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Abstract

Traditionally the process of obtaining images from space has been
labour intensive. A request is made and groundstation staff then schedule
an opportunity on their satellite for image capture. Upon download the
image is then sent to the end user. Recent developments in low cost small
satellites has opened the way for many new users of satellite imagery, and
consequently a greater demand. At the same time the reduced cost of
satellites means there are many more satellites that can take images of
the Earth to support this demand. The question arises as to the optimal
deployment of hardware in space and evaluation of the capacity of multiple
satellite systems to deliver imagery to end users.

In the past this question has attracted little research attention, as the
demand has not been near to capacity. With ventures such as the Disaster
Monitoring constellation of satellites, one of the key design parameters is
capacity, and so evaluation is an important factor to be determined. This
paper analyses both the image capture and image download service for
EO satellites in terms of a mean service rate and inter-service-time.

We present a stochastic analysis based upon a geometric model of
satellite orbits. We provide analytic expressions for the probability of
image capture or download within each orbital period, and derive the
probability distribution for inter-operation times. This analytic model is
then verified using simulations based upon the UK-DMC as a case study.
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Nomenclature

C(k, ϕ) Probability of waiting k orbital periods between successive image capture opportunities for a
target at latitude ϕ

D(k, ϕ) Probability of waiting k orbital periods between successive image download opportunities for
a target at latitude ϕ

h Average vertical height of a satellite to the Earth
Pimg(ϕ) Image capture probability for a target at latitude ϕ
PGS(ϕ) Image download probability for a target at latitude ϕ
Re Equatorial radius of the Earth
Tobt Satellite’s orbital period,
ω Earth’s rotation rate
n Satellite orbital mean motion
α Angle between local North vector and satellite velocity vector
β Satellite camera’s field-of-view angle
εmin Minimum ground elevation angle
ζ(ϕ) The intersection of satellite field-of-View with TLL ϕ

1 Introduction

Earth observation (EO) satellites are satellites specifically designed to observe

the Earth from orbit and to gather information about the nature and condition

of the Earth and its atmosphere[9]. Recent technology advances in microelec-

tronics has greatly reduced both the size and cost of satellites, with imaging

quality continuously improving. For example, the Landsat-7 satellite [10] has a

mass of 2,200 kilograms, provides 15-m resolution imagery at a cost of 750 mil-

lion dollars; while the TOPSAT satellite [15] is 112 kilograms in mass, provides

imagery of 2.8-m resolution and only cost 25 million dollars. The improvement

in image quality through small satellites enables scientists to get assets into

space on a much reduced timeframe, which is driving a commercialisation of

the Earth imaging satellite market [3]. Small satellites, such as Beijing-1 [1]

and the recently launched RapidEye satellites [7], are able to achieve a better

rate of service at reduced cost, which is increasing the number of applications
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of satellite imagery and the number of end users. Very high resolution images

are still beyond the capability of small satellites and this market requires larger

more expensive satellites to continue to be launched, such as Geoeye-1 [6].

The widening application and affordability of Earth imaging systems drives

a question of service provision. Traditionally the key driver of service provision

is the quality of the imagery and its resolution. In the growing market of EO

imagery, however, drivers such as the availability, repeatability, responsiveness

and performance of the imaging service become important too. These questions

are of significance to end users who may have a number of companies they could

request data from and wish to determine which will provide the better service

for them. It is also of importance to the satellite providers when planning

numbers of satellites, onboard storage capacity and number and location of

ground stations to provide an acceptable level of service for their perceived

market. As yet these questions have yet to be addressed by the space research

community.

In this paper, we consider the satellite imaging system as a conventional

service system and study the service time for end users requesting imagery

from EO satellites. We focus upon two basic measurements: the mean service

rate and the interval of time between opportunities. The provision of Earth

observation imagery from satellites requires two stages of service: the first is the

image capture service, which determines when opportunities for taking images

of ground targets will arise; and the second is the image download service for

transmitting images to ground stations. These are both discrete-time services.

