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Infrared and visible image fusion based on FRC algorithm

DAI Li-yang", LIU Gang"t, XIAO Gang® RUAN Jun-jin®, ZHU Jing-lian®

(1. College of Automation Engineering, Shanghai University of Electric Power, Shanghai 200090, China; 2. School
of Aeronautics and Astronautics, Shanghai Jiao Tong University, Shanghai 200240, China; 3. Shanghai UHDVISION
Technology Co Ltd, Shanghai 200040, China)

Abstract: In pixel level image fusion schemes, global and unified fusion rules are often used, which results in the loss of
regional level information. In this paper, a fusion method of infrared and visible images based on the frame of fuzzy
regional characteristics (FRC) is proposed. First of all, a fuzzy region rule is established, according to the fuzzy
characteristics of region features, the rule performs region segmentation, fuzzy judgment and defuzziness on the source
image in turn. The fusion of global image is transformed into the fusion of three different attribute regions. Then, the
target region, transition region and background region are fused by the fusion strategies of expectation maximization
(EM), weighted average fusion and principal component analysis (PCA). Finally, the fused region image is reconstructed
to get the final fused image. In order to verify the validity of the FRC framework protection region feature, this paper
also proposes a region feature consistency metric (RCAEF). Tested by subjective vision and objective indicators, the
fusion image has clear background details while maintaining the salience of infrared target, which is superior to the
existing fusion methods of infrared and visible image, and is suitable for infrared target monitoring and analysis.

Keywords: infrared and visible image fusion; fuzzy regional characteristics; fuzzy region rule; expectation

maximization; principal component analysis
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32 BEIFMN

45 4 LA b L SIEEG, )6 FRC P RE A HY € 1
R T, AEL 5 00 PP AR A3 71 A 8K B0 32 A R i
PO T a0 B A DG b e B SR R R
X BB R SR RN RCR W] LIS B0 L PP OR. 52 B
b, EHG RS AR U AT 55 B TRAL B 38 0, AL it
LA VR FEBR HERR B R 55 AN 55 DU EE T, AN IR
FRVRIAIAELEAR IR T AR, YA T8 5 A BT A 5%
FAE R LI IR VAL B0 DL b n) R, AR SO TRk
/NFIGERTHE R 45 b 1] Spearman AH 2% R 8043 i
43 3 BRURE T Ge v H R M K BLAS B M8 (i 5 5 ) K]
I AR AR AR BE ) = 115 B 145 S ENL)
(R BE B S B 2 /b I T G5/ R PR 1) SSIMP! (f7 &
55 BB S B R b B RO 25 A ARABL B R2 B ) S i T R i
TR E I VIFFBUGE R 2 RO A0 & R 3252 Biig
W G SR FURRE ) DA KA ST 2 5 A 21 DX RS AE —
FUPE RCABT (f e 5 58 I ) 1) X SRR AiE — S0 ) 1
N5 M AR bR, LR R bR IE 4R AR, B 45 23 8
2 RN IZ I RE T

PL “Kaptein” A1 “Solider” #4141, il & FEHE 1
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Fz1 “Kaptein” AXTLE LI B IFM

metrics
method

DWT LP GP ASR VSM CNN GAN D-F FRC

EN 551 596 601 633 622 6.12 583 625 6.28
MI 128 1.34 137 157 149 1.83 1.60 1.80 1.78
SSIM 038 0.59 0.64 0.55 0.58 0.64 0.60 0.54 0.72
VIFF 021 028 0.28 041 036 040 0.38 043 0.50
RCABF 634 796 696 6.86 723 9.56 6.90 9.33 10.02

+F2  “Solider” LA3FEL LIS EWIFMN

metrics
method

DWT LP GP ASR VSM CNN GAN D-F FRC

EN 501 5.87 6.05 626 6.16 5.88 573 6.17 6.18
MI 1.31 147 148 1.64 155 191 1.62 1.88 1.88
SSIM 037 0.56 0.62 055 0.53 0.63 0.59 0.67 0.71
VIFF 026 0.33 034 043 040 045 044 051 0.53
RCABF 508 7.22 647 6.00 720 871 6.17 8.66 8.58
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DWT LP GP ASRVSMCNNGAND-F FRC

(d) VIFF

7  “Kaptein” F1 “Solider”

