
Design Trades for Mission/DSN 
Antenna Supportability Using 

TIGRAS 

Yeou-Fang Wang, Ph.D. 
Chet Borden 

John Kehrbaum 
J PLICalTechlNASA 



Bac kg ro u n d 
Mission ops considerations are not adequately 
considered early in the mission/spacecraft 
design life cycle 
- In particular, MissionlDSN antenna supportability 

analysis is not addressed 
TIGRAS SW forecasts DSN ground system 
ability to support space flight missions based on: 
- User (flight project and ground operations) 

requirements for antenna resources over time and 
- Mission design parameters (e.g., project viewperiods) 

TIGRAS allows consideration of ground support 
as a mission design variable and can be 
included as an element of mission design trades 



TIGRAS 
TMOD Integrated Ground Resource 

forecasting and capacity planning 

Allocation and Scheduling tool 
- Mission/DSN Ground system supportability 

- Resource scheduling 
Integrated Analysis Environment (IAE) 

Viewing requirements, constraints, results 
Graphics and text 
Forecast and scheduling analysis 
crosoft Visual C++ / MFC, Excel/VBA 





3 a, >
 

.- - 
3 a, >

 
.- 

3 0 
n
 

cn 
a
 

[IC
 

(3
 

t- 

m 0 
.- 

I 

'I
 
0
 

-
 

.- 
I 



................. ..................... 

I/ 

I S
I
 

............I 
k
l 



TIGRAS Major Algorithms 
Ground resource load forecast 
- Given project resource requirements (including 

continuous, arraying, segmentation, . . .) 
- Given view period, downtime, constraints, ... 
- Distributes multiple simultaneous demands over 

available resources while considering priority, 
constraints, and fairness 

- Identify high contention area for further analysis 
Ground resource scheduling 
- Given resource requirements and constraints 
- Generate a “conflict-aware” schedule using various 

- Perform conflict-checking based on defined rules 

concepts from gradient-descent, heuristics, simulated 
annealing, fuzzy logic, . 
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Supportability by Mission 

*Hypothetical data for illustration only 



Supportability by Major Events 

*Hypothetical data for illustration only 



Supportability by Time 

FW-JME2 0 Supported nonsuwvd €3 Suworted surwv3 I Unsupported surv~val C3 Unsupported nonsurv~~ai 

0.00 111.44 0.W 4.81 111.44 4 81 116.25 
0.00 10994 000 2.56 109.94 2.56 112.50 
0.00 115.73 0.00 0.51 115.73 0.51 116 24 
0.00 221 25 0.00 0.00 221 25 0.00 221.25 
0.W 603.60 0.00 24.90 603.60 24 90 628.50 
0.00 704.55 0.00 39.44 704 55 39.44 743.99 
0.00 65626 0.00 63.70 656.26 63 70 719 96 
0.00 627.15 0.00 116.85 627 15 116.85 744 00 

*Hypothetical data for illustration only 



Daily Supportability 

*Hypothetical data for illustration only 



Mission Projected Lost Time 

OW9/09 00.00 01/26/09 0O:OO 
01/26/09 0O:W 02/02/09 00.00 
02/02/09 00 00 02/09/09 00'00 
02l09/W 0O:OO 02/16/09 00 00 
02/16/09 00 00 02/23/09 OO:M1 
02/23/09 0O:OO 03/02/09 00 00 

*Hypothetical data for illustration only 



Subnet Contention 

*Hypothetical data for illustration only 
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Usage Example: 

Antenna Load Forecast for 
Early Mission Design 

Hypothetical mission: 
Jovian Moon Explorer (JME) 



Hypothetical mission: 
Jovian Moon Explorer (JME) 
Example of The Direct Earth-Jupiter Trajectory 



Hypothetical mission: Jovian 
Moon Explorer (JME) 

Case 1: 
P haselEven t 
Launch Activity 
Cruise 
Cruise 
Encounter Activity 
Cruise 
Cruise 
Encounter Activity 
Prime Mission 
Extended Mission 
Cruise 

Description 
Launch and Early Ops Phase 
Earth-Jupiter Cruise 
Jupiter Approach Tracking 
JOI Tracking 
Jupiter Orbit Reduction 
Jupiter Moon Approach Tracking 
JMOl Tracking 
JME Prime Mission 
JME Extended Mission 
JME Post-Extended Mission 

Start End Requirements 
12/21/2004 1 /20/2005 Continuous (34BWG) 
1/20/2005 1/14/2008 2 8-hour tracks / week 
1 / I  4/2008 3/11 DO08 1 8-hour track / day 
3/11/2008 3/17/2008 Continuous (34BWG) 
3/17/2008 2/12/2009 3 8-hour tracks / week 
2/12/2009 3/11/2009 1 8-hour track / day 
3/11/2009 3/17/2009 Continuous (34BWG) 
3/17/2009 4/16/2009 Continuous (34BWG) 
4/16/2009 6/15/2009 Continuous (34BWG) 
6/15/2009 8/14/2009 Continuous (34BWG) 



E 

JPL DSN Ground Svstem 

DSN antennas are located in Goldstone, CA, Madrid, 
Spain, and Canberra, Australia 
Each site has 70m, 34m, and 26m antennas available 
for supporting interplanetary space flight missions 
The JME study includes DSN support requirements 
from a total of 46 missions, including several at Mars 



Supportability for Case 1 

Y FW-JMEI : El Supported nonsurvival El Supported survival Unsupported survival 0 Unsupported nonsurvival 
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JPh 

Case 2 
Change Prime Mission Date 

From 3/17/09 to 9/13/09 by smaller engine 
burn to get captured into Jupiter system 
Investigate the impact on JME mission 
supportability due to a 6 month delay in 
order to overcome the competition with the 
set of missions exploring Mars 
-Approx. 20% to 40% loss of coverage during 

prime mission phases for case 1 
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JME Mission Contention for Case 2 
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Comparison of JME Results for 
Case 1 and Case 2 

Result: significant improvement in 
spacecraft coverage by the DSN due 
to a 6 month arrival delay 
-Less than 10% loss for any of the prime 

phases 
- Minimal competition from Mars projects 



Viewperiod Contention Limitations 

Is viewperiod contention an adequate 
proxy for mission contention and lost 
time? 
Does high viewperiod contention 
necessarily result in high mission 
contention? 
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Conclusion 
Viewperiod contention is not an adequate proxy 
for mission contention and lost time 
Contention is a combination of requirement, 
viewperiod, and constraints (e.g., antenna 
down t i me) . 
TIGRAS provides an integrated environment for 
all ground resource analysis needs 
Mission designer can use TIGRAS to perform 
early mission analysis to avoid costly redesign 



C u r re n t Deve I o pm en t 
Functionality: 
- More requirement types 
- Enhance scheduling intelligence 
Software: 
- Agent-based distributed multi-tier environment 
- Web services using XMUSOAP 
- Microsoft .NET 1.1 Framework 
- Current server development is called DRAGON 

(Distributed Remote Agents and Global brokers 
N et wo r k) 

- Spacecraft trade/design/simulation and ground 
analysis any time, any where, multiple devices 




