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Abstract: Image motion in the exposure time is a critical factor that affects image quality in aerial
whisk-broom imaging. To study the influence of error factors in swing imaging of a three-mirror
reflector on image displacement, a calculation model of image motion was first established using
homogeneous coordinate transformation. Common error terms such as the precision of the rotation
axis of the sweeping mirror were then introduced to the model. On this basis, the effects of machining
and assembling errors of the three-mirror reflector on the displacement of the image points were
analyzed, and the sensitivities of errors to image motion were compared. Then, based on the

Modulation Transfer Function (MTF) of the system, the error limits of image point displacement
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were set, and the allowable displacement of the image point with high image quality was determined.
Finally, the error distribution of the three-mirror reflector was simulated using the Monte Carlo
method. The simulation results show that the image displacement is 10° m magnitude and the MTF
is 0. 97, which meet the requirements of the target. These findings have significant reference value for
the structural design and machining adjustment of swing cameras.

Key words: airborne remote sensing; image motion; swing mirror with three reflectors; error

distribution; Modulation Transfer Function (MTF); Monte Carlo simulation

1 351 =

Wit 5 AL 2 T AR A ] R U A 2 R e
A2 L ke PR o ) SR R i
TERAG SRR T AR G i 22 AR HL IR 22 HY FF1E
CCD 1% 11 7 B 't 1 [1] 4 55 4 1f7 554 99 A7 6 K8 6 07
F o o 7 2R B 15 B8 2 5 I e ¢ AR TR B A G B
FSESEE

LA S B AR T 2O SO R AR X
AR T B R T T 38 R TR SO A
77 Xk Ak BB R B9 B 7, ) dn R OR A
Hy Vista 2> 5] A il 449 5 b 8 48 AL 3080158 1% X
Hymap™ , B[R F 5 i 5 428 4 # J7 X5 21 5 il
Yo AEBCEEA b, O 1 R IR B R B DL R AR
e A AR M R AR SO T R TR 43 B
SERUEANY . = B AR L T BT B T H] Y
PN A RE A B o PRI A A R A )
AR BT 5 = T ) T I V9 IR ik
REA B o RGEARUE R . T Y R B T RO =
VTN 3B A 5 S MR S R BE T
IR BN BB R T o 2 A A R AR BB
=R, TR BB TR T LR
A == T 5 F) T T 9 5 2 A R 22 PR RN A5 o B
8 52 ) o S Sy M TR ) A 30 BT R AT 18RS T 5
B,

FUAT . B T #3801 A9 1R B 0T 5T 8
Z U BB A 5 1] A DB S A 4 OF B b
EBER ZEXBRE L Y 04T . B SRR —
PO S8 23 A rh R 22 AR B T i AL B T
BN RSB X — R IR B0, ANl T S B s 8
MUY s A bR AR I S 2 L . E R BT AR 4R
BT S U AR AR vk L T8 5 A A AR TR B A LR A
S ST ph T B R TR A AR RR G R L Tk
Xt R T R GARAMEATIE R A EE IR S &

o 3 HEAENT ) T BE R e O3 v 0 S0 SR A
T I3 73 i 5 o T R oy AR A TSR
AABILA B 32 A LA B AR i 02 B 5 Y, (E 2 7 3
A HIER 2 A AR SRR 22 R SR i B AL
ARV R PSS (S C RN SR AN VAC RS
L A RO A AR IE XA B
AR SCEE X LR AT B AN R L S5 =T B Y 25
P BETH AT T = T A 25 TN T 9 R 2 L O
TR AR ek T T = RO R
D I A RS B 9 A8 A A2 e R L i 57 T OE TR
W =T G R R AL AR AR, A
i o D LA AT T T I T R 2 AR A
A ik AN A SRR 2 QUK IS e
) RIUE . 455 R G KL i ok B PRAN A
P TR URLRS A BRE T L E BT Y R A%
REWNRIEAT TIREDE ., o RARERY
EXT o BC R AR 22 N R AT T ER G 05 L D A
R UITEBUA 9 R T = B 42 41 iR 7
AT LA AL e BB i A 2K AT 9 ) DA i S
P B RS %