Given a satellite in a certain orbit, we seek to determine the mean service rate for

the image capture and the image download services. These rates of service will
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be strongly dependent upon the latitudes of the targets end users are requesting.

The approach we shall adopt is a stochastic model deriving the probability

distribution of time intervals between service both for image capture and down-

load. We develop and describe algorithms for the generation of these complex

probability functions and compare them with many simulations of particular

satellite orbital geometries. The simulations are based upon a particular, repre-

sentative imaging service - a Disaster Monitoring Constellation (DMC)[4, 14],

which provides medium resolution imagery with global coverage and a daily re-

visit period. It is used for case study in this paper. This is a good example of

a responsive space service provided by small satellites [11]. These probabilities

are then suitable to be fed into a queuing model for service prediction [13].

The rest of this paper is organised as follows: we start by describing our

model of the satellite imaging service for an EO satellite in section 2. In sections

III and IV we develop our model for determining the probability distribution of

image capture and image download services as a function of target latitude. In

section V we present results of comparing this model with a statistical survey

of simulations for image capture and download opportunities, based upon the

UK-DMC satellite and then provide our conclusions at the end.

2 Satellite Imaging System

Consider a target that is to be imaged at geodetic latitude ϕ and longitude υ.

The line of constant latitude that runs through this target will be referred to

as the Target Latitude Line (TLL)[12]. In figure 1 we show the orbit of an

imaging satellite as seen from an Earth fixed frame. If the orbital period of

this satellite is Tobt then ignoring atmospheric drag and other perturbing effects

4



Figure 1: Ground track of Earth orbitting satellite as seen from an Earth fixed
frame. The crossing point of the TLL drifts westward with each orbital period,
through a fixed angle.

upon the orbit, after each interval of Tobt the satellite will return to the same

inertial position. Underneath the satellite the Earth will have rotated. This

causes the satellite to drift westward around the TLL with each crossing, at a

fixed rate. If the satellite makes an ascending pass of the TLL at time t0 then it

will subsequently make ascending passes of this latitude at times (t0 +N · Tobt)

for integer N . If the rotation rate of the Earth is ω⊕ then the longitudinal shift

each orbital period can be written as:

∆υ = ω⊕2π/n (1)

where n is the mean motion of the satellite and is related to the orbital semi-

major axis a through Kepler’s third law:

n =

√
GM

a3
. (2)

The servicing of an image request requires two processes: an image capture ser-

vice and an image download service. Upon arrival a request is automatically put

into a queue waiting for the image capture opportunity. Once this opportunity
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arises, the satellite takes the requested image and the captured image is stored

in a buffer onboard the satellite. The image then waits in a second queue until

a download opportunity arises. Upon download, the image is then deleted from

the onboard buffer, freeing space for new images to be captured and stored.

Figure 2 shows the processing of an image request service.

Figure 2: Imaging service process including image capture and image download
service.

3 Image Capture Service

3.1 Image Capture Probability

As we are concerned with imaging satellites, we shall assume the satellite is

orbiting in a sun-synchronous orbit. This is also the case for satellites in the

DMC constellation. Imaging can only occur when the satellite crosses the TLL

on the sunlit side. We shall assume, without loss of generality, that this occurs

at the ascending pass of the TLL. The descending pass is then on the night-side

of the globe and no imaging opportunities will be considered at the descending

passes. We shall further assume the satellite has a push broom sensor which

sweeps across the surface of the Earth in the direction of the satellite’s velocity

vector.

