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To:  Small Satellite System Requirements Team 

From:  George Robinson 

Date:  February 19, 2015 

 

Subject:  Preliminary Assessment of Requirements for Cubesat Laser Communication 

 

Introduction and References 

This draft report summarizes a high level conceptual review the possible use of laser communication for 

the downlink communication channel for a small cubesat.  This report looks at some of the preliminary 

requirements for such a system.  The goal is not to provide a definite answer or assessment but to 

provide some of the system tradeoffs for such a system.  The benefits of optical communication is the 

supposed higher data rate and bandwidth for this system as compared to a RF communication system.  

This report starts to collect some of these benefits and examine how the satellite design requirements 

are affected by the goals of the satellite system.  Much more discussion and analysis are required to 

finalize the design requirements and tradeoffs and this report is intended to just get that process 

started. 

The references used in this preliminary study include: 

1. Lunar Laser Communication Demonstration, http://www.nasa.gov/content/goddard/laser-

demonstration-reveals-bright-future-for-space-communication/  

2. LaserlightTM Communications, http://www.laserlightcomms.com/  

3. Majumdar, Arun, K & Ricklin, Jenifer, C, “Free Space Communication”, Springer, 2010 edition 

4. DeCusatis, Casimer, editor, “Handbook of Fiber Optic Data Communication”,  Elsevier, 5th 

edition, 2014 

5. Review of daylight luminosity values, www.wikipedia.org/wiki/Daytlight  

6. Optical Power Sensor examples from www.thorlabs.us  

7. Robinson, George, Small Satellite System Requirements Team, “Preliminary Assessment of 

Feasibility of Satellite Strobe”, June 19,2014 

8. Blue Canyon Technologies (BCT), Nano Star Tracker Bulletin, www.bluecanyontech.com 

9. Blue Canyon Technologies (BCT), XACT Attitude Control System Bulletin, 

www.bluecanyontech.com 

 

Spaceborne Laser Communication Systems -- State of the art  

It is instructive before considering how an optical communication system, here considered to be based 

on laser optics, what is the current state of the art.  [Ref 1] describes the NASA lunar demonstration 

project performed in December 2013, which expanded the broadband communication capabilities of 

laser communication in space.  The data communication capability from close to lunar orbit to Earth was 

http://www.nasa.gov/content/goddard/laser-demonstration-reveals-bright-future-for-space-communication/
http://www.nasa.gov/content/goddard/laser-demonstration-reveals-bright-future-for-space-communication/
http://www.laserlightcomms.com/
http://www.wikipedia.org/wiki/Daytlight
http://www.thorlabs.us/
http://www.bluecanyontech.com/
http://www.bluecanyontech.com/
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demonstrated at 622 megabits per second for downlink and 20 megabits per second for uplink.  The 

referenced article provides other technical details about the demonstration. 

Ref[2] describes how the commercial company. Laser Light Communications, is developing a new high 

bandwidth laser communication between Earth orbiting satellites and ground stations to provide 24/7 

worldwide communication capability. 

For a technical review of laser space communication systems see the reports in the textbook in [Ref 3]. 

[Ref] provides some of the optical communication technology and modulation schemes used in 

terrestrial systems.  A review of current data communication modulation and error correction 

techniques describes the other processing components needed to achieve the high data rate and low 

error rates possible with optical systems.  It remains to be seen how much of this demonstrated 

technology can be implemented in the smaller cubesat form factor.  

 

Assumptions for the small cubesat laser communication system  

The case study assumed for this report is for a LEO satellite that uses optical downlink for high 

bandwidth communication.  The uplink technique is not considered to be optical for this study do to 

regulatory requirements for pointing lasers into the sky. 

The satellite is assumed to be in a 400 km or similar circular LEO with maximum slant range transmission 

to ground stations equal to 600 km.  Transmission is assumed to be at night so that solar illuminance 

noise is not an issue. 

The downlink laser is assumed to have beam divergence of 0.5 milliradians, which is similar to 

commercially available green laser pointers.  The 0.5 milliradian beam divergence can be also expressed 

as 1.72 arc minutes.  

The orbital period is assumed to be 90 minutes.  Actual orbital period will vary with altitude. 

How many satellite attitude degrees of freedom are required for the fight mission? 