2 AR R S AL A B A

Fie BRE b T ) e B TR AR o ) 728 6 Jt R
ST ARR R H P KB MY EATE OA RS
IR FLORTRISE e, CHLEAR hs, “THIEEHGEH
HE w, W0 SUB R RO SR s RO B
R e A oo, TR S BEMIE M ar, 10
by 8 Bl R R 25 e AR AN Bl Al B R 22 Oue s
TEFEAT HL A AR bR F8 A8 40 1 75 22 58 40 B — T4 10 4%
TR 2%

2.1 =—EHEMIEEFARESH

AR =T B B B AR RO AR
S5 4250 R e % il KO L SR T 5 e e il g
30°Fe AT A B T HEIm G A = A



5 10 ]

R M BRI R S R 20 2073

N AR 22 T T A T b A B =T Y R 22
KW=,

K1k =T P A E R & iR 22, HET R
B3 AT B =TT AR A0 1% 22 R 2R 8 Y R I A e S
PR BT SR T A IE LA AR NS = N AR A
T = Bl 67 0 1) B S G TR EE RS d BZAE AL B
1) iR,

A6
/
s
B 0
TSI Yme X
/ dr=Ad b

60°+ Ao |~V 28

() BRI AL &
(a) Side view of swing mirror

z

S5

dr +Ad;

(b) RGN AL ]
(b)Top view of swing mirror
1 =R R R S
Fig. 1 Schematic diagram of swing mirror with three

reflectors

HEHEIER RS o Wl UL A % 1R 22
SR RV N 2 FA LY Ay
N= [é,fsin wt,*gcos wt,OJ ;

BB =My, AR T B (D)

2.1.1 wesdhehsh R £

AR AT, BT e R R 25 T B TH R i
S POMARES, ME 1 PR, 2 iy =
T 58 1) O A S B i A Tl A7 A Tl AR R 22 TP B
L2 MR puc , FFSE y WEHE One RIAS ) 52 B Jig
SR, RS AR A 4 B AT TM, R TM, L 348 4

br NBEZ o AE . 580 o form A 64, |
TR IRENALE, de FRRXF R ERA, H
JUfp AR v LAIAS 3 dyp ek el As i,
2.1.2 R4tdm5 ok fig £

BN T H R B T O il e A
B2 WY A7 1R, 92 bR S B T S b Bl ok M ol
30°d Aoy, AN 1Ca) s . RS GE T 5 H0 il 9
iR EFEOEL AR N KA,
2.1.3 =Z=\@#EHEGEAIEE

PRAEUVG O T = TR =R AR L a5
Je ¥y 120°, SEBR b Fom L L2 R
S Z AR AR 22, I L) PR . — 2
R JeMIRZETIE NP dr IR,
2.1.4 BEEARBE@ TSR PO IER

7 £

PERAE = S S A T O B v el B R S e
FURE LT R doyo » SEBR N T 2, 152 25l LR
AL WA 1(h) R,

LA IR LI L G RN T R 2, AT A
75 B L AL A RTG53 s B A R R 43 00 R

Nua=TM, « TM, * [sin(30°+Aag) s
—cos(30°F Aag)sin(wtE2A ) ,
—c0s(30°+ Aag)cos(wt+=2Aar) ,0]T,

dr = B3dn, + Adr.
cos(wt2Aa:) ([3cos Oye —sin Oye)
2.2 HIRRENX

AR R E LN 2 Fir g, M T S W A bR R
G, Jf s CHL R Jr W i, Gy F8 10 ©AHL ©AT 7
], Gy &AL bR R R A5 M0 7% 2R 10 JE K 2R 45 7] K
.G, 5 G .G i FLIRR.

AL I S AR AR RS, B Sk 2 28
MULER I b B Ab 2 B, S, A . Sy Ak bR &
JEE S0 R IE R LR 10 KT, S, 5 S, M
Ss TE AT FAAR R .

MR R AL %A bR R R A5 M0 A AR R
SRS A YT B S AR AL O AR AR
R ARBHMIEALIRR SHE .