We start by considering the probability, as the satellite comes over the TLL,

for it to be able to image the target. We shall refer to this probability as

the image capture probability, and denote it by Pimg(ϕ). The image capture

probability is a performance measure which indicates the mean service rate of
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the imaging service. As the push broom sensor sweeps across the Earth, it

images a swath (the imaging swath). In figure 3 LR is the projection of the

satellite’s push broom sensor on the Earth’s surface with the sub-satellite point

at G. The satellite imaging swath intersects with the target TLL ϕ at points

LT and RT . If the target lies within the arc ̂LTRT , then the target is visible

to the satellite at this ascending passage. We shall refer to this arc as the view

window. The image capture probability Pimg(ϕ) is the probability for the target

to be within the view window. Therefore the image capture probability for the

target can be calculated by:

Pimg(ϕ) =
Length of arc | ̂LTRT |

Circumference of latitude line at ϕ
=

| ̂LTRT |
2π ·Re · cosϕ

(3)

where Re is the equatorial radius of the Earth. For extremely high or low

latitude lines (near the poles), the whole TLL may lie within the view window.

In this case the image capture probability is one. We shall not take account of

these very high or low latitude targets in this development as the overwhelming

majority of areas of interest are not at these very polar regions.

In figure 3
−→
VS is the satellite velocity vector,

−→
N is the local North vector

at the target TLL ϕ, and α is the angle between
−→
VS and

−→
N . Based on the

spherical geometry, we know that the angle between ̂LTRT and LR is also α.

By regarding △ ̂LTLG and △ ̂RTRG as plane triangles approximately, we have

| ̂LTRT | ≈
|LR|
cosα

. (4)

If we know |LR| and α, we can calculate | ̂LTRT | and hence the image capture

probability Pimg(ϕ).

In order to calculate the arc length of view window LR, we show a geometric

model of the satellite imaging swath width in figure 4, where h is the average
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Figure 3: Geometric model of satellite image capture probability, target T is at
TLL ϕ, LR is the width of the imaging swath which intersects with TLL ϕ at
LT and RT , Re is the Earth’s equatorial radius.

vertical height of a satellite to the Earth and β is the satellite camera’s Field-

of-View angle. Based on the geometric model we can calculate the length of the

satellite view window |LR| as:

|LR| = 2h · tan β

2
. (5)

In order to calculate the angle α between the satellite velocity vector
−→
VS and the

local north vector
−→
N on the target latitude line ϕ, we show a geometric model

in figure 5, where i is the orbital inclination angle, and γ = π − i. △ÂBC is a

spherical triangle. Based on the spherical geometry [8], we have:

sinα =
cos γ

cosϕ
= − cos i

cosϕ
. (6)

Substituting Eq. (4) - (6) into Eq. (3) gives the image capture probability

Pimg(ϕ) as:

Pimg(ϕ) ≈
h tan

β

2
πRe cosϕ cosα

=
h tan

β

2

πRe

√
cos2 ϕ− cos2 i

. (7)
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Figure 4: Geometric model of satellite
imaging swath width LR, h is satellite
altitude, β is camera’s Field-of-View an-
gle.

Figure 5: Geometric model for calcu-
lating angle α between satellite velocity
vector and local North vector for a point
A with latitude ϕ.

3.2 Probability of Inter-capture-time

If the target cannot be imaged during a pass over the TLL, then there are a

discrete number of orbits that need to elapse before another opportunity may

arise. To understand why this is consider figure 6. This figure shows a view of

the TLL from above. As the satellite passes over the TLL it is able to image

the region between L̂1R1. Let the angle subtended at the centre of the TLL

circle by L̂1R1 be δ. As discussed earlier, the next time the satellite crosses the

TLL at ascending phase, the location will have drifted through a longitude of

∆υ given by Eq. (1). The arc that can be imaged at this pass is L̂2R2. So we

see that in general if the target lies within L̂1R1 then it will not be able to be

imaged in the next pass. On the kth pass, the region that can be imaged will

be L̂kRk and for some k this will intersect with L̂1R1. If the target lies in the

region L̂1Rk then there will be another imaging opportunity. So the subsequent

imaging opportunity to the original pass will be k− 1 orbits later. If the target

was located in the region R̂kR1 then there will be no imaging opportunity at the

(k − 1)th orbit. Hence we can compute a probability of a subsequent imaging
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Figure 6: Satellite crossings at TLL in sequence, δ is the central angle of the
satellite view window, ∆υ is the shift angle of the satellite view window each
orbit, L̂1R1 is the first satellite view window, L̂2R2 is the second view window,
L̂kRk is the kth view window which overlaps with L̂1R1.

opportunity at the (k − 1)th orbit of:

C(k − 1, ϕ) =
Length of overlapped part

Length of view window
=

|L̂1Rk|
|L̂1R1|

. (8)

When the view window next overlaps with the region L̂1R1 there will be an-

other probability of image capture. We can cycle through to compute all the

probabilities for the inter-capture time through the algorithm shown in figure 7.