NN 0 EETT VR, AR R AE B — TR T % 5
VRIS BRAR 2 500, S TE AN &, I TR R T 23 0 AR
K “Kaptein” Fl “Solider” P 2H 5255

i A HIRE R G, AT VA(E SSIML - VIFF Al
RCABF =Ttk g ¥ HA MR MMRH, 5 WA
Eoxr B R X B RE S O 5 A0 X SRR AE A VA — 3, 1T
TEAS B AL G 1) BAS B 480 BIg A8k, ibr b,
D3GR T BURME A B, R AR RO L B 2 TR) 22 T e o
PR HE ) FR P, I R A TR — 28 AR B B A 5 o, %
EC MIFI RCABY Wi, — & At b #2542 5 5l R
5 R AH M, 5 2 SRR AR 7 R X I = 1]
A7 B 8] (158 28, RHRFEAS B 10 JR) BB 4K 23 A B8 9 UK,
A DL B: 0l i GAN AR A1) i & 3 SR B BEAL 1Y
ZLAMEME AR N TOVE R AT BE VRN IS S 4015 GR U ta
BF A S, S i EE AT, AHSL IR RCABE 4340 UK, 5 H B
BN EE IR & FRC A1 D-F Rl & BRI R X e P e,
P DX AR SR AE B Rl 5, B R XA =,
RCABF 1573 AR A0 T i 2, 55 WL FAH 7, 35
B RCABY 7 i & fil & PR X 3 — B0 B B

DWT LP_GP ASRVSMCNNGAN D-F FRC
(e) RC*™

LR BTN E S E

R34, X T M, 53&E B 4040 5 0] ol
G XA REVEAR

AN A AT (S R L =7 “ N7 ER
A B L A AMRFAE. TR I 1] B S AT B 2 T
WGHFAE, X 1, VIFF AN AR 1R A BE b s i 1
B EREZ, H X FRC CNN 1 D-F % A8 5
AR AR — B, WAL Ge ) 2 RS 7z mtE re e
FRAR AR AH 5T & k5L NAL4h 5 al W G
A AT I THI I 3 45 2 Pk K 119 GAN, FRC @ i —
T mT BRAT P 5 ) e S VR AE B R 1 B B L& T i
PN L.

g6k, BT FRC [k A BURAE X R fiE—
Bk E e H R LT VR 30 %, A, FEAR LI 1 R T
b b, FRC 7% B AR T 2 RE fil & J7 725, BAE#R 4
fabr AR TR 2 ) 7k, 5 WA A A
VLT 7 RCABY bt B B ) DX SR AiE — S5 11
PRI 200, 22, @5 “Ar DX TTIE ™ R X S
U)K [X SRR R A [ Rl SR, FRC 7 7238 44k 3k
137 B A J7 vk B G 1 ST
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33 BAEERESH

AR SC R H ¥ FRC il -6 4 28 75 6] 1) R0 | 22
A8 DU PN BRT: 1) 25 AR X 3800 U ) 4 ) ]
B IX Al T 2) 2 T B A IR B4R
EE ORI EL A R R R SRR RS BB RN
N, JUPASE R DX IR D) B B %) I 10 944 A DA BC- 35 1 5 2
R E, 1 E 5= E N O(mNEd), Hom ~IER IR
Bk = 3NESA OB d BRI B S A 2
FE.JBH, me ke d¥AHE RIE () 8 24 B ek k. 3
T PCA Fl AL Y- 857 (1) fi 4 3k 72 ) 1) 52 2% B 9 030
O(B) F1O(C), 2+ EM ¥ filt & L F2 f [0] 52 2% B Ry
O(2Mt), HH ¢t HEMIERIKEL, B.C M 53 537w %t
N X IR G E BB, BN = B+ C + M, Fitk, FRC 5
ERRIN TR 2 2R B " N O(O(mNkd) + O(B) +
O(C) + O(2Mt)), SEBR -, A B X 35k fih 75 P 55 e it
Rl A 1 i R R TR 2% 26, 1T FRC S 3o 98 X 35k R 47 &
R 7 VR 3w SR RO (B AN 2 R i i X
3 S R AA R T AL

RIGH T K FIREAEE “Kaptein” F1“ Solider”
P AE B 1) - 3538 AT I ) (AN THIER JBE 27 2] I 24 A5 7Y
WIZRF BUAERT), H 1, B GAN F1 D-F /£ Python 385
T, e A B0 38 4T I 18] 4 7 Matlab2016a H AT
RATIHEA R

#3 T REMEEZENHEEREN T ERE T

method DWT LP GP ASR VSM CNN GAN D-F FRC

t/s 2.3

H#¢ 3 1] LLA H, 7E 42 5 CNNL ASR #I D-F 77
Tk IRV RE 1 5 B (1 i BRI, FRC 77 32k 161 24 B 1) 28
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