SR EE AR R T, = E 4GP0
FUOMIZAERR R IR A Y TC AR AR 220, =
MR E T ERRR T SEILIRR A EA,

IR R C, 38 AR 1Y 0 5 i A bR
R JE A Y SRR AR ML TC R 25 R ke
BRER /N, i IRE LA R C =l E Va4




2074 D=2

Z 5527 %

WERTEA,

ERB 0 AR R M, =T 2 4 B e % il b
O BN AR bR R B R S IR B TR RS N
WRRZE LR IRZEMR/NI B G SRR M5
EEGSALIRR CHE,

R AR R R, N T 5 2 A bR AR e (9 1
B RS RR R R, BOKAHLIE N 7 A Sk
LRAE S AT SO AR AR R AL Ry Bk
BHL AT, Ry B8 M KT, R, fll5 R, . R, il
WA FARIRR.,

Bam A AR R Pz AR RIF SRR TG |
IR F SRS K M R M, #PR FGRIRAS
PIEFEE DR8] P R, HAEARIR RZHAT, P
FH5M ZH RS RZIFAER AP ER, H
TRGPBER L B AT, AR B A bR R M
AR Y B T A b R A A BR Ok R B A A R R R
Ak, AR RS MU SR AR BR R P G Bl IE ) ) B
XF AR AL BR FR Py Bl B Gy A IE D i 9 X6
B Py A 505 18] Gy B IE 7 [ AR Py Al G 67
Jrm. R AR AR R Py, Py R SR .

8345, T5,C5,M;)

=)
i

Bl 2 Mz R AR A bR R A e e AR I

Fig. 2 Coordinate transformation in aerial whisk-broom

S5, T5.Co,M;)

5

imaging

2.3 BRABERTXITE

T A A R AL R R B 5 BT
B AR L I A M T ) e A R 5 B B AR s B A
B A&, B3 W AARR AL RS e B . AR 2. 2
T A bR R E SC, AT LA B 3 AR AR AR ) AY
LR G AR L DA M THT S5 ) 1 M T AR R AR P B A
EEG AR A P AR, T 3 A 9 IRk
VA B ST ARG AR

G S A T C P
b CATEESIE. # “ATHESIE. 2 —HESMAME = HEREST. T p BHERE ™™
b B BERE TR s o C B
a LS AL N g CBR T BEREA e I
i L T I it A
7 g AL ;28 T8 ooa (D i) 125 A4 )
A B RS Ons (I B < BB gon (i T i ES
i bR g o B s =) %
% FOBERE oas (BEE A
) Ly
£
B3 DS BIAG T ) A s AR B 5 1
Fig. 3 Coordinate transformation chain from ground to image plane
B 3 WA SRS [ TM, S b 38 s AL bR R 3] WAKR A Pp=[P,, P, Py, 11" B30 L5 O
LR LY Y S R A EY S NI i B el SR T - R L HAER SRR R THFRLER N O =

T BE S S B T B A S S A e e el L A
ST T S A AR B BT Y AR bR 23 B ER A B R e e
S A U DR MR S HG S S L AT TR AR 23 B
ARETE TM, B B iARIAA,

N TR AR 25 TR 22 1R A A A A Y
e, ST ST AR bR R OR AR XS AL B W E 2 B
7 AR A AR R C B RS AR AR AR R A AE
NUT = 5 do .

e 2 sl RHLIE T 5 B9 i 4 6 G
e A bR R C TR SF IR N Ge =
[CLGCon Gy 1 R P AERTET AL AR 2R PR Y57

[0,0,0,17", sl af AL bRAR A5 2 M 04 0 G 76 R
SRR R T AR Ge=[C,C,C+dis1]",
G5 PAER ST AL A5 R T AL bR: Pe=[P + f,
P,,P,+dr,1]",

M A OA S B R S B by ol 2R At
Vou=0k —Gr=—[C,, G, Ci+d-0]", S5
HEAE ERE SR E Ve = Pr — O =
[P+ f,Py, P, +dr.0]",

HJL ] 56 &R AT AREY A B ek R =
i 2

Vwr = Von —2(Vem X Ny ) X Ny @)



5 10 ]

R M BRI R S R 20

2075

AR Bl = AT AT AR B R 5 SR )
X R S RN
| PrO| 2f
[GeOl ™ B(hs—dp
Zia RO @)IH 2.1 W N B do
14 2 15 AR A T 75 32 8 AR AR 2R RIS T AL A FR 1Y
AW TM, .

(2

P, cos ra sin (ra
pe ) — ™, X —sin ¢ra cOS Pra
P, 0 0
1 0 0
1 0 0 0|1 0
0  cos ¢ra sin gra 0|0 cos ¢as
0 —sin @a cos ¢gra 0|0 —sin @as
0 0 0 1] [0 0
COS (Pas sin ¢gas 0 0|1 O
—sin ¢as cos Pas O O[]0 1
0 0 1 0[]0 O
0 0 0 1JL0O O

e R g s bR B A rh . & b ir iR 22
Ty 0 B, AT A5 S B AR ZS TR RS SRR AL BR R
P,=[P,,P;,Ps,1]".

