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Abstract: The output video of the low-light-level solid-state imaging devices are always gray. For better
low-light-level imaging applications, a natural-appearance colorization and enhancement method named
Luminance Stretching Color Transfer (LSCT) for grayscale video images using color transfer is proposed.
A two-channel natural-appearance color fusion method is refered to in the LSCT method. In order to
achieve the natural-appearance colorization and enhancement, firstly, the pre-colorized image is obtained
by combining the grayscale image with its negative image. Following this, an adaptive luminance
stretching is performed and color of the reference image is transferred in the YUV color space. As
compared with other methods based on color transfer, the LSCT method is less affected by the degree of
similarity between the reference image and the original grayscale image. It means that relatively good
results may be achieved for most scenes with an appropriate reference image. Thus, the LSCT method
has better environmental adaptability. The comparisons reveal that the LSCT method is high efficient and
its colorized results appear more natural in respect to human perception with better contrast and color

harmony. Moreover, the LSCT method has been implemented in real time on hardware platforms.
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Therefore, it can effectively improve the effect of human observation to apply our method in the low-
light-level imaging without increasing any hardware costs.
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(a) Grayscale image (b) G channel (c) Reference image 1 (d) Reference image 2

(e) Welsh result with () Toet result with () Liu result with (h) ACCT result with (i) LSCT result with
reference image 1 reference image 1 reference image 1 reterence 1mage 1 reference image 1

(j) Welsh result with (k) Toet result with () Liu result with (m) ACCT result with (n) LSCT result with
reference image 2 reference image 2 reference image 2 reference image 2 reference image 2
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Fig.3 Colorization comparison for LLL grayscale videoimages at night
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Fig.4 Histograms of the corresponding images in Fig. 3
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Fig.5 More LSCT results for LLL grayscale video images at night
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(a) Grayscale image (b) G channel (c) Reference image 1 (d) Reference image 2

(e) Welsh result with (f) Toet result with (g) Liu result with (h) ACCT result with (1) LSCT result with
reference image 1 reference image 1 reference image 1 reference image 1 reference image 1

(j) Welsh result with (k) Toet result with (1) Liu result with (m) ACCT result with (n) LSCT result with
reference image 2 reference image 2 reference image 2 reference image 2 reference image 2
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Fig.6 Colorization comparison for grayscale images only containing visible information
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(e) Welsh result with (f) Toet result with (g) Liu result with (h) ACCT result with (i) LSCT result with
reference image 1 reference image 1 reference image 1 reference image 1 reference image 1

(j) Welsh result with (k) Toet result with () Liu result with (m) ACCT result with (n) LSCT result with
reference image 2 reference image 2 reference image 2 reference image 2 reference image 2
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Fig.7 Colorization comparison for LLL grayscale images at daytime
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Table 1 MSSIM comparison of methods in Fig.6
Welsh's Toet's Liu's ACCT LSCT
Fig.6(e), 0.401 1  Fig.6(f), 0.763 1  Fig.6(g), 0.901 8 Fig.6(h), 0.922 0  Fig.6(i), 0.932 7
Fig.6()), 0.942 6  Fig.6(k), 0.991 8  Fig.6(D), 0.992 0 Fig.6(m), 0.997 1 Fig.6(n), 0.999 0
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Table 2 Speed comparison of different methods

Methods Elapsed executiontime/s

Welsh’s  3(e), 137.2 3()). 142.4  6(e), 240.1  6()» 249.3  7(e). 141.1  7(). 148.1
Toet’s 3(f), 68.76 3(k), 69.81 6(f), 119.1 6(k), 122.8 7(H) , 69.66 7(k), 72.08
Liu's 3(g), 8.460  3(1), 8.606  6(g), 16.48 61, 15.40  7(g), 7.030  7(1). 7.475

ACCT 3(h), 0.4519 3(m), 0.4653 6(h), 0.744 2 6(m), 0.772 1 7(h), 0.452 6 7(m), 0.454 6
LSCT 3(1), 0.493 2 3(n), 0.5235 6(i), 0.9286 6(n), 0.9347 7(i), 0.5375 7(n), 0.541 3

R TN R R R A SRIE, I TR AR [R] L R 37 5% 1) 2365 1 0 14 48 B (Color Harmony, CHD M,
Hdy KT RIS PRI B A JC LA HAR TR 4. 2 3 R 45 03X A5 A B0 €0 D 0 M A v R AR i AL
BAEE. I 3 WA S i CHwBR B 6 FIE 7S @Y "5 CHp 2w T LA L LSCT it
HAT AL 0 R MR TR S 4L
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Table 3 Color harmony comparison of different methods

Color Methods
Harmony Welsh’s Toet’s Liu’s ACCT LSCT

Fig. 3 3(e), 0.592 3(1),0.599 3(g), 0.504 3(h), 0.575 3(1),0.601
CHirp 3(j), 0.646 3(k), 0.759 3(D, 0.731 3(m), 0.723 3(n), 0.761
Fig. 6 6Ce), 0.415 6(), 0.338 6(g), 0.554 6(h), 0.537 6(1), 0.540
CHp 6(j), 0.502 6(k), 0.485 6(1, 0.509 6(m), 0.512 6(n), 0.514
Fig. 7 7(e), 0.549 7(f), 0.383 7(g), 0.707 7(h), 0.617 7(i), 0.637
CHp 7)), 0.541 7(k), 0.501 7(D, 0.572 7(m), 0.526 7(n), 0.622
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