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Star sensor baffle optimization : some helpful practical design rules

Jean-Jacques Arnoux
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Matra Marconi Space France, Department of Optical Engineering

9 ZI du Palays, 31077 Toulouse, France
10 1. ABSTRACT
11
12 The perfoqnmge of.a star sensor is often .limited t?y the stray light level on the detector and by non-uniformity and slopes of the
cprrespon@mg irradiance. One of the major contributors to this unwanted noise is the baffle, which is frequently designed as a
13 single equipment : its geometry is derived using simple rule to block first and second level scattering of stray light flux coming
from extgrnal sources at off-axis positions defined by the mission. The geometry of the baffle is constrained by mechanical
14 engineering requirements which confine its overall dimension. Better system performances are obtained when the early design of
15 the baffle can take into account the angular response of the camera.
16 Keywords : baffle, star sensor, straylight.
17
2. INTRODUCTION
18
19 Today 'project management imposes to develop in parallel the equipment to control both financial and planning aspects with
some time different subcontractors in charge of the objective and of the baffle. More emphasis is placed on the optimization of
20 the optics and detection . Baffle design is generally limited to a geometrical design followed by a stray light analysis, with a
21 model of the baffle and a model of the sensor. In the coupled model the baffle is often simplified to limit the complexity of the
runs. The system requirements for stray radiation rejection are split in between the camera and the baffle. The attenuation is
22 specified from baffle entrance port to baffle exit port, or a surface close to it (i.e. the first lens surface) and from this plane to the
. . . . ) p
23 detc?ctor surface for the objective. The system attenuation is expected to be the product of both baffle and objective attenuation
24 until the first coupled analysis or test where the global attenuation can be found different, with all the consequences on planning
and cost if the system does not stand the requirements.
25 The geometrical design of a baffle can be found very simply, in the overall dimensions provided by the mechanical engineering.
When the baffle geometry is established the possible variables to improve the attenuation are the number of vanes, the vane tip
26 form and size, the coatings. The larger improvement is obtained when adapting the baffle to the lens angular response.
27
73 3. GEOMETRICAL BAFFLE DESIGN
Mission
29 The baffle shall prevent the optical surfaces from direct lightning by Sun or by Earth. The table 1 show an example of typical
30 requirements for a Star Sensor of a Low Orbit satellite. The Moon and the brightest planets are not considered during the baffle
31 geometry optimization, if they can not be in the FOV of the sensor.
32 Table 1 : example of Star Sensor stray light rejection specification :
33 System parameters Requirements :
Earth Aspect Angle : ¢; 15°
34
Sun Aspect Angle : @s 30°
35 Field Of View 6°
Stray light Attenuation 90dB
36
Geome
37
The geometry of the baffle is derived from the system parameters and shall account for the constraints due to the mechanical
38 .
design : longer the baffle, lower the first vibration frequency !
39 The study of the external stray light sources allows to determine the global geometry of the baffle and its symmetry. Let us
40 consider the case of a multipurpose star sensor. The external stray light sources to be considered in our case are the Sun and the
41 Earth : a bright point source and a broad source. The Moon stray light rejection is easily derived from Sun stray light
42
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attenuation. The most efficient baffle to shield both sources is made of two successive baffles. The front baffle is dimensioned to
block the Sun illumination while the second baffle blocks the Earth illumination. As shown on figures 2 and 3, the baffle length
is related to the blocking angles : the lower the angular differences (@s-;) or (¢;-0), the longer the baffle. With a Sun at 15°
from the sensor optical axis, the Earth at 30° and a FOV of 6°+1° margin, the length of the double baffle will be 951 mm for an

exit port of 61 mm, whereas a simple baffle will only be 420 mm long. It is generally not possible to implement a double baffle
on a star sensor with a wide FOV.
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Figure 2 : Double baffle Figure 3 : Double baffle, length function of ¢r and Qs
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33 Figure 4 : simple baffle : ‘automatic’ vane setting Figure 5 : Simple baffle, length function of ¢,
34

In each part of the double baffle or in the simple baffle, the vanes can be placed using simple rules as sketched on figure 4. None
35 of the illuminated surface can directly be viewed from the exit port of the baffle. The last phase of the geometrical design consist
36 in verifying that no double reflection path exists through the baffle.