TR AR Ry, = RS BB T, A AR
T AR B0 RE B Rk

y I PR s = Ps— Py |5

2T PRSI .= | P — P |

BEBAERE = Vst

3 @M IR REENEHS TN

¥

TEACER 0 A2 7 AR M i A2 b, ol T 32 B0 Y
T KA B R S AN AT i A i 2 7 A i T2 9 iR
2. ARG R G (8 E 5 B A T2 R 22 T
DLIE 3o Je S Ok A2 . T AR A DR A Y
BT HN T R 25 To vk AT J5 A2 0T A
BT BRI AR T T i S A AR
R G3AT T =TGR 0 T R 8 28 R R RS
AR R M L SRy =T B A D% 22 2 BC SR A3t T BRI KA

K 2.1 7 rp S 3 B9 PO IO T2 98 23 18 =
AN TR 2 N P R ZE W, Hoh, R i S
HhC Jl e R 2 | T B R A R 22 LA R R R
28R N TR 2 5 =T BE A b AR R 22 O AR R 22

HEERAGL®
AR Lo AL b AR 485G & L AT LA i 5 AR AR
7 48 0k TN b ) A R A B R e A B A
AR AR AR S O AR AR e R S 3 X
B, PRSI ABAR LGy Go s Gy s 1Y U 52 PR
B T AR A

2.4

0 Of|{cosBpa O —sinbpa O
0 O 0 1 0 0
] X

1 O||sinf@a 0 cosBra O
0 1 0 0 0 1

0 O] |cos Ois O —sinbOss O
sin @ps O 0 1 0 0

Pas . >
cos @as O |sin as O  cos Oas 0

0 1 0 0 0 1
0 —wfl 1 0 0 0 Gy
0 0 0 1 0 0 Gy

. (3)

1 0 0 0 1 —hs| |G
0 1 0O 0 O 1 1

AR 2.4 55 e AR SO B 1 3Rk =L 43
A3 AT T A5 25 F0 256 I R 22 % v, = O ] b RS
MR R A RZM . B 4 i TR 22 XGOS AR /Y
SEN L P 5 A 2 AR 25 X5 A5 AL B A R
& 4 TTRUE = I00m T3% 22 38 R a5 7E
B — ANl 7 RS R R AR SR AR T — A
B OLAS RE  HIN  BAE DS b il e £ iR
ZEXT = il 1 A5 A S R MR R TR A ke
FRZEXT v il AR5 A B B R A K5 B B I
HC B R il B R 22 X = il AR A RS = R
R . Y G P Bl e AR R 2 L T R
w2 [ — 30", 30"] N A5 fk B, AR 4L B AE
[—4X10 *m,4 X 10 ° m]M[—6X10 ° m,
6107 m PN AR Ak, B I B T o0 B e Bl R
BIRZAEL—0. 3 mm,0. 3 mm NI, &S AL
BEAEL—3X107" m,3X107" m]JNZE, HK
5 AT LLE L O 0 il 2 % 22 XHR 0 7 y Bl iR
FE R TCE A . AE 700 A il R R 25 SR A il R R
2qE[ — 40", 40" VN AR LIy, = il B9S2 43
WAE[—2X10 °m,2X10 " m]H[—3X10
3X10 ° m]NZEL, NE AT DUE Y, A 1R 22 0
Xt v, = Bl AR RS A5 R 7 — 2 BT AT LA
AR L KO0 R SR =T A 1R 25 b DA SR 25 b
BEAEETHEENE X,

