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Abstract: In this paper, a mathematical model is established to achieve the best receiving 
effect of the electromagnetic wave reflected by the reflector.The aim is to make the working 
paraboloid close to the ideal paraboloid as much as possible by changing the different 
elevation and azimuth angles and adjusting the radial expansion of the actuator.The 
geometric model of the radius of the reference sphere and the focal length of the paraboloid 
is established.The expression of ideal parabolic function with azimuth Angle α and elevation 
Angle β and corresponding vertex are obtained by constructing rotation matrix.The effective 
nodes were judged according to the range of included Angle on the reflection surface,and 
the fitting degree was evaluated by the root mean square difference,and the fitting accuracy 
was finally obtained. 

1. Background

With the development of radio and electronic information,reflector antenna has been widely used
in electronic technology,military reconnaissance and astronomy in China.In recent years,reflector 
antennas have been widely used in astronomy,mainly for observing celestial bodies[1].It consists of 
active reflector system,feed support system,measurement and control system,receiver and terminal 
system.There is a certain gap between each reflection panel,in the process of adjusting the reflection 
panel,the panel will not be deformed because of tension and pressure. 

2. Modeling and solving of problem 1

2.1 Model Establishment 

The most important innovation point of FAST is active reflection,the use of computer control can 
achieve the reflection surface along the direction of view immediately generated 300m caliber 
parabola[2],parabolic focal plane formed by the focal plane and the ground state reflection sphere of 
its radius kR.As shown in the figure 1,C is the spherical center of the ground state reflecting surface,S 
is the object to be measured,P is the center of the receiving signal plane of the feed module,arc FNI 
is the basic parabola forming the ideal parabola,and arc JNK is the ground state reflecting 
surface.Given by the known conditions: 

𝐶𝐶𝐶𝐶 = 𝑅𝑅 (1) 
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𝐹𝐹𝐹𝐹 = 𝑅𝑅
2
                                  (2) 

∠𝐹𝐹𝐹𝐹𝐹𝐹 = 30∘                                (3) 

𝐶𝐶𝐶𝐶 = 𝑅𝑅 − 𝐹𝐹 = (1 − 𝑘𝑘)𝑅𝑅                           (4) 

      

Figure 1: Profile map                    Figure 2: Comparison graph 

So it can be concluded that: 

𝑃𝑃𝑃𝑃 = 𝐶𝐶𝐶𝐶 − 𝐶𝐶𝐶𝐶 = �√3 − (1 − 𝑘𝑘)�𝑅𝑅                     (5) 

𝑃𝑃𝑃𝑃 = √𝑃𝑃𝑂𝑂2 + 𝑂𝑂𝐹𝐹2 = ��𝑅𝑅
2
�
2

+ (√3𝑅𝑅 − (1 − 𝑘𝑘)𝑅𝑅)2                (6) 

𝑂𝑂𝑂𝑂 + 𝐺𝐺𝐺𝐺 = 𝑃𝑃                               (7) 

𝑧𝑧 = 𝑥𝑥2

2𝑃𝑃
− 𝑃𝑃

2
− (1 − 𝑘𝑘) ⋅ 𝑅𝑅                           (8) 

The final ideal parabolic equation is: 

𝑧𝑧 = 𝑥𝑥2+𝑦𝑦2

2𝑃𝑃
− 𝑃𝑃

2
− (1 − 𝑘𝑘)𝑅𝑅                           (9) 

2.2 Model solving 

According to the output of the attachment,the actual reference spherical radius can be calculated 
as 300.4m.In this case,the reference spherical radius given is 300m.In order to improve the accuracy 
of the model,the real spherical radius of 300.4m is adopted in this paper,k = 0.466.It can be calculated 
that P = 280.04. 

The specific parabolic equation can be obtained by substituting the data into the parabolic equation 
formula: 

𝑧𝑧 = 𝑥𝑥2+𝑦𝑦2

560.0814
− 300.434(𝑚𝑚)                         (10) 

Finally, matlab was used to draw the comparison diagram between parabola and reference sphere, 
as shown in Figure 2. 
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3. Modeling and solving of problem 2 

3.1 Model Establishment 

After obtaining the rotating paraboloid, the radial distance between each node and the paraboloid 
can be calculated by geometric method according to the paraboloid equation, so as to get the length 
of each node expansion[3]. Specific practices are as follows: 

Step1: Determine the valid node number: 

𝑁𝑁𝑁𝑁�����⃗ = (−𝑥𝑥𝑛𝑛,−𝑦𝑦𝑛𝑛,−𝑧𝑧𝑛𝑛)                           (11) 

𝐶𝐶𝐶𝐶����⃗ = (cos 𝛽𝛽cos 𝛼𝛼, cos 𝛽𝛽sin 𝛼𝛼, sin 𝛽𝛽)                     (12) 

cos 𝜃𝜃 = 𝑁𝑁𝑁𝑁������⃗ ⋅𝐶𝐶𝐶𝐶�����⃗

|𝐶𝐶𝐶𝐶�����⃗ ||𝐶𝐶𝐶𝐶�����⃗ |
                              (13) 

