AUTONOMOUS DECI SI ON SYSTEM FOR SELECTI NG TARGET | N OBSERVATI ON SATELLI TES
FIELD [1] The present invention relates to category of "Cosnonauti cal

equi pnentwo 2bt1/dm7rher rel ates to subcategory of " Gui darce/iBroigeswsriol | i ng
apparatus” and further relates to subtategory of "Arrangenent or adaptation
of instruments for use in satellites.” The device is intended to be used in
satellites and imaging crafts and ains to nmake satellite controller to make
aut ononmous decision for efficient operation of earth observation
satellites. BACKGROUND [ 2] Earth-observation satellites intend to inmge
target areas of earth under clear sky conditions. The satellites that are
desi gned for earth observation purposes are typically placed in a | ower
orbit than ot her satellites Typical orbit altitude for this type of
satellites_is around 450 km Due space_nechani cs i nvol ved; arfésatellite

| ocat ed AUTEINOMQWSoPECISEQN SYS VoM EOR SHEEEGFINGITAR Nt han

the rotation of the Eart hOBSERVATIONSAPERLITESE for such satellites is
about 90 m nutes which neans that satellite will be conpleting it is

rotatign _over earth every 90 mnutes. Obit inclination is an inportant
fact or FIfHPh det er mi nes” whether the satellite will be orbiting the same
path or visiting different paths as it revol ves around gl obe. Satellites
with orbit inclination O rotate over the equator all the tine w thout going
over ainl] Bhhercseocatvicotion SahalsItbteasegniry hf Cbktonacticalajngmd®”’gh over

further relates to subcategory of “Guidance or controlling apparatus” and further
relates to subcategory of “Arrangement or adaptation of instruments for use in
satellites.” The device is intended to be used in satellites and imaging crafts and
aims to make satellite controller to make autonomous decision for efficient

operation of earth observation satellites.
BACKGROUND

[2] Earth-observation satellites intend to image target areas of earth under clear sky
conditions. The satellites that are designed for earth observation purposes are
typically placed in a lower orbit than other satellites. Typical orbit altitude for this
type of satellites is around 450 km. Due to space mechanics involved; any satellite
located at such a low orbit has to revolve around earth much faster than the
rotation of the Earth itself. Typical orbit time for such satellites is about 90
minutes which means that satellite will be completing it is rotation over earth every
90 minutes. Orbit inclination is an important factor, which determines whether the
satellite will be orbiting the same path or visiting different paths as it revolves
around globe. Satellites with orbit inclination 0° rotate over the equator all the time
without going over any other location. Satellites with orbit inclination 45° go over

areas of northern and southern hemisphere of Earth between 45° latitude.



areas of northern and sout hern hem sphere of Earth between 45

| atitude. Satellites with orbit inclination 90 or nore can fly over any part
of the eawOhoitlgpi7cal |y, this is what nost conmercial eacrhBmbheesosst i on
satellites desire since they need the2capability to inmage any part of the
earth desired by their clientele. Most Earth observation satellites al so
fly in a "sun-synchronous orbit" which neans that satellites will be going
over the sanme spot always at the sane local tinme. This is inportant for
earth observation m ssions since existence of daylight is necessary for

i mgi ng purposes. Orbital mechanics of observation satellites is well known
in practice and literature. A good source for this type of information is a

book ti tlggelliRatw@ih bkbit MdlinkBon MPER)rSnoPEE oRACaAPPIrk 6L OBSth DY
Mont enbruck and G || published in year 2000. T3] Due to low orbit altitude,

obser vat i'Bypisatyethis iewhtemolsy eomnotrod! eath-obatrvatibashtctlatededirecdingg nut e
orbit tine to conplete a whole rotation around earth. This corresponds to
enor mous tepmaedd olic eaddiityfto Tmkat agepasrofabeeerthmesired BarthaiolsEenrtelet i on

satellites reyol ye around earth in a peculjar spiraling orbit flying over
di f f er entMost Faih %hfeﬁéat@m«asar%@@a ARGV Fois S YIoherRper ertrt owflkcﬁe pr evi ous
path. This wa atellite.revisits to the exact sane spot on earth.nore or
Pess i n every fal S ls SHLE kD bt SROLBRaTT FERL SheRetREL " o
| mage targgl i@[rﬁgérﬁﬁﬂ RAEANYLEH 1 SmASi i &Yndd i Q¥EEe 5@@#%59@ . An
i mge of target area wth excessive cloud cover is undesirabl & since it
obscures hdesshet &bd isnlind perpdragedriifal an@hhalt ofefdbfasohragdief isavelertain
target area, and if that area happens to be under cloud cover at the tine
known in practice and literature. A good source for this type of information is a
book titled “Satellite Orbits: Models, Methods and Applications” by Montenbruck

and Gill published in year 2000.

[3] Due to low orbit altitude, observation satellites revolve around earth at a fast rate
of 90 minute orbit time to complete a whole rotation around earth. This
corresponds to enormous ground of speed of 7 km/sec or 25200 km/hr. Earth-
observation satellites revolve around earth in a peculiar spiraling orbit flying over
different path which is displaced few thousand kilometers from the previous path.
This way, satellite revisits to the exact same spot on earth more or less in every

four days.

[4] Earth observation satellites are designed to image target areas selected by clients as
they fly over the target. An image of target area with excessive cloud cover is
undesirable since it obscures the details of the image. If a client requires image of a
certain target area, and if that area happens to be under cloud cover at the time
satellite passes over the target area, another imaging attempt has to be done at
another scheduled visit. Observation satellites cannot hover over the target area

waiting for cloud condition to clear, therefore, another attempt has to be done



satellite passes over the target area, another imaging attenpt has to be
done at another schedul ed visit. Qbservation satellites cannot hover over

t he targewoansasmarti ng for cloud condition to clear, tRreraBmepsoanot her
attenpt has to be donewhen satellite Bs scheduled to fly over the target
area again which neans few days of delay. [5] (Observation satellites fly

wi th high ground speed, which is about 7 kmi sec. Therefore, earth
observation satellite has only few second ti me wi ndows over the target

area, which needs to be used very efficiently. Wat conplicates the issue
further, during these few second duration w ndow of observation, there may
multiple target areas that need to be inaged. |Inmaging these targets require

ai m ng MayRch BRGNS REEALIEBRE Bf oddrqhs %%_H Ae aitgﬁwﬁch hecdRrgetdA%ea.
This process is not instantaneous and requires tinme. Current state of the

art in obsedolat.i on satellites is a category of satellites called "agile"
satellites, which can control satellite attitude along the three axes
(roll, pitch and yaw) via gyroscopic actuators. This capability allows the

satel | i[S]eO%Qer%ﬁBH rs!i'ﬂeﬁﬁ@seﬂ?\{ %FiﬂPH%hagggubﬂ %ﬁéé&, heeh Refmag phygeyat i ons
duringits flight. In other words, "unli ke non-agile satellites, which stand

still andI'hedetorfepeartthebtark gedn astehitt baappeaiewsedend tiitee satddw s beer thike agil e
satellite can orient itself toward a target inage and change its

or i ent at | Bredtowas Whistohets wabgetecrin cBycichindt het ¢espptcthaiaweand T ol |
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behavi or mjin imaging instrument of the satellite toward the target area. This process is not
instantaneous and requires time. Current state of the art in observation satellites is
a category of satellites called “agile” satellites, which can control satellite attitude
along the three axes (roll, pitch and yaw) via gyroscopic actuators. This capability
allows the satellite to perform observations and transitions between observations
during its flight. In other words, unlike non-agile satellites, which stand still and
wait for the target area to appear under the satellite, the agile satellite can orient
itself toward a target image and change its orientation toward another target area
by changing its pitch, yaw and roll angles. This means non-agile satellites can image
not only the areas directly underneath but also neighboring areas located on the
proximity of the flight path. The difference between agile and non-agile satellite
behavior is explained in Figure 8A and 8B. Figure 8A shows the typical behavior
of non-agile observation satellite 82. As the satellite moves along its path, it needs
to select either target area 84 or target area 85 since it can only roll along its axis to
image one of the target areas. In this specific case, satellite 82 images area 84 and

forfeits area 85 due to lack of pitch capability during the imaging window 89.

