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based on various telecom options a link analysis was performed to determine possible downlink 
data rates. 

To determine the antenna pointing requirement a simulation model for EPIC spacecraft 
trajectory with spinning and precession was built on the Satellite Orbit Analysis Program 
(SOAP) tool.  Three ground stations, with one at each DSN site were modeled.  The spacecraft 
communication antenna was modeled and was pointed towards Earth Nadir. A simulation was 
executed to determine the antenna pointing requirements.  The angle between antenna pointing 
axis and the spacecraft spin axis was recorded.  The results show the effect of the spacecraft 
spinning, precession and the Halo orbit. 

Fig. D.2 shows the angles between the spacecraft spin axis and antenna pointing axis as 
generated by SOAP.  The plot on the left labeled as 702AnglePrecToEarthNadir, shows the angle 
variation along the elevation axis.  What is seen is that antenna pointing is 45 deg off the 
Spacecraft spin axis and goes thru a variation with +/-10 deg (worst case) due to the effect of 
precession and halo orbit (note this is with a larger halo orbit, but has now been reduced to +/- 2 
deg).  The shaded region in the plot shows the effect of the precession and its details are seen in 
Fig. D.3, including the de-spin affect on the azimuth axis. 

 

Angle variation due  to Halo Orbit Angle variation due to spin @ 1rpm
Angle variation due  to Precession

EarthEPIC-SCHalo Orbit

 
Figure D.2:  SOAP antenna pointing results (effects of halo orbit, precession and spin).  Note that the angle variation 
is computed for an earlier orbit with a significantly larger halo diameter. 
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Cone Angle shows near term oscillating effect due to precession

 
Figure D.3.  SOAP antenna pointing result (effect of precession). 
 

The SOAP results indicate that there are 3 options for the spacecraft antenna which are as 
follows: 

a. Earth Nadir pointed HGA requiring continuous 2-axis control 
- Axis-1 to counteract the spin-affect of the spacecraft at a rate of 360deg/min. 
- Axis-2 to continuously point antenna to Earth Nadir at a rate of 0.33deg/min 

b. Earth Nadir Pointed antenna with wider beamwidth of 21.4 deg requiring continuous1-
axis control for to de-spin.  This option is applicable to EPIC-LC at low data rates. 

c. A bi-conical antenna pointing in the direction of spin axis.  Antenna pattern starts 35 deg 
from spin axis to 55 deg from spin axis.  This option is also applicable for the EPIC-LC 
low data rate case.  (Note that this option has now been revised based on a smaller orbit, 
and a higher antenna gain). 

D.2 Specifications 
After the SOAP simulations, link analysis was performed along with various spacecraft 

antenna, amplifier and ground network options to determine the feasibility of the link and 
achievable data rates.  Table D.1 shows the link analysis results performed for the X-band 
downlink 
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Table D.1.  X-band Downlink Performance Summary 
Pointing Option AntType AntSize

(m)
Mass

(kgms)
AntBW
(deg)

Ant Gain
(dB)

SC-Amp
(W)

GndStation Gnd-Gain
(dB)

DataRate
(Mbps)

Comments

2-axis Control Dish 0.4 6.9 7.47612426 28.3825333 13 12m 58.65 4 TeamX results
Dish 0.5 6.6 5.98089941 30.3207335 5 34m 68.29 4 TeamX results

DSN-Array 4 Don't need DSN array

1-axis Control Dish 0.14 9.1 21.360355 19.2638941 70 12m 58.65 4 TeamX Results
0.14 7.1 21.360355 19.2638941 10 34m 68.29 4 34m option studied and is feasible

DSN-Array Don't need DSN array

Annular Pattern 
(18 element 
antenna network)

Dish 0.14 24.1 21.360355 19.2638941 70 12m 58.65 4 Use horn for 1G option with total of 18 elements 
to cover 360deg.  There will be switching network 
in the backend to switch between antennas.  This 
will require switching algorithm and knowledge of 
the earth with inputs provided from ACS.  This 
option requires a complex switching network with 
estimated mass of about 15kgms.

0.14 24.1 21.360355 19.2638941 10 34m 68.29 4 Same as above
DSN-Array 4 Don't need DSN array

Single Annular 
Antenna

Horn 289x175mm 9.7 20.5 5 100 12m 58.65 0.197 Biconical antenna as designed by Aluizio with 
20.5 deg HPBW provides 5dB antenna gain

289x175mm 9.7 20.5 5 100 34m 68.29 1.83 Biconical antenna as designed by Aluizio with 
20.5 deg HPBW provides 5dB antenna gain

DSN-Array Don't need DSN array  
TeamX
Study

Other
Options

LowRate
Option

DSN-Array
Option

Not
Needed

Not
Feasible   

NOTES:   
1.  Mass estimate includes Antenna, Amplifier, Radio, Switching network (if applicable) and other misc components as stated in  
TeamX.  The mass estimates do not include the mass for the gimbals. 
2.  DSN-array is currently not a project.  The rule of thumb for DSN-array is to use < 50% of total elements which amounts to 200. 
3.  Antenna gain for bi-conical antenna is based on theoretical estimates provided from antenna team and requires further analysis to provide 
more accurate inputs. 

