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Abstract 

In this paper, the location and date of video shooting are determined by solar shadow 
location technology, and the purpose of video data analysis is achieved. According to the 
requirements of the topic, this paper uses the least square method to fit, similar shape and 
genetic algorithm to get the required parameters, and then analyze the video shooting date 
and place.In order to solve the problem, it is found that the variation of shadow length is 
affected by different longitude, latitude and date and time, and the trigonometric function 
expression of shadow length can be calculated according to the data. When analyzing the 
variation of shadow length with each parameter, the method of controlling variable is used 
in this paper. It is found that the shadow length basically does not change by a large margin 
with the increase of year, and with the increase of month and longitude, the shadow length 
first becomes shorter and then longer. And as latitude grows, it grows longer. Finally, 
according to the expression of shadow length, the variation curve of shadow length is drawn 
by matlab, that is to say, the shadow length changes first with the increase of time. A short, 
lengthened curve.Second, according to the coordinate data of the shadow vertex of the bar, 
the least square method is used to calculate the derivative to get the Beijing time 
corresponding to the shortest shadow length. According to the geographical knowledge, 
"the longitude range of a time zone is 15 degrees", the value of longitude is calculated to be 
109 degrees 30 minutes 29 seconds east. Then, according to the principle of Analemmatic 
sundial and the mathematical knowledge of trigonometric function, the latitude values are 
calculated to be 18 degrees 19 minutes 55 seconds north and 6 minutes 14 seconds 1 degree. 
Finally, according to the coordinates on the map, the possible locations of the bar are Sanya 
City, Hainan Province and Indonesia.For the third problem, when solving longitude, the 
least square fitting method is used to calculate the longitude values of the data given in 
attachment 2 and 3 respectively, which are 48 degrees 1 minute 26 seconds east longitude 
and 108 degree 56 minutes 24 seconds east longitude respectively. After the longitude value 
is determined, the variation of shadow length with latitude in each day of the year in 
question 1 is used as the initial population of genetic algorithm, and the offspring are 
selected by single point crossover operation and mutation operation, so that the smaller the 
objective function value is, the better the objective function value is. Therefore, it is 
necessary to use genetic algorithm many times, and obtain the optimal solution with small 
relative error after multiple selection. The last possible date is: the data correspondence in 
Annex 2 The time is April or July, latitude is, so the possible location is.In order to solve the 
fourth problem, the matlab software is used to read the obtained video frame, and then the 
straight bar and its shadow are extracted by the method of single threshold segmentation. 
After reading the image matrix with matlab to get the shadow length of the bar, the 
longitude and latitude can be calculated according to the mathematical model of question 1, 
the possible location is. If the shooting time is unknown, the possible date, latitude and 
longitude can be obtained by using the genetic algorithm in question 3. 

Keywords  

Least square method; Multi-objective genetic algorithm;  Solar elevation;Single-threshold 
segmentation method. 
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1. Introduction  

1.1 Question restatement 

How to determine the location and date of video shooting is an important aspect of video data analysis. 

Solar shadow location technology is a method to determine the location and date of video shooting by 

analyzing the changes of solar shadow of objects in video. 

The mathematical model of shadow length change is established, and the variation law of shadow 

length about each parameter is analyzed. And use your model to draw the solar shadow length curve 

of the 3m straight pole between 9: 00-15: 00 Beijing time on October 22, 2015 (39 degrees 54 minutes 

26 seconds north latitude, 116 degrees 23 minutes 29 seconds east) of Tian’an Men Square. 

Based on the coordinate data of the sun shadow vertex of a fixed bar on the horizontal ground, a 

mathematical model is established to determine the location of the bar. Your model is applied to the 

shadow vertex coordinate data in attachment 1, and several possible locations are given. 

3. Based on the coordinate data of the solar shadow vertex of a fixed bar on the horizontal ground, a 

mathematical model is established to determine the location and date of the bar. Your model is 

applied to the shadow vertex coordinate data of attachment 2 and 3 respectively, and several possible 

locations and dates are given. 

4. Annex 4 shows a video of the shadow variation of a straight rod in the sun, and the height of the bar 

has been estimated in some way to be 2 metres. Please establish a mathematical model to determine 

the location of the video shoot, and use your model to give a number of possible shooting locations. 

