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Abstract

In order to break through the limitation of low spectral efficiency of traditional trichromatic im-
aging devices under low illumination conditions, in this paper, a color imaging method of six pri-
mary colors low light level fusion under low illumination is proposed. Referring to the twelve
primary color chromatographic sensitivity model of Squilla compound eye structure, the six pri-
mary colors Squilla eye bionic chromatographic system suitable for color low light level imaging is
optimized and determined; the parameters of six primary colors filter are designed, and the visi-
ble light band full transparent filter is added to improve the imaging sensitivity; the color transfer
mode is established. In the low light level laboratory, the acquisition of multi band low light level
image is completed, the corresponding algorithm is designed and implemented, and the multi
band low light level image fusion, image quality and color restoration degree evaluation are com-
pleted. The evaluation results show that the proposed six primary color low light level fusion color
imaging method under low illumination can improve the utilization of visible light spectrum, and
then get clear, high signal-to-noise ratio, accurate and rich color information of true color night vi-
sion image.
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g =IO R, & W =G, BRI ek E i 2 e R AL S .
HIEME R m, SRR TFHEFE, TR S BRI EIR, BERRRRBEZMG T, &
BB THERZ, KEM A S S5 ORI R = AR, 53R R A B O R R
AR 38 e W R T 2SR5, BARRHIT .

R T NI O ROBENE R O RAEITER S — P RIRBUNE A S 200G R, Fiiha & it
GPEN T 5B . SRR WL KL E 380~760 nm, A4 AL 760~622 nm. & 622~597 nm.
# 597~577 nm. %% 577~492 nm. F 490~480 nm. ¥ 480~455 nm. %% 455~380 nm LB H BT
SE/NFE O B DK 43N 455 nm. 510 nm. 564 nm. 618 nm. 672 nm. 726 nm, ] C;.» C,. Ci.
Cyv Csv Coorro

R AHE NI AR 2 | R, YIRRAAERIZ, MEmA . @it T IE I E N
REEREAN

Table 1. Six-primary color filter parameters

T AEBIEXRSH

Ffh ALK (nm) i 9 (nm) 3 76 ] (nm) FEILH T (%)
Cy 455 60 425~485 T>80
C, 510 60 480~540 T>80
C; 564 60 534~594 T>80
Cy 618 60 588~648 T>80
Cs 672 60 642~702 T>80
Cs 726 60 696~756 T>80
w 380~1100 T>80
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Figure 1. Schematic diagram of six primary colors chromaticity coordinates
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Figure 2. Flow chart of the fusion method of full spectrum image and [R, G, B]
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Figure 3. Work flow of research on true color low light level night vision method based on multi-band image fusion
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Figure 4. 24-color standard color card
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3) =il CCD B I TR A3 i B A AR 43 I8F 1] 9 40 ms;

4) SZIGHTEHREE /N 0.5 1xy 2.5 Ix K& 5 Ix.

5) FREUINH A, SR A5 aGIE RIS G A B ME 5~7 Fos, HhREEEEG G4
DX RO, BONERMEORESME; =R G 03 KON 455 nm, 564 nm. 672 nm. =R
PEHA R 110 nm. FEHEE L2 KT 80%H 3t 7 3REL .

(a) 455 E = 8.1583 (b) 510 E = 8.2480 (c) 564 E = 8.3664

(d) 618 E = 8.5667 (¢) 672 E = 8.6344 (f) 726 E = 8.9271

(9) =3 GE=10.6058 (h) =% BE=10.8763 (i) =46 RE=11.2247

() &tk E=18.6765

(n) ANZEOBUR (R

Figure 5. Multi-band image collected by 0.5 1x and color image after fusion
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(a) 455 E=9.3132 (b) 510 E = 9.5229 (c) 564 E = 9.7261

(d) 618 E=10.2162 (e) 672 E=10.3515 (f) 726 E = 10.7531

(9) =¥ GE=12.1072 (h) =34 B E = 12.6439 (i) =46 R E=13.4569

() 4Gt E=26.6515 (k) /NIEARE

(m) ANEEO + 2R () NEORBECEER ) (0) ZROBBREEEHAN

Figure 6. Multi-band image collected by 2.5 1x and color image after fusion

B 6.2.5 x RENZNEREGEMRAEREES
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(d) 618 E=11.8547 () 672 E=11.9146 (f) 726 E = 12.5388

(g) =t GE=13.5355 (h) =#:ft BE==14.7745 (i) =% RE=15.4890

() &tk E =35.5337 (k) FNEERUR () =FEg

(m) ANFEE + SRR (n) NEEOBURGEEE L) (o) =AML CGEEELLM)

