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Image Simulation Method of Infrared UAV Based on
Image Derivation
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National Key Laboratory of Science and Technology on Automatic Target Recognition, College of Electronic

Science and Technology, National University of Defense Technology, Changsha, Hunan 410073, China

Abstract Monitoring the infrared video of the unmanned aerial vehicle (UAV) group is a new hot spot in the
security and military fields. Due to the difficulty of acquiring UAV images in complex backgrounds, and the number
of images cannot meet the requirements of model training and verification of related algorithms, an image simulation
method of infrared UAV based on image derivation is proposed. This method is used to simulate infrared UAVs.
This method is used to mix the infrared UAV template image and the infrared background image to generate a large
number of UAV target images in different backgrounds. Aiming at the problems of image mixing technology being
severely affected by background noise, blurring of drone target edges, and low harmony of synthetic images, an
unsupervised generative confrontation network is used to generate a gray-scale constrained image with a high degree
of harmony. The target gradient image is used as a joint constraint to solve the Gaussian-Poisson equation, and a
mixed image with high consistency with the real image characteristics is obtained. The experimental results show
that the mixed image generated by the proposed method has high image harmony and visual authenticity, which
shows that the obtained image as an extended sample can effectively improve the performance of the machine
learning algorithm.
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3.2.2 AU R E O BRETEMIES RN

Zead LA LA G W R BRI 5 T LIS 31
HWH T AN RIER F o BOHEBER [ s 28
Jitt F ., & INTEE SR EMR fo L. 383 ED-
GAN R RAEAE BUAR Go X i & N EHRET I8 iR
FA A ISR R ER F. . %8R B2
JREUE F . IEABL B AR B bRt 5 R G o AL
B EL f o PREF—0. EMESLIREE R WA 10 fT
. ME10 fTLUE R B IR EHR F . BAREE
BRI, AN H bR ZAb s B 28 i IS AL
H b A 20 B 20 5 A0 3 RRAE 26 I 1 5 R G RS
[ o AR HIARLE .,

T AR AR AE LAY G FEEMR E JRAT 55
WA RE S AR SCR FH IBUS AL D7 i, a2 A AR el

forg . - . - -
’/
- | - -
il o

K10 B A A A ) Hh 45 5RS JUR R AR B X R T

Fig. 10 Schematic comparison of output images of degraded generator with original images

0210003-8



%4235 52 H1/2022 F 1 B/REER

(SSIM) | W {E {5 M H (PSNR) L A 52 AHALEE (CS) .
FEAHMUE (MD (L, FEEHL L, Mg H ke
J5 FEARBLEE CHIST) oA Btk FRUAGK A2 117 ) R P AH
RIRRREE . FabFRbRI 20 N BUE K, FR PR
BRI RAEAB AL . 5238 0 3 Gy Kb BT
K& f o LIRS R F o 5 TE AP EE £ o
PR e 45 AN 2 ik, R 2 Al LAE 3,
20t Gy WG M EJREER Fo. 5EEER [ 1
TR FE A4 LL B B A B B T, B0 uF iR Ak AR
B G TR 3R R A BHR T T AL H bR
fE—2t:,
3.3 SMEANBEGREAAEEHELBER
ED-GAN A= iR & BIME 5 I b6 B FrBi i
PR A AR BLRE 55 i o i L B 2 A e R R B
T 2 R H AR RS S TR AR AR R AE S

2 BRAA LAS BUSR SR JRAT 55 1 d 1A
Table 2 Quantitative evaluation of reconstruction tasks

by degraded generator

Evaluation indicator Soe [ e Sore ™ F o
SSIM 6.983x10! 8.717X10!
PSNR 1. 843X 10* 2. 26310
CS 7.881x10" 7.924X10°!
MI 3.943%10 ! 9.310X10!
L, 2.018X10° 2. 030X 10°
L, 1. 642X 10° 1. 715X 10°
HIST 2.667X10 ! 3.582x10 !