1.2 Model hypothesis 

Suppose the earth is a normal sphere. 

The solar light is regarded as parallel light without taking into account the refraction of sunlight 

through the atmosphere, the apparent angle of the sun, the blocking of high mountains, the altitude 

and so on. 

Suppose the rotation of the earth is uniform.  

Assume that the distance between the sun and the earth is constant.      

1.3 Symbolic convention 

ED
:Solar latitude angle 

E t
:Equation of time 

s :Mean solar time  

s1 :True solar time 

sd
:Local time  

s2
:True local time 

H A :Hour angle 

la :Local latitude 

lo :Local longitude 
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h :Solar angle sinusoidal value 

d a
:Sun angle 

2. Problem  Analysis  

2.1 Analysis of problem one 

For the first question, the mathematical model of shadow length should be established first, and the 

variation of shadow length about each parameter should be analyzed. After consulting a large amount 

of data, the sinusoidal expression of the solar height angle is obtained through the conversion of the 

formula between the solar latitude angle, the true sun time, the flat sun time, the local sun time, the 

true local time, the time angle, the local longitude and latitude, etc. According to the trigonometric 

function, the expressions of the shadow length, the length of the bar and the angle of the sun height are 

obtained. According to the obtained expression, the parameters that affect the solar height angle and 

then the shadow length are analyzed by using the method of controlling variable, which controls one 

variable to change and the other variable to change. The variation law of shadow length on this 

variable is analyzed, and the variation law of shadow length on each variable is obtained. Question 1 

also requires drawing a curve of the solar shadow length of a straight pole 3 meters high between 9: 

00-15: 00 Beijing time on October 22, 2015 (39 degrees 54 minutes 26 seconds north latitude, 116 

degrees 23 minutes 29 seconds east). Because the year, month, day, longitude and latitude are 

determined, only the time of this day is changed. By taking the time variable into the formula, the 

shadow length curve of the bar of 3 meters can be obtained by using matlab programming. 

2.2 Analysis of question 2 

In order to determine the location of the vertical bar according to the vertex coordinates of the shadow 

of the bar, a model of longitude and latitude must be established, which can be applied to the data in 

annex 1, and then several possible locations are found. 

Because the xy coordinates of the shadow vertices of the bar and the corresponding Beijing time are 

known, this paper uses the least square method to nonlinear fit the shadow length with the 

corresponding Beijing time, and obtains the function expression of the shadow length on the Beijing 

time. By finding the derivative of time, we can get the approximate corresponding time of the tangent 

point of the fitted curve, that is, the Beijing time corresponding to the shortest shadow length, because 

the shortest time of shadow length is the local noon, that is, the true sun time is 12:00. So according to 

the mathematical relation of "the longitude range of a time zone is 15 degrees" and the horizontal 

solar time, the true sun time, the local sun time and the local true solar time in question one, the local 

sun time and the local true solar time are the same. The longitude of the desired location can be 

calculated by the relationship between the yang and the time. 

In the calculation of latitude, the formula of latitude can be deduced from the relation between solar 

azimuth and solar altitude because the date of measurement and the time of midday are both known, 

and the value of latitude can be obtained. The possible location can be roughly determined by the 

values of longitude and latitude. 

2.3 Analysis of question 3 

Problem 3 makes it more difficult to calculate because we don't know the date of measuring shadow 

length change. In this paper, the problem is analyzed by genetic algorithm, and the longitude value of 

the two groups of data is calculated by the method of the second question, and the longitude value is 

determined according to the longitude value. The variation of the shadow length of each day of the 

year with the change of latitude is taken as the initial group of genetic algorithm, and the variation law 

of shadow length in attachment 2 / 3 is taken as the objective function respectively. The fitness 

function determined by the objective function is used to calculate the adaptation of each individual to 
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the environment, that is, the variation of shadow length in the initial group and the shadow in the 

given table. The rule of variation of sub-length is compared, and some suitable individuals are 

selected, then selected in these human bodies, repeated the above operations, finally, the optimal 

solution of the problem is obtained, and the possible place and date can be obtained. 