Figure 8B shows the behavior of agile satellite 92 for the same case. Due to added



of non-agile observation satellite 82. As the satellite noves along its
path, it needs to select either target area 84 or target area 85 since it
can only wol2b11zi8e471g its axis to i mage one of the target parap®i0/b3v3tihi s
specific case, satellite 82 inmages ar¢a 84 and forfeits area 85 due to | ack
of pitch capability during the inmging wi ndow 89. Figure 8B shows the
behavior of agile satellite 92 for the sane case. Due to addedpitch and yaw
capability, the satellite can expand its view ng wi ndow by aimng at target
84 and then reamng at target 85 as soon as its finished with target 84.
This way nore target areas can be acquired during its flight. [6] Sone
technical terns needs to be explained using Figure 1 and 2 to explain the

probl em fubdhyand ad, @epMBIRE! thEEEitc\NBH ExgRakNEs dow(d¥Pwid®ve BY hadidshe poi nt
on the earth which is directly below the satellite any given tinme during

its orbittardda@drandngled réfm(dagt thipee 8blagdobhes angirdshel waanatdee 84. This
Satellite-Nadir point line (S-Np) and the point inmaging canera is pointing
at (S Vp)way maggitdrgesatces £an be acqeired Herinaita flightgi ng i nstrunent can be used
to image target areas that lay on the sides of the flight path as well as
forward and backward targets wth nadir angle +/- 30 . Nadir angle of 30
degree[gi&@@emeﬁﬁﬁ@ﬂkéﬁngﬁﬁedsWagkngqmﬁﬁgﬁhﬁa?éagu&hammﬂayozﬁgmmmﬂamay
(sideways) fromthe flight path of the satellite. Technically, it is
possi bl e problemdelly.dngetlsnigaltthrmeiNadir Poietdi ¥ Papyiseallpdithe peinggal they of t he
i mage degrades,as the Nadir. angle increases. In qther words, a target area
i maged atCAEHVR! IdéfegﬁY ijdé’r\"é o E?v?éranargli’%@@evdﬂf&g ity Of%ﬁﬁgé{t Nadi r
angl e 30. ,[7 his \".aqil e’ capabi{ ity of,satellites,;opens u €
pogsi bi 11 Pgk eSS ET FERBER Lok R pESHRY EaSRUPRERY 1B OO 2 eas
that Tay @etdif Hhagidd NakS is 3B &g AOB-Vp). In agile satellites the, the main

imaging instrument can be used to image target areas that lay on the sides of the

flight path as well as forward and backward targets with nadir angle +/- 30° .

Nadir angle of 30° degree gives possibility of imaging target areas that lay 260 km

away (sideways) from the flight path of the satellite. Technically, it is possible to

image targets with non-zero Nadir angle, but the quality of the image degrades as

the Nadir angle increases. In other words, a target area imaged at Nadir angle 0° is

preferred over an image which is imaged at Nadir angle 30°.

[7] This “agile” capability of satellites opens up new possibilities for imaging target
areas. Having capability to image areas that lay within +/- 30° Nadir angle, not
only on left and right of the path but also on forward and backward of the current
nadir point of the satellite will present the possibility of additional target areas
competing for the imaging window. Since the available time window to image is
limited, it may not be possible to image all target areas. The preferences of the
client are also important while deciding which target areas should be imaged. A
target image with high Nadir angle may acceptable by some clients but not with

some others. An image with intense cloud cover is not acceptable at all by most



only on left and right of the path but also on forward and backward of the
current nadir point of the satellite will present the possibility of

addi t i onavotarigsb47ar eas conpeting for the inagi ng wi ndowCTSBza@03i0Re
available tine windowto image is linPfted, it may not be possible to inmage
all target areas. The preferences of the client are also inportant while
deci di ng which target areas should be imged. A target inmage with high
Nadi r angl e may acceptable by sonme clients but not with sone others. An
image with intense cloud cover is not acceptable at all by nostclients.
However, a target image with 10% cl oud cover may be acceptable by sone
clients. Therefore, it is very inportant that observation satellite to use
its i magi Agntd. MRoWeRE! ¥ tdrBc@atHbcneith TBYL ML VES nBSARPIRBbRDRYLY B8me
clients. Since cloud cover is the nost crucial factor in earth i'maging, it
i's inportdiehtd dHeudfolrd,lit Braey Enpbithnadaepbahivetibevekllod tehotids daygnganong
the conpeting orders. Studies indicate that up to 80% of inmages acquired by
conmmer ci afimgbsieely 40 Rronuisairesdd whishas ecenpislblby tHaelicetseXioes slorel @hesuds cover

[1]. If ipaging a target area is skipped due to sone reasqn, it is
schedul edtﬁzgdpom%f ACHH 181CH ETF?&H%’é%&ﬁp%tapﬁéongléégquaéfss‘@lﬁhup by
client for
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the i magi wi ndow. he nai n” payl o of earth observation satellite is
the i magidg eoeidREEM clotdi et §1]anf eheghp anhzck ARG D gkipdER e tSisbag: gr ound
speed of the satellite is very high, a linear array of [ight-sensitive
sensor s aresarypi sachydulsé dof arqustaomiangnother gpouwhd\d tegéeadtike nef wsbyof t he
forward novi n% nmotion of the satellite, The w dt.h of the

client Tor image acquisition gets closer, the priority of that particular target

increases. All these additional factors also need to be taken into consideration

while deciding which target images should be acquired during the imaging window.

[8] The main payload of earth observation satellite is the imaging equipment, which is
an electronic imaging camera. Since ground speed of the satellite is very high, a
linear array of light-sensitive sensors are typically used for scanning the ground
image making use of the forward moving motion of the satellite. The width of the
earth surface which can be scanned by the satellite in one scanning action is called
“swath-width” which is shown by number 10 of Figure 1. Direction of movement
of satellite 11 is shown as 14. For a typical earth observation satellite, “swath-
width” is about 17 kilometers. Any target area with width larger than that, has to
be scanned by repetitive scanning actions. The duration of acquisition of a
particular target is an important parameter to consider since it eventually affects

the available time left for other neighboring target areas.

