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Abstract

When a CCD camera acquires images in the low light level environment, not only the image signals but also noise
components are amplified by the AGC (auto gain control) circuit. Since the noise level in the images acquired in the dark
is very high, it is difficult to remove noise with existing denoising algorithms that are targeting the images taken in the
normal light condition. In this paper, we proposed an adaptive denoising algorithm that can efficiently remove significant
noises caused by the low light level. First, the window including a target pixel is transformed to the frequency domain.
Then the algorithm compares the characteristics of equally divided four frequency bands. Finally the noises are adaptively
removed according to the frequency characteristics. The proposed algorithm successfully improves the quality of low light
level images than the existing algorithms do.
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Denoising result from estimated noise variance
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(@) Lenna original image

(b) Poisson noise (PSNR=11.21)

(c) denoising o = 145 (d) denoising o = 20
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Table 1. The comparison of PSNRs according to the
poisson noise level and estimated noise
variance.

Noisy |e=145| 0=95 | 0=75 | 0=55 | 0=45 | =20

1121 | 17.31 | 17.02 | 1651 | 1557 | 1493 | 12.92
13.27 | 20.88 | 21.22 | 20.95 | 19.90 | 19.02 | 16.01
1478 | 2153 | 22.17 | 22.36 | 21.90 | 21.22 | 18.11
16.64 | 22.00 | 22.79 | 23.34 | 23.66 | 23.42 | 20.66
18.09 | 22.07 | 22.83 | 2348 | 24.24 | 24.42 | 22.50
2268 | 2221 | 22.89 | 2361 | 2481 | 2563 | 27.21

7ket 9dB #5948 ool o JFEAAE e 4

HE yebd Aolrh gl Zsthr] wiiel o =135%

SRS A5 At M FEe qAT 5 Aok

¥ 2% Gaussian F&9 A7l Y& Lenna I4E o



134

F04 A0l e

(a) Gaussian Z2(PSNR=9.84)
() HSHMH 0=135
© HEHMH =285 (d &E2HMH =30
Fig. 5. Denoising result from estimated noise variance
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(@) Gaussian noise(PSNR=9.84)
(b) denoising o = 135
(c) dencising o = 85 (d) denoising o = 30
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Table 2. The comparison of PSNRs according to the
gaussian noise level and estimated noise
variance.
Noisy |0=135| 6=95 | 0=85| 0=70 | 0=50 | 0 =30
9.84 | 17.48 | 17.08 | 16.73 | 16.23 | 14.38 | 1251
12.57 | 20.16 | 20.47 | 20.41 | 19.91 | 1824 | 15.83
13.64 | 2057 | 21.04 | 21.11 | 20.95 | 19.69 | 17.30
15622 | 21.14 | 21.71 | 21.91 | 22.11 | 21.55 | 1943
1761 | 21.70 | 22.32 | 22.60 | 23.10 | 23.50 | 22.32
21.90 | 22.15 | 2277 | 23.09 | 23.74 | 24.99 | 26.00
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a7 6. 11dB  Poisson &=, (AEBFE) Median,
NL-means, AWA, H|otst A L2 F
Fig. 6. 11dB Poisson noise, (from left) Median,

NL-means, AWA, proposed denoising algorithm.

10dB  Poisson &=, (EFE) Median,
NL-means, AWA, X otst &SHMAH 2e|&
10dB Poisson noise, (from left) Median, AWA,
NL-means, proposed denoising algorithm.

s, (@

9dB  Gaussian
NL-means, AWA, H|otst &SHH <Da|&

9dB  Gaussian noise, (from left) Median,
NL-means, AWA, proposed denoising algorithm.

a8 9

Fig.

10dB  Gaussian &S, (21ZFE) Median
NL-means, AWA, X otst &EHSHMAH Le|&E
10dB  Gaussian noise, (from left) Median,

NL-means, AWA, proposed denoising algorithm.

E 3 =S Zdxo wE 2 &1z2[F2 PSNR H|1l
Table 3. The comparison of PSNRs of each algorithm according to the mixed noise intensity.
Image Type of Noise Noisy Median NL-means AWA Proposed
11.21 15.32 13.87 17.30 17.31
Poisson 13.27 19.78 17.80 21.13 21.22
1SS0 14.78 20.96 19.98 22.23 22.36
20.68 22.55 25.85 25.85 26.01
L 9.84 18.21 13.33 17.47 17.48
enna 1257 19.67 16.63 20.41 20.47
Gaussian 13.64 20.27 17.98 21.06 21.11
15.22 21.00 19.97 22.04 22.11
21.90 22.60 25.73 25.88 26.00
Poisson+Gaussian 12.23 20.73 17.01 19.85 20.80
House Poisson 10.39 15.48 13.19 16.51 16.52
(Gaussian 10.20 20.84 14.23 20.66 20.67
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Table 4. The comparison of PSNRs of low-light noisy
image.
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