4 Image Download Service

4.1 Image Download Opportunity

When downloading images to a ground station there are two aspects which are

different from the image capture process. The first is that downloads do not

require to be on the sunlit side of the Earth, and hence descending passes of the

ground station TLL also provide opportunities for download. Secondly, image

capture is based upon a linear array of sensors sweeping across the Earth’s

surface. For transmitting image data to the ground, a broadcast is made from
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Figure 7: Algorithm for calculating inter-capture-time probabilities C(k, ϕ).

the satellite and the ground station may be anywhere in the footprint of the

satellite.

Figure 8 shows the geometry for image download, where the satellite is at

point S at some time t. The lines SA and SB define the edges of a cone of

transmission which intersects the surface of the Earth. The cone intersects the

Earth’s surface in a ring of locations which each subtend an angle θ at the centre

of the Earth O with respect to the line joining O to the satellite S.

If the ground station is at A, then the line AS makes an angle ε with the

local tangent plane at A. We refer to this angle as the ground elevation angle.

There exists a minimum ground elevation angle εmin for the signal to noise for

download to be acceptable for error free transmission. If the corresponding

minimum angle of ̸ AOS is θmin, then we can calculate θmin by solving either
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Figure 8: Geometric model of satellite field of view, S is the satellite position,
ε is the ground elevation angle, O is the centre of the Earth, Re is the Earth’s
radius.

of the equations:{
|AS| · sin(π

2
+ εmin) = (Re + h) · sin θmin

|AS|2 = (Re + h)2 +R2
e − 2(Re + h) ·Re · cos θmin

. (9)

where Re is the radius of the Earth, h is the height of the satellite. We shall

refer to this footprint of the satellite as its field of view (FoV).

4.2 Image Download Probability

As with the image capture, we wish to compute the probability for an image

download at a pass of the satellite over the ground station’s TLL. If the latitude

of the ground station is ϕ, then let this probability be PGS(ϕ). As the satellite

orbits, the FoV of the antenna at any instant is a circle that sweeps across the

surface of the Earth filling out a swath, as shown in figure 9. In this figure

we see the satellite’s FoV when the sub satellite point is G. We can draw an

arc L̂GR which is orthogonal to the swath at L and R, and this arc will be

orthogonal to the direction of the satellite’s velocity vector. We know that the

angle subtended at the centre of the Earth by L̂GR will be 2·θmin. The question

we seek to answer is the length of the arc around the TLL that intersects with
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Figure 9: Satellite swath from antenna FoV. The sub-satellite point is G having
just passed over the ascending node. The antenna FoV is marked as a cir-
cle wrapped around the Earth’s surface and touches two paths parallel to the
satellite groundtrack at L and R.

this swath.

Figure 10 shows the geometry in more detail. When the sub satellite point

is at G then the FoV intersects the TLL at the furthest east of the ascending

path, which is the point R. The satellite moves along its orbit and when the

sub-satellite point reaches G′ the FoV intersects the TLL at the furthest west.

Hence we need to determine the length of the arc L̂′R. If we now take account

of the Earth’s rotation, then it takes the satellite a time interval δt to move from

G to G′. In this time the Earth will have rotated through an angle Ω(ϕ, δt).

