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Abstract: This study aims to verify the effect of image-distortion correction on the edge-field-of-view
scanning direction in the case of zoom-scanning wide-swath imaging and to simplify the scanning
mirror control. First, the nonlinear relationship between the scanning speed of a scanning mirror and
the imaging angle of view during zoom imaging is analyzed. With respect to the problem of low
stability and the difficulty of realizing control of the variable-speed scanning of the mirror, uniform
angular-velocity scanning with a scanning mirror combined with a variable-frame-rate zoom-imaging

detector is proposed based on the analysis and realization of a variable-frame-rate detector. Based on
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the experimental system, the relationship between the focal length of the optical system, the real-time
frame rate of the camera, and the imaging field angles at the time of the uniform angular velocity
scanning are determined in order to achieve variable-frame-rate zoom scanning imaging. Finally, a
wide-swath long-wave infrared (IR) zoom experiment system based on mirror-scanning imaging is
constructed using the pre-existing continuous zooming long-wave IR optical system, and the system is
used for imaging verification. The results show that by employing a variable frame rate combined with
zoom imaging, the image distortion of the edge-field-of-view can be effectively suppressed in the scan
direction in wide-swath imaging. The variable frame rate imaging method simplifies the scan-mirror
scanning in zoom scanning, and it is confirmed that the zoom-scanning method is able to eliminate the
image distortion.

Key words: zoom imaging; wide-swath imaging; long-wave infrared; variable frame rate; image

distortion correction
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Fig. 1 Schematic diagram of infrared scanning imaging
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Fig. 2 Resolution change curve of fixed focus scanning

image

S R B I 6 B AR B L BE A B
K EGIr BERE T M ROR AR . S A
607 1) A AR A AR T 5 45 B i AR o B R
SE AL A O PR 23 B R Y 4 A7 i )
S7ALRE g s

2.2 TEAREBREGERED
P B I BB 03 B i 2R A%
BOLRGE L0 7 AR S O o &R GE AR B A4
SRR 770 B LIRS A Sk ()1 AC SR L LN E S KT )1
AN Sy 78 A 3 gk S B SO AR AL AR L T S B
M T 53 B AR A RE AL
dh

f:lcosz 0
MOUEER L BEE R A 0K R f
W3R, & fo HEMRG M 0=0"mF A, Y
0=0°BF , BUR 73 BE 0 2 1= dh/ fo ARALF(2)
o, TE AR I 2 B OR AT 4 D7 1) 145G ey R
75 B R G AR 5 R M R R IR E R .

f= b (3

cos” O
2.3 TEARAREMPABEAREES W
A GO AL YT AR e, RS
FE IR OB O Ak s e R oT A A BER . ()
AR IC A 4y HE R R A, 45 B 7E A8 SR A
A SRR A R 0 B SR #1500 A o
BRSBTS A RN R
_deos'd
fo
TSI s CE S R A S s
By o BE N5 AR AR TT A A BER AR DR C . 2N (5)
F AR B S 2 S R R R
CU:clcoszjf' f/s7 5)
K £/ s A HL AR WA, T A% G2 38 IR OR AR R
g8 AL R AT B o . B ARG AT,
SR R WS #8451 BRSO ¥k M kA
A A7 B A A A R s Rl R R
A0 B AL S A R AR C R

(2)

4

a

3 E MR A2 A X S5 AT

3.1 TR oM

A 2 1 728 b 1 A 3 T 1l B e AL RS B
FEAR I T RS R EOR . MR R A
ST AR AR X6 43 A R A ] — A o A
PID 5y ik sE Y . SR PID 45t 45 il Oy vk
B, BB AL RN | FE R AT 3 R L X Y Al
ik 220 50 i B B RT3 A 0 DU a2 AR SR
55 PID 45 i (09 e aili . 0 FR 48 TAF 3 55 b 45 Fil



A7 1

XU 5 55« IR B I I 21 AP AR T S i i AR 1761

PR 2R 34 2 X6 XY Hip A RT3 A %) DU e A
T B R ) A T 5 T 41 8 5 R RORS R
FERNTE ML S AG R H b, 2R W] sl 5 A7 7 S LB 3
) T 0, R 270 Ak 4 4 o B I I B T A & 2 B
CHLE S, 5] A BRI R 22, R BUR
YUt T RS R T R B RS RS T AR
AR AR . AR HAR TR S E v R R DL AT AR
JE A4 52 B A SR B8 28 A5 Wi /)N, S BEE IR L
PR EETE & . B, AR SR R BRI S A
R RE S S5 A A PSS A AR O Y T i AR A A
a7 R 4 S M B L 4 R G LBORG
3.2 TR SBEENG