[9] The main payload of the modern earth observation satellites is the imaging

equipment, which is typically mounted longitudinally in the center of the satellite



earth surface which can be scanned by the satellite in one scanning action
is called "swath-wi dth" which is shown by nunber 10 of Figure 1. Direction
of novenewO 20fi/sad7¢l [ite 11 is shown as 14. For a typi cacTanzaibvosmbsier vati on
satellite, "swathwi dth" is about 17 kbloneters. Any target area with width
| arger than that, has to be scanned by repetitive scanning actions. The
duration of acquisition of a particular target is an inportant paraneter to
consider since it eventually affects the available tinme left for other

nei ghboring target areas. [9] The main payl oad of the nodern earth
observation satellites is the imagi ng equi pnent, which is typically nounted
longitudinally in the center of the satellitebody. In contenporary designs,

the camerigodys fr stehip@irtyyddsRnks hehcSahalrh id ﬁx@ﬂ%dlﬁ%%t&ﬁtet%&y rigid

connection, ‘the satellite body needs to be pointdd toward the target area
in order Baada@bﬂﬂestrigﬁi tomgetioh, ehd atgite bdRrbonieittatboopoiated tugvdrddiic of t he
satellite is done by gyroscopic actuators or thrusters which takes certain

anmount oftargenrereal mmgadngt@cmtum thel laragearigetargrasR corsequenoéshohoiyagi ng
ot her tar eg&g rientation tinme req red {)I’(P{ec unt of activity
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an inporta araneter to take 1nto consideration V\:hl e ‘de whi ch
targets shedli@ decasab felfRb hbwwiidehisseduenagilinl AQuidealdnly’ ehger vati on

satellites have limted connectivity vvlth eart statl ons while revol ving
around t héetgtrolmes tHy piaraintatjorobgerafahic catedat eR ot tetom ciotscomsuangrtband
available imaging window of the target image. Therefore, reorientation time

needed by the satellite is also an important parameter to take into consideration

while deciding which targets should be acquire and in which sequence.

[10] Earth observation satellites have limited connectivity with earth stations while
revolving around the globe. Typically, observation satellite connects to a ground
station on its way to receive list of locations to image and continued its journey
until it reaches the target destination. Upon acquiring the image of the target,
image data is stored in onboard memory of the satellite until satellite reaches and
other ground station on its way and downloads the image file. On the average, a
typical Earth Observation satellite has ground connectivity on the 10% of the time
[2]. Due to limited connectivity, satellite has to make target priority decisions on its

own without waiting for operator intervention.
[11] Execution of image order requests by satellite operators

[12] Itis essential to understand how the operators of an earth observation satellite

currently handle the image ordering requests in order to appreciate the scale of the



station on its way to receive list of locations to imge and continued its
journey until it reaches the target destination. Upon acquiring the inage
of the tawgebil/ispage data is stored in onboard nenory ofcrhB2EebmBlite
until satellite reaches and other gro@nd station on its way and downl oads
the image file. On the average, a typical Earth Cbservation satellite has
ground connectivity on the 10%of the time [2]. Due to limted
connectivity, satellite has to make target priority decisions on its own
wi thout waiting for operator intervention. [1 1] Execution of image order
requests by satellite operators [12] It is essential to understand how the
operators of an earth observation satellite currently handl e the inmage
ordering g@%@@ﬁtfﬁuy. AR LG FRREGTH AL G B @@ﬁjﬁe@$&iﬁﬁr§%&mnawsl y.
Typi cal order processing starts by customer “specifying cooirdi nates of the
target arebtheshtdgt awaidsaly svadlablenglireabosls. Orlimescseiirsanelstteth so hel p to
determ ne the coordinates, the area and the cost of acquisition. Custoner
al so specddtiesinggbeppabdisateadie asergied dfe ersgwif sicqiisitionaEoeptragd dsel oud
cover | evel %nd deadl i ne for acquisitigon. Al this information is required
by the sateritis aceRiphleddifangdt ef asHEsiEnR J5crpiRPS %@ugﬁﬁﬁﬁf ey ng

orders to;det.erm ne whi.ch o rs.should be qgiven priarit nder djfferent
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practi ce, oud sa ites pr | oud cover I nformation over target.

Al t hough $Horll @ be @verChi@widlyaomde dii fif @ EetrE @R stadicé £ CRbYE dot€dink@inhatiod ocal
cl oud cover situation is known to change quickly [3] -[4]. Another problem

with the cltaube saget lochesnd s at dreciabpiccead enfoesatiohivencofdetdrsniotoud

satellites. Due to , : : . .
priorities. In current practice, cloud satellites provide the cloud cover information
over target. Although up-to-date cloud cover information is received regularly,
local cloud cover situation is known to change quickly [3]-[4]. Another problem
with the cloud satellites is the low image resolution of the cloud satellites. Due to

low resolution, it is difficult to predict the actual cloud cover situation over a

specific target plot.

[13] Taking into consideration the acceptable nadir angle of the client and the
deadline for acquisition, the mission control prepares an image collection plan for
the journey ahead and uploads information to the satellite as soon as the
connectivity is established. Satellite operator uses the historical cloud cover as well
as the most recent cloud images from cloud satellites to make an educated guess of
which target plots are likely to present problems and makes use of this prediction
in its image acquisition schedule [5]. Ultimately, it tries to avoid potentially cloud-
covered target areas for the benefit of areas with clear sky overhead. As the
satellite completes its journey, images of the target areas are acquired and stored

internally until a ground station is reached where the image files are downloaded.



|l ow resolution, it is difficult to predict the actual cloud cover situation
over a specific target plot. [13] Taking into consideration the acceptable
nadi r angWwe 20f1/a8bg7cl i ent and the deadl i ne for acqui sitiPOm/IBM&OFMBEISI ON
control prepares an inmage collection plan for the journey ahead and upl oads
information to the satellite as soon as the connectivity is established.
Satellite operator uses the historical cloud cover as well as the nost
recent cloud imges fromcloud satellites to make an educated guess of
which target plots are likely to present problens and nmakes use of this
prediction in its imge acquisition schedule [5]. Utimtely, it tries to
avoid potentially cloudcovered target areas for the benefit of areas with
clear skyOpyerheafagcSirt h&efliahy iden Gl @Iffoll HRyiat ERENkedi fRGRAO! t he
target areas are acquired and stored internally ungll a ground station is
reached wheree cohéditiompgesckiil gseyaire adapiltade troncef el quages 1atde ¢leadi ved
by the m ssion control, they are checked for cloud cover condition to see
if they atweatoepisaioueditn heenotsacet piabieg engihal imypge a¢quisisonischelWover | evel
is found to be not acceptable, .a Btggr i.mage ac ulg{t%pn schedul e for the
sane targ S%F@a”?&“@%éé?%‘%ﬁ%ﬁﬁp RENGTYSH O CRBIPH BN P HPCRBIDS £ ﬂé trips
of the satell]te, i tal chani.cs dj;ctate the tim the revisit of
the exact rant Bt Blater FERERA bR Er Rt OF ity D S Sed Sl na

conpl i cat Ckh@hkﬂﬁggjgﬁggkﬁ&kkqgwgbggess [15] Several issues conplicate the

i mage acquisition process In the current practice. One of themis the cloud
cover, which nmakes the acquisition process sonmewhat unpredictable. Even

though iie .55l 0L KON Rk ARIHLLES AR R glioud cover

[15] Several issues complicate the image acquisition process in the current practice.
One of them is the cloud cover, which makes the acquisition process somewhat
unpredictable. Even though the mission control acquires historical cloud cover
information for the target area, actual cloud cover at the instant of acquisition is

what really matters [6].

[16] Another issue that complicates acquisition process has something to do with
the proximity of target plots. If target plots have sufficiently separated acquisition
time windows, there is not much concern for this issue. However, if the
acquisition time windows for the targets are very close, there may not be enough

time to reorient the satellite to the new target.