Hence the satellite communication window at TLL ϕ is:

|L̂′R|+ LE(ϕ,∆t). (10)

Since both the satellite ascending and descending passages are considered

13



Figure 10: Close up of the sweep of the antenna FoV as the satellite moves
between G and G′. The coverage of the TLL is seen to extend from L′ to R.

for image download, we know that within an orbital period the satellite passes

over a given TLL twice. Therefore for a ground station target T at TLL ϕ,

the probability of having an image download opportunity in an orbital period is

twice the fraction of the circumference of the TLL that is covered between L̂′R:

PGS(ϕ) =
|L̂′R|+ LE(ϕ,∆t)

πRe cosϕ
. (11)

As before we only consider our ground stations to be located outside the polar

regions, where the equation above is applicable.

For the calculation of this probability we can use an inertial coordinate

system with the x̂ axis pointing in the direction of the orbit ascending node and

the ẑ axis along the Earth’s rotation axis [17]. If we rotate these axes about

the x̂ axis through an angle i, the inclination of the orbit, then the rotated

ẑ axis will lie along the orbit normal. When the sub-satellite point is G, the
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argument of latitude is u, and in these rotated orbit coorindates the position of

G is (Re cosu,Re sinu, 0). In the ECI coordinates this becomes:

G =

 1 0 0
0 cos i − sin i
0 sin i cos i

 Re cosu
Re sinu

0

 =

 Re cosu
Re sinu cos i
Re sinu sin i

 (12)

When the satellite moves from G to G′ there is an incremental change in the

argument of latitude. Hence by differentiating the above we get:

GG′ =

 −Re sinu
Re cosu cos i
Re cosu sin i

∆u (13)

The arc length GG′ is crossed by the satellite in time ∆t where |GG′| = n∆t

and n is the orbital mean motion. It follows that ∆t = Re∆u/n.

To compute LE(ϕ,∆t) we note that a point on TLL ϕ rotates over a distance

2πRe cosϕ per day, so rotates at an angular rate ω cosϕ where ω is the Earth’s

rotation rate. It then follows that:

LE(ϕ,∆t) = Re cosϕ
ω

n
∆u (14)

Now consider the point R. We may express this location in terms of latitude

and longitude. Given that the separation between R and L′ is a small separation

in longitude, then again by differentiation we can write:

|L̂′R| = Re cosϕ∆υ, (15)

where ∆υ is the longitudinal separation between the points R and L′. Incor-

porating Eq. (15) and (14) to Eq. (11), the image download probability for a

ground station located at TLL ϕ can be calculated as:

PGS(ϕ) =
1

π
(∆υ +

ω

n
∆u). (16)

It just remains to compute the shifts in u and υ to complete the determination

of this probability. This is achieved by noting that the locations R and L

15



are separated from G by the angle θmin. In the rotated orbital coordinates the

location of R has components (Re cos θmin cosu,Re cos θmin sinu,−Re sin θmin).

Rotating this through the angle i to express this position in ECI frame, we can

then equate to the latitude and longitude of R:

R =

 1 0 0
0 cos i − sin i
0 sin i cos i

 Re cosu cos θmin

Re sinu cos θmin

−Re sin θmin

 =

 Re cosϕ sin υR
Re cosϕ cos υR

Re sinϕ

 . (17)

From this we can determine the longitude of the point R, υR, and the argument

of latitude u. We can do the same for the point L′ and hence determine the

differences in u and υ as required.

4.3 Probability of Inter-download-time

The calculation of the time between successive opportunities to download image

data, the inter-download time, is complicated by the fact that download oppor-

tunities occur both at ascending pass of the TLL and at the descending pass.

We shall denote the inter-download time by D(k, ϕ). Firgure 11 shows the two

passes in a single orbit. The argument of latitude of these two opportunities are

u1 and π− u1. If we consider the right border line of the swath of the antenna,

at G1 this is at R1 along the TLL ϕ and at G2 at R2. If we take account if the

Earth’s rotation, then the anticlockwise longitudinal shift between the two TLL

crossings will be:

∆υR = υR2 − υR1 − (π − 2u1)
ω

n
. (18)

We use D(k, ϕ) to denote the probability of having k orbital periods between

two successive image download opportunities.