With a simple baffle, the critical paths often involve the second cavity of the baffle, from the entrance port. An intense double
37 scattering path may happen between the front part of the third vane (entrance port = first vane) and the back of the second vane.
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4. LENS SYSTEM

The lens design has a direct impact on the sensor stray light
rejection, but also on the baffle dimensions. The star sensor

0 1N DN KW~

objective shall be compact, it is not possible to include a re- / 7 o, |
imaging optical system and therefore it is not possible to i :
9 insert in the optical combination Lyot stop or Field Stop : E: =
10 which are powerful in rejecting diffracted light and out-of- ;% Lens 1
field radiation, respectively.
11 The figure 6 shows three possible lens configurations with a
focal length of 50 mm and a F/Number of 3.2 : The first
12 lens is derived from a double Gauss lens (no cemented i T
13 doublets). The aperture stop separates two groups of lenses, - L_— | _—
more or less symmetrical. The second design has been
14 modified to be telecentric with an aperture stop in front of
15 $e 1lense:s. The third design provides an aperture stop after Lens2
e lenses. :
16 Apart the optical intrinsic performances of each i J? ({:
17 configuration, one shall notice that for a same level of ' { -
attenuation the baffle shall have the largest overall /”"—\,- =
18 dimensions in design 3, whereas design 2 allows a compact : /
19 baffle with a reduced entrance port : the external stray light : ]
source power entering the baffle will be limited. With a : Lens3
20 large exit port, the baffle will have several vanes inside and
21 ;lgztt\gne edges will become to be an important source of Figure 6 : Example of optical system design
22 In the mean time the Lens 3 has the smallest number of surfaces viewed by the detector whereas Lens 2 has the larger number of
73 possible critical surfaces. This‘demonstrates that the real optimization of the system stray light rejection is not easy. Nevertheless
4 tV)vee: can dracvﬂv so;pe _lmp(:jrtant inferences from the analysis of ray tracing through the lens, assuming that the ghost images have
en correctly eliminated :
25 * The camera is more sensitive to stray radiation entering with an incidence close to the Field of view edge;
¢ The objects close to the aperture stop can generate stray light all over the detector (smoother slopes);
26 ¢ The objects close to the detector will cause stray irradiance at the edge of the detector (possibly higher slopes).
27
5. OPTIMIZATION OF THE BAFFLE
28
29
Geometry
30 The number of vanes shall be minimized because they are close to the FOV and capable of transmitting power to the lens critical
31 surfaces. Vanes limit cavities. Cavities just after the entrance port are illuminated by the external stray light source. In these
3 cavities the power transfer from the vane facing the entrance port to the vane facing the lens can be more important than the
transfer form the cone to the vane facing the lens : forward scattering is higher than backwards scattering. The number of
33 illuminated vane edges shall be the smaller possible. The first edges shall be moved away from the FOV or shadowed.
For the mission given in example we derived that the baffle shall have two sections. The vane separating these sections shall not
34 be directly illuminated by the Sun. The Earth shall not directly illuminate the exit port to limit the diffraction and the coupling,
35 each section will have the vane edges on a virtual Ocone. For the entrance section the edges shall be on a cone with a larger angle
36 than for the exit section. There is 5 vanes in our new design, The Entrance and exit ports, the mid range separating the two
sections, and one more vane in each section.
37 The baffle length, and the baffle cone angle are fully determined by baffle exit port diameter, the angles sustaining the vane
edges (0, 0), the Sun aspect angle and the Earth aspect angle. The detail of the computation of the position and size of the
38 vanes is given in annex. The figures 7 and 8 show the variation of the length and the cone angle with the source aspect angles.
39 The details of the computation and optimization are given in annex.
40
41
42
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13 Figure 7 : Cone angle function of ¢r and Qs Figure 8 : Baffle length function of @ and Qs

14 Attenuation at 90° !

15 During design, modeling or test of the baffle the large angles are generally not considered. The stray light level for angles close

to 90° is assumed to decrease with the cosine of the source angle. This is true if the source does not illuminate the edge of the
16 entrance port or some surface behind the sharp edge of the vane. It is necessary to shadow this first edge to prevent scattering at
17 large source angle. It can be of interest to shield the diffraction on entrance port edge for angles close to the SAA using an

additional vane which shall not be viewed from the exit port, as illustrated on figure 9.

