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Abstract. In this paper, we will establish practical and reliable mathematical model to determine
the video filming locations and dates by analyzing the shadow variations of the object in the video.
At first, we convert the video into image sequences which can been read by MATLAB at regular
intervals. So we can analyze the image sequences to obtain coordinates of the end of the shadow in
the video; in the second place, we adopt the method of data transformation based on
three-dimensional reconstruction to obtain the actual coordinates of the end of the shadow;
next,taking advantage of the parametric equations of the shadow and the actual coordinates of the
end of the shadow, we establish goal programming model to make the sum of the error of the
shadow length and deviation angle variance of the coordinate system minimum. And we can obtain
solar hour angle. declination and angle latitude; Finally, we analyze the conversion relation of the
solar hour angle with longitude and declination with dates to determine the video filming locations
and dates.

1.Introduction

Determining the video filming locations and dates according to the video is an important aspect
of analyzing video statistic, and has important significance in investigation on the surface and space
exploration. Sun shadow location technology is a method of determining the video filming location
and dates by analyzing the shadow variations of the object in the video, so researching sun shadow
location technology has important practical significance.

2.Assumptions

As to simplify the problem, we make the following assumptions in the process of building model
in this paper:
® \We make sunlight shine on the Earth in parallel rays, under the situation that we assume that
the Earth is a sphere and we ignore the atmospheric refraction of sunlight;
® The ground is flat and the shadow will not deform;
® Ignoring revolution of the earth in one day.

3.Symbols, Terminology Definitions

3.1Symbols and Definitions
TablelParameters in the process of obtaining coordinates of the end of the shadow

Parameters Meaning
Tieg~ tys by~ ty Undetermined parameters
(65~ 6,) Distortion of coordinates
Xa~ Yy The image coordinates
f Effective focal length
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Table2Parameters in the process of determining the location of the sun

Parameters Meaning
h solar altitude
A solar azimuth
) declination of the sun location
Q the solar hour angle of the sun location
H the length of the object
L the length of the shadow

the angle between the Coordinate system in video and the Coordinate
system in reality

Q

4.The establishment of the model

4.1 Obtaining the coordinates of the end of the shadow in the video

We convert the video into image sequences which can been read by MATLAB such as the time
interval and obtain coordinates of the end of the shadow in the video. We use simple Cartesian
coordinate system to establish the coordinate system in the video: The x axis in the horizontal
direction, vertical direction for the y axis.
4.2 Obtaining the actual coordinates of the end of the shadow in reality

Adopting the method of data transformation based on three-dimensional reconstruction, we
derive the conversion relation of the actual coordinates with the coordinates in the video. The
specific formula is defined as follow:
(8x =Xg (ky - p? + kg p*) + k3 (BXy% + V%) + 2ky - X4 Yy
8y =Yy (ky-p? + kg p*) + 2ks - Xg - Yy + ky - (Xg° + 3Y,)

Xy + 1y, + 132, + €,

Xd + 5 = f
Y rxy + 1Y + Tozy, + t, (1)

Xy + 15y + 76z, + ty

Y, +6, =
at vy fr7xw+r8yw+rgzw+tz

Xq =X, (1 + k?)
\ Yy =Y, (1+k?)
In this paper, without considering the distortion of the camera lens (namely, &,. 6,. kis
zero),we simplify the formula as follow:
Rix,, + Ryy,, + R3z,, + T,
{ Xq=X, =

7 Xy + sVYw + Y92y, + tz (2)
V.=V = Ruxy, + Rsyy + Rezy, + T,
\fa = = 5%y + TgVw + 192y, + t,
Amongthem Ry ¢ = f Ti6n Txy =f t,s T, =f"t,.
At this point, we obtain the actual coordinates in reality by adopting the method of data
transformation based on three-dimensional reconstruction.
4.3Determining the video filming location and dates
4.3.1 Analyzing the length and coordinates of the shadow
Based on the “Celestial theory” ™, we adopt the principle of relative motion to analyze the
relative position of the earth and the sun: we assume that the earth is the center of the solar system
and the sun revolve around the earth. We come to the conclusion that the sun relative to the location
of the earth has great importance in the length of object and obtain some formula of parameters, so
we obtain the formula about the length of the shadow as follow:
L = H- cot[sin~1(sin ¢ sin § + cos ¢ cos § cos Q)]
x = (H - coth) X cosA (3)
y = (H - coth) X sinA
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Among them, we use simple Cartesian coordinate system to establish the actual coordinate
system in reality: The x axis in the latitude direction, longitude direction for the y axis.
4.3.2 Building the goal programming goal

Due to the video's direction is not given, there is angle of deviation between the coordinate
system in the video and the actual coordinate system. The concrete structure is shown in the figure
below:

Figure 1 The angle between the Coordinate system in video and the Coordinate system in reality

Among them, the x-y coordinate system is defined in reality, the Xx'-y'coordinate system is
defined in the video, a is defined as the angle of deviation.

Although there is angle of deviation between the two coordinate system, the angle of deviation is
fixed which should be “a”.so we adopt the discrete degree of Angle to measure the error of the two
coordinate system, and take the conclusion that the length of object is the same in different
coordinate system into consideration to establish goal programming model. After solving the goal
programming model, we determine the video filming locations and dates. The goal programming
model is defined as follow:

min  z =var(a) + (L — L')?
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4.4 Solving the model

In this paper, we use Particle Swarm optimizationto solve the goal programming goal and obtain
solar hour angle. declination and angle latitude. By analyzing the conversion relation of the solar
hour angle with longitude and declination with dates we finally determine the video filming
locations and dates.We take as an example of Beijing to make the image to describe the change of
the sun's shadowin October 22, 2015as follow:
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Figure 2The change of the sun's shadow
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