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Abstract: The image motion calculation and compensation for an aerial scanning camera in turning imaging was
researched to improve its imaging quality. The geometrical modeling and velocity vector decomposition were
utilized to establish the image motion computation model of turning imaging according to the imaging principle of
the aerial scanning camera. The mean compensation method for forward turning imaging motion was proposed
based on the established model. The forward image motion compensation analysis on the turning imaging
indicates that the maximum residual of forward image motion compensation is 2.22 pm at the focal length of
camera in 500 mm, exposure time in 0.01 s, speed height ratio in 0.02 rad/s, the longitudinal field of view in 10°,
and the angular velocity in 1(°)/s and that is 3.36 pum at the angular velocity in 1.5(°)/s. Moreover, the latitudinal
image motion compensation analysis on the turning imaging indicates that the latitudinal image motion value
increases as the magnitude of longitudinal field of view increased, and the value reaches 3 um while the exposure
time is 0.005 s, the latitudinal field of view is 30°, the angular velocity is 1(°)/s and the longitudinal field of view

is 4.5°. The imaging experiment of test turning flight obtains excellent image quality without geometric distortion
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and proper forward image motion compensation, which verifies the validity of the proposed image motion

compensation method for turning imaging.
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compensation
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Fig. 1 Imaging principle of scanning camera
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Fig.2 Control system structure of forward image motion
compensation mirror
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Fig. 3 Geometrical model of scanning imaging for straight
flight
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Fig. 4 Forward velocity decomposition of scanning imaging
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Fig. 5 Variation of @," in scanning imaging for straight flight
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Fig. 7 Geometrical model of scanning imaging for turning
flight

v P8I 733 43 1% 3 AT - QA 4 ik VA S T T
F oA E vy, WA =v,cos(a),
VS =y sin(a). HR1EE 8T &1|0'A|=|0'O/cos(a), ]
va AT SR . R S (S) T T 5 4 1R
i 1 B A o TSI 2 s (6) i o B
(O)F] Floo " PSS 2, — 43 R 2L ] AT
FRAERET AR L 0, 5 — B AL B
He B RT 5 S M 35 01" (o =osin(R+0,)cos(B,)) o
orHo. BN RHO)E , 5 LA
T ; Molsit TR, wof#itTo, ZILhES
CITHEIETH K, ol To,

vl =|0'0| @ = (r+h-tan(R + 6,)) - o, 5)

(6)
Hrfh=5000m, R=30°, 6=30°, f=20°, w=1(°)s,
#=0.02 rad/s. 45 FANE9-10/7%, KW M i
WEAELFE O, 38 I G K, BB, 38 Iyl ;- B & 10



Wk W, A5 S SR AR LI 25 AR AR AR 20 B A 639

8 S FR A R e BE O it
Fig. 8 Decomposition of linear velocity of scanning imaging
for turning flight
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Fig. 9 Variation of ;" of scanning imaging for turning flight
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Fig. 11 Image motion compensation residual varies with
latitudinal field of view
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Fig. 12 Variation of @ of scanning imaging for turning flight

i, G TCEXN o P RME . I, T TR
ARG TR o7 5 Y Je KR ] (R % 2 d g% A
B, dgi] B DT

B =X (1) AT A4S A (] 5% 25 ) B dghfi A 1)
M AR AL 18 L (B113), HiFR=30°, =500 mm,
=0.005 s, #CCDZIT N9 pm, XM w=1(°)/sh, dgik F
3 um(=4r 2 — 18I0 =4.5°; M w=0.5(°)/sh],
dgik )3 pmff f=9.1°,

ds = w-cos(R) -tan(B) - f - t/ cos(f). (11)

5 T AR R

Xof 2t 25 G T A R v 1 R TR s SR AR AL
NE AR SCHE 10 5% 25 U BB #2016 i AT 15 8
M BRI 1457, 53 g B i £
BEEMBE W T . #=0.018 rad/s, ©=0.89(°)/s,
B=1.5° El14(a) 1 [0 9037 F SR 25005 Bir e R, AR
P (7)RTHN, A BT AT BT SR B R R
il AR K 14(b) g 1 16) ¥ 3% #A g 55°1F
BT LG, I B AL A5 BT 5 1R 0 R 1) 45 8% 4y o
SR il B4R, RS R

13 I KM 1) F5 88 BB 1) WA 3 £ 22405 L
Fig. 13 Maximum latitudinal image motion versus longitudinal
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