Figure 7. Multi-band image collected by 5 Ix and color image after fusion
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FE 0.5 1xy 2.5 Ix [ 5 Ix MRBEZRE T, MR B2 31 = BE 60 ORI /N 2k 6 -G B ARG 13 B 1
EUR(E 5~7 Ff k. 1 BR)JLIE AR, TiES & O B ZER. N T ETEEWE, X HKEETE
IThifd, RABGRETERE S E, 58] 0. o WIREME. 7T& K BHPFEHEEIM n. o BUEHER
EARISET, AUVET ARV, EEGRESRK, S8R, BN Ees ek EEGRE & 52
B E 5~7 Hi m BR) B RCR REF, M/, Joms HEAT I BERL A B AT ELHEMEE, e o3 HE It e
ANFEBE Z A F) sy R R, R AR TR

X EEAGEAT NIR EFAN AR50 (1, 750 R B AT AN, I PPN faba G (5 50
[12], fEE T EERREEE, BBKEGRRRIEEERA: KEMME[13], EBURKIRKEESE Rk T E
BP0, i RF G, W E R R KT 2 (14], J7 72 Bt 1 BRI G RS 2
J7 ZE TR G LU R ek Ry, T TR R [ 15]; I{E S ML PSNR (Peak Signal to Noise Ratio), PSNR f¥J{H
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Ky RUIFSIFEBESH BB Z RN RAMA, RirRIGREME[16]. X EHR ORI BN R AR IZ I
2%, HEOZEKNAAVEHF CIEDE 2000 2 AK[17], HARK MG 52 H0R O KGR SniE BT
P, HAEBON, RoRBEIE IR0 5 R .

R 2~6 i T =M TN, SRR KRR SRk G R R BB B KIEME . KBTS
ZEy WEAEEMRLE R OERVRI 45 R

Table 2. Image information entropy after fusion under three illuminances

2. ZMRETRAEEGESHE

&4 0.5 Ix 2.51x 51x
S SN KA ey 1.7217 2.1427 22155
NEOE A 2.4291 2.8534 3.0401
ANE GGG 6.6143 72143 7.4028

Table 3. The average gray values of multi-band images and fused images under three illuminances

# 3. ZMRETZEREGSHME REGRENE

&4 0.5 Ix 2.51x 51x
S SN KA e 10.9110 12.8420 14.8034
NEOE A 15.5218 16.3167 17.1710
ANEE A GIERE 60.4159 76.7885 99.4828

Table 4. The gray-scale variance of the multi-band image and the fused image under three illuminances

F4. ZMRETZEREGSMEREGRESZE

&4 0.5 Ix 2.51x 51x
S SN KA e 0.5827 1.1765 1.6729
NEOE A 1.5179 3.3846 47446
ANE GGG 609.5440 1746.0 3063.9

Table 5. The peak signal-to-noise ratio (PSNR) of the multi-band image and the fused image under three illuminances

F 5. ZMRETZEREGRSME EERIEERREEL PSNR

&4 0.5 Ix 2.51x 51x
S SN KA e 9.3221 9.3733 9.4223
NEOE A 9.5441 9.9444 10.0240
ANE GGG 15.4117 17.5586 20.6568

Table 6. Image chromatic aberration after fusion under three illuminances

Fo. ZMBETHMAREGEE

&4 0.5 Ix 2.51x 51x
SN KA ey 26.0143 25.9381 25.8783
NEOE A 24.7872 24.5978 24.3801

ZHAEFE SR 19.7713 20.8489 19.9353
A Sealkii S g EE DAL 17.0420 16.6176 16.5010
ANE AR 11.4707 7.6202 5.1781
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O f iy, id ML, T PSNR dgemy it U BB R AR T fe /)y, UGS . Ul W 4ot i R ) 51 6
T 7T AR ARG BRI N ARG BRI T & .

3) BRI (22 EIA B SR T gel)y, 100 B PR B2 B i (0 R0 SR T B T AEFA B R
FEAREEM T, SR EERNENTRR: ZEOaE > NEARES > ZROaaEFERERM > N
Bfh G EREERAR > ANEEES20IERE, KK REEE HAEORME E RGN OZEZNT =06
AA G BUR, KRG W2 antl, Ui IEERE S BB ERE R B T = s 5 0 B .
A5k E G aRBNEZERN, R E .

6. &g

AR IR L 2 A P AR =R BB G T AR RS ERRSE R AL, $RH Tk
T2 BB G R G R RO R I 7T MRS AR o sskmi B i 2 A, RIS G R SE B T
BB 80% L LAl A o, $ il M A B R4 0L T, SIAN LG R — 2P i g R
SEMER O RRAR SR, X R (B R EAT IR 5 ORI SR EEVEAR . PN ERER YT, N A A
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