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The charge-coupled device (CCD) control logic design and analysis of pointing knowledge of a low-cost
microsatellite, the Taiwan Universities United Satellite (TUUSAT), which applies passive magnetic attitude con-
trol system is discussed. The CCD mission of TUUSAT requires transmitting at least one image covering Taiwan,
Republic of China, per day. To meet the mission requirements, a shooting zone centered at Taiwan is determined
according to the regression of orbit and the spin rate of the satellite. Two cameras are employed in the present
design. A simple scheme of CCD control logic is provided to determine the proper timing of shooting images. The
determination of optimal setup angle of cameras in the satellite with the minimal pointing errors is analyzed. The
simulation result shows the CCD control logic design and the selection of setup angle of cameras satisfactorily met
the CCD mission requirement. The � owchart of implementation of CCD control logic is also presented. It is found
that the control system design for the speci� ed CCD mission can also be applied to the other places located at the
same geomagnetic latitude as that of Taiwan.

Nomenclature
ALa = argument of latitude (angle in the orbital

plane from the position at time t D 0 to the
position at time t D ts ), deg

a = semimajor axis, km
b = unit vector of local � eld direction
D = shooting zone
e = eccentricity
Fg.X; Y; Z/ = geographic frame
Fm .xm ; ym ; zm/ = geomagnetic frame
Fs.en ; er ; eµ / = sphere frame
G lo; G la = longitude and latitude of shooting target

respectively, deg
Gm1 = shooting targets along the same

geomagnetic latitude
Gm2 = shooting targets along the same

geomagnetic longitude
H = local horizon
i = inclination of orbit, deg
j; k = j th and kth sample point over

the shooting zone
La = latitude of satellite over time ts , deg
L0 = longitude of satellite over time ts , deg
l = position unit vector from the satellite

to the shooting target
lh = height of shooting zone, deg
lw = width of shooting zone, deg
l0 = longitudinal angle to satellite position

measured in the longitudinal plane from
the position at time t D 0, deg
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P = period of orbit, s
R = radius of the Earth, km
r = position vector of satellite
ts = spin time of satellite, sec
¯opt = optimal setup angle, deg
± = angle between the direction of geomagnetic

� eld and the ground vertical
P2 = regression rate of orbit, deg/s
µm1; µm2 = geomagnetic longitude and latitude, deg
µ1; µ2 = geographic longitude and latitude, deg
¹E = magnitude of geomagnetic moment,

1 £ 1017 Wb ¢ m
½ = distance from Earth center to the satellite, km
8o = reference pointing error
8oM = mean reference pointing error, deg
8o max = maximal pointing error, deg
Ã = angle of � eld of view, deg
Ä = misalignment from z to b, deg
!e = spin rate of the Earth, deg/s

Subscripts

h = height
la = latitude
lo = longitude
m1 = geomagnetic longitude
m2 = geomagnetic latitude
w = width
oM = mean reference pointing error
omax = maximal pointing error
1 = geographic longitude
2 = geographic latitude

Introduction

R ECENTLY, more space mission research implemented in uni-
versities is focused on the developmentof micro- or nanosatel-

lites that are designedas a secondarypayloadof most spacevehicles.
These satellites possess the same features of being low-cost, sim-
ple, fast to build, and able to operate in low Earth orbit. To achieve
these features, researchersattempt to build spacecraft that comprise
simple and low-cost subsystems using off-the-shelf components.
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Fig. 1 Angle between local � eld direction and local horizon.

For example, several micro- and nanosatellite programs in univer-
sities attempted to apply a passive attitude control system that com-
prised magnetic rods and hysteresis dampers. Some satellites also
include innovativepayloads,such as charge-coupleddevices(CCD)
for Earth image experiments.