We can extend the algorithm in figure 7 to re-calculate the inter-download-

time probabilities when both ascending and descending passages are considered.

The extended algorithm is shown in figure 12. The algorithm is similar to the
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Figure 11: Image download opportunity considering both ascending and de-
scending passages, G1 is the sub-satellite point at an ascending passage with
argument of latitude u1, the circle around G1 is the satellite FoV, and the left
end and right end of the satellite FoV are at L1 and R1; G2 is the sub-satellite
point at the descending passage with argument of latitude u2, the circle around
G2 is the satellite FoV, and the left end and right end of the satellite FoV are
at L2 and R2; R1 and R2 on the same TLL ϕ.

algorithm in figure 7. We again assign a region of the TLL where communication

with the ground station is possible. In this case, this region is the union of two

satellite communication windows for both passes. In each orbital period, we

check whether the two communication windows for this period overlap with

this region. If so, we divide the length of the overlap window by the length

of initial communication region on the TLL to get the probability of inter-

download-time in this orbital period. We then subtract the overlap window

from the communication region as before. This procedure continues until the

communication region forms an empty set, indicating certainty for download

opportunity.
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Figure 12: Algorithm for calculating inter-download-time probabilities D(k, ϕ).

5 Results

We have presented our probabilistic model for a satellite imaging service and

in this section we shall evaluate it based upon statistical comparisons with

simulation data. As a case study we consider the UK-DMC satellite, which

is a Low-Earth-Orbit, Sun-synchronous Earth observation satellite that forms

part of SSTL’s Disaster Monitoring Constellation [4]. UK-DMC is at 686-km

altitude with 98.2◦ inclination orbit, with camera’s field-of-view of 51.9◦.

Simulations are performed using the software package developed at Surrey
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Figure 13: Image capture probability Pimg(ϕ) for a target at TLL ϕ.

for the scheduling of tasks on the DMC constellation. This simulation package

is called ImPredict and has been described in publications [12, 16]. The pack-

age calculates the times for image capture and image download for a specific

satellite orbit, and provides an orbit prediction package that has been verified

to have high computing performance with high fidelity to real satellite data. In

our simulations we generate 300 uniformly distributed targets for each latitude

line, and use ImPredict to determine image capture and download opportunities

for these targets. We assume the range of target locations is between latitudes

[−55◦, 55◦] as experience shows there are normally less requests over the polar
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regions. This range is also the area of most interest for DMC [2] and the general

target region for most Earth Observing missions. By statistical analysis of these

operation times generated by ImPredict, we can obtain simulation results for the

image capture probability Pimg(ϕ), inter-capture-time probability C(k, ϕ), im-

age download probability PGS(ϕ), and inter-download-time probability D(k, ϕ).

We then compare these probabilities with our stochastic analysis as desrcibed

in the previous sections of this paper. In this way we are able to evaluate our

stochastic analysis based upon realistic satellite orbit geometry. In the rest of

this section we describe the comparisons of each of these probabilistic measures.

5.1 Image Capture Probability

Figure 13(a) shows the comparison of results for the image capture probabil-

ity Pimg(ϕ) between the theoretical result in Eq. (7) and simulation for differ-

ent target latitudes. We can see that the theoretical results fit very well with

the simulation results. The accuracy is shown in figure 13(b), which shows

that Pimg(ϕ) is predicted to over 99% accuracy for this target region, and also

demonstrates there is no measurable bias with latitude. In figure 13(a), we can

also see that the image capture probability increases when the absolute value

of the target latitude increases. Therefore targets have more frequent image

capture opportunities when they are closer to the poles, which agrees with our

experience.