[17] The complication arises from the fact that image acquisition instrument is
installed within the body of the satellite rigidly. The whole body of the satellite has
to be oriented toward the new target area. Considering the fact that satellite is
moving toward the target with ground speed in excess of 27,000 km/h, and it

takes time to reorient the body of the satellite for a new image acquisition, it is easy



information for the target area, actual cloud cover at the instant of
acquisition is what really matters [6] . [16] Another issue that

conpl i catwe 2atis$p4i7t i on process has sonething to do w trcrhB2ope/oeso3ni ty of
target plots. If target plots have supficiently separated acquisition tine
w ndows, there is not much concern for this issue. However, if the
acquisition tine windows for the targets are very close, there may not be
enough time to reorient the satellite to the newtarget. [17] The
conplication arises fromthe fact that inmage acquisition instrunent is
installed within the body of the satellite rigidly. The whol e body of the
satellite has to be oriented toward the new target area. Considering the

fact thatsaidlrkhah8 ch Mo RAnkQWRTthc DemhAEERY ME thcBikOUNE GPResd N excess
of 27,000 kmih, and it takes time to reorient the body of the satellite for

a new i ne{lec peplesi sicaplaindd withebswtdotiitedst\aodrdifi@ato thefigudestHdrernteed time
to maneuver the satellite of each target. The problemis explained with the
ai d of Fitjpredtarggooead sfgpaqoisitien fihdalr are mhded aars, I8 ind & .t/ gpeellitr eas of
acqui sition which are marked ﬁf A, B.and C.. As satellite poves toward
Larget A MEEFOIIYHE sty 1 Saigliighody it RRTEHeVER e faraFt WLk KBS propr nadi 1

Ve, he ed ; i.n th in i negi
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target Br ires a different nadir angle and orientation in ordér to
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close proximty to both A an at is conpeting for acquisition during

thi s wi nddiWeointardlin siglé amd pirimetatiConisiatdei mgaddwere its image properly. Yet
there is another target area C, which is in close proximity to both A and B that is
competing for acquisition during this window of acquisition time. Considering the
enormous ground speed and close proximity of the target areas A, B and C, there
is simply not enough time to reorient the satellite to all three target areas to acquire
the image. As a result, mission control analyses the historical cloud cover data and
makes an educated guess to skip area B in favor of area C. For this reason, mission
control may instruct the satellite to acquire images for areas A and C but not B.
Complication arises from the fact that, the historical cloud information is not
always accurate. The clouds move in and out in a matter of minutes, which ruins
the prediction. For the sake of argument, assume that target area C is covered by

cloud recently and gives a poor image. In this case, we lost the opportunity to

acquire both area C and area B.

[18] Problems like these indicate that we need a better way of getting cloud cover
information so that we can make a better decision about which targets should be

favored over others. Relying on historical cloud cover information, results in very



enor nmous ground speed and close proximty of the target areas A, B and C
there is sinply not enough tine to reorient the satellite to all three
target arweotiwssrquire the image. As a result, m ssionpPconBroab/omaal yses
the historical cloud cover data and n#kes an educated guess to skip area B
in favor of area C. For this reason, mssion control may instruct the
satellite to acquire images for areas A and C but not B. Conplication
arises fromthe fact that, the historical cloud information is not always
accurate. The clouds nove in and out in a matter of mnutes, which ruins
the prediction. For the sake of argument, assune that target area Cis
covered by cloud recently and gives a poor image. In this case, we |ost the

oppor t uni by {ieldaaasi e (el iﬁfag@s.%&@@di%g%@ B, thit8hpRr Bl @@ inkesd bese
indicate that we need a befter “way of getting cloud cover information so

that we c&VorEkmagebelkearbyddeisaicliitecabout which targets shoul d be favored
over others. Relying on historical cloud cover information, results in
verylow yield ratio for quality imges. According to [2], this approach
result 1§p KoM PP % of | mages taken by the satellite. [19] SUMVARY [ 20]
The present invention is a system which makes it possible for an agile
earth observation satellite to nmake aut ononous deci si on about sel ecting

on-con%gg}:ﬁ%%%%gyﬁlQ§v (%Fﬁhp%ﬁ%ﬁg§§ﬁi§8ﬂ%ﬁpﬁ&gﬁgﬁﬁ%gﬂ a@%ﬁﬁ%%§%°n

mechani i es on e information comngrrom ] The

har dwar e fafelvRford H8l8¥SIEMM RO IRINSBSo R WRibd ¥bohit W MRID(-eoKing cameras
to detect cloud cover on predeterm ned targets. The forward | ooking
targets. The system comprises some hardware and a decision mechanism that relies

on the information coming from hardware.

[21] The hardware part of the system comprises plurality of forward looking
cameras to detect cloud cover on predetermined targets. The forward looking
cameras are aimed toward different strips along the flight path defined by different
nadir angles. Each one of the cameras determines the cloud cover condition over
the possible target area in its corridor. These forward-looking preview cameras are
installed on gimbals mechanism stabilized with gyroscopes to keep aiming along
the flight path toward the flight direction. The cameras are strategically located on
the satellite and not affected by the yaw, roll and pitch action of the satellite. A
data processing unit processes the images that come from cameras and determines
the cloud cover information above the target areas. The cloud cover information,
client priority, acceptable cloud cover of client, acceptable nadir angle by the client
as well as agility required for the new target are among the input data provided to
the decision making unit of the invention which makes a decision in the available
time window of few seconds. The output of the present invention is a prioritized
list of approaching target areas and the sequence of acquisition along with the

exact timing to start acquisition of each target.



caneras are ained toward different strips along the flight path defined by
different nadir angles. Each one of the caneras determ nes the cloud cover
condi t i orwowverl/aspg7possi bl e target area in its corri dor PCThBB&0/050311
forwar d-| ooki ng preview caneras are installed on ginbals nechani sm
stabilized wth gyroscopes to keep aimng along the flight path toward the
flight direction. The caneras are strategically located on the satellite
and not affected by the yaw, roll and pitch action of the satellite. A data
processing unit processes the inages that conme from canmeras and determ nes
the cloud cover information above the target areas. The cloud cover
information, client priority, acceptable cloud cover of client, acceptable

nadir angl ey drogcedd @Rboamndk! df @8 i@@édddnygdrﬁgﬂkés%xé@fo&a@d RRKiA@r get
are anong the input data provided to the decision making unit of th

i nvent i oncantdrab wiiddesreailaelcd®1 rwiard bheeataivithkliffetanivadirneow w©f capewe
seconds. The output of the present invention is a prioritized |ist of
appr oachi ndifteaegettrigramneartndFigvee S qlleneantofl facwarddpokiog cabhwg imiagds t he

exact timng to star cqui sition of each target.[2 h referred.
embodi merheGENERESYAhaK licgﬁpélaﬁgﬁﬂ% aadle g —ﬂg?ﬁ%#&?%]"ogﬁftrfgr%ﬁlépg A%hi ch
are tilted 30 faorward .but each with different Krangl g.taq. ture a

i 11 er enc BT pCl e Riey By Malid bl ISE 0 PR esfiar 4P RGN, o

i mages the eemt Haherd WAL MRIGH S PN Jaﬁﬁggrfg?n@#ﬁSQHQ L850 Hootls FiRe 4Iéef t

forward | ooki ng canmera scans the i1 nmages fr nadir angle 15 to -

degrees. A%ﬂaeieﬁxi ghthefonvantbuneekbng GaoRiopictiansaliladsiaitald mompadir angl e
+15 to + degrees. The preview cameras are nounted on a gyroscopically
st abi | i zethegifadzaioswanlint thendlradiiey dfaftight. dPwarathenstabidzcd pechilomaintf | i ght .