In 1990, Webersat (WO-18)1 applied a passive magnetic attitude
control system and CCD on a satellite.The CCD payload of WO-18
was set up on the lateral sides of the satellite for Earth images. How-
ever, there was no control logic design for the CCD, and each Earth
image obtained from the camera was not predetermined. Actually,
there are no predetermined shooting targets for the CCD strategy.
Similar satellites,SAPPHIRE2 and Spartnik,3 also have passivecon-
trol systems, and CCD payloads were mounted on the tops of the
satellites.The CCD missions of SAPPHIRE and Spartnik are to ob-
tain pictures of North America. A simple CCD operationstrategy is
employed to � t the CCD mission requirement. When the satellites
pass over the higher latitudes of the northern hemisphere, the CCD
has good pointing to the nadir due to the small angle between the
direction of geomagnetic � eld and the ground vertical, as shown in
Fig. 1. In 1999, a similar system and CCD operation strategy was
applied to the nanosatelliteMUNIN.4 A miniature CCD was set up
on the lateral side of satellite. The objectivefor the MUNIN satellite
was to collect data on the auroral activity in both the northern and
southernhemispheres.However, the simple CCD operationstrategy
only � ts at higher latitudes, and the details of pointing error were
not discussed. The limitation of the latitude in which the camera
could have good pointing to the nadir for good Earth images was
not clear.

In this paper, a similar passivecontrol systemand CCD are imple-
mentedon Taiwan UniversitiesUnited Satellite(TUUSAT).5 Differ-
ent from the former simple CCD strategy of SAPPHIRE, Spartnik,
and MUNIN, the CCD mission of TUUSAT is to shoot weather im-
ages above Taiwan, Republicof China (121.13±E, 23.97±N), located
at low latitude near the equator. Taiwan is located in the cyclone
tropic, and many typhoons pass through every year, primarily from
July to November. The weather changes rapidly during typhoon
season, and the weather images are valuable for meteorologists to
observe and predict the dynamic trends of typhoons.

The missionsof TUUSAT are to obtainCCD Earth images,global
positioning system (GPS) and communication experiments, and
voice broadcasting.It was assumed to have a sun-synchronousorbit
with 98.6-deginclinationand800-kmheight.The main structureand
main featureof the bus system is quite similar to that of SAPPHIRE,

Spartnik, and MUNIN. A detailed description of the TUUSAT bus
will not be discussed here. The hardware of the passive attitude
control system is also very similar to SAPPHIRE, Spartnik, and
MUNIN. The main work of this paper concerns the design and im-
plementationof the control logic for the CCD mission requirements
in which we assumed that the CCD will be able to transmit one
weather image � le per day of the area over Taiwan.

Attitude Control System
Passive magnetic attitude control systems have been applied to

several satellites successfully,such as the Vanguard satellite (1958),
TRANSIT satellites (1960), and early OSCAR series satellites,
among others. This kind of attitude control system comprises strong
permanent magnetic rods and well-designed hysteresis dampers,
such as hysteresis rods and shorted coils. The stability and behavior
of spacecraft motion were studied by Fischell,6;7 Kammuler,8 and
Chen.9 Fischell6 discussed spin removal by means of eddy current
damping and shorted coil damping. The despin rate of the satellite
was also calculated7 and generally agreed with the observed data
of TRANSIT satellites. Kammuler8 investigated the roll resonance
solution of a magnetically stabilized satellite and used a variational
approachand the Ritz numericalmethod. The policy for selectionof
inertial parameters was de� ned to optimize the stable region. Chen9

developed the dynamic equation of a passive magnetically oriented
satellite. Two types of damping scheme (hysteresis rod and shorted
coils) were studied separately.

As shown in Fig. 2, the attitude control system of TUUSAT con-
tains four permanent magnetic rods coinciding with the satellite’s
spin axis (z axis) and one set of shortedcoils perpendicularto z axis.
The attitude of satellite is determined by employing the magneto-
meter and sun sensor, which utilize solar panels. The simu-
lation of dynamic equations, including magnetic restoring and
damping torques similar to Chen,9 has been done for TU-
USAT’s attitude control system in Refs. 5 and 10. The re-
sults showed that the satellite will spin with 0.05–0.1 rpm af-
ter about 30 orbits and that the maximal misalignment from
the z axis to the local � eld direction is about 10 deg. The
relation between the z axis and local � eld direction can be
given by

z ¢ b D cos Ä; Ä · 10 (1)

The simulationof attitudemotion of TUUSAT in Refs. 5 and 10 have
good agreement with Chen’s9 results. The result will be adopted in
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this paper for the CCD control logic design and analysis of pointing
knowledge.

Mission Analysis
CCD Payload and Mission Requirements

The CCD payload of TUUSAT contains two cameras, which are
setup each on the opposite side of the lateral of satellite with setup
angle ¯ as shown in Fig. 3. The reason of employing two cameras
will be shown later. The relationsbetween the directionsof cameras

Fig. 2 Con� guration of TUUSAT.

Fig. 3 Contribution of TUUSAT’s CCD payload.