5
m,



e K% TR 55 07 %

2076
7 -5 -16
. 5 x10 c 8 x10 - 6 x10
-g 1.5 “ 6 2 o4f
~  If ~ 4 >
= = = 2t
= 05 = 2 =
= = =
£ Or £ 0 £ Of
g -0st g2 gl
g -t B4 e
o o T _4t
8157 %6 %
g 2 L L L . . g3 . . . . . g6 . . . . .
= =30 =20 -10 O 10 20 30 = -30 =20 -10 O 100 20 30~ -02 -01 0 01 02 03
Angle error between reflector and center axis/(") Angle error between three reflectors/(”) Distance error/mm
() BB S DR IR ZERT y 8RS RO R () ZHFARER R0 (OB EBREXT y EH BT
(a)Effect of angle error between reflector and center  (b)Effect of angle error between three reflectors  (c) Effect of distance error on image displacement
axis on image displacement in y axis on image displacement in y axis in y axis
-5 -8 -4
c 4 x10 c 0 x10 - 4 x10
é 3 é -0.2 é 3t
n 2f ~n —0.4 N
= = =
P = -0.6 =
5 5 g1
e Of £ -0.8 =
15 Q o OF
ERl 2 - i
&t £-12 g1
5 5 5
o -3r o-14 a2
g2 . . . . . g-16 . . . . g3 . . . . .
= =30 -20 -10 0 10 20 30 = =30 —20 -10 0 10 20 30~ -02 -01 0 01 02 03
Angle error between reflector and center axis/(") Angle error between three reflectors/(”) Distance error/mm
(D RSB SHOMTAREN HER Y m (&) ZH e IREX BB MR (DI B RER HER R

(d) Effect of angle error between reflector and center  (e)Effect of angle error between three reﬂectors (D Effect of distance error on image dlsplacement

axis on image displacement in z axis on image displacement in z axis in zaxis

-2

Image displacement in y axis/m

x10-
2

50

P4 0 AR 22 3R 5 B B S

Fig. 4 Effect of machining errors on image motion

x10-

Image displacement in z axis/m

0

. 40 40
30 20

Pitch axis error/(") \/_j 0 Pitch axis error/(”) \/

=040 Azimuth axis error/(") =50 -40 A21muth axis error/(")
() BEW IR 2ZEXT v BREL 1Y 521w (D) FEPBRZEXS < FZRFE (1 52 il
(a) Effect of assembling errors on (b) Effect of assembling errors on
image displacement in y axis image displacement in z axis

B 5 2% R 25 S5 5 0 B 1 A 2 R

Fig.5 Effect of assembling error on displacement of image points

S RTIN T4 T 2 ACFU AR 2] e e ARl RAREEE th R B /MR Uy - = T 5 e A
STRIBERY PR 22 0. 01 mm HA [ 45 A9 S BUME . BRZE RO P 2 epG il R R 2% LR i 5
MNIEL 4 FlEl 5 T LLAS J%Mi*%aﬁ%m%ﬁ DR MR 22 VR R PR 2E . =T BN TR R A R



5 10 ]

R M BRI R S R 20 2077

227 ORGSR O R EAT o T DK T O ol A% 1
PR (Modulation Transfer Function, MTF) 8 #5
58 DR 22 43 T, I8 58 4 R 1 X 0 T A Y R
22 HEAT ) FLIAIE

4 ZHEFTEGA

4.1 HEZRZ% MTF

25 [R) AR ML AR A% S5 42 1) 16 45 — g FH AR A R Bk
He A9 MTF SEPEANT . 2R FH B9 LR 4 CCD #£
PRI BLN IS ] M ¢ 6, = 0. 159 ms, A EARIEE
B ] P9 89 8148 MTE, Rudoler 25015\ Sk 76 1R 45 (19
W T[] P9 5 8% 3 B A8 fb R K, T FH &) iz 8l i
L. MTF A &R N .

MTF— sin(w fd)

nfd
Hrh £ 5 CCD 9 Nyquist $il 28, 7 AL 5 s
2% CCD AL ICH R~} a=0. 25 mm, KK
120y CCD M 25 e BR M4 =5 RSB fE e L

) Nyquist 1% f=- =2 000 Hz.d WG

2a

PO i . R (A 25 AR AL EL A A v 1 U8 ol 4% 326 1R
B, WA AR TET 1 AR A AN B R s A — R A
o R AR 38 AR 40 B SR B A = T B 4 1
MTF=0. 96 .40 A A () A1 15 5] G 508 T
B AL« d<<0. 08 mm,
4.2 REMHE

BT MBS TIREN REE YR T
IRV DA B T T2 ) 448 % AR R = T B 4% I 5%
ZeIRAT AN L O TSR A A HT = B A TR 22
ZEA R AR AL AL B ) HERR(E 7€ Matlab 4 it
WEE T S 4 R B AR 22 AT B, 45 Bl
BLTR 25 B MR A1 DL S A B ) iR 25 8 T34 1.

x1 “HEMRESH

Tab.1 Error distribution of three-mirror reflectors

, D

AR A4 PR RENT R
MBRIREEFPRD BN O =5
BRI (RWHD IS Gy =5"

