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ABSTRACT: 

DMSP/OLS, as the earliest Nighttime light remote sensing data, has great application value and can greatly improve 

the data quality by solving the blurring problem existing in the data. The blur reason is analyzed, and a new algorithm 

of regularization truncated singular value decomposition (RTSVD) combining with Pct image luminescence 

frequency filtering is proposed, which can effectively eliminate the blurring phenomenon and retain the real 

information of the image. Firstly, considering that the luminescence frequency of the light source pixel must be 

higher than that of the non-light source pixel, the luminescence frequency of the pixel in the Pct image is used to 

exclude the non-light source pixel in the average light image, and then the truncation parameter of the regularized 

truncation singular value decomposition (RTSVD) is obtained by using the L curve, so as to decompose and 

recombine the image. The experiments show that the regularized truncation singular value decomposition method 

combined with Pct image luminescence frequency filtering can remove the blurring phenomenon on the basis of 

preserving the image information. 

 

1. INTRODUCTION 

DMSP/OLS(The Defense Meteorological Satellite 

Program Operational Linescan System) image is a kind 

of noctilucent remote sensing data widely used, and has 

important value in social and economic data mining. 

The image is easy to acquire and can be monitored 

repeatedly, but improper data collection and 

management mechanism make the image blurred. 

Generally, blur is suppressed by selecting threshold or 

combining other data. Imhoff et al. proposed 89% 

cumulative luminescence threshold filtering, which 

effectively alleviated the problem of light overflow, but 

only for urban area extraction, and lost a lot of details 

(Imhoff,1996).Henderson and Sutton et al. obtained the 

city boundary by setting three different thresholds for 

DMSP/OLS image, and obtained a relatively accurate 

city boundary, but the process was too 

cumbersome(Gu, Gui, 2010. Henderson, 2003). Letu et 

al. used DMSP/OLS radiation calibration night light 

intensity data to correct, effectively expanding the 

dynamic range of intensity values, but not improving 

the fuzzy phenomenon (Letu,2012).Hao et al. 

combined NDVI with surface temperature to reduce the 

saturation of DN value in the urban center and alleviate 

the fuzzy phenomenon, but the auxiliary data need to 

go through complex calculation (Hao,2015).Alexei et 

al. proposed Pct image filtering method 

(Alex,Oram,2018). Pct image is easy to obtain and the 

deblurring processing method combined with Pct 

image filtering is easy to realize. However, Pct image 

filtering alone is not enough to eliminate the blurring 

and noise of the light edge, and other methods should 

be combined. 

Firstly, according to the rule that the luminous 

frequency of the light source pixels must be higher than 

that of the non-luminous pixels, Pct data was used to 

compare the luminous frequency of the pixels, close all 

the non-luminous pixels in the image, and set the 

threshold of 15% luminous frequency to eliminate the 

accidental influence. Then, the gaussian distribution is 

used to fit the point diffusion function (PSF), and the 

reflexive boundary conditions are used to construct the 

fuzzy matrix (Small,2005). Finally, L curve was drawn 

to calculate the truncation parameters, and the 
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regularized truncation singular value decomposition 

method was used to deblur the image 

 
2. DMSP/OLS DATA SET  

The DMSP satellite system consists of six satellites and 

USES a dual-star operation mechanism, with two 

satellites operating at the same time. The satellite 

operates in a sun-synchronous orbit with an altitude of 

833km, with an operating cycle of 101min and a 

scanning width of 3000km. It collects information of 

14 orbits every day, which can provide four times of 

global coverage. OLS sensor is the main sensor of 

DMSP satellite. OLS sensor has two channels of visible 

near-infrared (VNIR: 0.4 ~ 1.1 microns) and thermal 

infrared (TIR:10 ~ 13 microns) (Lieske,1981), with 

perigee resolution up to 500m and scan band edge 

resolution over 1km. 

DMSP/OLS non-radiative calibration night light 

intensity data include: cloud-free observation 

frequency image, average light image, stable light 

image and Pct image. Among them, average light 

image is the average image of visible light intensity 

without filtering processing, which is the main research 

object of fuzzy problem. Stable light image is an image 

that has been filtered to remove accidental noise. The 

quality of the image is better than the average light 

image. The Pct image is the product of the cloud-free 

observation intensity and the percentage of light 

detection, and can be used to monitor the light emission 

frequency. 

3. BLUR REASON OF DMSP/OLS  

3.1 Data Collection 
The size of fine pixels at the center of mass of the field 

of view is 0.56km*0.56km, much smaller than the field 

of view area. In the process of field of view movement, 

the same fixed light source will fall into several 

overlapping fields of view, forming a fuzzy ellipse with 

the field of view as the center of the light source. 