Fig. 4 Image coverage of CCD payload.

and z can be expressed as

c ¢ z D cos¯ (2)

where c lieson the y–z planein Fig. 3. Here,c is de� ned as one of the
two cameras’directions,which point to the ground.A distinguishing
equation is given by the following: For n D 1; 2, if there exists

cn ¢ r · 0; then c D cn (3)

The CCD is an electrical camera with wide angle (about 100 deg)
and the memory size of each image � le is less than 200 KB. The
image coverage is about 2127 £ 2127 km when the CCD vertically
points to the nadir, as shown in Fig. 4. The camera is estimated to
transmit one image � le per day due to the limited transmit rate of
the transceiver.As shown in Fig. 1, the relation1 between ± and µm2

can be expressed as

± D 90 ¡ tan¡1.2 tan µm2/ (4)

Because the angleµm2 of Taiwan is 13.7 deg, the angle ± over Taiwan
calculated from Eq. (4) is 64 deg. To achieve the proper pointing of
the CCD, the CCD must be setup on the lateral side of the satellite
due to the large angle ± of Taiwan.

The mission requirements of TUUSAT’s CCD payload are de-
scribed as follows. First, the images must cover Taiwan or Taiwan
must be within the � eld of view (FOV) of the CCD. Second, because
the transmit rate of the communication subsystem is not fast, it re-
quires shooting and transmitting one image � le per day. Third, the
CCD control logic is implemented in the � ight software.

Pointing Knowledge
Because the satellite spins about its z axis and the cameras are

setup on the lateral sides, the directions of the cameras will ro-
tate about the z axis. When the satellite passes at a lower latitude,
the FOV of camera will sweep the ground surface with a wide angle
(Ã D 100 deg), as shown in Fig. 5. The camera can shoot images
coveringTaiwan when the camera’s FOV sweeps to cover Taiwan. It
is evident that the pointing direction of the camera always changes;
thus, the pointing of camera cannot be kept at a � xed direction.The
pointing error is de� ned as the angle between the camera’s direction
and the position vector from the satellite to the shooting target and
is given by

8 D cos¡1.c ¢ l/ (5)

The pointing knowledge, which guarantees the images will cover
Taiwan, is then denoted as the maximum allowable pointing error,
which is equal to half of Ã .
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Fig. 5 Camera sweep of the ground surface as the satellite spins.

Fig. 6 Pointing error caused by oscillation.

Because the magnetic rods are setup on the z axis of satellite, the
directionof z can be consideredas related to the local � eld direction.
For conveniencein our analysis, denote z0 as the referencedirection
of the z axis under the assumption that z exactly coincides with b or
Ä D 0 in Eq. (1).Therefore,z0 can be obtainedatany locationin orbit
from the mathematical model of geomagnetic � eld. To correspond
to z0 , here c0 is denoted as the reference vector of the CCD that can
be determined by substituting c0 and z0 into Eqs. (2) and (3). The
reference pointing error 8o is then de� ned as

8o D cos¡1.c0 ¢ l/ (6)

Because the z axis oscillates about the local � eld direction, the
direction of the z axis usually does not coincide with the local � eld
direction. As shown in Fig. 6, z oscillates about b within 10 deg,
and the misalignment from z to b is Ä. Here c and c0 lie on the y–z

plane, and the angle between c and c0 is 18. The relation between
c and c0 can be expressed as

c ¢ c0 D cos 18; 0 · 18 · Ä · 10 (7)

Equation (7) shows the misalignment of the camera’s pointing
caused by oscillating motion of the satellite. The relation of 8 and
8o can be written as

8o ¡ 18 · 8 · 8o C 18 (8)

The range of pointing error can also be given as

8o ¡ Ä · 8 · 8o C Ä (9)

To meet the requirement of pointing knowledge, the pointing error
should satisfy 8 · Ã=2. Hence, the reference pointing error should
satisfy

8o · Ã=2 ¡ Ä · 40 (10)

Equation (10) shows the range of reference pointing errors which
guaranteesthe image will coverTaiwan.To meet Eq. (10), the design
of CCD control logic will be given later.

Shooting Zone
Because the mission requires transmitting one image per day, we

de� ned an area including Taiwan that is denoted as the shooting
zone. The shootingzone is chosen such that the satellite should pass
over it every day. During this pass, one might have chance to shoot
the images covering Taiwan.