B 2 S5 m AR AN L —BobE RS 2.5 WOk
XHE A EUG AT A LA v] LIS B 5 A TE LT
HEG 5 B ER 0 e g R 11 frs, Hop
11 ~11(D 451K UAV it hiy 4 58
AR (Lt AR, 2= 2 BERE R 9 B ARy B
15 NEILLRT LU 3] L 18 A RS 0 8 A0 5 A s P

K11 P niE e RIE A 5T BETESCRA R S RO . (0 LIS 55 (DARHITS 55 (O KRR 2T 55 (ORERFIT 5

Fig. 11 Qualitative experimental results of proposed method under different complex backgrounds and their partial enlarged images.

(a) Mountain background; (b) woodland background; (c) sky and cloud background; (d) building group background
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e AL
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3.4.1 HEEEH

S P BT SR 5 VA S A L RIR S T AR

Z st R AL R ANUR G U R R IR A EHR
B3 HEF R 128 pixel X 128 pixel, H i Jo AHLEAR

E% ) R sF A /N F 30 pixel X 30 pixel, fdi
Realism Score J732:#% 5000 ik B SZHA4% I A ML)
F G S TEREAS K ] 2 0 HE s 7 ¥4 3 11
5000 KA IR AT S SRR AR, X RealismeNN it

FRINRR 1 B2 HE VA B . 48 R
TUASFFH 7 5 HAR A Iy ﬁﬁﬂﬁmw\

AL FEEE TR LY PB kT RO e ik LA
Lo PR IR IE 27 > 19 Se it T vk - B SUTIA AL 2R A

XYL 4% (GP-GAND ™ 1 BL 52 B R A 1 % 47t 9
% (PR-GAN)H™ |

WEAN s R T % BT 5 VA T T Al S B RS, A
PN X B DAY SIVEA €008 20 ARAS e 5 0 Wi B 2 2
T ERE. Hh ED-GAN_org /& IR £ i1k
IR AR B S iR T AR BHR 575 SR A GGk
O AR R R A 4558 ED-GAN_sup & A
FHIE MBS 46 2047 0 W B S 1 & 45 51 ED-
GAN_usup A2 [A] R F 3L F it bR Ak Jr ik 5 0
B TR A A R . SRR R 7 2ok A A
15 BUR R FLSE B A BN 36 3 im. 3R 3 7]
VA, rdd ik i o T HAM R k. SR A
Fr T 5 A 7 R A LY G R Bk SR
B2 s, K12 /T DLE B, £ L 7k S ED-
GAN _orgy & s B34 H bR FAb it B [R) 72

3 AFIIEM SRR

Table 3 Comparison of truth index of different methods

Method PB MPB

PR-GAN

GP-GAN ED_org ED_sup ED_usup

Realism score —0.08382  —0.07729

—0. 06509

—0.06072  —0.05992  —0.05502  —0.05227

E&

unrealistic & sharp boundaries

Kl 12 BRIy kS AR o BIGik i e k2

E

.

- Bl
lllll

excess shadows

. (OB HIKIME % ; (b)) PB ks (o) MPB rik;

(d) PR-GAN J7i%; (e) GP-GAN J5ik; (D) ED_org J7i%; (g) ED_sup J7#%;: (h) ED_usup ik
Fig. 12 Qualitative results of proposed method and other mixed image methods. (a) Copy and paste images; (b) PB
method; (¢) MPB method; (d) PR-GAN method; (e) GP-GAN method; (f) ED_org method; (g) ED_sup
method; (h) ED_usup method
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W, B o ik AR B ny G fe T IR R A i H
FA e 0 G VR A EE 5 B PRRRAE — 250t 78 e
5 Realism Score | &5 R34 4 F HABFLLR 7, X
R TR R R TS A AR R R A
AR BIBR T TEROH B AR B 15 04 43 F 3 F2 h Al RE S |
ABIWEFS  IRRA S 1Y EHE K 2] 5 T R SRR [
PGARIE P RFIEZS ]V Rl S B 45 SR o, BT vk
S5HWAE L0 k5 8] 7 B AE R A T
ED-GAN_org 77k i i bR AL UG AE R (AR 2y
WREMGI A TR T & g i thsg ;s 5
INJE W 4 > 58 8 7 VAR H . ED-GAN _sup F7i%
() 43 BSORE D AR 5 1T LB S R P A — B A1
B UG SO AR B 22 5L XOR AR T R
25 B O X R ZE AR 2 [T T o IRk 3] T
BE N AR

WA A8 ) LS BE VT4 #0430 0, {03
RO L R IR A% D 1 A BT PG R AT 15 B S R 1473
A2, R ERIR A Tk 5 T AWLIEHG 5 B 7 vk
A A2 ]
3.4.2 ZB—HMBRE

il 2 56— BUrE 2L 5T ED-GAN 5 H fih 3

LT IEIATPEAG RS He , SEB0 Bl 2% ) O ik B P
REPEAN T b5 R T F- BIER R (AP) .

