 % =42, 2009, 17 (10D,

2548-2554.
YU H L, HE X, WEI Z H, eral. High speed and high capacity image recorder based on NAND flash[J]. Optics
and Precision Engineering 2009, 17(10), 2548-2554. (in Chinese)

[10] Zt.&%Je, 3R, ¥, 2 0 ER764 2% NAND Flash Bl 54 (1], 56 345 % T42,2012,20(5) :1090-1101.
LIJ, JINL X, HAN S L., etal. Reliability of space image recorder based on NAND flash memory[]J]. Optics and
Precision Engineering s 2012, 20(5): 1090-1101. (in Chinese)

[11] &Kt 2T NAND FLASH f @ KA 7768 R AR FH AR, 2011,34(8):170-173.

ZHU Z B. Design of high-speed and mass storage system based on NAND flash[J]. Modern Electronics Tech-
nique s 2011, 34(8): 170-173. (in Chinese)

[12] Rk, %) A0, %) S, 5. JE TN IR KA R A6 RG], ok § 2 531 £ 4,2010,27(11) :173-176.
ZHANG X, LIU Z H, LIU W, et al. Design of a storage system base on flash with high speed and huge capacity
[J]. Microelectronics & Computer, 2010, 27(11); 173-176. (in Chinese)

EE BN k81990 —) . L, HMRKFN EHII A, FZNFas BV 724 D) K& &5 403 . E-mail : ciompzhangmin
@163. com