The cubesat mission could require that the satellite be able to control its attitude to accomplish at least 

four different sub-missions.  These submissions are: 

1. Propulsion vector control – What direction the thrust be controlled to meet the trajectory 

change? 

2. Solar panel alignment with the sun --  What solar pane attitude is required for maximum power 

generation? 

3. Mission pointing for the sensor – What attitude is required for the sensor to achieve its mission 

goal? 

4. Communication – What direction and attitude should the antenna or optical beam have to meet 

communication requirements? 

Some satellite missions might require all of these vectors to be controllable separately and 

independently.  This would result in a very complicated satellite design.  Since the mission is not known 
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at the time of this study, the attitude control system only purpose is to point the optical beam toward 

the Earth ground station. 

 

Preliminary requirements assessment for downlink laser system optical power requirements 

The communication distance at maximum slant range is assumed to be 600 km.  For the laser 

transmitter, with beam divergence of 1 milliradian, the spot size radius at the ground, here assumed to 

be perpendicular to the beam axis is  600 *tan-1 (0.001) = 6 km, and spot area = 1.13 * 10^8 meters 

squared.  So, for every watt of optical laser power, the ground spot power density, perpendicular to the 

line of sight  is 1 / (1.13 * 10^8) = 8.85 * 10^-9 watts /m2.    This value does not take into account any 

atmospheric extinction effects, so as a practical matter the actual transmitter power will have to be 

larger than this estimate. 

Of course if the product actually used in the design has different beam divergence parameter then the 

ground power density will change.  Likewise if the slant range is increased, the calculated power density 

will also change. 

The required transmitter optical power can be determined when the ground station receiver efficiency 

is determined in the next sections of this report. 

The ground level optical power density is in the ten to the -9 watts of power for each watt of laser 

output power.  This ground spot has low power density and is not considered to pose a safety hazard for 

anyone on the ground.  It would be just visible to naked eye observers in dark skies.  This preliminary 

analysis is not meant to be a full safety review, but the power levels do not seem excessive. 

Preliminary assessment for requirements for position and pointing system capability 

For the orbital period assumed here, the satellite angular ground speed is about 360 * 60 / (90 * 60) = 4 

arc minutes per second.  This means the satellite will have to slew its orientation 4 arc minutes per 

second just to keep its beam pointed at any given ground location.  This requirement sets the required 

attitude control system slew rate. 

The distance between the ground point directly below the satellite and the position with slant range of 

600 km can be determined using the law of cosines.  The angular distance between these two points is 

then seen to be about 3.9 degrees.  So, the satellite can be about 3.9 degrees on both sides of its ground 

track position.  This angular distance corresponds to about 434 km.  The satellite will cover this distance 

in just about 2 minutes and only be able to communicate with the ground station over this distance.  

This distance and short time constrains the opportunities for when the satellite can communicate with a 

given ground station.  Also, the satellite ground track will follow a different track each orbit, depending 

on the orbit parameters, so the number of ground stations needed for continuous downlink capability 

becomes very large. 

What is required for the satellite to point to and track any one particular ground station?  The satellite 

will need to know its position in space, which might be determined by the orbital parameters, such as 

contained in the NORAD Two Line Elements (TLE).  It will also require accurate timing and the satellite 

attitude and be able to calculate the coordinate transformations and point to the selected ground 

station. 
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The attitude control system and pointing control system, if it is different from the satellite attitude 

control system, must maintain the correct pointing angles in two dimensions and track the changes due 

to satellite motion on a continuous basis until the ground station goes out of view.  Based on the 

analysis of the next sections, the pointing accuracy is set to +/- 1 arc minute in both axes.  This value is 

selected because it is just about ½ of the beam divergence angle.  This tolerance includes the effects of 

attitude measurement error, attitude control system error, tracking error, error due to timing errors, 

and errors due to changes in the TLE’s that have not been incorporated.  All of these sources of errors 

will have to be evaluated more completely later during the satellite design 

Preliminary assessment for Ground station requirements for pointing and power level assessment 

How long will one particular ground station be in contact with the satellite?  We saw in the previous 

sections that the ground station will only be visible for a maximum of two minutes.  Once the satellite 

moves beyond the assumed slant range there is not sufficient optical power available. 