Due to the stabilized gi nbal s nount . ) )
attitude of cameras are not affected by pitch, roll and yaw action of the satellite.

[23] Image processing unit processes images to get cloud cover information over
targets. The cloud cover over the target area is distinguished by high radiance
values generated by the cloud cover. Decision making mechanism for the
preferred embodiment of the invention is based on fuzzy logic decision-making
system. Other decision making techniques known is the state of the art are also
applicable methods for the decision making process. Fuzzy logic systems operates
on fuzzy rules and membership functions for making a decision about which target
area should be given priority in imaging. Fuzzy logic decision-making unit makes
decisions and updates them as new targets appear and conditions change. The
output of the fuzzy logic decision system is a prioritized list of targets that needs to

be acquired in the specified sequence.
[24]  State of the art in cloud detection

[25]  Using forward looking cameras to detect luminance level of oncoming areas is

a technique used in satellite applications for different purposes. US5,353,055 is a



attitude of caneras are not affected by pitch, roll and yaw action of the
satellite. [23] Inmage processing unit processes inmages to get cloud cover

i nf or mat iwo 20me18947ar get s. The cl oud cover over the targeCTaBEao/H3311

di stingui shed by high radi ance val uesi2generated by the cl oud cover.
Deci si on maki ng nmechani smfor the preferred enbodi mrent of the invention is
based on fuzzy | ogi c decision-nmaki ng system O her decision making

techni ques known is the state of the art are al so applicable nethods for

t he deci sion maki ng process. Fuzzy |ogic systens operates on fuzzy rules
and nmenbership functions for making a deci sion about which target area
shoul d be given priority in imging. Fuzzy | ogic decision-naking unit nakes
deci si onspARgh %Qﬁ%rhhqm%@p@ﬁ# @89k ScFPRERKO A seRNdilineRsvehange. The
out put of the Tuzzy | ogic decision systemis a prioritized list of targets
t hat needshetandoeniag gttt ésk thie gurpospet idjueting sausands. of b4]inSpaicecapfierhhe art
in cloud detection ?gS]‘LBin  forward | ooking canmeras to detect |um nance

| evel of Ymidomangioarmasides radinachlsivguiefomeatiomos thetdming zpp s ttdtdne f or

di fferent purposes.. US5,353,055 is apatent grant or. an, i mage pickup

syst em de¥SPgiiSHV (Y the AP dMARSLIEETH 6981 o gﬁff%ﬁwﬁl f&a&aﬁef or the

pur pese. Ol R8s ST YL o5 PSRRI ER L

provi des 14 e le i

sensi tivi Wﬁ%fd&i%&%g%%ﬂ TSR ¢ &t&ﬁt@l@o@%ﬁ{%ﬁ)&@@ﬁ@&é@ﬂykﬁe t ake

advant age e ful ange of the canera. e particular invention
uses a fogpwar etripookichgvitlaseviawed Gycthy rhiixethadimet dengat ”Ehﬂslat&p%afd@@é(isrtg)t _
forward at exactly the same strip which will be viewed by e main i mgi ng
camer a. Thisgmedpar actsniigatiot of cloud cover of selective areas, but to provide

radiance level information of oncoming areas continuously for continuous

adjustment of sensitivity threshold of the main imaging camera.

[26] There are several other cloud related patents and application which should be
mentioned at this stage. DE 10 2004 024595 B3 is a document which discloses an
invention which recovers clean images from cloud covered images by overlapping
and manipulating images taken at different times using image manipulation

techniques.

[27]  Another patent document, DE 10 2005 0101155 A1, discloses a method for
previewing cloud information over target areas by repetitive flying over the target
areas to get preview of cloud cover. As the satellite flies over a path, which is not
directly overhead the target area yet, the target area becomes visible on the side at a
high nadir angle. It uses its main imaging instrument to get a preview of the cloud
cover of target area by rolling satellite toward the target. The satellite gets a
preview of the cloud cover over the target area this way. When it makes its next
rotation on earth and approached to the target head on, it uses the cloud cover

information for the appropriate decision-making. Although this is a viable method



designed for determ nation of cloud cover of selective areas, but to
provi de radi ance |l evel information of oncom ng areas continuously for

cont i nuowsOadjumb4ment of sensitivity threshold of the necm/iBmagbsvglicaner a.
[ 26] There are several other cloud ref3ated patents and application which
shoul d be nentioned at this stage. DE 0 2004 024595 B3 is a docunent which
di scl oses an invention which recovers clean imges from cloud covered

i mges by overl appi ng and mani pul ati ng i nages taken at different tines
usi ng i mage mani pul ati on techni ques. [27] Another patent docunent, DE O
2005 0 01 55 A, discloses a nethod for preview ng cloud information over
target areas by repetitive flying over the target areas to get preview of

cloud covefclohd chbber date&lida trBedd ib %i%n@&gfer@n&aéﬂ"aepcﬁl/@kﬁﬁaﬂeﬁz NPighhegCt |y
overhead the target area yet, the target area becones visible on the side

at a hi ghbaweden pangbe.actibnuselsthe tastumhimaging ginng wheatthe seetlitt cogets oaepr evi ew
of the cloud cover of target area by rolling satellite toward the target.
The sat el thetterggereeaa (Fpedicowensitiuationds sadweowdpe veerdynheic andehaagasa t hi s
way. Wen it nagsﬁhits next rotation on earth and apProached to the target
head on, PPIESQIEhEABE QGVBFOTMAIMERINEH T BiC RIREIHHPHbPIG EPe

deci si on-nmaki ng. Al though this is a viable nmethodof cloud cover detection,
there is tine difference of approximately 90 mi nutes between preview action

and t hé2&ct Lxdcisiomgiaking prascahenagilvesasadlited is eansidared acligicutttproblangee ar ea.
oy ke GHECIR GBI S AT HEARE 1 EISeS P EOETIAD S oGs L] Dec sf on
maki g Pr Ogess, (8% kEs ik B L8R SRR A0 Al b gl nBRREm to

on-board an Autonomous Agile Earth-Observing Satellite”, In Proc. of ICAPS-

2008, the Fighteenth International Conference on Automated Planning and

Scheduling, 2008. In this article, the author suggest a mechanism for getting cloud

cover information about oncoming target areas by tilting the satellite body forward

in such a way to let main imaging instrument to look forward 30° toward

oncoming target areas to get cloud cover information in advance. The advantage

of this technique is the use of existing imaging instrument to detect the presence

of cloud cover; hence, there is no need for any extra hardware. Authors further

suggest use of “greedy search algorithm™ for the decision making process.

Although using the main imaging camera is a viable method for detecting cloud

presence over the target areas, the energy consumption of the repetitive tilt action

of the satellite to get cloud preview of target causes concern. Another concern is

the repeated maneuvering of satellite for such simple task which eventually

endangering the service life of the satellite.

