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10x10 Multi-Beam Lidar Power Distribution showing evolution of 
optimized power maps with simplified image weighting 
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how best to create the weights are a major part of the first year modeling study. However, this 
type of interface and architecture has already been demonstrated to work well on other complex 
ground-based systems including robotic vision systems using MPC but will need to be tuned for 
this application. It is not clear yet whether the data fusion from the lidar return and the camera 
(infrared or visible) will occur at a lower level or the second level and another key element of the 
year one study is further definition of task segmentation. 

The main output product of the MPC control system is a new NxN power map (10x10 in this 
case) at each time step which is then easily mapped to frequency, power and phase signals - this 
results in 100 individually tilt controlled beamlets. As a way of illustration, in Figure 4, we show 
on the left an image of the Panama Canal from space and a potential ground-track. We have ex-
tracted four sub-frames images (as shown), which represent approximately 14 seconds of total 
travel time from center of frame 1 to the center of frame 4. On the right side is shown a sequence 
of power maps – corresponding to labels on the ground track – with tall pillars indicating high 
optical power (red) and blue pillars indicating little to no optical power in the pixel. To generate 
these power maps we used very simplistic weighting by assigning white colors (clouds, for ex-
ample) to have low weighting importance and dark colors (heavy forest, for example) to have 
high weighting. What can be seen is that the power maps evolve rapidly from scene 1 to scene 4, 
indicating rapid change in the optimal placement of laser power. If one were to take smaller steps 
than the 4.7 seconds shown, the evolution of the 10x10 power maps would be more apparent. 
This simplistic case was done without any control (except human) – the MPC optimizer would 
be evolving a predicted map from the camera and adjusting the power map according to con-
straints and weights. The actual power map would have a threshold applied and so that many of 
the power maps pixels shown in Figure 4 would in fact have a zero power allocation. The im-
portant point is that the fast layer of the MPC controller needs to operate on the space-based plat-
form to keep up with the rapidly changing scene dynamics. 

In Section 1.3 we compare MPC to other technologies but here we describe in more detail it’s 
features and challenges. Model predictive control possesses some attractive characteristics as a 
candidate ESFL control framework. Firstly, because model predictive control re-plans optimal 
beamlet directions and power allocation at each sampling instant, it is conceivable that infor-
mation extraction can be maximized in the presence of uncertainty in comparison to higher-level 

 
Figure 4. Left: A 396x540 image of the Panama Canal with a black arrow showing a ground track with 4 FOV frames 

(20x20 mile each). Right: Illustrates how the power maps would change for 100 ESFL beamlets as science 
information changes using simple image weighting (clouds heavily penalized and water positive weighting). 

•  Enable new measurement strategies through autonomous, 
real-time control of configurable instruments 

•  Conceptualize an onboard multi-layered system 
architecture based on Model Predictive Control 
(MPC) technology 

•  Assess value, performance and operating 
characteristics considering clouds and multiple 
constraints 

•  Apply to an Electronically Steerable Flash Lidar 
(ESFL) to demonstrate approach 

•  Conceptualize application to U-class satellites 
•  Demonstrate feasibility and effectiveness of onboard MPC 

architecture in reconfiguring an ESFL in a laboratory 
setting 
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•  Demonstrated that the Model Predictive Control architecture can optimize remote sensing data collection for lidar 
•  Performed extensive mission analysis of lidar on-orbit requirements to create baseline set of scene models  
•  Demonstrated the software product will provide autonomous, rapid and adaptive data collection by creating a science 

optimized, time-evolving power map   
•  Power map indicates energy going to individual pixel of interest as scene changes 


