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ABSTRACT

The performance of Space-Based Radars (SBR) orbiting on elliptical orbits is

discussed. Their ability to detect air-breathing targets is analyzed as a function of the

antenna look angle, the orbital parameters of the satellite, the number of radio pulses

transmitted and the peak power of the radar.

The results show that the minimum detectable velocities of the SBR tend tn

degrade as the satellite aikroaches the apogee of its orbit. Depending on the orbital

parameters of the satellite, the advantage of more extended coverage when the satellite

is at the apogee of its orbit could be hindered by the poorer performance of the radar.

RESUME

On 6tudie la performance de radars orbitant sur des orbites elliptiques. On

analyse leur capacit6 d6tecter des cibles a6riennes en fonction de l'angle de vis6e de

l'antenne, des paramtres orbitaux, du nombre d'impulsions radar transmises et de la

puissance crete du radar.

Les r6sultats obtenus ddmontrent que la performance du radar se ddtdriore

mesure que le satellite se rapproche de l'apog6e de son orbite. L'avantage d'une

meilleure co':verture du syst(me de surveillance vers l'apog6e est souvent compromise

par ]a performance rdduite du syst~me.
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1.0 INTRODUCTION

The use of Space-Based Radars (SBR) has been suggested to satisfy the exacting

requirements of strategic surveillance. SBRs can provide day, night and all-weather

operation, very fast response time and enormous coverage.

The Radar Division of the Defence Research Establishment Ottawa has an

ongoing SBR program. The work performed to date consisted in evaluating the

performance of SBRs orbiting on circular orbits (Refs. 1-8). It is well known that

elliptical orbits can be used to optimize coverage over certain portions of the Earth's

surface. By positioning the apogee of the orbit above the Canadian Artic for instance, it

should be possible to provide more extensive coverage of this strategically critical region.

However, questions arise about the performance of an SBR orbiting on an

elliptical orbit. Since the altitude of the satellite above the Earth's surface is a function

of the position of the satellite along its orbit, the clutter power and the strength of the

signal reflected by the targets vary as a function of the orbital position of the satellite.

The studies cited earlier have indicated a strong link between the performance of the

radar and the relative level of the target and the clutter power. It is thus reasonable to

expect that the ability of an SBR to detect targets could vary significantly along the

orbit of the satellite. The objective of this report is to investigate these effects and to

discuss the performance of SBRs orbiting on elliptical orbits.

Section 2 provides an overview of the SBR model and describes the baseline SBR

parameters. Section 3 contains an analysis of the performance of the baseline SBR

system. Section 4 reports on a parametric investigation into the effect of various system

parameters on the performance of the SBR. Section 5 summarizes the findings of this

work.

2.0 SBR MODEL AND BASELINE SYSTEM

The results presented in this report were obtained using the model developed in

Refs. 1-3. Since this model has been documented at length in the references, only a

brief overview is given here.

2.1 Orbital Dynamics

The satellite is assumed to revolve around the earth along an elliptical orbit, as

shown in Fig. 1. The position of the satellite (r,O) as a function of time t can be derived
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from Kepler's equations and is given by (Ref. 1):

h 2/ 1a (1-e2)
(1)r--

1+e cos f 1+e cos f

(2) 0=f

h e sin f
r-a (1-e )

(4) 0 = f h/r

where h is the angular momentum constant of the satellite, /I is the gravitational

constant of the Earth (3.986 x 1014 m2/s), e is the eccentricity of the orbit and where the

rest of the parameters are defined in Fig. 1.

Y1

F P

Fig. 1 Definition of the elliptical orbit parameters

The orientation of the orbit of the satellite with respect to a geocentric coordinate

system is shown in Fig. 2. After Ref. 3, we restrict ourselves to polar orbits (1=900)

because, for circular orbits, the performance of SBRs depends only slightly on the

inclination angle of the orbit. It is reasonable to assume that the same result applies for

the case of elliptical orbits. We also assume that the longitude of the ascending node

and the argument of the pericenter (11 and w in Fig. 2) are both equal to zero. Since the
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earth is considered to be a featureless sphere, this can be done without loss of generality.

Hence, the perigee of the orbit will always be located above the Greenwhich meridian,

and over the equator.