Previously, we estimated the power density at the longest slant range from the satellite to be 8.85 * 

10^-9 per square meter per watt of transmitted power.  What sensitivity is required in the optical 

portion of the ground station? 

Laboratory type optical power sensors, found in Ref[6] were used to estimate the available receiver 

sensitivity.  One of the laboratory instruments had lower power sensitivity of 500 picowatts, with sensor 

area of 9.5 mm diameter.  Of course, other components might be found that are more sensitive, but this 

analysis had to have a place to start.  Since the incoming power density is estimated in watts per square 

meter, the actual power received in the optical sensor with diameter of 9.5 mm would be almost 10,000 

times lower or about 8.8 picowatts.  This power is far below the minimum sensitivity of the receiver.  

We can search around and find a more sensitive receiver or use a telescope as part of the ground station 

receiver design. 

Suppose we were to use an 8 inch (20 cm) telescope with the optical power sensor located at the focal 

length.  Then if the telescope is pointed in the direction of the satellite transmitter, the received power 

goes up as the square of the area so the received power is 0.2 * 0.2 * 8.85 *10^-9 = 3.53 * 10^-10 watts 

per watt of transmitted power.  This received power is (3.53 * 10^-10) / (500 * 10^-12) = 0.7 times the 

minimum receiver sensitivity.  To get received power about twice the lowest sensitivity, the transmitter 

power should be adjusted upwards to about 3 watts. 

How accurately should the receiver be pointed at the satellite?  Let’s assume that here to the pointing 

accuracy is +/- 1 arc minute over the whole tracking time of about 2 minutes.  This should be doable 

with commercial amateur type telescope mounts. 

Notice, that the tracking requirements require the ground station to calculate the position of the 

satellite, track to the first onset of optical signal and follow the signal as the satellite moves in its orbit. 

 

Other requirements assessment for downlink total system requirements 

 Other communication requirements, not considered here, include the modulation scheme and error 

correcting scheme used to decode the optical signal.  Reviewing and assessing these requirements 

needs to be performed later. 
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Estimate of background light conditions during daytime 

This section is optional for the main purpose of the report and is included to get some basic 

understanding of how difficult it is to be able to use optical communication during the daytime.  What 

transmitted optical power level is required so that the downlink can be decoded in broad daylight?  [Ref 

5] describes the solar luminosities for bright sunlight and in shaded sunlight illuminated by the full sky. 

The luminosity in shade is about 1/6 that of bright sunlight.  Now if we assume that the requirement for 

daylight reception of a laser beam from LEO does not include the condition when the satellite is directly 

in front of the sun, then the shade condition should apply for the background lighting condition. 

Assume that the ground station optical receiver is the same 8 inch telescope described earlier.  How 

much light will enter that receiver when the receiver is in shade.  To estimate that value, assume that for 

each square meter of ground, the radiant flux from the sky comes from a half spherical dome over the 

given square meter of ground area.  The area of this half dome is then twice the ground area, or 2 

square meters.  Now assume that the incoming sky illumination is isotropic over this entire area.  This 

assumption for isotropic power over the half sphere is conservative and if a more accurate calculation 

were performed it would most likely show better rejection of the background lighting.  The amount of 

sky light entering the telescope receiving system is then .04/2 = 0.02 of the total sky illumination per 

unit meter squared.  Now when this factor is combined with the 1/6 reduction for shade, we see the 

total background skylight into the receiver is 0.02 / 6 = 0.0033. 

Ref[7] listed the power density of a magnitude 6 star as 2.42 x 10^-9 watts per square meter, which is 

just naked eye visible in dark sky conditions.  The power density due to the bright sun is about 1370 

watts per square meter.  But this power level is total star power density and power density in the visible 

wavelengths is only about 45% of this power density.  This is still very bright. 

One way to get rid of the sky background light is to filter out all wavelengths except the wavelength of 

the laser.  So for a black body with temperature = 5800 K, the power spectrum is something like the 

curve shown below. 

 

Now integrate the area under the curve corresponding to the passband of the optical filter.  For a green 

laser, such as that in a laser pointer, the wavelength is about 532.0 nanometers.  Commercial filters are 

available with about 0.7 Angstrom passband.  The maximum effect of Doppler shift for LEO should be 

less than about 0.2 Angstroms.  With this in mind, let’s integrate how much background light will come 

through the filter that has 2 Angstrom passband. 