Because the orbit is sun synchronous, the satellite will pass over
the local horizon of the shooting target two or three times per day
with different footprints as shown in Fig. 7. The numbers 1–5 rep-
resent the � rst to � fth ascending nodes. The regressionof ascending
nodes per revolution of orbit is denoted as Lr at the equator. The
distances of Lr between each node are all equal. This means the
satellite will pass through each interval of Lr at least one time per
day. If the con� gurationof shootingzone is a rectangleand the width
of shooting zone is Lr , the satellite will pass over the shooting zone
every day. The regression of nodes11 is expressed as

Lr D .!e ¡ P2/P (11)

where P2 D ¡2:3963 £ 109[cos i=a3:5.1 ¡ e2/2].
Because two cameras are set up on the lateral sides of satellite,

the directions of cameras will rotate about z axis around 360 deg
as the satellite spins half of a revolution. This guarantees that there
is at least one camera pointing to the ground as the satellite spins
per half-revolution. When the satellite spins half of a revolution,
the footprint of the satellite will move a length of distance. Hence,
at least one camera will point to ground at this length of distance.
The ground track11 of satellite when it spins over the time ts can be
calculated as follows:

La D sin¡1.sin i sin ALa/; l0 D sin¡1

³
tan La

tan i

´

L0 D ¡l0 C P2ts ¡ !ets (12)

As shown in Fig. 8, the shootingzone D is a rectangle area centered
at Taiwan with width lw and height lh , where H is the localhorizonof
Taiwan; lw and lh can be determinedby the followingtwo equations:

lw D ¡Lr ¡ L0 (13)

lh D La (14)

Because the lowest spin rate of satellite is 0.05 rpm, the longest
spin time ts for a half-revolutionis 10 min. For the orbit of TUUSAT,
i D 98:6 deg, a D 7178 km, and e D 0, the width and heightof shoot-
ing zone are lw D 33:9 and lh D 35:2, respectively.The range of the
shooting zone is inside the range of H. If only one camera setup on
the satellite is used, the camera will point to ground as the satellite
spins one revolution. The longest spin time ts for one revolution is
20 min. Then lw and lh become 39.7 and 70.44, respectively,and the
shooting zone will be out of the range of H. To guarantee the satel-
lite is inside the range of H when the camera points to the ground
in D, at least two cameras are needed. In the present analysis, two
cameras are employed.

The shooting zone D can be represented as

D D D.µ1; µ2/ (15)
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Fig. 7 Orbital tracking of TUUSAT.

Fig. 8 Shooting zone of TUUSAT.

where G lo ¡ lw=2 · µ1 · G lo C lw=2 and G la ¡ lh=2 · µ2 · G la C
lh=2, where G la D 24:97±N, G lo D 121:13±E, lw D 33:9, and
lh D 35:2. In this shooting zone, it guaranteed the satellite will pass
over and that one of the cameras will point to ground at least one
time per day. Then we can shoot and transmit at least one ground
image of the shooting zone per day. However, the images may not
cover Taiwan without a proper CCD control logic design. To ensure
that the images cover Taiwan, a well-designed CCD control logic
should be investigated.

Design of CCD Control Logic
Logic Design

To ensure the images cover Taiwan, it is necessary to analyze
the variation of the camera’s direction, which is related to local
geomagnetic � eld. As shown in Fig. 9, the geomagnetic � eld12 is

expressed as dipole model and given by

B D
¡
¹E

¯
r 3

¢
.¡2 sin µm2er C cos µm2eµ / (16)

where en D er £ eµ .
De� ne Fg.X; Y; Z/, Fm.xm; ym; zm /, and Fs.en ; er ; eµ / as geo-

graphic frame, geomagnetic frame, and spherical frame, respec-
tively. The transformations between each frame are expressed as

2

4
en

er

eµ

3

5 D

2

4
cµm1cµm2 sµm1cµm2 sµm2

¡sµm1 cµm1 0

¡cµm1sµm2 ¡sµm1sµm2 cµm2

3

5

2

4
xm

ym

zm

3

5 (17)
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Fig. 9 Geomagnetic � eld dipole model.