[29] The present invention is a solution which uses reasonable hardware to get up-
to-date cloud preview and fuzzy rules for priority determination. The forward

looking preview cameras used for cloud presence detection are relatively low



tackl e and consi derabl e academic effort spent for devel oping an acceptable
solution. One such study by Beaunet et al. in an article titled

"Deci si orwbkkimgoon- board an Aut ononous Agil e Earth- CheemuBrgo/estal |ite",
In Proc. of | CAPS- 2008, the Ei ghteen4h |International Conference on

Aut omat ed Pl anni ng and Scheduling, 2008. In this article, the author
suggest a nechanismfor getting cloud cover information about oncom ng
target areas by tilting the satellite body forward in such a way to |et
main i magi ng instrunent to | ook forward 30 toward oncom ng target areas to
get cloud cover information in advance. The advantage of this technique is
the use of existing imging instrunent to detect the presence of cloud

cover; hepggluribRghRolrie dtnAeedHIA haYsBXl hthshahdWalene ABERRkS] fARtder
suggest use of "greedy search algorithn for the decision ki ng process.

Al t hough iusigngp inlderuedn. Usiagiplgratianef forvaird-lvdldhg eaneirdrodakoit cdet ect i ng
cloud presence over the target areas, the energy consunption of the
repetiti vereviedt taggeti dpud fotdransemeltian gonodigbarer maddr prgdeiswipsof t ar get

causes concern. Anot he ncern_js. the repeated neuvering of satellite
for such % BC¢ a‘WE]Fgfl?Fl nt@aitan %ﬁ@ﬁﬁ%ﬁagﬁgﬁ? BQEITEES| TS t he
satellite, . Th resent -1 npvention s a,;sol ution i ch,uses f.e abl e
nar war e PUGH MTsRGRTE DBl AR PO0 Al B b e R SR G TR

det er m nati, P& ind; ér%E?f%[t%o}éw&Q&sP&lﬂfv%w &%%ﬁﬁ%@ﬁe wagdefor cloud presence

detection are relative esol ution’i magi ng canmeras whi ch have smal |
mass and vol unme conpared to main imaging instrunent. Using plurality of

f orwar 4-] ooki n aneras. nake it easy to preview target cloud cover
inforngfﬁﬁﬁug?gﬁgaF??%@gﬁgeﬁgﬁir angl e strips
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Satellites”, Am Sci.; Vol. 96, Issue 5, pp. 390-398, September 2008.
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simul taneously and efficiently. Position stabilized gi nbal ed nount nakes
caneras point in the direction of flight and not affected by novenents of

t he sat elwoDt2e11/0873 makes i mage processi ng process rel arcraByieaxgiiand nore
reliable. Literatures referenced in tte text [1] A J . Tatem S J .

Goetz, and S. | . Hay, "Fifty Years of Earth Cbservation Satellites", Am
Sci.; Vol. 96, Issue 5, pp. 390-398, Septenber 2008. [2] G Beaunet, G
Verfaillie and M Charneau, "Decision-Mking on-board an Autononous Agile

Eart h- Qbserving Satellite", In Proc. of |ICAPS-2008, the Ei ghteenth
I nternati onal Conference on Autonated Pl anning and Scheduling, 2008. [3] P.
Bissolli, "Construction of a cloud cover reference clinmatol ogy using
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EUVETSAT Met eorol ogical Satellite Conference, 2009. Available at: http: / /
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DRAW NGS

FIGURE1 shows the swath width of an earth observation satellite.
FIGURE 2 shows Nadir angle and Nadir point of an earth observation satellite.
FIGURE 3 shows the swath width of a non-agile satellite.

FIGURE 4 shows the dilemma of operators when there are more than one target area

in close proximity.

FIGURE 5 shows the preview cameras of the preferred embodiment.

FIGURE 6 shows the side view of preview cameras of the preferred embodiment.
FIGURE 7 shows the gimbaled and stabilized structure of the preview cameras.
FIGURE 8A shows the image acquisition process of a non-agile satellite.
FIGURE 8B shows the image acquisition process of an agile satellite.

FIGURE 9 shows the block diagram of the fuzzy logic decision making process.



FIl GURE1 shows the swath width of an earth observation satellite.

FI GURE 2

shows Nadir angle and Nadir point of an earth observation satellite. FIGJRE
3 shows twe swashu7di dt h of a non-agile satellite. FlI GUREC4/1BIawes0BHie

di l enma of operators when there are mgre than one target area in close
proximty. FIGURE 5 shows the preview caneras of the preferred enbodi nent.

FI GURE 6 shows the side view of preview caneras of the preferred

enbodi ment. FIGURE 7 shows the ginbal ed and stabilized structure of the
previ ew cameras. FI GURE 8A shows the inmage acquisition process of a
non-agile satellite. FIGURE 8B shows the inage acquisition process of an
agile satellite. FIGURE 9 shows the bl ock diagramof the fuzzy |logic

deci si qYESERTEIAO®¢ess. DESCRI PTI ON [ 30] The operation of the present
invention will now be described using figures. Figure 1 and 2 are used for
describing Nadir point, Nadir angle concepts which is central to present

|VSTLS,  WIOGLAE Shpte, bhe i Eechion.of pIRVernlc L saLgl ke, nurber

10 sho Wi € nadir ang

r 15

shows theppagi 1 aRQIMUre KEAYHLIGCEBASNGAS rﬁd‘fﬁﬂ?\]ﬁﬁﬂ%%& bABcHE QRRSIS iof @

typi cal Eaith observation satellite”In t

s figure satellite 20 noves in

the directdnenl e p2Scanthvieyitiosl Ngnbe lefsiere theldifegohrasmbragenobt a strip
23 fromearth 22. [31] Figure 4 shows a typical dilemma of operators where
t here aresatdiligent tl Oshess thalsehsdwadthAnumbend 6Ghowsitbh nadguinglssatidrage

acqui sition. Due to cl ose
g ber ?5

num shows the nadir point. Figure 3 shows the image acquisition process of
a typical Earth observation satellite. In this figure satellite 20 moves in the
direction of 25 and by using its camera 21 acquires image of a strip 23 from earth

22.

[31] Figure 4 shows a typical dilemma of operators where there are three target

areas labeled as A, B and C, which requires image acquisition. Due to close
proximity of the target areas, the satellite has time to image only one or two but

not for all three areas. It is important to select target area with clear sky overhead.

[32] TFigure 5 shows the detailed view of preview cameras. In a preferred

embodiment of the design, there are three preview cameras, 31, 32, and 33
attached to the body of the Satellite 20. Preview camera 33 views the strip where
the nadir angle ranges from -15° to +15° which is marked as 35. Preview camera
31 views the strip where the nadir angle ranges from -15° to -40° which is marked
as 30. Preview camera 33 views the strip where the nadir angle ranges from +15°
to +40° which is marked as 37. Figure 6 shows the sideway view of the preview
cameras shown in Figure 5. In this figure, the main imaging camera of the satellite

40 is labeled as 44. Preview cameras 41, 42, 43 are tilted 30° forward toward the

direction of flight to view cloud cover on approaching target areas 50 and 51. Each



proximty of the target areas, the satellite has tine to i mage only one or
two but not for all three areas. It is inportant to select target area with
cl ear skywowerimsed7 [ 32] Figure 5 shows the detail ed vi @eaTaB20p0/e303Ew
caneras. In a preferred enbodi nent of17t he design, there are three preview
caneras, 31, 32, and 33 attached to the body of the Satellite 20. Preview
canera 33 views the strip where the nadir angle ranges from-15 to +15
which is marked as 35. Preview canera 3 1 views the strip where the nadir
angl e ranges from-15 to -40 which is marked as 36. Preview canera 33 vi ews
the strip where the nadir angle ranges from +15 to +40 which is marked as
37. Figure 6 shows the sideway view of the preview caneras shown in Figure