TEF G B b AR T SE B (R, — R
FHAZ T M) )07 348 2 A PR 1% ) ¥ 28 s 5 o A1 BHE Sl
WL AR B A RE . T 4 i 1< D 21 AP 4300 2%
— R AR S5 1 G TR, RN R i A
P A0 25 FRL 0 B[R] 332 PR IR s I )RR HL A
TH I 6] R R G2 S5 A7 B[R] BT e o 3 4 A e i
AR ) S R R AR S B ) H A R S E
OR/NRE . B bR R R B e R K
ZLAMAI 85 B3 L R R /N (1 ~2 pF &80,
FER I 5 ) A B, R 28 FR 43 B [H) 24 200 pes 3 352
H 1 ) A2 PR 25 AR T B S Y L
VS5 e I 0 e o, B AT I 21 A0 2 9 R DN 8% e K
291 000 JC , PRI £ 1 5 o B 4 ] SR B8 JE 6 2%
TE L5 R 25 1 FH B 15 4 R B 352 11 e [A) AR a5 R
53 HL S & I )R 58 L — Wi R S . o TR R
— T AR RS AN R e R — AR A R i A 3
T ¥ A B 1] 2R 43 B[R] S ARy L A A A G
B I RIAR D, 29 5 s s 5 50 56 197 I [A) 2 458 00 4%
KB AE R S B B T A R — S5 R
35 55 For I 1] R BK 0 HL B D o KR L0 AN A HR
A, R G0 A A R () ) R R R S e A0 T g T A PR
15 f T 2L AR 3l o 4 ) R 40 A R I R L 7R
PRAE R 43 BF 8] AS 722 (9 /i 82 R . A W] S5 A
0.001~1 000 Hz i#EZe4E b, AR &5 K AR
e 49 255 A B[] Sk s 5 BB AR s L 2% AR v A A
PE . WU S A6 AN By 32 R 58 3R A 52 e, AT 4 i
B RGN .

T 708 WA B AG ask i v, DN 8 2 AT A4 4 4 5
AR ESWE IR R VAR ESE 2 e X
DA I 4 ) AE AL A2 4k

4 Hodm AT W X RIEF

4.1 BB ERZER

FF IS A TS AR R AN R
GiUHE T — 4 T AR AR AR A IO TR R G B AR
FH 8 1 ) M L 6 AR S AR R R T IA R R
W B J0 AR B A A T v RS R ROR . R SR
Sofradir A #4772 i 320 X 256 K % 41 &b B - i
PR 78R A 51 R DN i 5 B A AR K AT
SMENLRGAE F/2 622583k 0300 K R85 T B
T NEAT 73k 50 mK; A #L3E i 459 4 B8 5 M i
FERREE 1200 g . R1ATLRAFEEE
SRR R

®1 XWRFIESH

Tab.1 Main parameters of experimental system

T H & b
T P R/ 320X 256
& IE R/ pm 30
AR B/ pm 7.7~9.5
ety Pk
HifZ /O 120
fEFE /mm 40~180
AAE L 4.5
F/# 2.0

2GR I 5 AR i 2 AL
7 0] T B AR WS . A R G /DR
Suin=40 mm, e KEH f,..=180 mm, a2E A
W4, 5, 4 ) d oK JE W AR R M o~
63. 78°, A R G AR L R TE £ 60° i
0 LN F39 5 1) TE AR AR
4.2 DUATKIES

A R U I BN — 60" L7 (7 12 5l
2 60" M A7 E L I PR [ — 60° ML 37 161 B AE
— AR BUR R . R R R
WA A Ak, 5 B[] K A R A A R &R

t=0 B 21, TGN o — 607 &
AbTF U LA AR FE o T IR 50 ff 3 BE T4 5 « i 20, 43
5502 B BT L ARAIL S HE 3 0 W6 AL



1762 bt S R Y 55 26 %
0=2wt—§{0<t<éﬂ. o SO HHL AT 5 03 0 06 2«
__ 2wfy

MBI f 0 1, 2 S5 3G 939 1 T {4 F = " dcostd 9
SEHA RN o 1E T R S W R AR B i S0 %6 B0 TR 9 2 90 % 26 9 4 0 28 T
DIF%R, W I 25 T A1 AR G 1R L A R S5 I A 24
o .22:%. N 200 Hz, LR HEAMBE L =15 mrad/s 8>

COS 0

PR 0w AR SR o A
IR 1] -

d cos®0
_d  fo dcos'0
tmiZcui 20 2wfy ° (8

160

> ® o o =
= ===

Focal length/mm

I PR TP

-60 =50 40—30 -20-10 0
Angle of imaging field/(°)

() JE A fE I i 2

(a)Focal length variation curve

1020 30 40 50 60

BRI AR B R G AL S
FIR L7 s 22 (a0 2 P 3 k. S B R S B
I, FR GG SRR R DL S I Wit 2 IR 1A 3 il 4
52 B ) G i A L JE TR A AR

60

£
=

Camera frame rate/Hz
oo

20
“—60 750240 30 2010 0 10 20 30 40 50 60
Angle of scnning field/(%)

(b) FHAIL T A5 1Hh £&

(b)Camera frame rate curve

B3 RSB 2

Fig. 3 Scanning imaging parameter curve

5 @ T MR T B KR

B 4 S R S O R T AR R

<
Bl —L W IR
SNEECTISSE ¥ NS D
’T == ’W‘:T\m‘
r |...-,_,-.+L‘, = '_'7”
! kv | Ty | .
N -—
: / \0 \\ \
| b v
| M A%
A A \\
: I X\ v
v N N

B4 St RGN IR

Fig. 4 Schematic diagram of optical system diagram
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Fig.5 Variable frame zoom imaging control schematic diagram
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imaging area
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