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Research on the image rotation of the polar coordinates infrared

inertial stable platform with four reflected mirrors

Qiu Zhaowen, Song Liquan, Zhang Bingtong
(Tianjin Jinhang Institute of Technical Physics, Tianjin 300308, China)

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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direct stable platform; indirect stable platform
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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° to 360° and pitching—platform can
move from -90° to 90°. Therefore, its field of view
can cover the fore —semisphere. It' 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 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's the virtual pitch coordinate of polar

coordinates inertial stable platform. Its definition
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Fig.1 Direct stable platform
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Fig.2 Indirect stable platform with four reflected mirrors

and relationship with polar coordinates structure are
shown in reference [1].

There is a rolling angle 6;, 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 v,
and the pitching—frame angle ¥, shown in Eq.(1).

tan Ogp=sin<y,/(cosy,cos,) (D

When the rolling angle is equal to zero, 65,=0°.

We can see from its definition, 6, 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, L,-L, are the vectors of the middle
incidence beam and reflected beams of four
reflected mirrors. N,—N, 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 N, in pitching—frame coordinate are:
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Fig.3 Lighting track structure with four reflected mirrors
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N= V2 5 V2 (2)
2 2 L234,-= 0 1 0 (11)
Reflected mirrors 2, 3, 4 are fixed on the 100

rolling—frame, so the coordinates of their normal

vectors N, N; N, in rolling—frame coordinate are:

Ne[ V2o \/27} (5)

The coordinate transform matrix which
expresses the change from incidence beam to

reflected beam is:
1-2N. —2N,N, -2N,N.,

L, ,= -2N,N, -2N. —-2N,N. (6)

2

-2N_N, =2N_N, 1-2N_
So substituting Eqgs.(2)—(5) into Eq.(6) we can
obtain all the transform matrixes:
The transform matrix of reflected mirror 1 in
pitching coordinate system is:
001
L,={0 10 @)
100
The transform matrixes of reflected mirror 2,

3,4 in pitching coordinate system are:

001

L,=|0 1 0 (8)
100
0 0 -1

Ly=0 1 0 (9)
-1 0 0
0 0 -1

L,= 0 1 0 (10)
-10 0

Because reflected mirror 2, 3, 4 are fixed on
the rolling—frame, we can combinate them in one

matrix as:

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:

[Xo Yo Zol" (12)

The coordinates of the beam which is
paralleling with lighting axis is:

[xo 0 0]" (13)

So the vector of difference is:

[0 yo zo]" (14)

The real angle of the object which is between
the difference vector and the y axis of the virtual

pitching coordinate system is:

A=arctan( @) (15)

\ Yo |
Because the transformation is linear, we can

transform the difference vector into image as:

ximage 0
Yimage =LT( 'Yr)L432rLT( 13,,)14117[4( O6p)| Yo | =
Zimage 2o

Yo€08(¥,= U= Oep)—zo8in(y,— 9,~ Ocp) (16)
Yosin(y,— = 0cp)+z0c08(y,— 9, Ocp)

Where L(0gp) is the transform matrix between
virtual pitching coordinate system and pitching —
frame coordinate system.

L(,) is the transform matrix between pitching—
frame coordinate system and rolling —frame
coordinate system.

L(vy,) 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:

i Vosin(y,— 9,— Opn)+20c0s(y,— ¥,— O6p) _
A =arctan ( yUCOS( yr_ 19[1_ OGD)_Z()Sin( yr_ ’ﬂp_ QGD) -

tan(y,—%,—Ogp)+tanA |
1-an(y~39,—Osp)tanA |~

arctan(
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Y—0,— Ogpt+A (17)
The angle of image rotation is:

Gswingz’Yr_ ﬁp_ BGD ( 1 8)

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°,
+30°, £70°, £90° 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° 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°, 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
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Fig.4 Pitching angle is 0°
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Fig.5 Pitching angle is 30°

angle of image rotation is always larger. Except
for the condition that the abaxial angle is 90°, the
angle of image rotation can reach the maximum

value |+180°| when the rolling—frame rotates.
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Fig.6 Pitching angle is —-30°
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Fig.7 Pitching angle is 70°
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Fig.8 Pitching angle is —=70°
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Fig.9 Pitching angle is 90°
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Fig.10 Pitching angle is —90°
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° ,the
angle of rolling—frame is 0°. 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°, and equals to the result of Eq.(18).

Fig.11 Image on condition 1

(2) The angle of pitching —frame is 0° ,the
angle of rolling—frame is 40°. 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°, 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°
when the abaxial angle is 0°.

(3) The angle of pitching —frame is 30° ,the

angle of rolling—frame is 0°. 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°, and equals to the result of Eq.
(18).

(4) The angle of pitching—frame is 30°,the
angle of rolling—frame is 40°. 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°, 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°, 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°. 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° 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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