Fig. 10 Geometric frame Fg(X; Y; Z) and geomagnetic frame
Fm(xm; ym ; zm ).
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5 (18)

where s and c denote trigonometricsin and cos functions.As shown
in Fig. 10, the angles ®1 and ®2 represent the angle between X
and xm and the inclination between geographic and geomagnetic
north poles, respectively. The angle µm1 and µm2 in Fm can also be
transferredto µ1 and µ2 in Fg from Eqs. (17) and (18). Equation (16)
can be represented in Fm as a unit vector as

b D B=jBj (19)

where

B D
¡
¹E

¯
r 3

¢£
.2sµm1sµm2 ¡ cµm1cµm2sµm2/xm C .¡2cµm1sµm2

¡ sµm1sµm2cµm2/ym C
¡
¡2cµm1sµm2 C c2µm2

¢¤
zm

As shown in Fig. 11, the vector l is expressed as

l D .g ¡ r/=jg ¡ rj (20)

where

g D R[.cGlocGlac®1 C sG locGlas®1/xm

C .¡cG locG las®1c®2 C sG locGlac®1c®2 C sG las®2/ym

C .cG locG las®1s®2 ¡ sG locG lac®1s®2 C sG lac®2/zm] (21)

Fig. 11 Geometry of CCD direction and satellite.

r D ½[.cµ1cµ2c®1 C sµ1cµ2s®1/xm .¡cµ1cµ2s®1c®2

C sµ1cµ2c®1c®2 C sµ2s®2/ym

C .cµ1cµ2s®1s®2 ¡ sµ1cµ2c®1s®2 C sµ2c®2/zm] (22)

To determine the proper timing of shooting the image to meet
the requirement of pointing knowledge, a simple scheme of CCD
control logic is given by

c ¢ .l £ b/ D 0 (23)

In Eq. (23), l and b comprise the plane that includes the shooting
target and is denoted as S, the cross-hatchedplane shown in Fig. 11.
When the satellite passes over D, then l and b will compose S, and
the direction of cameras will rotate about the spin axis such that c
will lie on S somewhere over D. When the direction of CCD lies on
S, it is obvious the pointing error 8 is only related to setup angle ¯ .
Therefore, a proper choice of ¯ could minimize the pointing error.

Analysis of Pointing Knowledge
Assume there are j £ k ( j D 34 and k D 36) sample points with

equal spacing over D, where j and k are along the direction of lw

and lh , respectively. Each sample point meets the requirement of
Eq. (23). Then, one set of reference pointing errors at these points
can be obtained according to Eq. (6). For the present analysis, the
root mean square and maximal value of the 8o functions of ¯ are
given as follows:

8oM .¯/ D

vuut
jX

j D 1

kX

k D 1

82
oj;k .¯/j¯

,
j £ k (24)

8o max.¯/ D max[8oj;k.¯/j¯] (25)

where j D 1; 2; : : : ; 34 andk D 1; 2; : : : ; 36, which representthe j th
and kth sample pointsalong lw and lh , respectively,and 0 · ¯ · 180.
The values of ¯ was considered as a parameter to be given once at
each time of calculation to obtain the values of 8oM and 8o max

according to Eqs. (24) and (25).
The distributions of 8oM and 8o max vs ¯ are calculated and

shown in Fig. 12. Figure 12 shows that 8o max · 40 occurs when
62 · ¯ · 70, and the minimum 8o max D 35 occurswhen ¯ D 66 deg.
If the setup angle was selected in the range of 62–70 deg, 8o max will
be less than 40 deg, which meets the reference pointing knowledge
of Eq. (10). Figure 12 also shows that the optimal setup angle ¯opt

is 66 deg, which is minimum value of 8o max.
For ¯ D 66, the distributionof 8o in D is shown in Fig. 13. Here,

8oM is 23 and 8o max is 35. When 8oM D 23 is substituted into
Eq. (9), the range of mean pointing error is 13 · 8M · 33 deg.
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Fig. 12 Distributions of ©o max and ©oM vs ¯.

Fig. 13 Reference pointing error ©o of Taiwan in D.

Thus, the optimal setup angle of 66 deg also provides the minimum
pointing errors. These results satisfy the CCD mission requirement
well.

Implementation of CCD Control Logic
The implementation of CCD control logic is shown in the

� owchart of Fig. 14. Each step in Fig. 14 is given as follows:
1) Input the data such as the location of shooting target G lo and

G la, the setup angle ¯ , and the size of shooting zone lw and lh

and establish the range of the shooting zone in the � ight software,
according to Eq. (15).

2) Receive the data of µ1 and µ2 from GPS. Estimate whether the
satellite is inside the shooting zone by Eq. (15).

