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Abstract: This paper put forward an available method aimed at the requirements of aerial
camera with multi-mode. Driving schedules of interline transfer progressive scan KAI-2093
CCD sensor produced by Kodak corporation have been examined based on the structure and
theory of dual-channel transmission. Three kinds of driving mode have been designed: bin-
ning , no-binning and TDI mode. The design takes the FPGA EP1C6Q240 produced by Altera
corporation as the schedule generator to realize data cache and mosaics. QUARTUSII?. 0 has
been chosen as the software design platform. Driving schedule generator is described with
VHDL. The design of data cache and mosaics has been fulfilled though simulation by Model-
sim AES6. 1b. Experimental results indicate that the schedule can output CCD signals at the
speed of 60 frames/s, 120 frames/s etc in binning mode, which can meet the requirements of
moving target tracking with high speed;and can output full frame at the speed of 30 frames/s in
no-binning mode;and does not affect image quality for long-time working in TDI mode. The
system integration and anti-jamming capability have been improved.
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Fig. 1 Functional structure of FPGA

CCD B3R gfiif Jy (1) 3% VHDL 4G -
If CLKIN event and CLKIN="40" then
if enl=*1" then - -binning =\ (RECH 2)
if (pix_count™6 and pix_count<(37) or
(pix_count>>66 and pix_count<(97) then
vl test<(=°0";v2 test<(="°1";
else
vl test<{=°1";v2 test<(=°0";
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end if;
If en2=°1" then --no_binning B =,
if pix_count>>6 and pix_count<(37 then
vl test<(=°0";v2 test<(=°1";
else
vl test<{=°1";v2 test<(=°0";
end if;
If en3=°1" then --TDI#RX (LN 2)
if h_count™>2 and h_count<(7 then
flag frame<="°1";
else
flag frame<<=°0";
end if;
if flag frame="°1" then
if { count™>1307 and f count<(2447 then
hlax test<{=°1";
else
hlax test<{=°0";
end if;
if f count™>1807 and f count<C2047 then
h2ax_test<{="0";
else
h2ax_test<{=°1";
end if;
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Fig. 2 Real waveform of reset clock and horizontal clock

H1,H2.

K3 No-binning #izX; V1, H1,H2 Sl 4.
Fig. 3 Real waveform of V1, Hl, H2 in no-binning

mode.
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Fig. 4 Real waveform of V1,H1,H2 in binning mode.
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Fig. 6 Real waveform of SUB, V2 with TDI stage2.
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Fig. 7 Structure of two-port RAM
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Z % X #:

[ 1] Remel, 4208 B

T

B9 RAM HefibfE( 5 AL 5 0 T 7R
Fig. 9 Simulated timing diagram of enable and address
signal of RAM

CCD iy H3E3E L %y 04 58 — 47 B0 e B ik 7
FERIT 5 A RAM e 1 f9 b ht X, 3B TE L
i 1 PR B A RS [ R B ki T I 5 A
RAM e 1 i ik [X 5 [R]F 32 B8 )RR A O 2 A
WMIE RS —1 T8RS A RAM Bt 2 i1l
HEIX 26 AT RO S A R R X 2 5 AR AT
MBS A RAM Btttk X ) [A] s , RAM B
1R b X B4 K00 e FR 7 o 7 432 o B8
At E  RAM B 2 rp (i i bk X0 S0 0 i 1R
HHEA TP s B R R B BB 2 £ T
DL RAM He I st 1k X0 K080 4 Bl 3 i st
ik XA 58 S AR 25 AR ik X
BN AR s A SLOE A . BB — i R 58
Przlrin ity . B9 J& F Modelsim 5 5 H >k (1
RAM B RE(E S5 Atk (5 S5 Ao 1A

4% #®

KB HTTE TR FPGA 281 % 113K 3
B AT P ) CCD ML 5 % A 2% A B 22 A7
PrEzab RS (1 2 24 i L — i ALTERA
IS EIN AT ZRFE SR 1 EP1C6Q240 BRI AT SZHE, SLh)
JFRIT I A 40 MHz fR R B8R 200 TR %R
P PR TT  EMG  ITiat o] LLGK 30 Mii/s; R
FH binning #E5 , WA B & 0] DLIKF] 60 fii/s. 120
Wii/s. BRI TARRREE T B CCD 454947
R 1) AR ] 81, B 48 T 28000 F TDI i) 4K S A
Ko LB I7 ZE AT LA — i 23 A LTE PRI SR
i AT RS T BERE AR S R B s, )CREBR R S
WA AR, — AL B AR AL T H R 2
= T RGN B AP T RE Ty L 2 A A ALY
— RSB

. CCD By itz fbL 0 B B SEEOR 5  J [T ). b 56 55 41,2009, 16(4) . 7-10.



