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Research on the image rotation of the polar coordinates infrared
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Abstract: The angle of the image rotation was studied which was caused by the movements of two frames

of polar coordinates direct stable platform and indirect stable platform with four reflected mirrors. The result

shows that both the movements of pitching-frame and rolling-frame cause the image rotation. The angle of

image rotation of indirect stable platform which was caused by rolling-frames increased when the abaxial

angle increased. When the abaxial angle was small, the angle of image rotation of indirect stable platform

which was caused by rolling-frames was also small. The angle of image rotation of direct platform was direct

ratio with the tangent of the angle of rolling-frame and was inverse ratio with the cosine of the angle of

pitching-frame. The result of simulation shows that the angle of image rotation of indirect stable platform

with four reflected mirrors was smaller than the direct stable platform and has lower influence on imaging.
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四反射镜结构极坐标红外惯性稳像平台像旋研究

邱兆文，宋利权，张炳通

(天津津航技术物理研究所，天津 300308)

摘 要院针对极坐标式直接稳像平台结构和间接稳像平台的四反射镜成像光路结构，推导其两框架运动

所引起的像旋角度。结果表明俯仰框和滚转框的运动均会引起像旋。四反射镜间接稳像结构像旋随着离

轴角增大，滚转框运动所引起的像旋角度也逐渐增加，在小离轴角时，滚转所引起的像旋也较小。直接稳

像结构像旋角度与滚转框架角的正切值成正比，与俯仰框架角的余弦值成反比。仿真结果表明，四反射

镜结构像旋比直接稳像结构的要小，对成像质量影响小。

关键词院 极坐标惯性稳像平台； 像旋； 四反射镜； 直接稳像平台； 间接稳像平台
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0 Introduction

As science developed, traditional aerocrafts

could not meet the needs of modernization. In order

to adapt the needs, the new aerocrafts should have

higher flexibility and the ability of launching with

larger abaxial angle and the guiding system should

have large field of view, small volume and light

weight. All these features are restricted by the

structure of frames of stable platform. We can

obtain the large field of view by using the polar

coordinates stable platform whose rolling-platform

can roll from 0毅 to 360毅 and pitching-platform can

move from -90毅 to 90毅. Therefore, its field of view

can cover the fore -semisphere. It忆 s the perfect

choice of new aerocraft. Until now, American and

European have developed their own polar

coordinates stable platform, and have used on the

aerocraft successfully. The polar coordinates stable

platform make a good performance in practice[1-8].

1 Choice of the benchmark

Now polar coordinates infrared stable platform

include two kinds of structures which are direct

stable platform and indirect stable platform shown

in Fig.1 and Fig.2.

Judging whether the image is rotating we

should choose a benchmark as reference. In this

paper, we choose the pitching-frame coordinate of

the direct platform with yaw -pitch frames as the

benchmark. It忆s the virtual pitch coordinate of polar

coordinates inertial stable platform. Its definition

and relationship with polar coordinates structure are

shown in reference [1].

There is a rolling angle GD between the virtual

pitch coordinate and the pitching-frame coordinate

of the polar coordinates stable platform. This angle

has a relationship with the rolling -frame angle r

and the pitching-frame angle p shown in Eq.(1).

tan GD=sin r/(cos rcos p) (1)

When the rolling angle is equal to zero, GD=0毅.

We can see from its definition, GD is the angle

of image rotation of the direct stable platform of

polar coordinates.

2 Calculation of the angle of image

rotation of the structure with

four reflected mirrors

In Fig.3 , L0 -L4 are the vectors of the middle

incidence beam and reflected beams of four

reflected mirrors. N1-N4 are the normal unit vectors

of four reflected mirrors.

As shown in Fig.3, because the reflected mirror

is fixed on the pitching-frame, the coordinates of its

normal vector N1 in pitching-frame coordinate are:

Fig.3 Lighting track structure with four reflected mirrorsFig.1 Direct stable platform

Fig.2 Indirect stable platform with four reflected mirrors
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Reflected mirrors 2, 3, 4 are fixed on the

rolling-frame, so the coordinates of their normal

vectors N2尧N3尧N4 in rolling-frame coordinate are:
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The coordinate transform matrix which

expresses the change from incidence beam to

reflected beam is:
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So substituting Eqs. (2)-(5) into Eq. (6) we can

obtain all the transform matrixes:

The transform matrix of reflected mirror 1 in

pitching coordinate system is:
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The transform matrixes of reflected mirror 2,

3, 4 in pitching coordinate system are:
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Because reflected mirror 2, 3, 4 are fixed on

the rolling-frame, we can combinate them in one

matrix as:
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In this paper we derive the angle of image

rotation from object to image. So in virtual

pitching coordinate system, a facultative beam is

assumed as:

[x0 y0 z0]
T (12)

The coordinates of the beam which is

paralleling with lighting axis is:

[x0 0 0]T (13)

So the vector of difference is:

[0 y0 z0]
T (14)

The real angle of the object which is between

the difference vector and the y axis of the virtual

pitching coordinate system is:

驻=arctan
z0
y0
蓸 蔀 (15)

Because the transformation is linear, we can

transform the difference vector into image as:
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Where L( GD) is the transform matrix between

virtual pitching coordinate system and pitching -

frame coordinate system.