I-- 

-
a 

--- 

-- 

W-

Fig. 2 Definition of the orbital parameters

The position of the satellite with respect to a point on the earth's surface can be

specified in a number of different ways. But since the Earth has been assumed to be a

featureless sphere, it is sufficient to use the true anomaly (f in Figs. 1,2) to specify the

position of the satellite along its orbit.

2.2 Radar model
The model developed in Refs. 1-3 uses the standard radar range equation to

compute the strength of the signal from the target,

n2  Pk T G 2  A2  at

(4 )3 t L
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where G is the gain of the antenna, 7- is the compressed pulse width, n is the number of

transmitted pulses integrated coherently, Rt is the range from the radar to the target

and where the remaining symbols are defined in Table I.

TABLE I

BASELINE RADAR SYSTEM PARAMETERS

Apogee 5000 km

Perigee 500 km

Maximum radar peak power (Pk) 17 kW

Antenna diameter (D) 37.69 m

Wavelength (A) 0.2 m

Pulse repetition frequency (PRF) 10,000 KHz

Pulse length uncompressed (,r) 50 PS

Compression factor (C) 82.021

System temperature (Ts) 490 K

System losses (Ls) 9 dB

Probability of detection (Pd) 90%

Probability of false alarm (Pf) 10-6

Target model Swerling II

Target cross section (0t) 20 m2

Altitude of target 0.0 km

Radar maximum range (Rmax) 9,422.3 km

The clutter power is evaluated by summing up the power contributed by all the

clutter patches located on the ambiguous range lines within the footprint of the antenna.

The clutter power is sorted out in the various frequency bins of a DFT processor by

keeping track of the radial velocity of the clutter patches, v, with respect to the satellite.

The expression giving the clutter power as a function of v is (Refs. 1-3)

2 2 2

(6) Pk r G  A w '2  c T Co Ri cosOi AO
(4r')3 L s R j 2 cos yi

, ( i 2( i i)



The symbol c is the .peed of light, Co is the compression ratio, wi is a weighting

function, Ri is the range from the radar to the ith ambiguous range line, 0i and Oij are

the angles describing the location of the the jth clutter patch on the ith range line, 7Yi is

the grazing angle corresponding to the ith range line ao is the surface backscattering

coefficient and AO is the angular extent of a clutter patch.

The radial velocity of the ijth clutter patch with respect to the radar is given by

(Ref. 3)

[ R e2  21(7) vij = (a 2+b2 ) cos (Oij+A) + 1 - Rcos .i

where Re is the radius of the Earth and a,b and A are constants depending on the orbital

parameters of the satellite (see Refs. 2,3). The noise equivalent power of the radar

receiver, N0 , is given by

(8) No = n k Ts

where k is the Boltzman constant and Ts is the system temperature.

The parameter used to evaluate the performance of the radar is the Signal-to-

Interference Ratio (SIR). It is defined as

(9) SIR (v)- S

C(v)+N 0

where No is the Noise Equivalent Power of the receiver. As defined in this report, the

SIR is a function of the radial velocity of the target since C(v) is a function of v. This is

contrary to the standard definition of the SIR (Ref. 9) which defines the SIR as the

average of the SIR over all possible radial velocities of the target. The definition

adopted here enables us to determine the performance of the pulse Doppler radar as a

function of the radial velocity of the target.

The orientation of the radar antenna is specified with respect to the

North-East-Down (NED) frame of reference, centered on the satellite (see Refs. 2,3).
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The antenna is taken to be oriented at an angle 01 with respect to the North axis of the

NED system and at angle O with respect to the NE plane, as shown in Fig. 3. The angle

€1 is called the azimuth-look angle and 01 is the look-down angle. The angle 01 is

related to the grazing angle of the antenna, 7'1 as shown in Fig. 4. In the rest of this

report, the look direction of the radar will be defined by using 01 and 7.

D

T

R 

SE

N

Fig. 3 Orientation of the antenna in the NED frame.

IT

rr10

F S

Fig.4 Relationship between the look-down and the grazing angles.