18
19 Final design
20
21
22
23
24
25
26
27
28 ‘
29 Figure 9 : Baffle Final design
The angular contribution of the baffle surfaces at the exit port of the baffle is given on the following table
30
31 Table 10 : objects viewed from exit port
32 Object viewed Vane 1 Cone Vane 2 Cone Vane 3 Cone Vane 4 Cone Vane 5
33 at angle : (Exit) 1-2 2-3 3-4 4-5 (Entrance)
0° to 7°
34 75"t 8.1° & X
35 8.1° to 17.4° x x x] 1
36 17.4° to 24° = 1 x 3|
24° to  24.3° = = 1
37 24.3° to_ 28.9° & =
38 28.9° to 34.9° x X x1
34.9° to 35.1° [ x 1 x
39 351° to  42.3° B E =
40 42.3° to 56.1° X X
41 56.1°  to 90° 3]
42
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6. CONCLUSION

The modified simple baffle design rules have been successfully applied to redefine the baffle of a multipurpose star sensor.
Compared to the previous design, the baffle length has been decreased from 680 mm to 580 mm with a global attenuation
improvement of 5dB and with a decrease of stray light irradiance slopes at detector level, whereas the attenuation of the baffle
alone was slightly degraded.

0NN N kW

9 It is of importance in baffle design :
10 e to take into account the lens angular response in the design of the associated baffle, especially when baffle and optics are
manufactured by separate companies;

11 to limit the number of vanes, and to optimize their positions in the baffle;

12 to start the stray light analysis in an early phase to inflect the optical design the right way to avoid coupling between baffle
13 surfaces or edges and lens mechanical or optical surfaces.

14 7. APPENDIX

15 '

16 Optimization of the simple baffle :

17 The baffle has five vanes. The middle vane shall not be illuminated by the Sun (Sun Aspect Angle = ¢,). The Baffle is split in
18 two sections by the middle vane. The first section length, d2, the total length of the baffle, L, and the entrance port radius, b, are
19 computed using the following equations :

20 i = 2altangs ~ tangy ]~ (x +e)ftane; - tana, |

71 ? [tano; - tanay, Jitan B + tang ] - [tan s — tang, J[tanct, — tancr, ]

22 L= 2aftanB + tang; ] - (r+€)ftan, — tanos, |

23 [tan(P‘r_maz][th'*’mq)s]-[m‘Ps_tan(p'r][tanax_mazl =

24 b=Ltan(¢;)-a

25

26 V,=Ltang;~a

27 -

8 The second vane position and the depth of the first vane are calculated.

_LVy+bd;—(a+1XL-d;)

29 4= V, +b+(L—d, )tanp :

30 U,=a+1+Z, tanP

31

2aZ,

32 dl=Ul+a—Z,tmmnI

3 3 V,=a+d, tanox,

34

35 S

36 The first equation to be solved is U'o=Uo=a+r

37 Using the same method the fourth vane position and the depth of the last vane are calculated.

38

39

40

41

42
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_(V; +a)a+r)+a.d, tanP

U V,+a—d, tanP
7 . Qa+nd,
37V, +a-d, tanB
g o LUatbZy=@-Z,XV; 4, tanay)
" U, +b+(L-Z,)tanc,
V.
U,=—2221_2 U, =a+r+Ltap

ds

The second equation to be solved is U4=U"4. Both equations can be solved using L and tanf.

Vane position recurrence in a simple baffle

On figure 4 are given the relation between vane position and system parameters for a baffle with constant depth. The number of
vanes determine the depth of the vanes. It is also possible to find the positions of N vanes in any baffle with an additional
variable the baffle cone angle. This new parameter allows to control the vane spacing whereas the vane intervals increase from
the exit port to the entrance port when all vanes have the same depth.

The computation with a variable cone angle is a little bit more tedious. The distance dy of the vane number k to vane number 1,
the exit port of the baffle is related do dy; by a fractional equation :

d _Ad,_, +B
7 Cd,_,+D

can be solved using an appropriate variable change to transform the series in a linear series. The solution is easy to compute
using the solver of a spreadsheet.

, d1=0, and dx=L. A, B, C and D are constants, C=0 corresponds to the constant depth vanes. The series
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