SHEA TR AR EEME 6, =30"
=B R ST S ,
254 . =30
o Bl 2 R
= TR B R S T R F) ;
ERS oap, =0. 05 mm
TR G il B I R 2

e 1 b &R 22 I8 2 LLUIE 2500 A 19 48 1 E 5K
A 2.4 A5 A RGO XRS5
KB PAGEGEA R AE 6 i, MR R,
S g IR N EZ 2 i . £E 10 000 4~ 25 5
4R S B BN T 0. 08 mm B R p =
99. 9%, R HCE B AT DLAS B, 7E M BE AL IR 2 =
T AL S B E/ANTF 0.08 mm, & E B(EHE R
99.7% (30 A3 BB B A5 X B~ [0,0. 071 mm],
M 3o JE W AT LAAS 2] L 78 A5 1% 25 00 A LA S iR 25 (H A
AR I EL T, B ® e /T
0.071 mm, RHEZ AT LI E R R 7= 4
i) MTF {H 4 0. 97, — MR R G MTF 1E
0.2 Ze s MRIEATI H b 25 38 43 09 48 b5 43 B, =1
BRI T 28R 22540 1 MTF 48454 0. 96, i
b A SC T ST A Y A TR 25 40 BT RN R 22 43 il I
8] =B MTF {H28 0. 97,43 THRZER,
FH I T8 B A SR A A A5 TR AR B A5 T ik )
TARPRE SR A B T o A R

350

300

250+ p(<0.08 mm)=99.9%

d(99.7%)=0.071 mm
200

—_

n

(=
T

Statistical quantity

100

501

0.2 0.4 0.6 0.8 1
Image displacement/m %10

K6 gmifsa gt E o F

Fig. 6 Histogram of displacement of image points

Pz ARPLR R R Y 7 2R AR BUR L
T = T o0 T 2% 80 158 2 25 DR 3R 5 B30 Ol I ] P 451
SRAENLRS BRI — [, AR SO T TR
A TN T2 PR TR 2% IHA T TR BE A LR R i
P 0 AT PGS IO P A48 A A8 B 9 ) P 5 U A o A
ek SL T RGR SRS B BT i T =
TET 5 85 T 011 T 25 80 152 25 X W Y i) P9 AR a5 02 S i
FRISE I, 8 TR 22 10 DL R I RS 2 T 512 1Y



2078 b

K% TR

5% 27 &

B R T AE 107 m g RN |, AL
T A RS B X A R 22 TS A B R ABURE L AR A I O
FRPEAT T UR2E ST IC 5 38 5k R I ] A 126 pR AR T
0. 96 i & FoIF BI R s B B /N T 0. 08 mmi; JF45
B SRR BER S 0 =B IR 22 AT TR

Sk

(1] FAhE. &40, 28 7T.5F. BHNGHESHIGEHE

LR e AMER N [J]. KRR FFMR A EHF
JR52018,43(8):1278-1286.
LIYC, JINL X, LI G N, etal.. Image motion
velocity model and compensation strategy of wide-
field remote sensing camera [J]. Geomatics and In-
formation Science of Wuhan University, 2018,43
(8):1278-1286. (in Chinese)

[2] FOWLER J E. Compressive pushbroom and whisk-
broom sensing for hyperspectral remote-sensing ima-
ging [CJ. 2014 1EEE International Conference on Im-
age Processing C(ICIP), Paris, France. New York:
1IEEE, 2014.684-688.

[3] TC, RJ. The hymap™ airborne hyperspectral sen-
sor: the system, calibration and performance [C].
1st Earsel Workshop on Imaging Spectroscopy,
1998:37-42.

(4] 80,2045, 24, 5. HLAREE A 00 %108 ¥ 3

SHEBEE RS [V ¥ 4% 42,2018, 26
(11):2675-2683.
LIY, LIUW, TANY X, etal.. Design and opti-
mization of high-speed swing mirror with three re-
flectors on airborne whiskbroom scanning spectrom-
eter [J]. Opt. Precision Eng. » 2018,26(11) :2675-
2683. (in Chinese)

(5] ZZE3, TF. MM, F. PAOCHESSERHH

BERAT SRR [J]. k% F4R, 2004,24(12)
1585-1589.
WANG ] Q, YU P, YAN CH X, etal.. Space op-
tical remote sensor image motion velocity vector
computational modeling [J]. Acta Optica Sinica,
2004,24(12) :1585-1589. (in Chinese)