2.3 Baseline System Parameters

The radar system is designed in the manner described in Ref.3. To allow a direct

comparison with the results obtained for circular orbits, the baseline radar parameters

were chosen to equal those of Ref. 3 whenever possible.
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The baseline system design procedure adopted in Ref. 3 can be summarized as

follows. The peak power, the wavelength , the pikse repetition frequency, the pulse
length, the compression factor, the system temperature, the probabilities of detection

and of false alarm, and the design Signal-to-Noise Ratio (SNR) are selected from
various system considerations (see Ref. 3). Then, the number of pulses in the burst, NJ),

is chosen not to exceed Npmax, which is related to the two way travel time to the surface

of the earth by

(10) N 2 Rt x PRF
pmax c

where Rt is the range to the target, which also equals the range from the radar to the

surface of the earth along the axis of symmetry of the antenna. Finally, the diameter of

the antenna is adjusted to achieve the design SNR at the maximum range of the radar

(a point on the Earth's horizon).

For elliptical orbits, however, the two way travel time to the surface of the earth

changes continuously as the satellite revolves around the earth. Consequently, Rt and
Npcnax, which are linked by Eq. 10, vary along the orbit. There are a number of options

to deal with this situation and all will be examined in this report. The first option

consists of calculating Np when the satellite is at the perigee and keeping it constant

along the orbit. The size of the antenna is then adjusted to achieve the required SNR at

the apogee. Under these conditions, it is readily seen from Eqs. 5 and 8 that the SNR of

the radar at different positions along its orbit varies according to the following

relationship:

(1) SNR l/Rt 4

The second option consists of allowing NI) to vary along the orbit. A longer

burst can thus be transmitted when the satellite is at the apogee. Although the second

option requires a more elaborate waveform generation system, it results in a smaller

antenna to achieve the design SNR. Since N,, is proportional to Rt, the SNR of the

system at different points along the orbit when option two is selected is proportional to

(12) SNR a 1/Rt 3
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Since the SNR is designed to be met at the apogee, the last equation shows that

it exceeds the design value when the satellite is away from the apogee. Thus, a third

option is to decrease the peak power of the compressed radar pulses, in addition to

allowing a variable burst length, in order to maintain a constant SNR along the orbit.

The peak power of the compressed radar pulses would then be related to Rt according to

(13) P = Pk R t  3

where Rmax is the maximum range to the target when the satellite is located at the

apogee of its orbit and Pk is the maximum allowable peak power for a duty cycle of 0.5.

The advantage of the third option is to reduce the demand on the overall satellite

system. This could help to increase the orbital duty cycle (the fraction of the orbit over

which the SBR can be operated) by decreasing the power required from the batteries of

the satellite. The second option is chosen to be the default option in this report. The

two u0 her options will be investigated in Section 5.

The orbit selected for the baseline system has an apogee of 5000 km and a perigee

of 500 km (e=.2465). These parameters should not be regarded as optimal. They are

only chosen for illustrative purposes. The choice of optimal orbital parameters requires

a careful trade-off analysis which is beyond the scope of this paper.

A summary of the baseline SBR system appears in Table I. For more details

about the design procedure of the SBR, Ref. 3 should be consulted.

3.0 PERFORMANCE OF THE BASELINE SBR SYSTEM

In this section, a detailed analysis is made of the performance of the SBR

baseline system.

Fig. 5 shows the SIR of the radar as a function of the relative radial velocity, Vr,

of the target. Positive and negative velocities are for approaching and receding targets

respectively. The relative radial velocity Vr=O corresponds to the radial velocity

between the satellite and a clutter patch on the boresight of the radar antenna. The SIR

curves are plotted versus the relative radial velocity, instead of the radial velocity, to

facilitate the comparison between cases relating to different orbital parameters, and
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different orientations of the radar antenna.

Absolute Speed (m/s)2676.1 2876.1 3076.1

40

0 30

20

0

' -perigee

-10 ,--apogee

-150 -100 -50 0 50 100 150Relative Speed (m/s)

Fig. 5 SIR curves for the baseline system at a grazing angle of 30.

The horizontal dotted line appearing in Fig. 5 represents the detection threshold
of the system. If the SIR of the radar exceeds this threshold, the target will be declared
present. The smallest absolute values of positive Vr, Pmdv, and of negative Vr Nmdv,
beyond which the system exceeds the detection threshold are called the Minimum
Detectable Velocities of the system. Targets travelling at velocities within the interval
[Nmdv,Pmdv] cannot be detected while targets travelling at velocities outside this interval
can be detected by the SBR. The [Nmdv,Pmdv] interval is used as a measure of
performance of the SBR since a smaller [Nmdv,Pmdv] interval implies a narrower range of
target velocities over which the SBR is ineffective, and consequently a better system
performance.