2.4 Analysis of question 4 

For the fourth question, first of all, we should intercept the video, take out the picture at equal 

intervals, process the image with gray level, process the image by local threshold, and binarize the 

gray image. Try to make the pole length and shadow color black in the picture, and the color in other 

places is white, the right coordinate system of establishing the bar and shadow, and get the 

coordinates of the bottom (xy) and the top (x1y1) of the pole in the image. By using (y1-y) / 2, the 

actual length of each unit in the picture can be obtained, and then the actual shadow length can be 

calculated by the coordinate of the shadow length in the picture. 

Based on the analysis of all the images taken, the variation curve of shadow length is extracted. 

Because the shooting time, date and pole length are determined, the longitude and latitude of the 

shooting place can be obtained by solving the formula involved in question 1. 

The problem also requires us to analyze the shooting place and shooting date when the date is 

undetermined, which is the same as the third question. We can use the same method to find the 

unknown quantity required. For question 4, the key is how to extract the length of the shadow we need 

from the video. 

3. Solution and Result 

3.1 Modeling and solving of problem one 

The first problem is that the formula of solar height angle is derived from geographical knowledge 

and mathematical formula, the formula of shadow length variation is deduced, the influencing factors 

are analyzed from the formula, and the variation curve of shadow length is drawn according to the 

obtained formula. 

3.1.1Calculation of shadow length 

1.Calculation of product days 

The "accumulated days" are the order of dates in the year, taking into account the leap year 366 

days,the average year 365 days,so   ( ) 719852422.06764.79 −−+= yN o
.  

2.Calculation of Sun Angle 

N :Indicates that one day of the year is the day of the year. 

NNt O
−= , 

2422.365
2 td a

=  ,d a
 represents the angle of the sun.. 

3.Calculation of Solar Red Latitude Angle 

The angle between the line of the center of the sun and the equator is changing at every instant of the 

day, which is called the solar latitude angle. 

da)cos(30.0201da)cos(20.3656

cos(da)0.758-da)sin(30.1712-da)sin(20.114sin(da)23.25670.3723E
++

++=
D  

4.Time difference calculation 

The true sun does not move at a uniform speed on the ecliptic, so the length of the true sun is not the 

same.Here the true sun is represented bys1
.But when it comes to computing, you need a uniform and 
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constant unit of time, assuming that it's moving at a constant speed, and this imaginary sun is called a 

flat sun,the calculated time is when the sun is flat, expressed in terms of s . 

The difference between the true sun time and the flat sun time is the time difference, which is, 

ssE t −=
1

 ,that is, 

da)cos(20.6882-cos(da)7.0924-da)sin(29.9059sin(da)1.9857-0.0028 +=Et
 

True solar time:
601

Es ts += . 

5.Calculation of time angle 

According to step 4, you can get the true solar time of the place s2
and the local time sd ,usel0

to 

express longitude,we can get
602

Ess t
d
+= ,

( )
60

4120 −−
= ls o

d

s
,hour 

angle
( )

180

1512
2

−
= sH A

. 

6.Calculation of Solar Altimetry Angle Local latitude is represented by la .
The sinusoidal value of 

the solar height angle can be calculated by combining the formula of the above 

steps: ( ) ( ) ( )HElEl A
D

a
D

a
h cos

180
coscos

180
sinsin 







 
+







 
=


, 

The corresponding angles can be obtained from trigonometric functions: hc arcsin= . 

7.The formula for calculating shadow length 

Knowing the shadow length from the relation of trigonometric functions The expression of: 

c
xl
tan

= , x is the length of the bar. 

3.1.2Analysis of influencing factors 

1.Influence of year change on Shadow length change 

Set other variables other than the year as constant to change the year from 1950 to 2050, on October 

22 of each year, 12:00 Beijing time, and at Tian’an Men Square, Beijing, that is, 39 degrees 54 

minutes 26 seconds north, Longitude 116 degrees 23: 29 seconds east, pole length is 3 meters, make 

the following picture: 

  
Graph 1 Curve diagram of shadow length of bar with year 

From 1980 to 1990, the variation range of shadow length is obvious for a period of time. Graph 2 is 

used to analyze the variation law in fig. 1. 
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       Graph 2 the variation law 

From these data, we can clearly see that in this decade, the longest shadow length is 3.271 meters, the 

shortest is 3.209 meters, the difference between the two is 0.062 meters, that is, 6.2 centimeters. So 

the effect of the year on the shadow length of the straight bar is almost negligible, that is, for the same 

day and the same time in any year in the same place, the change in the shadow length of the fixed bar 

is very small. Therefore, it can be considered that the change of the shadow length of the pole has no 

relation to the year. 

