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http://www.isro.gov.in/
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ISRO Mars Orbiter Mission

Agenda

•JPL MDNav Support of ISRO Missions – Past &
Present
•Spacecraft
•Launch/Trajectory
•IDSN (Indian Deep Space Network) Validation
•‘Flexible’ Mission Design Plans
•MOI
•Results
•Work to Go
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ISRO Mars Orbiter Mission

JPL MDNav Support of ISRO Missions – Past & Present

• JPL Mission Design and Navigation (MDNav)
previously helped ISRO with their lunar orbiter launched
in 2008, Chandrayaan-1

• JPL MDNav Role: Perform navigation activities in
development, design, and operations

• Additional task on MOM: IDSN validation

• Note: DSN provided telecom and tracking data for both
Chandrayaan-1 and MOM
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ISRO Mars Orbiter Mission

MOM Cruise Configuration

S/C Body X == Yaw
S/C Body Y == Roll
S/C Body Z == Pitch
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ISRO Mars Orbiter Mission

Two Key Points About MOM Spacecraft That 
Impacted Navigation

• Unbalanced Thrusters
– Frequent desats meant frequent dv’s
– Fortunately, largest component was Y, and in line-of-

sight

• S-Band
– Noisier data, both Doppler and ∆DORs
– More sensitive to media
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ISRO Mars Orbiter Mission

AMD* Activity – Events per Day

*AMD – Angular Momentum Desaturation
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ISRO Mars Orbiter Mission

Launch
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ISRO Mars Orbiter Mission

MOM Trajectory

Note: Earth phasing orbits and Mars insertion orbit not to scale
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ISRO Mars Orbiter Mission

IDSN Validation

• JPL MDNav also tasked with IDSN validation
• IDSN Doppler: 

– Compatible with DSN to level of limiting factors
– Limiting factors:

• Frequent desats limit higher precision trajectory determination
– Inhibit ability to create higher accuracy solar pressure model

• Accuracy of media calibrations
– Increased sensitivity at S-band
– Proximity of Geomagnetic Equator

• Possible station location error

• IDSN Range: 
– Most noticeable is higher noise, 3.8 m vs 0.6 m for DSN
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ISRO Mars Orbiter Mission

Fit IDSN & DSN Doppler/Range/VLBI
IDSN & DSN Doppler Residuals

10 to 17 September 2014

Scale +/- 2 mm/s

Bias  0.0011 Hz / 0.07 mm/s
SD    0.0074 Hz / 0.49 mm/s

60 second count time

IDSN Data in green
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ISRO Mars Orbiter Mission

Challenge: ‘Flexible’ Mission Design

• Examples include TCM’s 3 and 4:

• TCM-3: Aug. 14 -> Aug. 21 -> Aug. 19 -> Aug. 30
-> cancelled!

• TCM-4: Sept. 14 -> MOI-15h -> MOI-41h -> MOI-
24h -> MOI-41h (again!)
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ISRO Mars Orbiter Mission

MOI
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ISRO Mars Orbiter Mission

B-plane 20 Hours Prior to MOI
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ISRO Mars Orbiter Mission

B-plane Just 2 Hours Prior to MOI
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ISRO Mars Orbiter Mission

The Results
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ISRO Mars Orbiter Mission

The Results, continued

• Gale Crater and Taytay Crater as seen by Mars Colour Camera

• Pics taken from ISRO MOM website
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ISRO Mars Orbiter Mission

Time Magazine – 25 Best Inventions of 2014
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ISRO Mars Orbiter Mission

Work To Go

• ISRO plans to launch Chandrayaan-2 in 2017
– Lunar mission with lander and rover

• ISRO plans to launch MOM-2 in 2020

• JPL plans to continue support these missions in a
similar capacity



October 21, 2015 21A Journey with MOM


	Slide Number 1
	Slide Number 2
	Agenda
	JPL MDNav Support of ISRO Missions – Past & Present
	MOM Cruise Configuration
	Two Key Points About MOM Spacecraft That Impacted Navigation
	AMD* Activity – Events per Day
	Launch
	MOM Trajectory
	 Geocentric Phase and Trans Mars Injection
	IDSN Validation
	Fit IDSN & DSN Doppler/Range/VLBI� IDSN & DSN Doppler Residuals
	Challenge: ‘Flexible’ Mission Design
	MOI
	B-plane 20 Hours Prior to MOI
	B-plane Just 2 Hours Prior to MOI
	The Results
	The Results, continued
	Time Magazine – 25 Best Inventions of 2014
	Work To Go
	Slide Number 21