The SIR curves of Fig. 5 can be more easily interpreted by considering two
initing cases. For IVI very large, the clutter interference is small and the SIR reduces

to the SNR of the system. Fig. 5 shows that for large I VrI the SNR is approximately 18
dB larger when the satellite is at the perigee than when it is at the apogee. This is
consistent with Eq. 12 since at the perigee, Rt=2262.41 km while Rt=9094.26 km at the
apogee.
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For IVrlvery small, the clutter interference is much larger than the noise

equivalent power and the SIR reduces to the Signal to Clutter Ratio (SCR) of the

system. Fig. 5 shows that the SCR is approximately 6 dB larger when the satellitc is at

the perigee than when it is at the apogee. This result may appear surprising at first if

one considers only the clutter interference, C(v), arising from the clutter patch which is

boresighted with the radar antenna. Since the target is also assumed to be borcsighted

with the antenna, the ratio of the target power to the power returned by the boresighted

clutter patch should not change along the orbit. However, the total clutter interference

is made up from the contribution of all the clutter elements within the footprint of the

antenna, as given by Eq. 6, and C(v) does vary along the orbit. This is explained as

follows. As the satellite is moving toward the apogee, Rt increases, and the footprint of

the antenna increases according to Rt 2. Also, for a larger Rt and for a given look

direction of the antenna, the ambiguous range lines are closer together on the surface of

the earth. Finally, as Rt increases N,, increases and more range lines can contribute to

the clutter return. These three effects tekd to increase the magnitude of the clutter

return as Rt increases. There is also a balancing effect, since as Rt and consequently NP

increase, the width of the DFT filters used in the receiver decreases as Rt -1. This

reduces the clutter interference at a given relative velocity. Unfortunately, the rather

complicated form of Eq. 6 prevents us from establishing a proportionality relationship

between SCR and Rt. But the arguments invoked above explain qualitatively the higher

SCR for small IVrwhen the satellite is at the perigee.

The SIR curve of Fig. 5 exhibits a sharp cut-off on the positive side of the

abcissa of the SIR curve. This effect has been explained in previous publications (Refs.

1-3). It occurs when the antenna is pointed at a small grazing angle, in the look ahead

mode (small 01). In these cases, a significant portion of the footprint of the antenna is

over the Earth's horizon. This causes an abrupt cut-off of the clutter power contributed

at relative velocities larger than the velocity of a clutter patch located on the Earth's

horizon. This effect disappears rapidly as "1 and 01 increase.

The MDVs for the baseline case can be evaluated from Fig. 5. They equal

[-16,12] and [-43,9] for the perigee and the apogee cases respectively. Because of the

sharp cut-off of the clutter power for the positive relative velocities, the Pmdv'S are

approximately equal when the satellite is at the perigee or at the apogee. But the Nmdv

is approximately 2.6 times larger at the apogee than at the perigee.
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Fig. 6 shows the SIR curves of the SBR at four different positions along its orbit.

The trends described above can still be observed in the figure. The further away the

satellite is from the Earth's surfice, the lower are the SNR and the SCR of the system.

Absolute Speed (m/s)
7360.2 7568.2 7766.2

perigee

4 __ = 315°

0 30 -

20
f .. ..

0 apogee A

-10

-150 -100 -50 0 50 100 150

Relative Speed (m/s)

Fig. 6 SIR curves for the baseline system at various locations along its orbit.

Fig. 7 shows the SIR curves of the SBR when it is located above the north and

the south poles ( f=90o and 2700 respectively). Although the satellite is at the same

distance from the Earth surface in these cases, the SIR curves are significantly different.
This can be explained with the help of Eqs. 3, 4 and 7. Eq. 4 shows that the tangential

velocity of the satellite,dO/dt is the same at both points of the orbit. But Eq. 3 shows

that the velocity of the satellite with respect to the center of the earth, dr/dt, is positive

when the satellite is above the North pole (f=900), but negative when the satellite is

above the south pole (f=2700). This results in different vij as given by Eq. 7 and

consequently different clutter spectra. It should be noted, however, that if the antenna
was pointed in the direction opposite to the motion of the spacecraft (01=1800) say at

the North pole, its SIR curve would be the mirror image of the one obtained in the look

ahead mode (01=00) above the South pole.



