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Visual fusion perception method under uneven illumination
in tunnel of autonomous vehicles

MA Qinglu', WANG Xihong', MA Lian', DUAN Xuefeng’
(1. School of Traffic & Transportation, Chongqing Jiaotong University, Chongqing 400074, China; 2. Ningxia Jiaotou
Expressway Management Co.,Ltd., Yinchuan 401120, China)

Abstract: In order to solve the visual perception problem of unmanned vehicles caused by uneven light in
tunnels, an enhancement method based on the fusion of active infrared and visible light was proposed. By
supplementing image texture and detail information, the impact of tunnel light fluctuations on unmanned
driving was improved. Firstly, the image was denoised by pilot filter, and the visual information in the tunnel
under different illuminance was enhanced by contrast limit adaptive histogram equalization. Secondly, the
enhanced infrared and visible images were decomposed by using the non-subsampling contour wave method.
The fusion rules of regional energy adaptive weighted average and convolutional sparse representation were
used for low frequency base and detail respectively, and the significance fusion rules were applied to the
directional components of high frequency details. Finally, the high and low frequency fusion components were
reconstructed. Experimental results show that the average time of CSR-RE algorithm based on convolutional

sparse representation and regional energy adaptive weighted average is reduced by 0.05 s compared with deep
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learning framework (DLF) algorithm. Compared with the fusion method based on sparse representation, the

mutual information (MI) value of CSR-RE algorithm is increased by 1.5, and the spatial frequency (SF) value

is increased by 0.51 at most. The overall performance of CSR-RE algorithm is better than that of other

algorithms.

Key words: image fusion; highway tunnel; infrared images; convolutional sparse representation
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Fig. 1 Flow chart of sparse representation of image fusion
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Table 1 Challenges and influences of uneven illumination in
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Fig. 4 Processing results of visible light and infrared filtering under uneven illuminance in tunnel
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Fig. 6 Visual fusion results where stroboscopic effect is significant
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Fig. 7 Visual fusion results where zebra effect is significant
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-04-02 0 02 04 0.6 08 SSIM
[ GAEEEREEEEE—— |

600
500
e
£400
&
£6.300
&
2200
100
100 200 300 400 500 600 700 800
G4 Fylpixel
(d) CSR-RE,

0 0.10.20.30.40.50.60.70.80.9 SSIM

1715 Zx/pixel

100 200 300 400 500 600 700 800
5111% £y/pixel
(e) CNN,

500

(=1
(=]

1% Fx/pixel
[3*) w B
(=2 (=3
(=} (=]

—_
(=1
S

100 200 300 400 500 600 700 800
H% FKylpixel
(H) SR,

0 0.10.20.30.40.50.60.70.80.9 SSIM
EE—— T

1114 Fx/pixel

G4 Fylpixel
(g) DLF,

-02 0 02 04 06 08 1.0 SSIM

500

[=3
(=]

1715 #x/Pixel
[\] W B
(=] (=]

(=) (=]

100 200 300 400 500 600 700 800
31114 Fy/pixel
(h) CSR-RE,

B8 SSIM{EZE 5% E

1/ 8(d) . & 8(h) Al kI, CSR J7 % 115345 2
(9 SSIM {H S PR i K, 7 4 TH 14145 5t i i [ i, £
BT EZ RN E R, UEW] CSR J7 ik A B T
N PR A AR e A A I | TR R BRI Y 1 RE
B 25 Bl 5 P55 i PR B 033 X EE, AT BN HE
Je LI G o ) kAR, ILIKL 9,

12000 (16311368 -
,,,,,,,,,,, (51,10 611 — JEREIE
10 000 - — CNN
E
é 8000
*%f 6 000 |
4000 - i
2000 -
0 4 1 .
0 50 100 150 200 250 300
1% Z At /pixel
(a) CNN,
15 000 : :
— IR EIR
— SR
2
é 10 000
=
5000
\
0 - f oy
0 50 100 150 200 250 300
1% Z i /pixel
(b) SR,
12000 (155, 11394
,,,,,,,,,,, (51,1061 — RS
10 000 — DLF
z
é 8000
*}i 6000
4000
2000
0 L i
0 50 100 150 200 250 300
1% Z (H/pixel
(¢) DLF,
12 000 -
|__.______(151,10611) — JFREIR
10 000 (191f0 502) — CSR-RE

i /count
(=)} oo
(=] (=]
(=3 (=3
(=] (=]

4000 \
2000
0 l‘ L
0 50 100 150 200 250 300
1§ F (H/pixel
(d) CSR-RE,



BLADG: 2025, 46(1)  hpRAR, S BRIH AN 250 BUZE TR T2 A28 B0t Bl 5 S8R O 12 © 99 .

— R
— CNN

(85,7130)

0 50 100 150 200 250 300
1% Z At /pixel
(¢) CNN,

12 000 p---€H03;-H-693)

— R
10 000 — SR

8000

Ji % /count

6 000

4000

2000

100 150 200 250 300
15 Z At /pixel
() SR,

(77,8999

8 000 — FRiaEIE
— DLF

100 150 200 250 300
14t /pixel
(g) DLF,

0 50

8000 — (19,7477
7000

26000
£5000
34000
© 3000
2000
1000

— AR
— CSR-RE

100 150 200 250 300
15 Z {H/pixel
(h) CSR-RE,

0 50

B9 BMEHERERENL
Fig.9 Comparison of luminance features of each fusion

method

1 /€ 9 AT %1, DLF J7755 CSR-RE J5 ikl
T BRI 55 B4R AE, {H CSR-RE J7 12 X 41 5 15 8L 114
SERERRTF AR, XL SR . SR 5 CNN B
TESETHRORAN I 2, FX EE AR . AR B CSR-
RE J5 & 7Rl SR s 0 e 35, R M1 SF. AG.
Q™" IE Fll RT X 6 Tl 48 b E 17 % WL PFEAr, 45 701 45

PRI AN 2 R
F2 BEARHALBTRRERE LR ERERTEN
Table 2 Evaluation of performance indexes of visual fusion
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