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What is Needed for a Lunar competition Racer? 
 
 
Requirement:  
Two surface rovers, configured as racing vehicles, will run a course from the lander around a camera 
remotely deployed from the lander during descent, and back to the lander, as shown in Fig. 1. 
 

 
 

Figure 1.  Map of the Racecourse 
 

In this document, we’ll discuss some of the things needed to build these racers.  One of the most 
important things, is how much the racer weighs.   Your racer cannot weigh more than 5 kg (or about 11 
pounds).  This will be carefully weighted, so do not exceed this value.  Also, unlike earth, the moon has 
no atmosphere to breath or shield from the sun’s radiation.  Therefore, the moon gets really cold at night, 
and very hot during the day.  In the next section we’ll talk more about those constraints.  The racers are 
designed for speed.  There is no requirement for how long they must survive on the surface following the 
race, and no other objectives than the race.  Therefore, we must consider what it takes to design and build 
a racing rover for the moon and is shown in Figure 2.  
 

 
Figure 2.  Breaking Down What a Lunar Racer Needs 

 
We’ll examine some of the electronics applied to the racers, specifically, the power, computer, and 
communications systems.  These systems will be common to each of the racers to keep the cost and mass 
to a minimum.  However, how they are installed and used is up to you, so not to constrain the creativity of 
the designers.  Several particular items, normally used in making small cubesat spacecraft commonly used 
in earth orbit, were selected.  These components are commercially available, cost effective, and allow the 
designers to focus on the parts of the racers that are unique to their own design, rather than architecting 



core vehicle systems.  Other components, such as the WiFi module, will take some significant 
modification to be suited for racing on the surface of the moon.  
 
Background: 
The IM-1 mission will land on lunar near side, on a fairly smooth area, near the equator.  A lunar “day” 
consists of a sequence of 29.5 consecutive 24-hour earth days.  A “waxing” moon is s crescent, where the 
sun is rising on the horizon, similar to what is seen on earth in the morning.  Lunar noon corresponds to 
what we see on earth as a full moon, is when the sun is directly overhead.  A “waning” moon is another 
crescent when the sun is sinking toward the horizon, like what is seen on earth in the afternoon.  These 
phases are shown in Figure 3 below. 
 
 

 
Figure 3.  Moon Phases 

 
The temperature extreme of lunar night for the cold case will not be encountered, as racing cannot occur 
in the darkness.   The opposite extreme, for hotness at lunar noon, is also not fully expected to apply due 
to when the race is planned during the mission timeline.  So, while we do not expect to encounter the full 
extremes during racing, these environments will need to be factored in the design.  Surface temperature 
extremes during a lunar day range between -173 deg C (cold case) and +126 deg C for the hot case).   The 
radiation environment on the moon, which is more severe than in low earth orbit (LEO), is also a 
consideration.  For purposes of this paper, a reference is made to an analysis of radiation susceptibility of 
cubesat avionics on a 40-day transit from LEO to the moon and has cumulative exposure limit of 110 
kRAD over this period, in what is called a Total Induced Dosage (TID).  Several, but not all, of these 
components are manufactured from a single supplier, so that integration and compatibility is maximized. 
 
Findings: 
The power system was the first thing we looked into.  The racers will require batteries to power all its 
systems once separated from the lander.  Because the purpose of a racer is to go fast, the power draw from 
the drive system will be very high.  On the other hand, the power draw from the computers and radios will 
be pretty low, as they don’t require much energy.  In order to balance these loads out and make sure the 
right voltage gets to the right part of the racer, a load control module is needed.  The 8-cell Endurosat 
Battery Pack + EPS II control module, was selected.  It can output a maximum current of 8 Amps and 
offers outputs onto a wide variety of bus voltage loads.  It also has built-in heaters to help keep the 
batteries warm, overcharge protection, and an operating temperature range of roughly -40 deg C and +85 
deg C, which is right in the middle of our expected temperature extremes.   Picture of this battery and 
control module is shown in Figure 4. 



 
Figure 4.  Battery and Power Control Module 

 
Note that the battery system is completely enclosed for protection from dust & radiation and has been 
tested to a Total Incident Dosage (TID) level of 100 kRAD, so despite that it was designed for earth orbit, 
it is our recommended selection.  Total mass of the battery, switching module, and radiation shield is 
1350g, making it the heaviest component we’ll list in this paper.  
More information on the power system can be found at the following link: 
https://www.endurosat.com/modules-datasheets/SmartEPS_Datasheet_Rev1.1_Public.pdf  
 
To provide post lander deployment surface charging of the battery, a 1U-sized solar panel is also 
specified.  

 
Figure 5.  1U Solar Panel 

 
This unit incorporates a temperature sensor operable from -55 to +125 deg C.  Additional panels may be 
installed serially in the design, if desired, but the racers are not intended to be powered by the solar panels 
but rather use the panel to keep its battery fully charged before and after the race.  The output from the 
solar panel connects to the inputs on the battery load control module.  The mass of the single panel is 48g. 
More information on the solar panel can be found at the following link: 
https://www.endurosat.com/modules-datasheets/Solar%20Panel_1U_Datasheet_Rev1_5.pdf  

https://www.endurosat.com/modules-datasheets/SmartEPS_Datasheet_Rev1.1_Public.pdf
https://www.endurosat.com/modules-datasheets/Solar%20Panel_1U_Datasheet_Rev1_5.pdf