5.2 Probability of Inter-capture-time

Figure 14 shows the theoretical results of inter-capture-time probability C(k, ϕ)

for each target latitude calculated through the algorithm presented in figure 7,

which are compared with simulation results. When the satellite crosses the TLL
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and has a capture opportunity, then the next opportunity only exists after 15,

29, 44, 73 or 117 orbital periods. For other values of k,C(k, ϕ) = 0. Figure 14

shows these five curves with the simulation results shown as sets of different

symbols. On top of this are the solid lines, which are the predictions from

the algorithm. The highest probabilities are for k = 44, and matching this

probability in the equatorial regions is the case for k = 73. The parabolic curve

shows the variation of probability with latitude for k = 29. The remaining

cases are k = 15 which is only non-zero at high latitudes above 50o and k = 117

which is only non-zero in a region close to the equator. This figure shows

good agreement in each of these cases with the simulation results. The average

agreement between algorithm and simnulation, averaged over all relevant values

of k is found to be 97%.
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Figure 14: Comparison of results of inter-capture-time probability C(k, ϕ) be-
tween theoretical algorithm and simulation, simulation results showed in colorful
curves, solid black lines shows the corresponding theoretical results.
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5.3 Image Download Probability

We can also use Impredict to simulate the image download probabilities for

ground stations located on various latitude lines, and compare with predictions

from Eq. (16). Figure 15(a) shows the comparison of results of PGS(ϕ) between

the model proposed and simulation, where we can see that the theoretical results

fit very well with the simulation results. The accuracy of the model is shown in

figure 15(b), where we see that the accuracy of PGS(ϕ) is slightly lower around

the equator than at higher latitudes. The reason for this discrepancy can be

attributed to the oblateness of the Earth [5]. The value of Re we have used in

our geometric model is the average radius of the Earth. Even so, the overall

accuracy of our model is very high, above 98.5%. Therefore the validity of the

Eq. (16) for approximating the image download probability PGS(ϕ) is justified.

We can also notice that the image download probability increases when the

absolute value of target latitude increases. Therefore in order to have more

frequent image download opportunities, we need to build ground stations at

higher latitudes.

5.4 Probability of Inter-download-time

Figure 16 shows the theoretical results predicted from the algorithm presented in

figure 12 of inter-download-time probabilities D(k, ϕ) compared with simulation

results. As with the inter-capture-time probabilities, there are only a discrete

set of integers k for which D(k, ϕ) ̸= 0. These are for revisits to a ground

station after 1, 4, 5, 6, 7, 8, or 9 orbital periods. There are no image download

opportunities after 2 or 3 orbital periods. The smaller values of k compared

to the inter-capture probabilities is due to the fact there are two passes of the
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Figure 15: Image download probability PGS(ϕ) for a ground station at TLL ϕ.

TLL each orbit. There is a lot more structure in these probability distributions,

but even so the model fits the simulation data remarkably well. The average

accuracy of our model, averaged over different values of k is 98.5%, vindicating

the model in all aspects of the imaging service.

6 Conclusion

We have carried out a stochastic analysis of an imaging service using Earth

observation satellites which can be used to determine average waiting times
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for end users requesting satellite imagery or the capacity of a constellation of

satellites in terms of image thoughput. Using the geometry of the orbitting

satellite we have derived geometric models for the image capture and image

download services respectively. This analysis provides the probability for a

requested image to be captured (or downloaded) in each orbital period. We have

also derived the probability distribution for the time intervals between successive

image capture opportunities (or download opportunities) for any target location

at any latitude within a latitude range of ±55o, which represents the region of

interest for the vast majority of image request targets.

We have evaluated the stochastic model by comparing it with simulations

of the UK-DMC satellite which is in sun-synchronous LEO orbit, and therefore

representative of EO satellites. This evaluation with simulation has proven that

our analysis matches the simulations to an accuracy in excess of 97% regardless

of target latitude. The analysis also provides a quantitative measure of the effect
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of locating ground stations or of target locations on the frequency of opportu-

nities. As expected the model shows an increased frequency of opportunity at

the poles, but for a given satellite orbit can determine the rate at which the

frequency falls with decrease in latitude.

The computation of these probabilities are in a form suitable to be used for

transition probabilities in a Markov chain model of an imaging service [13].
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