2.The influence of month change on Shadow length 

The year is 2014, and the date is two, the 15th of each month and the last day of each month. The time 

is 12:00, latitude and longitude 39 degrees 54 minutes 26 seconds north, longitude 116 degrees 23 

minutes 29 seconds east. The change in the month from January to December shows the following:  

A graph on the last day of each month:            

 
 

Graph 3 Curve of Shadow length of straight Bar with month 

(2)A graph on the fifteenth day of each month: 
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Graph 4 Curve of Shadow length of straight Bar with month 

From these two pictures, we can clearly see the influence of the change of months on the variation of 

shadow length. For Beijing, the selected place, from January to June, with the increase of months, the 

shadow length gradually becomes shorter, from June to December. The shadow grew in length. 

Because the sun hits the Tropic of Cancer in June, it has the shortest shadow in June. 

3.Influence of longitude change on shadow length 

For the influence of longitude variation, we selected the longitude range of China, which is from 73 

degrees to 135 degrees East, at 12:00 Beijing time on October 22, 2014, and at latitude of 39 degrees 

54 minutes and 26 seconds north. Get the following graph:  

 

 
 

Graph 5 The curve of shadow length changing with longitude 

 Analyze the graph, 
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Graph 6 The curve of shadow length changing with longitude 

From the map, we can see that at 12:00 at noon, the longitude range is roughly 116.5 degrees east 

longitude to 116.7 east longitude. The shadow length of the pole is 3.238 meters long. This is probably 

the longitude of Beijing. Is the shortest longitude range of the shadow length of the range we have 

chosen. It can be seen that when the longitude is less than 116.5 degrees, the length of shadow 

becomes shorter with the increase of longitude. After 116.7 degrees, the length of shadow becomes 

longer and longer with the increase of longitude. 

4.The influence of Latitude variation on Shadow length variation 

The selection time is October 22, 2014, 12:00, longitude 116 degrees 23: 29 seconds east, latitude 

from 3 degrees to 53 degrees, pole length is still 3 meters, you can get the following picture: 

 
 

Graph7 The Curve of the change of Shadow length Dimension of straight Bar 

It can be obtained from the image that the shadow length increases gradually with the increase of the 

dimension, and the solar height angle changes with the change of latitude, which affects the shadow 

length. 

S
tr

ai
g
h
t 

sh
ad

o
w

 l
en

g
th

 
S

tr
ai

g
h
t 

sh
ad

o
w

 l
en

g
th

 

Longit

ude 

Latitud

e 



International Core Journal of Engineering Vol.4 No.12 2018                                                  ISSN: 2414-1895 

 

267 

 

3.1.3Variation curve of shadow length of Tian’an Men Square bar 

From the above formula analysis, the specific values of year, day, longitude and latitude, given in the 

title, are brought to the formula of the first question analysis, and the curve of shadow length change 

can be obtained as shown in graph 8: 

 
 

 

Graph 8 Curve of shadow length of straight bar with time 

Image analysis: it can be seen from fig. 6 that the shadow length of the bar is the shortest at 12 times, 

and the solar height angle is the largest at this time, which is the noon of Beijing time, so the shadow 

length is the shortest at 12:00, and the variation of the shadow length is basically taken 12:00 as the 

axisymmetric. 

3.2 Modeling and solving of problem 2 

3.2.1The Establishment of problem two Model: least Square fitting 

In the linear least square method, define  

f(x)=y= ( ) ( ) ( )xxx rarara mm
+++ 

2211
. 