(6] & . &% TDI_CCD i A HLAY i 3 A T3 5

ez L], EfALR, 2006,23(6): 10-13.
YUAN X K. Calculation and compensation for the
deviant angle of satellite borne TDI-CCD push scan
camera [J]. Aerospace Shanghai, 2006,23(6); 10-
13. (in Chinese)

ARG R AE 107 m B R R 1) MTF
P52 0. 97 UMY 1 = T B 438 4 AR RE A8 196 2 vy &1
B R EOR . ARSCHIBFTE A R O B LR 25
BT SR E M i it T RIS R S e R B
HMEE ORI FARE (37 55 05 T HAT BB S5 N (E,

[7] ZHANG L, LI1SJ, JIN G,et al.. Modeling of sat-
ellite borne TDI CCD pitching imaging image motion
velocity vector [CJ. IEEE International Con[er-
ence on Automation and Logistics, Changchun,
China. New York: IEEE, 2009:1587-1591.

[8] ZHONG W C, DENG H, SUNZ W, et al.. Compu-
tation model of image motion velocity for space optical
remote cameras | C]. IEEE international Conference
on Mechatronics and Automation, 2009:588-592.

(9] W B ATk, B T 4349 SOHT B2 19 R AL 3 IR I R 1
A (], 3 SEAum & 5 4541 ,2016,24(2) : 242-246.
MIAO ZH, HE B. Image motion model of large
field of view imaging based on swing mirror []J].
Computer Measurement & Control, 2016, 24 (2):
242-246. (in Chinese)

[10] R Awss. B 2650, Xk, Bl R R 3h 5 3 245 40 b i

K [J]. &5 A5 ,2007,29(5) :1-7.

HE H H, ZHOU X Y, GUAN CH. Axis sloshing
and dynamic target precision testing [ J]. Optical
Instruments, 2007, 29(5): 1-7. (in Chinese)

(111 ke &. FHJE MER % RSTEL a2 gh Bk [T, X
FEH K ,1978,3(4) :53-67.

WEI B X. Solve the trail of reflected light by using
matrix [J]. Fire Control Technology, 1978,3(4) ;
53-67. (in Chinese)

(12]  #AARE. it K il 106 2 Jo M8 i T i 2% 5% 1 F

HIDL kA TEAHFRKALFHENRS B
2 A 5P, 2013,
HU CH H. Studyon Ef fects of Spaceborne Hy-
perspectral Imager's Opical Component Positional
Error [D]. Changchun: Changchun Institute of
Optics, Fine Mechanics and Physics Chinese Acad-
emy of Sciences, 2013. (in Chinese)

[13] #E.#FRA. TRk, F. KUY = LBz 124
MPLEE RGBT [T, A5 # % 148,2018,26
(9):2334-2343.
YAN Y. XU Y S. DING Y L. et al.. Optical-
system design for large field-of-view three-line ar-
ray airborne mapping camera [ J]. Opt. Precision
Eng. , 2018,26(9) :2334-2343. (in Chinese)

[14] SR, OH, MF,etal.. Image resulting from me-



% 103 R M BRI R S R 20 2079

chanical vibrations. Part II : Experiment [J]. Opt. WANG Y, YAN CH X. Computation of image
Eng. . 1991,30(5) :581-589. motion velocity vector for space camera based on
[15] X35, G . JET 2801k 25 [ A A LR F% o B2 2K &t difference method [J]. Opt. Precision Eng. ,
a8 [, 5 #5E 142,2011,19(5) :1054-1060. 2011,19(5):1054-1060. (in Chinese)
EE B T : S

BEM (1973 —), J . #de st WA, i
L BFE B, 1995 4R TR 2 RS B L
W2 B AR A 2 25 L, 1998 AR T #T LK
SEFRAGAT 42407, 2001 4 F v Bl 22 B
KA RS 2 ML 5 9y LT 5% T 4R 45
T2, 2 N 28 ) DG 2 8 AN 2
MGHLE — AL R AR 2005 8 i
25 )3 AR AR it IR A T B AR 55 T
H RIS ., E-mail: yancx@ ciomp. ac. cn

HAEA993—) . 5 LKA 1+
WFFEHE . 2015 4F T o [ BF 2 HoR K%
ARAG A, 32 BN A R
J A FSY . E-mail: xulizhid16
@163. com