12

Pbsoi ute Speed fm/. j
S99,L7 6190.7 L390.

2 30

o 20 -' . ', *20S0

C~~b i " So3t h oe

J~~i" north po:!,e

Is -o -',o o o o 15o~

-10io 0 0

ReLotUve Speea tm/ql

Fig. 7 SIR curves for the baseline system at the apogee and the perigee

Fig. 8 shows the MDVs of the baseline SBR system as a function of the orbital

position of the satellite. Due to the sharp cut-off of the clutter power on the positive

side of the velocity axis of the SIR curves, Pmdv is relatively constant as a function of
the position of the satellite. However, Ndv changes significantly along the orbit. Thus,

at least for the orbital parameters investigated here, the performance of the radar, in

terms of the MDVs, will degrade significantly as the satellite moves toward the apogee.
This might seriously hinder any advantage gained from improved coverage of a given

geographic area as the satellite reaches the apogee.
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Fig. 8 MDVs of the baseline system.

4.0 PARAMETRIC INVESTIGATION

In this section, we present results indicating how the performance of an SBR

orbiting on an elliptical orbit changes when some system parameters are changed.

4.1 Effect of the look direction of the antenna

As discussed in Ref. 3, significant changes in the shape of the clutter spectra

occur when the look direction of the antenna is changed. For a fixed grazing angle, Ref.

3 has shown that the clutter spectrum broadens as the azimuth look angle, €1, increases

from 00 to 900, resulting in poorer MDVs. The effect of 01 is the same for an SBR on an

elliptical orbit. The reader is referred to Ref. 3 for a detailed discussion on the subject.

For a fixed €1, the clutter spectrum also varies considerably as a function of -n.

Fig. 9 shows the SIR curve for the baseline SBR system for 71=600. Comparing Fig. 9

to Fig. 5 for which 71=30, it is observed that the shape of the SIR curves and the MDVs

of the system change as a function of yl. Moreover, Fig. 9 shows that for a steep
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grazing angle, the shape of the SIR curve changes as a aunction of the orbital position of

the satellite. This was not the case for a lower value of the grazing angle, as seen in Fig.

5.

HbsoLute Speed [m/s)
1240 1440 1640

60

0 '- peru gee
og

Spogee

0

."- oI

-150 -100 -50 0 50 100 150

ReLotLve Speed (m/s)

Fig. 9 SIR curves for the baseline system for a grazing angle of 600

The effect of the grazing angle on the clutter spectra of an SBR orbiting on a

circular orbit has been discussed in Ref. 3. The same considerations apply here and will

be reviewed briefly. As 71j increases, the range to the surface of the earth, Rt, decreases.

This results in an increase of the strength of the clutter return and of the signal from the

target. Also, the size of the footprint of the antenna which is proportional to Rt 2

decreases as 71 increases. Finally, the spacing between the ambiguous range lines

increases with 71. These effects tend to reduce the width of the clutter spectrum and

consequently lower the MDVs. More specifically for the case of Fig. 9 at the perigee,

the footprint of the antenna is relatively small and the ambiguous range lines are far

enough apart that only one range line contributes significantly to the clutter return.

This results in a relatively narrow clutter spectrum and SIR curve. But when the

satellite is at the apogee, the area of the footprint of the antenna is approximately 16

times larger than at the perigee. More range lines contribute to the clutter spectrum,
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resulting in a broader SIR curve.

The MDVs are [-20,16] and [-102,74] when the satellite is at the perigee and the

apogee respectively. Hence, for yl=600, the MDVs change by a factor of almost five as

the satellite moves along its orbit. Clearly, the advantage of better coverage at the

apogee of the radar might be seriously hindered by a poorer radar performance if the

antenna were pointed at a steep grazing angle.

4.2 Effect of the Eccentricity of the Orbit

This section discusses the effect of the orbital parameters of the satellite on the

performance of the radar. It might be expected that the effects discussed in the

preceding sections become more pronounced as the eccentricity of the orbit increases.

This is not necessarily the case since the performance of the radar results from a very

complex set of interactions between the orbital parameters, the radar parameters and

the geometry of the problem. Since some radar parameters change when the orbital

parameters are altered in order to maintain a constant design SNR, it is difficult to

predict the performance of the radar for different orbital parameters.