 
A 12m ground antenna suffices for X-band downlink at 4 Mbps with a 2-axis or 1-axis 

antenna pointing mechanism.  In the case where there is a need to avoid any pointing 
requirement on the spacecraft antenna, a single bi-conical antenna with a 12 m ground antenna 
will require a reduction in the data rate to about 197 kbps.  The other option is to use a 34 m 
ground station which supports 1.83 Mbps downlink as seen above. 
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Table D.2 Ka-band Downlink Performance Summary 
Pointing Option AntType AntSize

(m)
Mass

(kgms)
AntBW
(deg)

Ant Gain
(dB)

SC-Amp
(W)

GndStation Gnd-Gain
(dB)

DataRate
(Mbps)

Comments

2-axis Control HGADish 0.8 8.9 1.21487019 44.165466 10 12m 68.4 20 TeamX results
0.8 5.7 1.21487019 44.165466 5 34m 76 20 34m option studied and is feasible
0.8 8.7 1.21487019 44.165466 5 34m 76 60 Other 34m options to reduce tracking time
0.8 8.9 1.21487019 44.165466 10 34m 76 121 Other 34m options to reduce tracking time

DSN-Array 20 Don't need DSN array for 2-gimbal option

1-axis Control Horn 0.04 24.2974038 18.144866 4000 12m 68.4 20 Option not feasible, since the maximum amplifier 
assumption is 100W (project input)

Horn 0.04 8.4 24.2974038 18.144866 100 12m 68.4 0.5
Horn 0.04 24.2974038 18.144866 800 34m 76 20 Option not feasible, since the maximum amplifier 

assumption is 100W (project input)
Horn 0.04 8.4 24.2974038 18.144866 100 34m 76 3.4
Horn 0.04 24.2974038 18.144866 10 DSN-Array 95.4 20 Option not feasible since it requires DSN-array 

with 661 elements --> Max elements is 400
Horn 0.04 8.4 24.2974038 18.144866 100 DSN-Array 85.4 20 Option feasible w/ 70-element DSN array.  

Important to remember that DSN-array is not a 
project and a backup option will be required if 
Array is not ready by the time of this project

Annular Pattern 
(20 element 
antenna network)

Horn 0.04 24.2974038 18.144866 4000 12m 68.4 20 Not feasible

Horn 0.04 23.9 24.2974038 18.144866 100 12m 68.4 0.5 Low Rate Option
Horn 0.04 24.2974038 18.144866 800 34m 76 20 Not feasible
Horn 0.04 23.9 24.2974038 18.144866 100 34m 76 3.4 Low Rate Option
Horn 0.04 23.9 24.2974038 18.144866 100 DSN-Array 85.4 20 Use horn for 1G option with total of 20 elements 

to cover 360deg.  There will be switching network 
in the backend to switch between antennas.  This 
will require switching algorithm and knowledge of 
the earth with inputs provided from ACS.  This 
option requires a complex switching network with 
estimated mass of about 15kgms.

Single Annular 
Antenna

Horn 335x231mm 10.3 20 10 100 12m 68.4 0.078 Conical antenna with 20deg BW can provide 
about 10dB antenna gain.  

335x231mm 10.3 20 10 100 34m 76 0.5 Conical antenna with 20deg BW can provide 
about 10dB antenna gain.  

335x231mm 10.3 20 10 100 DSN-Array 85.4 3.9 This option requires 70 element array of the DSN-
array

335x231mm 10.3 20 10 100 DSN-Array 92.5 20 This option requires 300 element array of the 
DSN-array  

TeamX
Study

Other
Options

LowRate
Option

DSN-Array
Option

Not
Needed

Not
Feasible  

NOTES:     
1.  Mass estimate includes Antenna, Amplifier, Radio, Switching network (if applicable) and other misc components as stated in 
TeamX.  The mass estimates do not include the mass for the gimbals. 
2.  DSN-array is currently not a project.  The rule of thumb for DSN-array is to use < 50% of total elements which amounts to 
200 
3.  Antenna gain for biconical antenna is based on theoretical estimates provided from antenna team and requires further analysis 
to provide more accurate inputs. 
 
Ka-band downlink requires 2-axis control to support a 20 Mbps downlink.  There are other data 
rates that can be supported by 2-gimbal spacecraft antenna by using a 34 m ground station.  20 
Mbps can be supported with a 5 W amplifier and a 34 m ground station with about 7 dB link 
margin.  The data rate can be increased to 60 Mbps with the same uplink and downlink scenario 
but reducing the link margin to 2.2 dB.  The final scenario is to increase the amplifier to 10 W 
and double the data rate to 121 Mbps.  These data rates are feasible at Ka-band since Ka-band is 
not band-limited like X-band.  The other options for Ka-band link are to use either 1-axis 
spacecraft antenna or a Ka-band bi-conical antenna but either option requires DSN-array ground 
network.  A DSN-array is currently not a project and future plans are not well understood. 
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