5. In thisrelic@bEfmetan® (ERomsi@EMeh fa?%&farée{%ech§@fa@ ihtd ehcetOstkip, | abel ed
as 44. Preview caneras 41, 42, 43 arée tilted 30 forward toward the

di recti onCathefd 4 ghtages sviigw’cinduttteanier doudppvaadhingt hesgehatarreas 50 and
51. Eachpreview canera is responsible for inmaging target areas that fal
i nt o theilocstediqn thaaseita Thelsammayey, tot chmedy 4Airdredpoesihierfor strgudo eoder  of

target areas that are |ocat. n that strip. The y, the canera 42 is
responsib ‘?BF“%ﬁSPbﬁﬁﬁoﬁﬁgﬂ%ﬁgt@%ﬁﬁ%éoﬂgth%sqﬁ§%§ggﬁﬁﬁ€‘Kﬂﬁa?%Fﬁ s al ong
the strip 45. Satellite 40 is a sgﬁed to be nmoving in the direction of 49.
[ 33] Figd?é?i9%W%ﬁﬁﬂ7%m§ﬁgﬁwpﬁé§b rspective view of cloud preview caneras
and the way they are attached to the satellite. The preview caneras 71 are
nount e n a. base_plate 73 which is ginbal ed and gyroscopically stabilized
by Techal SHSTST 38 791 THBORG TS TSTABIY Vst Pgﬁb&dr%fﬁg@ﬁmm%ﬁfa ned in
70, the DaRtRlBLE A f ISR TRE AR A LOHRe HRST MmN PO I 8GN 2 and

a base plate 73 which is gimbaled and gyroscopically stabilized by mechanism

inside 70. Due to the stabilization arrangement contained in 70, the base plate and

the cameras always face the moving direction 72 and it is free to move along axis

74,75 and 76 in order not to be affected by the yaw, roll, and pitch action of the

satellite.

[34] The difference between agile and non-agile satellite behavior is explained with
the aid of Figure 8A and 8B. Figure 8A shows the typical behavior of non-agile
observation satellite 82. As the satellite 82 moves along its path 90, when it reaches
the acquisition time window 89, it needs to select either target area 84 or target
area 85. Non-agile satellites can only roll along its axis to image one of the target
areas. In this specific case, satellite 82 images target area 84 and forfeits target area
85 due to lack of time in the acquisition window 89. IFigure 8B shows the behavior
of an agile satellite 92 for the same earth observation case. Due to added pitch and
yaw capability, the satellite can expand its viewing window by aiming at target 84
during time window 89 and then reaming at target 85 as soon as it is finished with
target 84. This way more target areas can be acquired during its flight. In figure 8B

this agile capability is used to image all target areas.



74, 75 and 76 in order not to be affected by the yaw, roll, and pitch
action of the satellite. [34] The difference between agile and non-agile
satel | i t ewbebhrvises77i s explained with the aid of Figure 8AraBzh1&Bs03H gure 8A
shows the typical behavior of non-agil8e observation satellite 82. As the
satellite 82 noves along its path 90, when it reaches the acquisition tine
w ndow 89, it needs to select either target area 84 or target area 85.
Non-agile satellites can only roll along its axis to i mage one of the
target areas. In this specific case, satellite 82 inmages target area 84 and
forfeits target area 85 due to lack of time in the acquisition w ndow 89.

Fi gure 8B shows the behavior of an agile satellite 92 for the sane earth

obser vagi|on [ £as&cr i ¢i0a@dethPidhelu wmwtges@ﬁbhhg%mg thidec sRLERLI te can
expand its viewi ng wi ndow by aimng at target 84 duringti wi ndow 89 and

then rean83)@6as7 had @stis 8Bbuddlysiagpor@ti Nddaiddatiy sfaeebriké ukgorgetof84e Thi s
way nore target areas can be acquired during its flight. In figure 8B this
agi | e capabigeiacyuisgiamseduess, reasgenlad levehphelbudrceast pBSliettomadier, it is
clear that the schedul ing en to start .imaging target areas 84 5, 86, 87
and 88 | PERIERE P 31%%:@@, W Y EEh A ga?gqtaﬂé?%{l%s b@%ﬁ%‘?@%é@%& t he

i mage acqui sition request, acceptable-level o | 0 cover, of . ent, nadir
preferenggeé &¥%@ﬂﬁgg%ﬁ??fﬁo&ﬁ§ n 9%?%%%fﬁﬁém#§ﬁ§§¥g%ﬁg%gﬂﬁg?%g%%ugf?pped
bef or & ar & JPelI AR RRRARRLEL Sy oMHicliddindld et rbeicprdaarddhy o pfed he
target area. Figure 9 shows the decision nechanismof the present

i nvent i ong3 PreNdevhCiammicddf Gdnatld inbibefirovtdnd et khega ih thabr&ktaentidrage

processing unit shown in 64 to extract the cloud cover information about
t he on- cottbug coaegeformnaas aihitsthie nirocomingrargs areas. This information is
provided to the fuzzy logic decision mechanism 67 which is typically a software
running on computer. Fuzzy logic system accept status inputs 65 from the satellite
regarding the current nadir angle, nadir point, available times for a specific
oncoming target areas, the amount of agility required to image a specific target area
are provided to the fuzzy logic decision making unit. Client preferences (block 66),
like acceptable cloud cover level by the client, acceptable Nadir angle by the client
are also provided to the decision making system 67. Another set of inputs to the
fuzzy logic system 67are fuzzy rule set (block 68) which describes priorities for the

system. A typical subset of fuzzy rules for a preferred embodiment shown in 68

are as follows;

*  If the approaching target is “agility wise” manageable and target
image quality in terms of cloud cover is good than we should

acquire the image.

*  If the approaching target is critical in terms of agility and cloud
cover quality is acceptable and if the Miss Status of the target is

high, than we should acquire the image.



provided to the fuzzy | ogic decision nechanism 67 which is typically a
software running on conputer. Fuzzy |logic system accept status inputs 65
from t he wetzelldisp47r egar di ng the current nadir angl e, nadrnBmad/ndo31l

avai lable tines for a specific oncomMg target areas, the anount of agility
required to image a specific target area are provided to the fuzzy logic
decision nmaking unit. Cient preferences (block 66), |ike acceptable cloud
cover level by the client, acceptable Nadir angle by the client are also
provi ded to the decision maki ng system 67. Another set of inputs to the
fuzzy logic system 67are fuzzy rule set (block 68) which describes
priorities for the system A typical subset of fuzzy rules for a preferred
enbodi ment shown in 6f @ik e hAlilyoMSuirchient BE cRRII QACRINGo L BKEBRILIE S
"agility wi se" manageabl e and target inmage quality in ternms of cloud cover
i's good than we shoul dtlasgwt sBotiklendtage@ire iffagt.ne approaching target is
critical in terns of agility and cloud cover quality is acceptable and if
the Mss Status of the target is high, than we should acquire the inage.|f
ei t her [2d)e gl ddt uf@‘ﬂ%ﬂl@érﬁ{ktz Poibls gé’cgmci@‘égfrid&ié%@lthsft %‘f@e{x%@ﬁseantdh@i@ we
shoul d n t acquire imge. [36] Th% tput 69 of the fuzzy Fogic systemis a
prioritizeduidestqaéndeasgehsn anstattheqadsititon of sactiene endfarydremedso Thisalst
acqui si tion of each one the target areas. This list is delivered to the
sat el | i t eisclohterotliterth¢ eateBive conirohetofor sppewprm at eppicpirionsactj@?] The
generation of fuzzy rules, fuzzy menbership functions and defuzzification