The problem of varying the orbital parameters of the satellite to investigate their

effects on the performance of the radar is in itself not trivial. But fortunately, there are

some considerations applicable to SBR which help restrict the range of orbital

parameters which can be chosen. The perigee of the orbit must not be much lower than

a few hundred kilometers to avoid excessive atmospheric drag. Also, the antenna size

required to achieve the design SNR increases very rapidly as the apogee increases. In

this report, we thus impose a maximum apogee of 10,000 km fesulting in an antenna sizc

of approximately 50 m to detect a bomber size target located at the Earth's horizon.

We also fixed the perigee of the orbit at 500 km in all cases.

Fig. 10 shows the SIR curves when the satellite is at the apogee of three different

elliptical orbits and the circular orbit investigated in Ref. 3. The four curves have

similar shapes but become narrower as the apogee increases. This results from a number

of factors and Table I is provided to illustrate their relative importance. F8 i higher

apogees, the velocity of the satellite is lower. Also, the antenna is larger which causes a

narrower beamwidth. These effects result in a narrower clutter spectrum, as is shown

next.
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TABLE II

SBR SYSTEM PARAMETERS FOR VARIOUS ORBITS

Apogee Perigee
Apogee Perigee e Rt Vtg Rt Vtg D

km ki) (kinm * (kin) (*) (n

10 000 500 0.4085 16378 3.79 6878 9.03 52.34

5000 500 0.2465 9128 5.14 6878 8.49 37.69

2000 500 0.0983 7628 6.55 6878 7.98 14.40

()Relative Units

IAbsoLute Speed (msl
4779.4 4979.4 5179.4

pogee-50OOkm

0

Q 10

(D apogee-20k,

0 0
1(3

o -10
(I)

(per LgeeSO00kml

-150 -100 -50 0 so 100 150
ReLotLve Speed Wms)

Fig. 10 SIR curves for various orbital parameters.
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Let Vtg be the velocity component of the satellite which is tangential to the

surface of the earth and /3 be the beamwidth of the antenna measured between the 3dB

points of its radiation pattern. The width of the clutter spectrum, AV, is approximately

given by the difference between the Doppler shifted frequencies of the leading and the

trailing edges of the beam. If the antenna is oriented at an angle 0 with respect to the

velocity vector of the satellite,Av is approximately given by

(14) AV [cos (0-/2) - cos (0 + 0/2)]

For /3 small, Eq. 14 can be simplified to

2 v
(15) AV= 2 3sin 0

A

The last equation shows that the reduction in the velocity of the satellite at

higher apogees and the narrower beamwidth of the antenna reduce the width of the

clutter spectrum proportionally. Moreover, as Rt increases the transmitted burst length

increases, which results in a bank of narrower DFT filters in the radar receiver. These

effects are somewhat offset by the higher density of the range lines at longer ranges to

the Earth surface. Although it is not possible to establish a simple proportionality

between the width of the clutter spectrum and the apogee of the orbit, the arguments

given above and in Table II explain the narrower SIR curve of Fig. 10.

Fig. 11 shows the MDVs of the SBR at different points along the four orbits used

in Fig. 10. The PMDVs are fairly constant along the orbit because of the sharp cutoff of

the clutter spectrum on the positive side of the velocity axis of the SIR curves for low

grazing angles. On the other hand, Fig. 11 shows that as the apogee of the orbit

increases, the NMDVs improve, for any position of the satellite along its orbit. As

explained above, this is because the clutter spectrum is narrower as the apogee of the

orbit increases. Fig. 11 also shows that the ratio between the maximum and the

minimum MDVs which occur, as before, at the apogee and the perigee of the orbit

respectively, decreases as the apogee becomes higher. This can be explained using Table

II. At the perigee, Table II shows that the velocity of the satellite is fairly constant for

the various elliptical orbits. Also, since the perigee is the same for each elliptical orbit,
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Rt is the same in all cases and the number of pulses transmitted in the burst and the

density of the range lines is the same. But a significant reduction of the width of the

clutter spectrum is achieved as the antenna size becomes larger to accommodate higher

apogees. Hence, although the difference between the velocity of the satellite at the

apogee and the perigee increases as the apogee gets higher, the larger antenna size

required to achieve the design SNR smooths the MDV versus f curve.