500 1000 1500 2000

5.0 1012

1.0 1013

1.5 1013

2.0 1013

2.5 1013



6 
 

 
            

                             
   

     

     

 

Which turns out to be 0.026% of the total background skylight level into the telescope.  Now the total 

back ground light at the light dome is 1370 * 0.0033 * 0.00026 = 1.17 x 10^-3 watts into the telescope 

receiver. 

This background power is so large it would easily overpower any received laser light and make signal 

detection very difficult.  And yet the NASA and LaserlightTM Communication reports seem to indicate 

that it can be done.  It’s not clear how to accomplish this task and for now it seems the simple approach 

outlined here is not sufficient to receive the signal in broad daylight. 

 

Review of one vendor’s capability to meet pointing and attitude control 

Blue Canyon Technologies is one vendor that provides navigation and attitude control systems for 

cubesat projects.  Two products, as found in Ref[8] and Ref[9] provide the satellite with star tracker 

capability to determine the attitude of the small satellite in orbit and to control the attitude of the 

satellite with reaction wheels. 

The BCT XACT system is packaged in a ½ U configuration.  The system specifications indicate that 

attitude of the small satellite can be determined and controlled with ½ arc minute.  The power 

consumption is in the range of 1 to 3 watts.  The XACT includes magnetic torque rod control system so 

momentum dumping can be accomplished in LEO.  The XACT comes in a high price version and lower 

cost, but low attitude control performance also. 

BCT provides development systems and software development systems.  Prices were not readily posted 

on the internet, but can be obtained with separate discussion.  

Tradeoffs that can be used during the actual design process 

This report is not the final requirements assessment document and when it comes to actually specifying 

and designing the real small satellite more work and tradeoffs will be needed.  For example, if the 

transmitting laser power can be found at higher or lower power levels, then the size of the ground 

station receiving telescope can then be built smaller or larger, respectively.  If the slant range 

requirement is increased from 600 km to a larger value, then the number of continuous ground stations 

can be decreased, but the transmit power might have to be increased.  These and many more similar 

tradeoffs can be done once a real mission with designated slant range, laser power and number of 

ground stations is determined. 

 

Assessment of satellite power system requirements to accomplish optical communication 

The two main power consumers needed for the optical communication system include the laser power 

and the attitude control power.  The laser power requirements must be adjusted for laser efficiency, 

here estimated to be 25%.  Then the total laser communication system power requirements are 2 + 
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3/0.25 = 14 watts.  This power is needed when communicating with the ground station and might 

impose serious design constraints on the available solar panels providing satellite electrical power. 

 

Summary and Next Steps 

This preliminary analysis of laser communication system requirements looked at downlink capability and 

reviewed transmit power levels, satellite pointing accuracy, tracking of ground station location, 

determination of satellite position, and size of optical telescope receiver.  An attitude control system, 

designed for use in cubesats, was evaluated and found sufficient for the communication requirements.  

This report is not meant to be final or conclusive but only to develop discussion of requirements as part 

of mission design effort and to assist in looking for and assessing available components that can be used 

to build the communication systems.  Next steps include: 

 Review and discuss the analysis and conclusions of this report 

 Follow up on current state of the art and understand the details of the NASA program 

 Review laser vendors and identify products for further consideration 

 Review optical power sensors and identify product for further consideration 

 With actual product beam divergence and power levels in hand, redo the performance 

capability and requirements 

 Include effects of atmospheric absorption into the optical power requirements analysis 

 Review optical digital communication modulation and error correcting approaches to be used in 

this system 

 Perform optical link budget analysis and determine signal to noise margins and requirements 

 Estimate the data rate and error rate capability for this optical communication system 

 Select a baseline project configuration and identify how many ground stations are required for 

some level of data transmission availability and range of opportunity based on typical orbit 

parameters 

 Compare optical communication system performance and cost compared to similar RF 

communication system with its different range of capabilities 

 Consider preparing some prototype system for evaluation 

 Consider how the issues discussed here can be extended for lunar orbits or beyond or 

incorporated into the Cubesat Grand Challenge 

 

 

 

 