3) Calculate the unit vectors of l, c, and b according to the infor-
mation provided by the onboard sensors. The position vector l can
be obtainedby substitutingµ1 and µ2 into Eqs. (20–22). The attitude
of the three axes of the satellitecan be obtainedfrom an attitudesen-
sor, such as a magnetometer. Then c can be obtained from Eqs. (2)
and (3), and b can be calculated from the geomagnetic � eld model
in the � ight software.

4) Substitute l, c, and b into Eq. (23). Determine whether Eq. (23)
is satis� ed.

5) Shoot images and store them in the onboard computer. Send
message back to ground station and inform the picture has been
taken.

Extended Application for Other Shooting Targets
The present CCD mission design can also be applied to take

weather images other than above Taiwan if the targets are located

Fig. 14 Flowchart of the implementation of CCD control logic.

Fig. 15 Parameters ¯opt , ©oM , and ©o max along Gm1.

at the same geomagnetic latitude as that of Taiwan. Details of this
analysis are given next.

In Eq. (4), the angle ± from the local � eld direction to the local
ground vertical is a function of geomagnetic latitude µm2. If the se-
lected shooting targets are located at the same geomagnetic latitude
as Taiwan, this can be expressed as

Gm1 D [G lo.µm1; µm2/; G la.µm1; µm2/]

0 · µm1 · 360; µm2 D 13:96 (26)

When Eq. (26) is substituted into Eq. (15), one set of shooting
zones can be obtained along Gm1. Then ¯opt, 8o max, and 8oM of
each shooting zone can be obtained from Eq. (24) and (25). The
distributionsof ¯opt, 8o max , and 8oM alongGm1 are shown in Fig. 15.
Figure 15 shows that ¯opt, 8o max , and 8oM are almost the same as
Taiwan at different geomagnetic longitudes. This means that the
present design of the CCD payload mission � ts other targets that
are located at the same geomagnetic latitude as Taiwan.

If the selected shooting targets were located at the same geomag-
netic longitude as but different geomagnetic latitude from that of
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Fig. 16 Parameters ¯opt , ©oM , and ©o max along Gm2.

Fig. 17 Distribution of ©o in Sudan.

Fig. 18 Distribution of ©o in China.

Taiwan, the shooting targets can be expressed as

Gm2 D [G lo.µm1; µm2/; G la.µm1; µm2/]

µm1 D 100:84; 0 · µm2 · 90 (27)

When Eq. (24) is substituted into Eq. (15), one set of shooting
zones can be obtained along Gm2 . The distributions of ¯opt, 8o max,
and 8oM along Gm2 are shown in Fig. 16. Figure 16 shows that
¯opt at the geomagnetic equator and geomagnetic north pole are
90 and 18, respectively. ¯opt varies from 90 to 26 when µm2 of the

Fig. 19 Distribution of ©o in Colombia.

shooting target changes from 0 to 90. When the shooting target is
selected at different geomagnetic latitudes, the optimal setup an-
gle of CCD cannot be � xed. In this case, a movable camera with
changing ¯ in the satellite is then needed. This remains for further
study.

As a demonstration, the following places are selected to apply
the present CCD mission design. For example, we can use the same
setup angle for TUUSAT to shoot the targets that lie on Gm1 and
located in Sudan, the People’s Republic of China, or Colombia.
Those places are located at 32.4785±E, 16.5761±N, 108.8 km N
of Khartoum, Sudan; 113.7942±E, 25.1588±N, 227.7 km SE of
Hengyang, People’s Republic of China; and 90.4±W, 2.2158±N,
276.4 km SSE of Bogota, Colombia, respectively. The distribu-
tions of reference pointing errors in those targets are shown in
Figs. 17–19. These results show that the reference pointing errors
satisfy the reference pointing knowledge of Eq. (10), which guar-
antees the images will cover the shooting targets.

Conclusions
Application of a passive magnetically oriented satellite to take

weather images of lower latitude is extended. A CCD payload with
implemented control logic design was proposed to meet the mis-
sion requirement of transmitting at least one image of Taiwan per
day. The selectionof the shootingzone, the optimal selection of the
setup angle of the cameras in the satellite, and the minimum point-
ing errors were presented. For the same mission requirement, it is
also found that the application of the present design could be ex-
tended to areas that possess the same geomagnetic latitude as that of
Taiwan.
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