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Abstract The resolution of remote sensing camera is restricted by the charge coupled device (CCD) pixel size.
To solve the problem, imaging capability of optical system in frequency bandwidth exceeding Nyquist frequency
is used to develop a camera which consists of two linear CCDs. These two CCDs are stitched together with a half-
pixel width displacement in both directions along and perpendicular to the CCD axis. The principle of improving
the resolution of the proposed system is presented. In hipermode, one way interpolation algorithm based on
integrated gradients to determine the direction of interpolation is proposed to avoid zipper effect caused by average
method. In supermode, high resolution image is acquired in real time by using random access memory (RAM) blocks
inside field programmable gate array (FPGA) to regroup image stagger. Gray mean gradients (GMG) of the two high
resolution images are increased by factors of 62.5% and 78.3% respectively after using Wiener filter. Results show
that the proposed algorithm can make image edge clear and intact. The effect of the algorithm is better than average
method and the hardware implementation is easy. The resolution is 1.16 and 1.6 times greater than that of
conventional system . Two imaging method can also reduce the image frequency aliasing. Sampling phase staggered
technology can take advantage of imaging capability of optical system in high—-frequency bandwidth and perform
high-resolution imaging.
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Fig.1 Double linear CCD staggered imaging principle. (a) Schematic of stitching of bi-linear CCD;
(b) CCD pushbroom imaging principle; (¢) sampling grid of hipermode; (d) sampling grid of supermode
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Fig.2 Design of CCD staggered imaging system. (a) Camera framework of CCD staggered imaging system;
(b).(c) CCD arraying table

3.3 HERZILIT

CCD PFEE IR B ML AN I 3(a) i 75 , AR IR 55 & 22 G5 W R 3(b) 7 , IS AZ 3R 55 & 5 5143 9 R N 9.58x
107 rad , 1 &2 %t 3 42 ) SO A8 e oK

3 A 2 15 i s RS 38 ek R () A 2 AT B 42 R R A5 3 v oy B R R, R UL, E B3 T g R 51
(FPGA) HL % i1 4 4> X 1 Bifi HL A7 BUAE % 25 (RAM)(RAMO~RAM3): RAMO Fil RAM 1 43 1] L) 45 5% £ 47 % CCD1 Al
CCD2% 58 i AT BR . 455 i A7 B AR I, DL 2F 09 550 32 43 3 Dk RAMO 1 RAM 1 A9 1% b 1k 457 1) 75 b ik 457 38
B o AT B R ZE RAM2 Fi RAM3 E 23 5 IF 5 A7 fiff CCD1 AT CCD2 iy i B9 56 i+ LAT IR . 958 i+ 14T
G AE 5 B, RAMO F RAM 1 T 5352 H 56 B8, 4k 0 JF 48 A7 A 565 i+ 2 47 IR, [A] B LA 27 B 431 %8 L RAM2 F1 RAM3
B S VAT B . AR TV DASE B — A7 [ 5 Bt A B (R] S A A i o o PR AR

El3 CCD ML NAGR RSt . (a) HIHLRGE; (b) AL ML F; &

Fig.3 CCD camera and imaging system. (a) Camera system; (b) imaging test turntable
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Fig.4 Resolution test chart. (a) ISO12233 resolution chart; (b) self-designed resolution chart
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Fig.5 High resolution image acquired from supermode
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Fig.6 Subimages of experimental imaging
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Table 1 LE, GMG and 1/r comparison before and after image restoration

Hipermode Supermode
before restor after restor before restor after restor
LE 0.1341 0.2416 0.1711 0.3316
GMG 16.314 26.517 20.832 37.151
1/r 102.35 69.122 101.63 66.571
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