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Adaptive night scene enhancement system design and
implementation based on FPGA
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Abstract: In order to enhance the image taken by the camera in night environment, an adaptive night
scene enhancement system combined with analog circuit is designed. Firstly, the analog camera captures
the video. Next, the AD603 chip amplifies the captured analog video signal decoded by the TVP5150 chip
that outputs the data in the ITU-R BT. 656 format. Then, the FPGA performs effective data extraction,
resolution modification and preprocessing such as video pin. Finally, the adaptive algorithm and D/A con-
version circuit control the AD603 chip to adjust the magnification to achieve the system’s adaptive adjust-
ment to the surrounding environment, so that the average gray value of each frame of image is stabilized
near the set threshold. The paper uses hardware circuits instead of complex software algorithms to achieve

results, while it greatly reduces FPGA resource consumption and implements the design on the ALINX
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AX545 FPGA platform. The experimental results show that at the resolution of 640X 480 and 60 frame/s, it

can perform adaptive real-time enhancement of night images, and finally stabilize the average gray value of

the image near the set threshold. The system can be applied in the fields of target detection and video

surveillance.
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Fig.2 Matte environment enhancement effect
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Fig.3 Low-light environment enhancement effect
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Fig. 4 Different scene enhancement effects
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Fig. 6 Image preprocessing module

B Fof Ab B, DRAIE [R] — S5 38 1 = 3 38 (E X 5,
it G AR B 1) B R AL A o (0 R 4 [A) B 4 A Bk
F 15 2] (%) YCbCr 25 [H] 35 2 {8 7% ¥ 2 RGB %5 (1]
B s S R

R 1.164 0 1.596 Y —16
G|=|1.164 —0.391 —0.813| Cb—128],
B 1.164  2.018 0 Cr— 128

(2)
FPGA B %X 17 5 80z B s e, B A2 (2)
fbfii , 58 FPCGA B S s B, ke ma

A (3) s

R<K7 149 0 204 Y — 16

G {149 —50 —104 || Chb—128,(3)
BT 149 258 0 Cr— 128

3 B B U B £ TR BT 720<288 43 HE R 11 ]
BAE B Ry 640X480 43 BE A o BUREEAT Hh ] 640 4>
1% & I H H3RBUAT 24017/ A DDR H . 7E2HL
B s X B AT AE E AT SR TR O 48047, 5K
B A T AR 53 B R 48 R 640480, A 45 4 i



54 4

v & ,% T FPGA R A AR R G it 5508 505

R B A7 57 6T B R A AR 2 AT A i A L R
5 DDR B4 3 501 /s , 132 1 A 2% 2y 60 it /s
TN 5 WS 6 it fir B ) A ], X DDR A7 i
DI R AT 4] 4y, 4 A e R AR, B R AE S
W SEAT R B, A IS8 55 5 i LG B0 1), ) 5
5 Mot [l 4% K5 4 =332, S B S T 6 T, 1 s P T A
B 50 Wiy 60 M4 AE . 28 wiIX Ry %l 4> DDR
AEAE XIS I, A 25 o RAM BRI
4.2 BENEZEER

3 I A vk S PR G I I R B S
g T A% %) T 249 0 B A Ry VA PRI 22 BBE %) MK 4
TR EAE AKX (4) R

=

Y=[0.299 0.587 0.114] . (4)

G
B

R Rl QPN 5 G5 B W E [T A N7 /A= v
KB~ PR

y'/gzykxg‘/ﬁl%y, (5)
y'kflzykﬂxgk%y, (6)

&:%%glz f)::l, (7)
Vi y,-/g,- 1 Vi

2y B R WU UG OR e RAR 1 F- 35 K 2
{6,y 9 55 R WS IETR B - 2K BE A, y 2 38 58
VA% 114 501 - 3 K JEE{EL L gy D93l 0k 2 & — 11T
1295 R R AR R WX (5) B, 55 At
JE PG e LATRC R AV B g W2 58 A WA K Y A
G, A B R BEEAR R T yo TR BEEE 2+ 1 it B ]
BTV R WA 2 A R AT R g W I 5 & 4 1ot
KRG B AR, FEF 2K B A Ty Lk
AT A 2, 38 2 25 T y M — Y ¢ 15 5
Tty g, () P o BT Y g3 2
A, Z 5T W5 . R4 I C R N2
JIT A o, A6 AT S B S IRE A S R . A
LR EE M B AN P 7 BT

M

P e [ Ttk
— B R —> %@g >lickfigel ok
<k ]

ES IO = Prl VA R7R B K
Fig.7 Adaptive algorithm module

5 SRR

5.1 BEGRIERER

FESRIEEREE T (o P AR HE R SR U8 4 AN ] S
SR RSO, A 22 58 S #7048 , JF K
BRAURTE VGA LR . BETRACR WAl 8 iR o

(a) FRAREIR

(a) Origin image

(b) /8 (c) 3/8¢58
(b) 2/8 light intensity (c) 3/8 light intensity

K8 G mBCR

Fig. 8 Image enhancement effect
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Tab.2 Usage of FPGA resource
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Tab.3 Usage comparison of FPGA resource
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