Step2: Calculate the radial linear equation of the node: 
𝑥𝑥−𝑥𝑥𝑛𝑛
0−𝑥𝑥𝑛𝑛

= 𝑦𝑦−𝑦𝑦𝑛𝑛
0−𝑦𝑦𝑛𝑛

= 𝑧𝑧−𝑧𝑧𝑛𝑛
0−𝑧𝑧𝑛𝑛

                            (14) 

Step3: Solve the intersection of the equation of the line and the ideal parabola: 

 

⎩
⎪⎪
⎨

⎪⎪
⎧𝑧𝑧 = 𝑥𝑥2+𝑦𝑦2

2𝑃𝑃
− 𝑃𝑃

2
− (1 − 𝑘𝑘)𝑅𝑅

�

𝑥𝑥
𝑦𝑦
𝑧𝑧
1

� = 𝑀𝑀−1 �

𝑥𝑥′
𝑦𝑦′
𝑧𝑧′
1

�

𝑥𝑥′−𝑥𝑥𝑛𝑛
0−𝑥𝑥𝑛𝑛

= 𝑦𝑦′−𝑦𝑦𝑛𝑛
0−𝑦𝑦𝑛𝑛

= 𝑧𝑧′−𝑧𝑧𝑛𝑛
0−𝑧𝑧𝑛𝑛

                        (15) 

Step4: Calculate the distance between the intersection point and the node: 

𝐷𝐷 = �(𝑥𝑥 − 𝑥𝑥𝑛𝑛)2 + (𝑦𝑦 − 𝑦𝑦𝑛𝑛)2 + (𝑧𝑧 − 𝑧𝑧𝑛𝑛)2 ⋅ sym (𝑧𝑧 − 𝑧𝑧𝑛𝑛)            (16) 

Where sym(x) is the unsigned function. 
Step5: Determine the expansion amount of each actuator: 

𝑑𝑑 = �
0.6, 𝐷𝐷 ⩾ 0.6
0, 0.6 ⩽ 𝐷𝐷 ⩽ 0.6

−0.6, 𝐷𝐷 ⩽ −0.6
                        (17) 

Step6: Update node coordinates: 

𝑛𝑛�⃗ 0 = 𝑃𝑃�⃗ −𝑁𝑁��⃗

|𝑃𝑃�⃗ −𝑁𝑁��⃗ |
= (𝑥𝑥−𝑥𝑥𝑛𝑛,𝑦𝑦−𝑦𝑦𝑛𝑛,𝑧𝑧−𝑧𝑧𝑛𝑛)

�(𝑥𝑥−𝑥𝑥𝑛𝑛)2+(𝑦𝑦−𝑦𝑦𝑛𝑛)2+(𝑧𝑧−𝑧𝑧𝑛𝑛)2
                    (18) 

Update coordinates:(𝑥𝑥𝑛𝑛𝑛𝑛,𝑦𝑦𝑛𝑛𝑛𝑛, 𝑧𝑧𝑛𝑛𝑛𝑛) = (𝑥𝑥𝑛𝑛,𝑦𝑦𝑛𝑛, 𝑧𝑧𝑛𝑛) + 𝑛𝑛0����⃗ ⋅ |𝑑𝑑𝑛𝑛| 
Step7: Determine the proximity evaluation amount of the working parabola. 
Step8: Calculate RMS of close accuracy: 

𝑅𝑅𝑅𝑅𝑅𝑅 = �∑  𝑁𝑁
𝑛𝑛=1 (𝐷𝐷𝑛𝑛−𝑑𝑑𝑛𝑛)2

𝑁𝑁
                          (19) 

3.2 Model solving 

The actual ideal parabola equation is calculated as follows: 
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⎩
⎪⎪
⎨

⎪⎪
⎧𝑧𝑧′ = 𝑥𝑥′2+𝑦𝑦′2

560.0814
− 300.4340

�
𝑥𝑥′
𝑦𝑦′
𝑧𝑧′
� = 𝑀𝑀−1[𝑥𝑥,𝑦𝑦, 𝑧𝑧]𝑇𝑇

𝑀𝑀−1 = �
0.986 −0.01 −0.647
−0.01 0.992 −0.123
0.164 0.123 0.979

�

(20) 

Finally, through matlab programming, the obtained parabolic equations draw the ideal parabolic 
simulation diagram after the rotation Angle α = 36.795° and elevation Angle β = 78.169°. 

Traverse each node, calculate the straight line equation of node and spherical center and then 
calculate the intersection point, calculate the distance between the intersection point and node 
according to the intersection point, finally calculate the expansion length according to the expansion 
limit, update node coordinate data as shown in the figure. The updated coordinate data was used to 
calculate the distance again and calculate THE RMS.According to the formula, the calculated result 
was 0.02326m, indicating that the parabolic adjusting model had a considerable fitting effect. 

Figure 3: Partial results 

4. Evaluation of Model

4.1 Advantages 

(1) The model presented in this paper has high precision, and the error between the model and the
actual data is within the tolerable range. 

(2) The working paraboloid fits well with the ideal paraboloid, which has strong feasibility.

4.2 Disadvantages 

(1) The model has not carried out in-depth research on the intelligent optimization algorithm, and
the error has not yet converged. 

(2) There is room to reduce the accuracy of the optimization model.
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