1.Determination of coefficientak
 

( )aa m
J 

,1
= ( ) 

2

01

2


==

−=
n

i
ii

n

i

yxf
i , 

For the sake of aa m
,,

1
 ,To minimize J ,Only need to use the necessary conditions of extremum 

0=




a j

J
(j=1,···m) 

A system of linear equations about aa m
,,

1
  is obtained: 

( ) ( ) ,,,1,0
11

mj
m

k
iikki

n

i
j yxraxr ==








−

==

(Equation 1)  that is 

( ) ( ) ( ) .,,1,
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( ) ( )

( ) ( )
mnnmn

m

xrxr

xrxr
R



















=







1

111

,A=  T
maa ,

1
,Y=  T

m
yy ,

1
, 

Equations 2 can be expressed as: YRA RR
TT

= , 

When  ( ) ( )xx rr m
,

1
linear correlation,R-column full rank, RR

T
 reversible,The equation 

( )xrk  has a unique solution. 

Selection of functions 

   Before fitting, it is impossible to select accurately because we do not know the relationship between 

functions. Therefore, by drawing and observing the general relationship between the data, the conic 

fitting can be used to describe the relationship between the data. 

3.2.2Model solution 

1.Longitude solution 

The least square method is used to fit the data given in the problem, and the function of shadow length 

on time is obtained: 1275.247819.31489.0
2

+−= TL T ,here L is the shadow length, T is the time 

of the day, and the following figure can be drawn: 

 
 

 

Graph 9 Curve of shadow length of straight bar with time 

It can be seen from the diagram that the given data basically accords with the fitted function relation, 

and the function is derived from the obtained function, 7891.31489.02 −= TL ,let the 

derivative be zero and calculate the Beijing time when the shadow is shortest. When the shadow 

length is the shortest, the Beijing time is 12.69946, that is 12:41:58. 

For every place, the shortest shadow corresponds to the local noon, that is, the local time is 12:00. 

Because the title gives Beijing time and the longitude is 120 degrees east, so the difference between 

the flat sun time and the local sun time, The longitude values of the measured points can be calculated 

by the formula: longitude of Dongba District (Beijing time when the local shadow is shortest-local 

true sun time when the local shadow is shortest) / 4, The calculated values of longitude are 120 

degrees (12:41:58-12:00) / 109.5081 degrees, that is, 109 degrees for 30 minutes and 29 seconds. 

2.Solving steps of latitude 

 (1)Calculation of Sun Angle 

( ) 719852422.06764.79 −−+= yN o
,  

S
tr

ai
g
h
t 

sh
ad

o
w

 l
en

g
th

 

Time 



International Core Journal of Engineering Vol.4 No.12 2018                                                  ISSN: 2414-1895 

 

269 

 

N :Indicates that one day of the year is the day of the year, 

NNt O
−= , 

2422.365
2 td a

=  ,Hered a
denotes the angle of the sun. 

For this question, since the date of the year is given, the value of the sun angle is a constant. 

(2)Calculation of Solar Red Latitude Angle 

da)cos(30.0201da)cos(20.3656

cos(da)0.758-da)sin(30.1712-da)sin(20.114sin(da)23.25670.3723E
++

++=
D  

The formula shows that the solar latitude angle is only related to the magnitude of the solar angle, and 

the solar angle is a constant from step one, so we can get that the solar latitude angle is also a constant. 

(3)Calculation of time angle 

( )
180

1512
2

−
= sH A

,time angle is related to longitude, 

( )
60

4120 −−
= ls o

d

s
,After the longitude of this area has been calculated, the magnitude of the 

time angle is also constant. 

(4)Sun height angle and azimuth angle 

The sinusoidal value of the solar height angle: 

( ) ( ) ( )HElEl A
D

a
D

a
h cos

180
coscos

180
sinsin 







 
+







 
=


,   

Solar azimuth : 

lhEl aDa
hA cos1/)sinsin(cos

2
−−=      

For a certain one, the shortest time of the shadow is the local true sun, and 12:00 of the local. By 

looking up the data, we draw the following conclusion: at noon of the day and 12 hours of the local 

true sun, the solar height angle is the largest. The sun is located in the south (northern hemisphere) and 

its azimuth is 0 °(or 180 °). 

(5)Latitude calculation 

With the relation between the solar altitude angle and the azimuth angle, the equations of latitude can 

be obtained. By solving the equations, the following results can be obtained: latitude 18 degrees 19 

minutes 55 seconds north latitude 1 degree 6 minutes 14 seconds. 

Determine the location of the bar 

The corresponding points of longitude and latitude on the map are: Sanya city, Hainan province, and 

Indonesia. 