SLIE ] Yolovs H ARG RIS 4 S L 7% F
S BEREARY, IF Al A R Dy AR GG B 4R
Ds 43Ik BARG IS RD H o F1 H 5259 B AR
STRWS B =BT ANMTE = 6 AL R IGHE
PIER AR M B UE AR b AT 238 XUIRUE . B 540 il PTA
BRIAERS I (ToUD Hy 0. 5 FIEASE BIME H 0. 75
T OL A TR B B 5 4 [l e, DL R A 70 o 28 - [
{E4 0.50 A1 0. 75 15 50 F MY HER R F, 4
B0 BB A R ) 2 56 — B R L,
Los Ly o 25 EBRAG AR Y (1485 0 14 5 43 191 2R (-
RO anl& 13 s, MK 13 (a) FE 13 (b) 7] LA
FH] T AR R A , HORE 5 5 5 73 [l R iy
2R 1) PR EC SO VI G AR E g T 7 A1
2k (524 ORG MiZO sk, MIE 13 o) FIE 13(d)
ATLAE B, IR vk 8 T e RROR . 5 e P sr i b
BEFE . M. B 13 FTE 13(b) 4% i 24
SEAIA R SR 2k A TR BE KL 45 5 ER Y 2 56— 2R
PERR YA S B BARE (E R D, P4 BHR A R
T A — TS ]

BT R G 50 — SO X L 25 Rk 4
7 1] LA B R BEIR A (ALF) J7 3 . PB 7 =2 Al
MPB J7#: 7 (P g 2 W @ AR T HoAh 32 T GAN ()
G OTENTSL BT GAN A RO ES A T W
BiE R ED-GAN J7iEBRL(ED_usup) , A ik 3|
TR R, SEME s R —8. W8, ED_
org ED_sup #l ED_usup fH Rl S5 45 R UE T
% 2 AR 5 JE W 2 ) T D A A5

K4 PINES AL RIRIR G Or ik A B — B TR

Table 4 Comparison of empirical consistency loss between proposed method and other image mixing methods

Indicator ALF PB MPB PR-GAN GP-GAN ED org ED sup ED_usup
L 0. 661 0. 747 0. 865 0. 882 0.921 0. 903 0. 944 0.972
L 0.619 0. 710 0.773 0. 815 0. 902 0. 889 0.927 0. 956
L 0. 654 0.728 0. 694 0.703 0. 844 0. 802 0. 854 0. 867
L gk w Hk. M ED-GAN A B K B 29 3 B G AR IR
“H )

AR SR —Fh 3T EUG AT AR B 208 e AHLIENR
D5 BT B TR LG BRSO  H
B0 AR ) 5T, A FH 35 PR A D 38 9 X e
AR 2% (ED-GAN) SR A BIHSRAHEIK BE 20 50, A
1117 552 IR PG JAS0R F J61 45 A2 I G 4 55 T B 1145
BALFT S AR S s SR A BRI T3 MR
A EUG I AL B AR EER S AR G B R R —

FUBRA B 2 AR PG g - A J5 e AT Bk AL
T LA R A A R A R ST A 7 T
B W SRR 5 A R L DT IE A L, BT
JrikiEkR TIRG EIGHRR AR5 AL AR
BRI D2, LTR35S R T ey
TE A SR A R AR L TR 05 i ) B AR O 2 5
— B R T M R LR T i R IR T BT
T Xt F ML o > Sk e ok A it
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Fig. 13 P-R curves of each detector model in different datasets. (a) P-R curves of Hy in Dg when IoU threshold is 0.50;
(b) P-R curves of Hy; in Dg when IoU threshold is 0.75; (¢) P-R curves of H(, in Dy, when IoU threshold is 0.50;
(d) P-R curves of H(, in Dy when IoU threshold is 0. 75
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