110 woom 5 = R %26 &

[ 2 ] BRET- F. = Aabuidt 5 5236 [ M. J6aT AL 1 Ik, 20031 1-18.

[ 3 ] Mccurnin T W. Signal processing for low level, high precision CCD imaging[ J ]. SPIE,1991,1448;225-235.

[ 4] FRAK. BRAERSE BAFEAR [M]. Jbat B 7 Tolk et , 2006 : 30-45.

[ 5] R, XITEDE 8 4. %, 4T % CCD i TDI T/EF=WF5E[) ). k% 4% T42,2008,16(9):1629-1634.

[ 6 ] 2 F#&. CCD HHPLINAHRE #MEH AR LT, ok 5 4198, 2005, 35(9) : 628-632.

U7 VPR AR TOEAK, S, 45, HER UM 25 B B R B AMEE BE M 0T L) ). b3 #5285 42,2009, 17(2) :453-459.

[ 8 J HHk U, it 58 WU , 5. 45 [8] TDICCD AHAL sl 25 g b i # i R G i3t [T, k4 M2 £42,2010,17(3):
623-629.

[9 ] w25 A, ki 5. Sl CCD GG Bt Ik sh i Fr 3 L) . & F 2 4,2009,32(4) : 262-268.

[10] RKFitkE. BT FPGA B FETEP st e T2 548 m A K, 2008,28(5) :982-986.

C11] BBJKG#AH . R A %, S AAEPLE IR R MR R ] k5 #% £42,2010,18(6) :1436-1443.

[12] BHIEaR , SO, K38 =, 46, £+ CPLD (W25 (Al 4 CCD AHHLIK shE 7 R A 2 et SRR Se i T ], B -F F 4R,
2007,36(2) ;364-367.

C13] /NI e ok B4 46, 5T FPGA (YK TE [ CCD A Bk 2l o B8 523 [T ] & fh 5 2%, 2009, 24(5):735-
739 .

I3IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIID

MEEEERTE

BT EHLRARAFTEMBK TR T, BAL, MEARF GG LLERRE XL T, £
JEE B MGG AL B ) P LR RS R A B RS, #lde.lm, 5d,12 m*,4 A,2 000 m*/s,273 K, 100~
150 kg,30 % V.400 4 t %,

AL R GHE B R P AT LT AL AL B IRAE T, Hlde "R E N m/s”, " F
mL ik RERAFI AR M, 1509 B IR 5 TR T — Ik R 4569 9 4

SNTEDE SN EEN@ORTF, —REEFERAFTEARF, QIEEH—ZE+, Bl ] L2
&AL, 3 AR,

4R & B A fn iR KRG AR

a. Bt FATARRA R ALERAL B F I KA R 1A RALAE . Hlde N e s ik k. g A kN - s,
{2 Wb ik AP A 2 AR, — ARG EAL Q  m, BF B R KQ + m,MQ » m, {2 % ho
Bk e MEER Qe om; F—ARREZTEA AL F R t+ km

b. i@ 3E A5 AR R AR TR (2T XD M RG-S A5, 33 Sk — M 4 F 69 5 1 AT, 95
— xR Amia) Sk, e ERIF AR ]/ (mol « K)Amid sk k, B B % k J/(mol » K), REE B & J/ (mmol « K),
% & kJ/(mol « K)= J/(mmol » K),42 J/(mmol « K) & RHLM 4,

c —MEAREAAEFAL T 4 FF R B Amid) Sk,

d. BEBLibg 5 A RE BRI BREALR ST A 18, 55 TH TS 528 L&k,

e. JiE$#4x kg Blsh,