3.3 Modeling and solving of problem 3 

3.3.1Establishment of genetic algorithm Model 

Solving steps of genetic algorithm: 

Coding strategy  

Coded in decimal,using a random sequence 

www 10221
   

as a chromosome 

( )101,3,210 = iwi
,w1

=0,w102
=1, 

Each random sequence corresponds to the individual meaning of the population. 
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Initial population 

First, a better initial population is obtained by using the classical approximation algorithm and the 

improved cycle algorithm. For randomly generated initial cycles 

10211111   +−+−= vvvuuuC , 1012  vu , 1012  vu 
.
By swapping the order 

between u and v, you can get a new path. 10211111   ++−− vuuvvu .  

,
1111






 +−





 +=

+−+−
dddd

vuvuvuvu

f
 

 if 0f ,a better feasible solution can be obtained by 

modifying the old path with a new path until it can be modified. 

Until M feasible solutions are generated, and M feasible solutions are translated into chromosome 

coding. 

Object function 

The objective function is to detect the path length of all targets, and the fitness function is taken as the 

objective function, which requires ( ) 
=

+

=
101

1
10221

1

,,min
i

d
ii

f
   

Interlace operation 

The crossover operation uses a single point of crossover for the two selected paternal 

individuals ( )wwf 10211
= , 







 
= wwf 10212


.
The random selection of the t gene is the crossing 

point, and the self-generation individuals after cross-operation ares1
ands2

,thes1
 gene consists of 

the first t gene of a and the second 102-t gene of f
2
, while the gene of s2

 is composed of the first t 

gene of f
2
 and the second 102-t gene of f

1
 gene.In the exchange operation, we should choose a 

good crossover way to ensure that the offspring can inherit the good characteristics of the parent. 

Mutation operation 

Mutation is the global optimal guarantee, according to the given rate of variation, the selection of the 

individual mutation, random selection of three numbers, meet the requirements Insert the genes 

between UV and w at the back of w. 

Select 

Using a deterministic selection strategy, that is, selecting M individuals with the smallest objective 

function to the next generation in the parent and offspring populations, can guarantee the 

accompanying excellent characteristics. 

3.3.2Model solution 

1.Solving longitude 

The same question 2 uses the least square fitting method to calculate the longitude values of the data 

given in annexes 2 and 3, respectively. The longitude values obtained here are 48 degrees 1 minute 26 

seconds and 108 degrees 56 minutes 24 seconds east. 

2.Solving date and latitude by genetic algorithm 

After the longitude value is determined, the variation of shadow length with latitude in each day of the 

year in question one is used as the initial population of genetic algorithm, and the offspring are 

selected by single crossover operation and mutation operation. The smaller the difference between the 

fitness function and the objective function, the better, so the genetic algorithm should be used many 

times to obtain the optimal solution with small relative error. Finally, the possible dates are April and 

July, 0.786588 degrees south, West Indian Ocean, the Summer Solstice and the Winter Solstice, 

41.518363 north latitude, and the possible location is Bayan Nur, Inner Mongolia. Correspondence 

The locations on the map are.  
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3.4 Modeling and solving of problem 4  

A single threshold segmentation method based on MATLAB is used to process several gray images 

read from video, set appropriate segmentation threshold, convert the image into binary image, and 

make the shadow of the bar appear black and the background of the ground is white. Then the shadow 

of the bar is clearly distinguished from the ground, and the image information is stored in the 

two-dimensional array I, and the corresponding data (x1ky1) at the bottom of the shadow and the data 

corresponding to the top (x2ky2) are found. According to the number of pixels corresponding to the 

2-meter long bar is n, the actual length of shadow can be obtained as sqrt [(y2-y1) ^ 2 (x2-x1) ^ 2] * 2\ 

n. then we can get a number of data of shadow length L and time t, so that question 4 is transformed 

into question 2, and the solution to this question can be obtained by the solution of question 2. 

3.4.1 The processing of video information (the following methods come from the network) 

1.he basic principle of single threshold Segmentation method To put it simply, the threshold of gray 

image segmentation is to determine a gray threshold within the range of gray value of the image, and 

compare the pixel gray value of each point of the image with this threshold. According to the 

comparison results, the corresponding pixels are divided into two categories: one is greater than the 

threshold, the other is less than the threshold. The process is to determine the desired threshold and 

compare the segmentation threshold with the pixel value to divide the pixels. 

