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the incoming downlink beam using quadrant 
cell signal. 

 
Ground Uplink Laser Transmitter (Beacon 
and Data)  
The 1568-nm wavelength was assumed for an 
uplink beacon laser transmitted through the 
ground telescope. The required uplink laser 
power depends upon the flight terminal’s 
control-loop bandwidth. For example, a 10-Hz 
bandwidth requires ~10 W of average laser 
power. A 0.2-milliradian uplink laser 
beamwidth will cover the position uncertainty 
of the spacecraft with adequate margin. 
Operational procedures for conducting safe 
laser beam uplink typically require advance 
notice to the Laser Clearing House (LCH). 

VI.  Laboratory and Ground-to-Ground 
Field Tests 

Emulated signals in the four flight terminal 
channels consist of a live 1.5-Gb/s, 
uncompressed, high-definition (HD) video; a 
recorded 1.5-Gb/s uncompressed HD video; 
eight digitized and multiplexed analog videos 
totaling 1.5 Gb/s data rate; and a 2.5-Gb/s 
pseudorandom binary sequence (PRBS). 
A series of laboratory and field tests was 
performed over a 500-m range and a nearly 
horizontal path. Initially, this verified the static 
pointing of each terminal. Since atmospheric 
beam wander hampers robust links when the 
downlink beam is only 50 µrad in a horizontal 
path, attempts to emulate links with dynamic 
motion provided by rotary stages did not work. 
Measurements were made for the effective 
beam jitter and they agreed with calculations 
of atmospheric beam wander for the 
conditions used in the experiment. Although 
this experiment measured the same beam jitter 
in the many-hundred µrad range, it can be 
reduced to the 10-µrad level by increasing the 
aperture size, performing the link at dawn or 
dusk when the atmospheric seeing is optimal, 
or by going to a link with an elevation greater 
than 20°. 

VII.  Airplane-to-Ground Links 
The flight terminal prototype was fully 
integrated with an aircraft for flight test of the 
acquisition, tracking, and pointing assembly 
(Fig. 10). To acquire the ground station, the 
flight terminal uses a commercial inertial 
measurement unit (IMU) to blind-point to the 

ground station location. The IMU is not 
necessary for spacecraft links since ephemeris 
knowledge is available through its avionics 
subsystem. The flight system acquires and 
tracks on the uplink beacon signal using a 
camera that is co-aligned with the flight 
receiver. 
To acquire the aircraft from the ground, we 
use an all-sky camera that incorporates a 
fisheye lens with a CCD camera. Frame 
subtraction is applied to the images to identify 
airplane lights. Once the airplane is identified, 
coordinates are passed to the gimbal to point 
to its location. The camera on the gimbal finds 
the airplane lights, tracks it, and illuminates 
the aircraft with the beacon. 
The tracking control on the flight system is 
transferred to the quad cell when the uplink 
beacon is detected. The downlink laser signal 
should be illuminating the ground system at 
this point. Two-way, closed-loop tracking 
occurs following the above procedures.  

 
Fig. 10. Flight terminal together with electronics 
and laser integrated in a Cessna 206 aircraft. 

Figures 11 and 12 show data from an airplane-
to-ground test. The plane would fly about the 
ground station at a slant range of 5–7 km and 
elevation of 15–30°. The ground terminal 
could acquire the flight terminal and the flight 
terminal could track on the uplink beacon. For 
the initial experimental links from the airplane, 
the downlink beam was widened to 300 µrad.  
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Fig. 11. The upper graph shows the flight terminal 
gimbal pan angle while the lower plot shows the tilt 
over a period of 25 s while tracking. 

 
Fig. 12. The upper graph shows the light incident 
on the flight terminal quad detector while the lower 
plot shows the measured pointing over a period of 
25 s while tracking. 

 

In conclusion, JPL is developing a compact 
lasercom terminal for 10-Gb/s data downlinks 
from LEO spacecraft. Prototypes of the 
optomechanics assembly and gimbal for the 
flight system, as well as the electronics/laser 
assembly for the flight terminal, were 
developed and successfully tested. A portable 
test ground terminal to receive the high-rate 
downlink and provide an emulated uplink 
beacon has also been built and tested. The two 
ends of the link have been tested in a dynamic 
laboratory environment that emulates the real 
satellite link with equivalent angular rates of 
motion. Airplane-to-ground links are ongoing. 

The final product of this project will be the 
realization of a full prototype lasercom 
terminal that will require minimal further 
technology development, with no need for 
flight component development. 
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