~2550

(p0eapogee=OOkm

o apogee=000krno ::'- ..... ,"" . a-p o ee 5OOkm

-50

-75 altitude=1000km

-100
0 50 100 150 200 250 300 350 400

Position Relative to Pericentre(degrees)

Fig. 11 Pmdv (upper curve) and Nmdv (lower curve) for various orbital parameters.

In summary, there is always variation in the MDVs of the SBR as a function of

the orbital position of the satellite, even for a circular orbit, as shown in Fig. 11. These

differences are more pronounced at larger grazing angles. They tend to even out as the

apogee of the orbit increases, but at the expense of much larger antenna sizes.
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4.3 Variable Burst Length

Section 2 of this report pointed out that two SBR parameters, namely Np and

Pk, could be selected according to three different criteria. In the preceding sections, we

have investigated the performance of the SBR when option two was selected. For this

case, the peak power of the compressed radar pulses is kept constant along the orbit but

the duration of the burst of pulses is adjusted along the trajectory of the satellite to

maximize the value of Np. Fig. 12 shows MDVs of the baseline system if option one is

selected. In this case, Pk is fixed along the trajectory of the satellite and Np, computed

at the perigee of the satellite, is kept constant along the orbit. Fig. 12 shows that the

performance of the radar does not differ significantly in the two cases. The SBR with

constant Np performs somewhat better toward the perigee because of the larger antenna

size it requires to achieve the design SNR. On the other hand, the SBR with variable

Np performs a little better toward the apogee because of its higher frequency resolution

resulting from a longer burst of pulses.
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Fig. 12 Pmdv (upper curve) and Nmdv (lower curve) for the fixed and the variable burst

lengths.
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The real advantage of a variable burst length, however, lies in its requirement for

a smaller antenna. Fig. 13 compares the required antenna sizes as a function of the

apogee of the satellite when the SBR is designed according to options one and two.

Clearly, the significantly smaller apertures of the variable Np option makes it preferable

to the fixed burst length option.
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Fig. 13 Antenna diameter for the fixed and the variable burst lengths.

The third option proposed at the beginning of this report allowed for an

adjustement of Pk in addition to varying Np along the orbit of the SBR. Fig. 14 shows

the MDV of the baseline system as a function of the position of the satellite for a

variable Pk and Np. As expected, the performance is equal at the apogee but degrades

significantly towards the
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perigee as the power is reduced to maintain a constant SNR along the orbit. However,

at the perigee, the power was reduced by a factor of 18.13 dB (64 times). Thus if the

degradation of the performance of the SBR is acceptable, considerable power savings

could be achieved. Since the orbital duty cycle is a strong limiting factor for SBR

systems, a variable Pk should be considered in a detailed trade-off study of a practical

SBR configuration.

100

50-

0

0 fiJ xed power-
o yariable power xe o

50-.

, a

100

0 50 100 150 200 250 300 350 400

Position Relative to Pericentre(degrees)

Fig. 14 Pmdv (upper curves) and Nmdv (lower curves)for the fixed and the variable

power cases.
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5.0 CONCLUSION

The performance of an SBR orbiting on an elliptical orbit varies as a function of

the orbital position of the satellite. The MDVs of the radar become poorer as the

satellite moves toward the apogee of the orbit. This effect is much more pronounced

when the antenna of the radar is pointed at steep grazing angles. As the apogee of the

orbit increases, the performance of the radar is more uniform as a function of orbital

position. However, this is achieved at the expense of a much larger antenna size.

Varying the number of pulses in the transmitted burst as a function of the orbital

position of the satellite allows for a much smaller antenna without a significant

degradation in the performance of the SBR. The variation in the peak power of the

radar as a function of the orbital position of the satellite should also be considered to

increase the orbital duty cycle.

Regardless of other advantages and disadvantages of elliptical orbits, their use to

improve the coverage of a strategic surveillance system may result in a significant

degradation in the performance of the radar toward the apogee of the orbit, depending

on the orbital parameters of the satellite. Since this degradation occurs precisely where

it is desired to improve coverage, the use of elliptical orbits for SBR systems will involve

a careful trade-off analysis between coverage and target detection capability.
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