Moreover, due to satellite miscalculation, the center of 

mass of the fuzzy ellipse has a random deviation, 

resulting in the geographical position deviation of the 

light source in the DMSP image. Tuttle et al. calculated 

the distance and azimuth between the position of the 

light source and the GPS observation position in the 

DMSP image every night by moving portable light 

sources in different parts of the world. All the 28 points 

measured were migrated northward with an average 

deviation of 2.9km, which was about the width of a 

smooth pixel (Lieske, 1981). (Alexei, 2018) further 

speculated that the deviation standard deviation was 

about 1km to 1.12km. 

3.2 Data Management 

At the same time, DMSP satellite cannot directly store 

high-resolution information of fine pixels, so fine 

pixels are smoothed when storage, and fine pixels of 

5*5 are regarded as a smooth pixel. However, the initial 

calculation position of DMSP satellite for fine pixel 

smoothing is not uniform, resulting in no complete 

overlap of smooth pixel images every night, which is 

also one of the reasons for the blurring of annual 

average image. 

4. PCT FILTER AND RTSVD 

4.1 Pct Filter 

According to the imaging principle of light image, the 

luminous frequency of the light source pixel must be 

higher than that of the non-light source pixel. The Pct 

image can be used to close the pixel whose luminous 

frequency is less than that of the surrounding pixels to 

eliminate the pixel error of the light source: 

Firstly, check the pixels around  , finding the pixel 𝑥𝑖,𝑗

with the highest luminous frequency, , and 𝑥𝑚𝑎𝑥

compare  with , as follows: 𝑥𝑖,𝑗 𝑥𝑚𝑎𝑥
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However, Pct image filtering cannot completely turn 

off the blurred pixels in the light edge and cannot 

remove the noise in the image. Therefore, on the basis 

of Pct image filtering, a regularized truncated singular 

value decomposition (RTSVD) method was proposed 

to further process the average light image. 
4.2 RTSVD Algorithm 

Regularized truncated singular value decomposition is 

a regularized truncated singular value decomposition 

method, which aims at removing noise and restoring 

image quality. For row and column fuzzy images, there 

is generally a linear fuzzy model: 

              𝐴𝑥 = 𝑏
(1) 
Where ,  are the column vectors arranged by the real 𝑥 𝑏
image and the blurred image respectively, and the 

length is , is a fuzzy matrix, , 𝑁 = 𝑚𝑛 A 𝐴 ∈ 𝑅𝑁 × 𝑁

The basic deblurring model can be obtained as 

follows: 

                       𝑥 = 𝐴 ―1𝑏
(2) 

Fuzzy matrix is determined by point spread function 

and boundary condition. Where, the point spread 

function can be fitted by using gaussian distribution. 

According to the blur reason, the boundary conditions 

of fuzzy matrix are set as reflexive boundary conditions 

. Then, the singular value decomposition is used to 

further improve the de-fuzzy model. For order nm
fuzzy matrix, there is a decomposition such that:  
                     (3) 𝐴 = 𝑈𝛴𝑉𝑇

Where and are orthogonal matrices, respectively 𝑈 𝑉

are left singular vector matrix and right singular vector 

matrix, which satisfy , . is the 𝑈𝑇𝑈 = 𝐼𝑚 𝑉𝑇𝑉 = 𝐼𝑛 𝛴

singular value matrix, is the diagonal 𝜎1，𝜎2…𝜎𝑚

matrix, is the singular value on the diagonal, satisfies 

. Formula (3) can be written as: 𝜎1 ≥ 𝜎2 ≥ ⋯ ≥ 𝜎𝑚 ≥ 0

 𝑥 = 𝐴 ―1𝑏 = 𝑉𝛴 ―1𝑈𝑇𝑏 = 𝛴𝑚
𝑖 = 1

𝑢𝑇
𝑖 𝑏
𝜎𝑖

𝑣𝑖

(4) 

Where, is the left singular vector and is the right 𝑢𝑖 𝑣𝑖

singular vector. The fuzzy matrix  is ill-conditioned 𝐴

matrix with a very large number of conditions, 

 and a very fast decay rate of the 𝑐𝑜𝑛𝑑(𝐴) = 𝜎1/𝜎𝑛 

singular value. The error component corresponding to 

the small singular value is amplified to interfere with 

the real information of the image. The formula is 

described as follows: 