[37] The generation of fuzzy rules, fuzzy membership functions and defuzzification
processes are all part of designing fuzzy logic systems and it is well known by the

professionals who practice this art.



processes are all part of designing fuzzy logic systens and it is well
known by the professionals who practice this art. CLAIMS 1. A deci sion
maki ng apparatws4mount ed on a craft or satellite sailingcahBrgo/essorbit to
determ ne image acquisition priority ®f target areas approaching to the
craft conprising: plurality of control inmaging device to get a preview of
cl oud coverage over the target areas approaching toward the craft due to
flight of the craft, before the target area is in the imgi ng range of the
mai n i magi ng i nstrunent of the craft; and a data processing section to
extract the cloud cover information over the target areas fromthe inmages
of the control inmaging devices; and a deci sion nmaking section which
processes data reflecting current status of the craft, cloud coverage
inforn%énggﬁgove target areas, data about size, shape and | ocation of the
t ar get .~ the preferences of client about the target area, the
acquisition attenpt history of target area, and the decision naking rul es
to determine the priority of target areas. 2. An apparatus clained in claim
1, wherleiAnd¢dieos anakicgappohtismagingddev i cest ar satchst sdilieg albmgamothit tt hat
provid ; | .ol ' or the
contro?&r%ggﬁggﬁggiyggﬁﬁgggkﬂﬁka %ggggﬁgng¥§%ﬂggggﬁhgféfﬁ%E?ﬁgherein t he
sai d msaRmPIEIN&Eont rol i magi ng devices is stabilized gyroscopically so that
the attitude of the said control inmaging devices is |east affected by the

yaw, pitch %Pucialrit?flolf ca(')%tt}o ?m%éintghcﬁiv%caél t((j) ggert aafére{fitewl Sf %Hﬁtc%%'eﬁge over the
target areas approaching toward the craft due to flight of the craft, before the target
area is in the imaging range of the main imaging instrument of the craft; and

a data processing section to extract the cloud cover information over the target

areas from the images of the control imaging devices; and

a decision making section which processes data reflecting current status of the
craft, cloud coverage information above target areas, data about size, shape and
location of the target areas, the preferences of client about the target area, the
acquisition attempt history of target area, and the decision making rules to determine
the priority of target areas.

2. An apparatus claimed in claim 1, wherein the said control imaging devices are
installed on a mount that provides freedom of movement along pitch, yaw, and roll
axis for the control imaging devices.

3. An apparatus claimed in claim 2, wherein the said mount of control imaging devices
is stabilized gyroscopically so that the attitude of the said control imaging devices is
least affected by the yaw, pitch and roll action of the said craft it is mounted on.

4. An apparatus claimed in claim 1, wherein each one of the said control imaging
devices are aimed toward different strips of the surface the said craft is sailing above.

5. An apparatus claimed in claim 1, wherein each one of the said control imaging
devices comprises light sensitive detection elements and optics.



4. An apparatus clainmed in claim11, wherein each one of the said control

i magi ng devices are ained toward different strips of the surface the said
craft is weaibimgoebove. 5. An apparatus clainmed in clai mCT/IBhen®3n each
one of the said control inmaging devicds conprises |light sensitive detection
el ements and optics.6. An apparatus clainmed in claim11, wherein the scope
of vision of the said control inaging devices together is |arger than the
scope of vision of the said main inmaging instrunent of the craft. 7. An
apparatus claimed in claim1l, wherein the said plurality of control inmaging
devi ces can be reduced to one by using appropriate optical elenments. 8. An
apparatus clained in claim1, wherein the said data processing section

conpri geg 8, Proees %hﬁ!&eﬂ?%{ L G6n TR Yin dﬁh@%&&ﬁ&%k%&&{%ﬁﬂ% &6 ’é8{a‘&8§ to
process 1 nages com ng control 'iraging devices to determne cloud cover
| evel émagiagglevicgs sagethor is Aprgap frnathgscepaihethiomot Hag said maipamegingt he sai d

deci si oikifmKEMG S@etdr@R. conpri ses a processing el enent, nenory,
instructions and el ectronics to process data com ng fromdifferent sections

to generate a prioritized list of target areas to acquire inmage of. 10. A
deci si dnAmedkimgatue chodeflon chiorifwhareinstht ehid plerday b ngnebbimgagngorbit to

det er migaeict TBAPLATANRUHAUMPB] Bk YAl @i 08h RIS ERRT 0achi ng to the

craft conprising: plurality con I'magl n evi ces and a data
processi ng section providing information about the cloud coverage of the
t ar get SareaspRppiueatimeg ih oldmd  tWiecreihaht sdided4t Tpfrd)éceghihgcs%ctﬁ(tte craft,

before L A% A@l 9ol &g Evidl, hiendb HPH DG liBAIENT 1B AR €3 process

images coming control imaging devices to determine cloud cover level on target areas.

9. An apparatus claimed in claim 1, wherein the said decision making section
comprises a processing element, memory, instructions and electronics to process data
coming from different sections to generate a prioritized list of target areas to acquire
image of.

10. A decision making method for a craft or satellite sailing along an orbit to
determine image acquisition priority of target areas approaching to the craft
comprising:

plurality of control imaging devices and a data processing section providing
information about the cloud coverage of the target areas approaching toward the craft
due to flight of the craft, before the target area is in the imaging range of the main
imaging instrument of the craft; and

a decision making section processing data reflecting current status of the craft,
cloud coverage information above target areas, data about size, shape and location of
the target areas, the preferences of client about the target area, the acquisition attempt
history of target area, by utilizing decision making rules embedded into the unit to
determine the priority of target areas.

11. A decision making system claimed in claim 10, wherein the said decision making
rules can be fuzzy logic based.



i magi ng instrunment of the craft; and a decision making section processing
data reflecting current status of the craft, cloud coverage information
above targyetomrmes; data about size, shape and | ocati onPpofi/iBluaobzsget

areas, the preferences of client aboux2 the target area, the acquisition
attenpt history of target area, by utilizing decision making rul es enbedded
into the unit to determne the priority of target areas. 11. A decision
maki ng systemclainmed in claim 10, wherein the said decision naking rul es
can be fuzzy | ogic based. 12. A decision nmaking systemclained in claima210,
wherein the said decision nmaking rules can be artificial intelligence or

ot her techni ques known in the state of the art of decision nmaking. 13. A

deci si o %%1%&910%@&%@ %gééeHFéiafn@e Jnaélg?[njr% Wﬁ@fé?#é 'i?hé[ %‘%d %%Ejg'oinf%%@n
acquisition priority L§ Sserres of 1nstructions to the cra TCORt I8l | er
about vihlcs l§at e getificinbintilhganss ossbedtasbnigegtikpewn in thaisttic séduent®fand at

what t ideBision making,

13. A decision making system claimed in claim 10, wherein the said image acquisition
priority is a series of instructions to the craft controller about which target area images
should be acquired in which sequence and at what time.



