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• Safe Target Selection (STS) is the function that 
selects a safe landing target to land on from an on-
board Safe Target Map

• It uses the location knowledge (~40 m) provided by 
the Lander Vision System (LVS) Sensor

• It picks a target within reach of the powered flight 
divert capability (up to 650 m)

Safe Target Selection
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• The Safe Targets Map is an onboard map that has 

– Range: 20x20km

– Pixel size: 10x10 m

– Safe Target pixel designation (2 bit)
• Red 
• Orange 
• Yellow 
• Green

– Safe targets map sized to balance map coverage, resolution 
and precision within resources (memory use)

Safe Targets Map
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• The Safe Targets Map needs to define safe targets based on:
– the hazard level of the terrain
– Terrain Relative Navigation errors [Ref Swati] (which require to buffer 

the areas around the hazards)
• LVS localization error: ~40 m
• Navigation error after localization: ~15 m
• Control error: ~1 m

• Landing Site Hazard Maps are generated by the M2020 EDL 
Council of Terrains and include the following hazard levels:

• 100% failure rates for high slopes (>35 deg), inescapable hazards, 
and large rocks (>1.5 m in diameter)

• 15% failure rates for mid slopes (25-35 deg).
• 0-20% failure rates for medium size rocks (0.5-1.5m), non 

observable from space, based on rock distribution models.

• Methodology to build Safe Targets Maps needs to be tunable
• Different sites will have different distributions of hazard levels

Building the Safe Targets Map 
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1. Analyze Hazard Map for a given landing site

2. Apply TRN padding kernel

3. Generate safe target designations by thresholding at 
desired safety levels.

Steps to build Safe Targets Map 
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• Landing Site Hazard Map provided by 
M2020 Council of Terrains (R. Otero)

• 20x20 km
• 1x1 m pixel
• Hazard level resolution: 0.01%
• Hazard map co-registered to LVS map

• Histogram of hazard levels and its 
cumulative distribution in log/log scale

• Assess distribution and magnitude of 
hazards

• Define “large hazards” => to be avoided
• Hmax (NES: >4%)

• Define “safe landing level” => ok to land
• Hmin (NES: <0.75%)

Step 1: Analyze Landing Site Hazard Map
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• Objective of the “top hat” padding 
kernel is to provide a mechanism to 
make landing target pixel 
designations (Red, Orange, Yellow 
and Green) that can trade hazard 
level and TRN padding.

• “top hat” padding kernel features
– (a) minimum padding for all hazards 
– (b and Hmin) guarantee that Green 

designations around Red (>Hmax) 
hazards will have maximum padding  

– (c and Hm) “top hat” mid-wing enable 
Yellow/Orange designations to trade 
mid-hazards and padding around 
Red hazards.

Step 2: Tune and apply TRN “top hat” 
padding kernel

Hmin
Safe 
landing 
hazard 
level
(<0.75%)

“Hm” mid-wing

Hmax
Large hazard
Threshold 
(4 %)

a (32 m)

b (64 m)

c (48 m)

zoomed
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Hazard Level (0-10000)
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STS map generated by 
thresholding the padded map 
as follows:

Red: Failure > 4%
Orange: Failure 1.25-4 %
Yellow: Failure 0.75-1.25%
Green: Failure < 0.75 %
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Safe Targets Search Region (‘the wedge’)
– Spans 335 m diameter reachable region beyond the 300m MSL divert.
– Sized to minimize backshell recontact by limiting the wedge azimuth
– Within Powered Descent 90% throttle constraint.
– Parameterized by rmin, rmax and daz.

rmin rmax

daz

Req.
Reachable 

Region

Fuel Remaining Contours
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• Reverse wedge feature enables landing on the 
opposite wedge when there are extended hazards on 
the prime wedge. 

– This increases backshell recontact risk. 
However, MSL showed that the relative risk 
between the prime and secondary wedges was 
marginal (<0.5 %)

– Feature enables to trade backshell recontact risk 
with landing hazard risk for areas with extended 
hazards.

– Feature enabled by parameter.

• Selection decision as indicated in the table

• Logic selects an ”MSL divert” if:
a) do_sts parameter is set to disabled
b) LVS does not produce a valid measurement
c) A safe target (non Red) is not found

STS safe target decision
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• Developed preliminary approach for Mars 2020 safe target selection.

– Proposed a methodology to generate the on-board safe targets map based 
on landing hazard maps and TRN capability

– Developed preliminary algorithms for the onboard safe target selection

Conclusion

Thank you!
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