 
A low-data rate Ultra-High Frequency (UHF) radio for racer telemetry is needed.  This is important for 
a couple of reasons: first is so that the racers can send health and status data to the lander, informing the 
team that it is healthy and ready to race.  Secondly, is to have a way to transmit the racer camera images 
stored in the onboard computer back to the lander in case the wifi system does not operate as expected. 
This backup method is slower than wifi, so would be delayed, but would be better than not having any 
camera views from the racer.  Third, this link can provide a command path from the racers to the lander to 
the team, for steering and driving the racers on the surface independent of the video contained in the wifi 
link.  The Endurosat UHF Type II transceiver is shown in Figure 6.  Like the battery, this system is 
entirely enclosed, and the radio can transmit on one of two frequencies between 400 and 440 MHz.  It 
transmits an output of 1W, which is more than enough for the ranges expected for the racers from the 
lander.  It is important that both frequencies be supported so that both racers may be supported 
independently, with one frequency assigned to each racer.  

 
Figure 6.  UHF Radio Module 

 
The operating temperature range for the radio is -25 deg C to +65 deg C, and the mass is 94g.  This radio 
has a data rate of 19.2 kbps, and the antenna system, shown in Figure 7 has the radio and solar panel 
attached.  The UHF antenna for the system has four separate, deployable, antennas and is attached to the 
top-mounted solar panel.  This unit weighs 57g. 

 
 

Figure 7.  UHF Antenna with Solar Panel attached 
 
More information on the UHF radio and antenna can be found at: 



https://www.endurosat.com/modules-datasheets/UHF_type_II_Datasheet_Rev_1.7.pdf  
https://www.endurosat.com/modules-datasheets/UHF_Antenna_III_Datasheet_Rev1.1.pdf  
 
High Rate Communications.  It is understood that high rate communications, primarily of video from 
the rovers, is required for this mission.  Traditional space-certified radios would be heavy, and still may 
be to slow for the expected video data rate.  Instead, a wifi system, as used in home wireless computer 
networks, was researched.  

 
Figure 8.  Wifi Module 

 
No existing space-certified wifi equipment was found among commercial vendors, but several 
office-automation level devices could serve the purpose of both access point (racers on the surface) and 
terminal (lander as a relay to Earth).  Once such device, shown in Figure 8, is well suited to the task, and 
with an operating temp range of -25 to +85 deg C, is comparable to the other cubesat avionics.  At 
95x65x25mm it is small and light, but the case is plastic and the electronics untested for radiation 
susceptibility, so some work is required to modify it for space use. More information on this system can 
be found at the following link: 
https://adaptivemodules.com/home/hf2211/  
 
Finally, the brain of the racer is the Single Board Computer (SBC) which hosts the main processor, 
provides command and telemetry handling, and interfaces for the rest of the racer.  An emphasis in this 
analysis was placed on radiation tolerance, as most cubesat systems are designed for a benign LEO 
environment, not the harsher lunar surface.  The SBC is shown in Figure 9. 
  

 

https://www.endurosat.com/modules-datasheets/UHF_type_II_Datasheet_Rev_1.7.pdf
https://www.endurosat.com/modules-datasheets/UHF_Antenna_III_Datasheet_Rev1.1.pdf
https://adaptivemodules.com/home/hf2211/


Figure 9.  Single Board Computer (SBC) 
 
The Vorago VA10820, is designed to be radiation hardened, and has tested the CPU to 300 kRAD TID, 
with an operating range from -55 to +200 deg C.  This system has a clock speed of 50 MHz, which should 
be sufficient for the computational needs of the racers.  If higher clock speed is required, it is possible for 
multiple SBC cards to be arrayed together to increase performance.  Link to information on the single 
board computer can be found here: 
https://www.mouser.com/new/vorago-technologies/vorago-rh-obc-1-board/  
 
 
Summary: 
A list summarizing the items we have discussed is included below in Table 1.  The total mass of these 
systems, around 1.7 kg estimating the wifi module mass, leaves you plenty of headroom to design your 
racer while staying under the 5 kg limit.  It is likely that additional, custom, boards will be required to 
integrate each of these systems with the remaining racer components, such as the drive system, cameras, 
steering, or other things added by the designers. The operating temperatures of these components is 
roughly similar, but not identical, so keeping each of those parts working on the moon is part of the 
design challenge.  It helps that these temperature ranges are toward the middle of the expected ranges to 
be seen on the moon at the time of the races, however some more heaters or insulation may be required to 
keep everything working as expected.  
As you can see, a lunar racer has a lot of parts and systems that are needed to make it work.  Best of luck 
with your design and congratulations on being the first teams to race across the lunar surface!  
 
The approximate mass and operating temperatures of the components are shown below: 
  
Component                                                           Mass Operating Temperature  
Battery + EPS II module, enclosure 1350g -40 deg C to +85 deg C 
1U Solar Panel, UHF antenna, enclosure 105g -55 deg C to +125 deg C  
UHF Radio, enclosure 94g -25 deg C to +65 deg C  
Single Board Computer VA10820 77g -55 deg C to +200 deg C  
WiFi Module TBD* -25 deg C to +85 deg C 
Total  1626g  
 

Table 1.  Summary of Racer Components 
 
 
*mass and specifications for wifi board are unknown and variable due to modifications required for space 
use, but is unlikely to exceed the UHF radio board, which serves as a reference 

https://www.mouser.com/new/vorago-technologies/vorago-rh-obc-1-board/

