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Introduction: Laser remote sensing has played a key part 
in the success of planetary missions. Laser altimeters such as  

LOLA, MOLA, MLA, NLR and GLAS have created detailed 

high-accuracy digital elevation maps of planetary body sur-

faces, while lidars, such as Phoenix and CALIPSO (as well 

as MOLA and GLAS) have studied atmospheric clouds and 

aerosols. CALIPSO has also demonstrated that the near sur-

face of oceans can be probed with lasers from space. In situ 

laser probes such as on the Venus Particle Sounder and on 

the Mars Science Lab provide unique characterization of 

particles and materials. These successes only “scratch the 

surface” of the laser’s full potential to enable new scientific 

measurements. New laser-related technologies will enable 

new instrument concepts that will help advance our know-

ledge of the solar system. 

 
 Background: A new laser instrument for space 

that exemplifies the  the “Electronically Steerable Flash Li-

dar (ESFL)” developed and demonstrated under an NASA 

Earth Science Technology Office (ESTO) grant.[1,2] ESFL 

is an example of a broader class of laser altimeters/lidars that 

could be categorized as “adaptive”. Figure 1 shows an illu-

stration of the approach.  The new technologies that contri-

bute to this new instrument approach include an acousto-

optic beam deflector (AOBD) which can split the laser into 

multiple sub-beams which can be independently (and accu-

rately) pointed and their amplitudes independently con-

trolled. A second new technology is the CMOS-based flash 

focal plane array which is made up of “smart pixels”, each of 

which has an independent high-speed timing network allow-

ing “time-of-flight” measurements enabling three-

dimensional imaging. A third enabling technology is the 

dramatic parallel  processing capability enabled by new gen-

erations of field programmable gate arrays (FPGAs) suitable 

for the space environment. These allow higher complexity 

control systems and algorithms to be run in real-time , i.e. at 

the typical tens of hertz frame rates of the laser and focal 

plane. This higher –level processing can also accept second-

ary  inputs from co-boresighted cameras and knowledge 

from the attitude control system and GPS (when available), 

as well as databases of past measurements or models (e.g. of 

surfaces) , and autonomously act on this broad sensor input – 

similar to the brain. 

 

The ESFL instrument concept offers a broad range 

of advantages over fixed-beam architectures. The laser is 

operated at a fixed power/thermal setting to maximize relia-

bility. But the output beam can be narrowed or expanded so 

that the back -scattered light from the scene is either concen-

trated on a single pixel or spread across the full focal plane 

(or anything in-between). The former allows the lidar to 

make measurements of distant objects, while the latter allows 

full three-dimensional imaging of the scene as the signal 

strength increases. The system is adaptive in that the laser 

light can be autonomously re-directed to fall in any “region 

of interest”. The region of interest can be broadly defined. It 

can be based on realtime analysis of the previous laser pulse, 

on the approaching scene as sampled by the passive imager, 

or on historical information stored in on-board databases 

perhaps built from previous passes over a region.  

 

 

 
Figure 1: An Electronically Steerable Flash Lidar block diagram; an 

example of an adaptive lidar. Two beam deflectors (hence “2D”)  

deflect the laser beam into a grid of up to 100 by 100 “spots” whose 

backscatter are imaged onto a flash focal plane array (transmitter and 

receiver optics are not shown). A three dimensional image of the 

scene is then created. 

 

The adaptive capability of the ESFL design can 

address different aspects of science measurements needed for 

future space missions. For example, when operated as a laser 

altimeter, the beam pattern can be matched to the natural 

spatial scales of the surface being studied. The number and 

characteristics of the “cross-overs” used in elevation map-

ping can be varied (even as a function of latitude), and signal 

saturation due to varying surface albedo or range variations 

can be eliminated. As a lidar, it can autonomously reconfi-

gure and point its beam to regions of possible above ground 

plumes. As a landing sensor, it can change its beam configu-

ration (e.g. going from a single pixel, to a pushbroom, to a 

box) to optimize the signal-to-noise as a function of the de-

creasing range and approach angle. Similarly, it can be used 

during rendezvous and approach with space objects, autono-

mously transferring from a search mode, to a track and align, 

and finally to a full imaging mode. These are just a few ex-

amples of the advantages, but they do illustrate that new 

technologies combined with dramatic advances in realtime 

processing capability can offer new paths to scientific explo-

ration.  

 

Development Status: A demonstration unit of 

ESFL (see Figure 2) was completed in 2008-2010 under 

ESTO funding and completed three weeks of airborne testing 
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across the United States for the application of forest mapping 

for biomass estimates. [1,3] Additional flight testing of adap-

tive control algorithms are ongoing. The NASA Airborne 

Instrument Technology Transition (AITT) program funded 

ESFL to advance from a demonstration unit to a “facility 

instrument” for use by science investigators. This work will 

be completed in 2012, including additional aircraft flight 

testing for different types of scenes.  

 

 
Figure 2: The ESFL demonstration unit used for aircraft testing. 

This unit utilizes a single acouto-optic beam deflector.  

 

Figure 3 shows the backscatter image from the ESFL li-

dar beams projected on the ground from a plane flying at 300 

m altitude. Ten individual beams have been projected and 

the backscatter of each  is imaged onto a 12 x 12 pixel region 

of the focal plane. This approach allows fine and coarse spa-

tial scales to be measured for each laser pulse. The number 

of beams and angles can be changed for each laser pulse. 

 
Figure 3: Scatter from the earth when flying over at 300 m and 

projecting a ten beam “pushbroom” pattern. Surface albedo varia-

tions vary the intensity of the return signal (color bar – arbitraty 

units) 

 

 In Figure 4 the passive camera image of a shore-

line is evaluated in realtime by an ESFL onboard algorithm 

in both color and roughness of the scene. The algorithm 

identifies the shoreline as the “region of interest” and com-

mands the lidar to point a beam slightly offshore. The air-

craft speed and orientation is compensated for using an inte-

grated global positioning receiver and inertial motion sensor. 

 

 

 
 

Figure 4: A dual image showing a visible camera image and a lidar 

camera image where only one laser spot has been commanded. The 

realtime algorithm operating on the visible camera image is used to 

identify the water/land interface and command the lidar to point just 

offshore. The wind roughened water scatters the laser.  
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