L( p) is the transform matrix between pitching-

frame coordinate system and rolling -frame

coordinate system.

L( r) is the transform matrix between rolling-

frame coordinate system and body coordinate

system.

So the angle between the image of difference

vector and the y axis of image sensor is:

驻忆=arctan
y0sin( r- p- GD)+z0cos( r- p- GD)
y0cos( r- p- GD)-z0sin( r- p- GD)
蓸 蔀 =

arctan
tan( r- p- GD)+tan驻
1-an( r- p- GD)tan驻
蓸 蔀 =

1217004-3
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r- p- GD+驻 (17)

The angle of image rotation is:

swing r- p- GD (18)

3 Simulation

Because the relationship between angle of

image rotation and frame angles is not linear,

some special angles are chosen for simulation,

plot and observe curves. We choose angles as 0毅,

依30毅, 依70毅, 依90毅 and observe curves of relationship

between the angle of image rotation and rolling-

frame angle as shown in Fig.4-Fig.10.

As we can see in these figures, in the

condition of four reflected mirrors with the

abaxial angle zero, the angle of image rotation is

0毅 when the rolling-frame rotates. As the abaxial

angle increased, the angle of image rotation also

increase when the rolling-frame rotates. When the

abaxial angle is equal to 90毅 , the relationship

between angle of image rotation and rolling angle

is linear separately in positive and negative side.

In the condition of direct stable structure, the

angle of image rotation is al wa ys larger. Except

for the condition that the abaxial angle is 90毅, the

angle of image rotation can reach the maximum

value 依180毅 when the rolling-frame rotates.

Fig.6 Pitching angle is -30毅

Fig.7 Pitching angle is 70毅

Fig.8 Pitching angle is -70毅

Fig.9 Pitching angle is 90毅

Fig.4 Pitching angle is 0毅

Fig.5 Pitching angle is 30毅

1217004-4
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Fig.10 Pitching angle is -90毅

4 Test with indirect stable platform

In order to prove the truth of the above

equations, using the indirect stable platform of

polar coordinates to test in the following

conditions:

(1) The angle of pitching -frame is 0毅 袁the

angle of rolling -frame is 0毅 . The image took by

indirect stable platform is shown in Fig.11.

From Fig.11 we can see the angle of image

rotation is 0毅, and equals to the result of Eq.(18).

Fig.11 Image on condition 1

(2) The angle of pitching -frame is 0毅 袁the

angle of rolling-frame is 40毅. The image took by

indirect stable platform is shown in Fig.12.

From the Fig.12 we can see the angle of

image rotation is 0毅 , and equals to the result of

Eq.(18). Also we can see that no matter what the

angle of rolling-frame is, the angle is always 0毅

when the abaxial angle is 0毅.

(3) The angle of pitching -frame is 30毅 袁the

angle of rolling -frame is 0毅 . The image took by

indirect stable platform is shown in Fig.13.

Fig.12 Image on condition 2

Fig.13 Image on condition 3

From Fig.13 we can see the angle of image

rotation is -30毅 , and equals to the result of Eq.

(18).

(4) The an gle of pit ching -frame is 30毅 袁the

angle of rolling-frame is 40毅. The image took by

indirect stable platform is shown in Fig.14.

From Fig.14 we can see the angle of image

rotation is -34.09毅 , and equals to the result of

Eq.(18).

Fig.14 Image on condition 4
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We also do a lot of tests in many different

conditions, all the results equal to the results

caculated by using Eq.(18). So the truth of Eq.(18)

is proved.

5 Conclusion

The angle of image rotation of direct stable

platform of polar coordinates caused by the

rotation of rolling -frame is bigger. When the

abaxial angle equals to 0毅 , the angle of image

rotation equals to the angle of rolling -frame. In

order to keep stabilization, the rotating speed is

higher when the abaxial is closed to 0毅 . So the

image of direct stable platform rotates violently

and has a badly influence. The image rotation of

indirect stable platform of polar coordinates

caused by the rolling -frame when the abaxial

angle closed to 0毅 is lower, so there is no

influence on the image quality. When the abaxial

angle is larger, the rolling -frame rotates slowly,

the image rotation can be compensated by

arithmetic, so there is also no influence on the

image quality.
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