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Roughness vs. Scale
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LOLA in test fixture

•  Surface reflectivity, slope, roughness-  Reflectance 10% relative accuracy, 30-cm roughness using pulse edge timing, 10 
cm range precision, bidirectional slopes on 25-m baselines to 0.25°. -  examples on following slides

•  LOLA only returns leading and trailing edge times and Tx/Rx 
energies, not full waveforms
-  Reflectivity and roughness must be inferred from models and ground calibrations.
-  Slopes may be derived from multi-spot baselines
-  extrapolate to smaller scales?

LOLA measurement requirements
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30-cm (2 ns) resolution is 
achievable if signal-to-noise is 
high and energy is known
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Lunar Laser Altimeter Summary
All use Nd-YAG 1064-nm pulsed lasers and waveform edge 
detection. Each altimeter has unique characteristics, but data 
return from LOLA exceeds by far all the others. 



Typical  pattern 
at low latitudes

LOLA is the first lunar altimeter to resolve 
slope and roughness at scales below 1 km.

Ground track sampling density of previous 
instruments can at best resolve slopes in one 
dimension at hundreds of meters 
(Chandrayaan LAM).

LOLA provides roughness measurements at 
two scales:
footprint pulse spreading, 2-5 m
spot-to-spot elevations, 20-50 m
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Diffractive spot pattern, overexposed image

LOLAʼs  five-spot pattern allows bidirectional slope 
measurement with a single shot.

Each laser pulse is split into 5 spots 
with 500 μrad spacing,  rotated 26° 
to  produce  overlap.  Return  signal 
routed by fiber optics to 5 detectors 
and time-of-flight counters.

First month’s pattern within 0.1° (3 km) of pole



Roughness vs. Scale
• Slope (Δz/Δs) determines stability limit of regolith (~35°) ,

where z is the height, s is the baseline distance
• Roughness(Root Mean Square height) usually scales with 

baseline according to a power law:
RMS Δz ∼ sH

where H  is the Hurst exponent, typically 0.5-1.

H= 0.5

slope, H= 0.5

slope, H= 0.75
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Altimetry July 19, 2009 - Nov. 3, 2009

Tycho



Radar Topography of Tycho & images
(30-m accuracy, ~200m resolution; fine layering unresolved)

Margot et al., 1999



Preliminary LOLA DEM of Tycho  and some profiles
interpolation between ground tracks necessary



N-S profiles of Tycho and spot-to-spot slope

terrain is offset 
~0.5 km

central peak profile



Tycho spot-to-spot slope
N-S component of 
bidirectional slope 
calculated from 3 
adjacent spots (~25 
m baseline)
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N-S profiles of Tycho and spot-to-spot slope

N-S component of 
bidirectional slope 
calculated from 3 
adjacent spots

26.5°

5.7°



Tycho pulsewidth

Detector 3 
pulsewidth at fixed 
gain and threshold

Topography 



Tycho slope and pulsewidth

pulsewidth

slopeSlope and 
roughness are 
spatially 
correlated.

Statistics at 
several scales 
can be used to 
derive 
quantitative 
results for 
comparison with 
ground truth.



Global pulsewidth will require further calibration for 
effects of changing link margin/sensor alignment

1.5 months in 
nominal orbit.

Effects of 
varying 
reflectance are 
noticeable, as 
well as 
roughness of 
non-mare 
surfaces.



Global bistatic reflectivity map (0° phase)

Preflight 
calibration at 
1064 nm was 
fairly close to in-
flight results.

Opposition 
surge, shifts in 
near-IR mineral 
absorption 
bands will be 
studied.



Implications for Exploration
•  LOLA data can resolve roughness at a large 

range of scales, from ~5 m footprint to 
basin.

• Fractal models can be applied to 
extraplolate surface properties statistically to 
exploration-scale - work in progress.

•  Lunar roughness is an indicator of impact 
processes and maturity of regolith.

• Calibration is underway, but safe to say that 
interior of Tycho is too rough for rovers.