        (5) 𝑥 = ∑𝑚
𝑖 = 𝑖(

𝑢𝑇
𝑖 𝑏0

𝜎𝑖
+

𝑢𝑇
𝑖 𝛥
𝜎𝑖

)𝑣𝑖

Where,  is error. In order to weaken the error 𝛥

interference, the regularized truncated singular value 

decomposition method is used to replace the original 

singular value matrix  with the truncated singular ∑𝑚

value matrix , and the formula is as follows: ∑𝑘

           (6) 𝑥𝑘 = ∑𝑘
𝑖 = 1

𝑢𝑇
𝑖 𝑏
𝜎𝑖

𝑣𝑖,𝑘 < 𝑚

Where,  is the truncation parameter. The error of the 𝑘
regularized truncated singular value decomposition 

method comes from regularization and noise. 

4.3 L-curve 

The selection of truncation parameters is very 

important for RTSVD algorithm, and GCV or L curve 

is generally used to determine the truncation 

parameters. However, it is difficult for GCV to 

calculate the minimum truncation error when the image 

is blurred. Therefore, L curve is used to determine the 

truncation parameters and cubic spline curve is used to 

fit the discrete points. L curve is a curve drawn for a 

series of truncation parameters in the rectangular 

coordinate system with canonical solution norm as the 

vertical axis and the corresponding residual norm as the 

horizontal axis on the scale of log-log. The truncation 

parameter corresponding to the point of maximum 

curvature on L curve is the optimal solution. Let ,  𝜌 𝜂

are the logarithm of the residual and solution 

respectively, and the curvature formula of L curve is 

expressed as follows: 

                (7) 𝐾 =
𝜌 ′𝜂 ′′ ― 𝜌′′𝜂 ′

[(𝜌 ′)2 + (𝜂 ′)2]3/2

In truncated singular value decomposition, L curve is 

composed of several discrete points. To calculate the 

optimal solution, a differentiable and smooth curve 

associated with discrete points must be defined under 
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the condition that the overall shape of the curve 

remains unchanged. Therefore, cubic spline curve was 

used to approximate the discrete point of L curve, and 

the maximum curvature point on the continuous curve 

was calculated to determine the truncation parameter. 

 

5. EXPERIMENTAL RESULTS AND ANALYSI 

In order to verify the effectiveness of regularized 

truncated singular value decomposition (TSVD) in 

deblurring DMSP images, the average light image of 

F142000 in Taiwan area with a size of 417*223 pixels 

was cut out for deblurring. In order to evaluate the 

effect of the method in this paper, stable light image 

and 89% cumulative luminescence threshold filter 

image were selected for comparison with the 

experimental results, as shown in figure 1. 

 

Figure 1. DMSP/OLS average light image deblurring 

Table 1. Deblurring evaluation 

Images PSNR Image entropy GMG Edge strength 

Original image 23.1727 0.8938 0.7582 8.4183 

Stable lights 24.7278 0.9753 0.7820 8.2769 

Cumulative threshold image 26.6162 0.4110 2.8530 30.5899 

Proposed method 25.6780 1.0912 1.7821 18.2736 

 

In addition to visual observation and evaluation of 

experimental results, peak signal-to-noise ratio 

(PSNR), image information entropy, grayscale mean 

gradient (GMG) and edge intensity were introduced as 

objective evaluation criteria. It can be seen from table 

1 that the original average light image (a) has a serious 

ambiguity. The truncation parameter was selected 

according to the L curve. Compared with the original 

image, the processed image (d) showed that the peak 

signal-to-noise ratio increased by 2.5053, the 

information entropy increased by 0.1974, the average 

grayscale gradient increased by 1.0239, and the edge 

intensity increased by 9.8553.For the image (c) 

processed by direct frequency filtering, the peak signal-

to-noise ratio was increased by 3.4435 and the 

information entropy was reduced by 0.4828, indicating 

that although the method effectively reduced noise and 

blur, the image details were seriously lost. It is shown 

that the RTSVD algorithm combined with Pct image 

filtering can not only eliminate the blur but also retain 

the detailed information of the image. 

6. CONCLUSIONS 

In this paper, RTSVD algorithm combined with Pct 

image filtering was adopted to solve the fuzzy problem 

of DMSP/OLS data. Based on the average light data 

test in Taiwan in F142000, the following conclusions 

were drawn: 

(1) by comparing the luminescence frequency of pixels, 

it can be removed except for the light source pixels. 

(2) the truncation parameters of RTSVD can be 
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calculated by fitting the discrete points of L curve with 

the spline curve. 

(3) RTSVD algorithm can keep the details of the image 

while removing the blur. 
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