In the above steps, the image can be effectively segmented as long as a suitable threshold can be 

determined. After the threshold is determined, comparing the threshold with the pixel value and 

dividing the pixels synchronously, the segmentation results directly give the image region. The 

common models based on the threshold method for separating grayscale images can be described as 

follows: assuming that the image consists of a target and a background with a single peak gray 

distribution, the gray values between adjacent pixels within the target or background are highly 

correlated. But the pixels at the intersection of the target and the background are very different in gray 

value. If an image meets these conditions, its gray level is straight A graph can basically be considered 

as a mixture of two single-peak histograms corresponding to the target and the background, 

respectively. To divide gray pixels into two different classes, a threshold must be determined. 

Regardless of which method is used to select the threshold value, the image segmented with a single 

threshold T from the f (x, y) of the original image can be defined as the following formula: 

(1) g(x,y)=1,f(x,y)>T 

(2) g(x,y)=0,f(x,y)<T 

The resulting g (XY) is a binary image, which is equivalent to the original image f (xy) being 

represented by an array of space occupants. 

2.Local single threshold segmentation method 

For complex images, it is difficult to obtain good segmentation results by using only pixel or pixel 

neighborhood global single threshold technique. When the size of image is large, many clusters will 

be lost by using global histogram, that is, those regions with small number of pixels will be lost. 

Therefore, for segmenting complex images, we should take full account of the local regional 

characteristics, and select more attributes and relevant semantic information to assist them under 

possibleconditions. 

In the local single-threshold segmentation method, the original image is divided into several small 

sub-images, and then the optimal segmentation threshold is obtained for each small sub-image. 

However, after threshold segmentation, discontinuity of gray level may occur at the boundary 

between adjacent sub-images, so it is necessary to use smoothing technique after segmentation. 

Process of processing First, the video of attachment 4 is processed and read at the speed of 1000 

frames per second, and a frame of picture is saved in every 5000 frames, and the image is processed 

with gray level. Using the method of local single threshold, the binary value of the image is stored in 



International Core Journal of Engineering Vol.4 No.12 2018                                                  ISSN: 2414-1895 

 

272 

 

the matrix, and the data is processed. Finally, the information of the shadow length in the image is 

extracted. The specific image analysis process is as follows: 

 1     

Pic1 artwork master                 Pic2 grey-scale map  

 
Pic3 Grey binary processing diagram 

3.4.2 Solution of problem 4 

After presenting the shadow length information in the picture, the second question analysis method 

can be used to solve problem 4. The results are as follows: latitude 45.105 °N, longitude 124.785 °E.If 

we don't know the date, we can get the possible date according to the genetic algorithm of question 3. 

4. Discussion 

4.1 Advantages of model 

1. The advantages of single threshold segmentation 

Compared with other segmentation methods, single threshold segmentation method is simple in 

principle, easy in calculation, stable in performance and easy to understand. Just set a threshold, 

assign a fixed value if the pixel value in the image is greater than this threshold, and, similarly, assign 

a pixel less than this threshold to another set value. 

4.2 Shortcomings of the model 

1. When the video is processed, the angle of observation and the direction of shadow are not 

considered, so we simply think that the shadow is parallel to the direction we observe. 

2. In the analysis of the problem, we do not consider the refraction of solar light passing through the 

atmosphere, but only the calculation by which the solar light is parallel light. 
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3. The single threshold segmentation method is effective for image segmentation where the peak 

value of the histogram between the target and the background is obvious, and the pixels on both sides 

of the intersection of the target and the background are different in gray value. For those images where 

the peak value is not obvious or the difference between the pixels on both sides of the target and the 

background is not obvious, the effect of single threshold segmentation is not obvious. 

4.3 Improvement of model 

The classical genetic algorithm has some shortcomings such as local convergence and slow 

convergence speed, which makes it difficult for classical genetic algorithm to find the global optimal 

solution. Aiming at the shortcomings of the classical genetic algorithm, this paper adopts the fitness 

function of the stage, the crossover mode based on the competition mechanism and the operation of 

imitating particle swarm optimization to make the convergence rate of the genetic algorithm. The 

global convergence probability is greatly improved. 
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