
SunRover Part 2 – Solar Power Controller/Power System

 Bot Power
Putting power in your robot is more than just running wires – you’ll need 

to make sure the power supply doesn’t cause interference that will 

disrupt other components. This article explores the problem of 

electrical noise and describes the design for a multiplexing solar 

power system. By John Shovic

What is sun RoveR?
SunRover [1] is a tracked, solar-powered 
robot designed to move around and explore 
the area while sending back reports, tracking 
weather, managing a power budget tightly, 
and providing a platform for testing new sen-
sors and equipment as they become avail-
able. SunRover Robot Philosophy: Yes, I will 
move around by myself until I get confused 
or find a cliff. Then I will ask for help from a 
human. Or at least from a cat.

The major subsystems are shown in Figure 1. 
SunRover is a big project. The motors, the 
controllers, the computers, and the sensors 
are all complex devices in their own right. The 
current count is 30 for the number of I2C sen-
sors in the project. A block diagram like the 
one in Figure 1 requires a lot of thought. 
When you are creating the block diagram, you 
are actually making design decisions that 
might be difficult to change later. The Sun-
Rover comes with a prebuilt track and motor 
controller system, two major computer com-
ponents (a Raspberry Pi 2 for higher levels of 
control and an Arduino for power manage-
ment and turning devices and sensors on and 
off), and dual WiFi communication paths. 
Solar panels will shift from one subsystem to 
another according to demand, and the system 
will use the RasPiConnect control panel appli-
cation for remote monitoring and control.

tRack MotoR contRolleR/ 
PoWeR subsysteM
Since the previous article in Raspberry Pi 
Geek magazine [1], I started another set of 
tests on the motor and battery stacking and 

In the previous issue of Raspberry Pi 
Geek, I introduced the SunRover project. 
SunRover is a solar-powered robot I am 
building that will transmit environmen-

tal information from a remote location. This 
article will focus on the SunRover power sys-
tem and some of the problems I faced getting 
the power system to play nicely with all the 
electronic components in the SunRover as-
sembly. I’ll show how I redesigned the motor 
power system and then look at the solar 
power charging system, which, happily, is 
working perfectly!
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unstacking system. I was stacking three 3.7V 
LiPo batteries to create ~12V for the motors 
and motor controller. Then, I unstacked the 
batteries to charge them with the SunAirPlus 
solar power controllers. The stacking and un-
stacking worked well. I could run the TRex 
motor controller. However, when I started to 
run the robot with the motors running full 
blast, I discovered a significant problem. The 
motors started the first time, but after one or 
more starts, I could no longer start them. I 
opened the equipment bay and looked at the 
Quad Power Management (QPM) Power 
Boards [2]. Each of the QPM boards has an 
LED for each of the four channels to indicate 
whether the switch (like a solid state relay) is 
on or off. When the motor turned on (or 
mostly when the motors turned off), it would 
turn all the LEDs off, disconnecting the bat-
teries, and they would not respond to any 
I2C commands. Knowing that starting and 
stopping motors creates current and voltage 
spikes, and seeing that the lights are corre-
lated with the stopping of the motors, I knew 
I had a big noise problem.

MotoR electRical noise
DC motor electrical noise comes in two fla-
vors: Electromagnetic Interference (Radio 
Frequency Interference – RFI) and Rail Elec-
trical Noise. Both types of noise can interfere 
with wireless circuits, and even computers 
and logic circuits, if not isolated properly. 
This kind of noise-induced erratic behavior 
can be very hard to trace and debug. In my 
case, I could see what was causing it, but 
how to fix it? That was much harder.

Radio Frequency Interference is radio 
waves that can couple into other parts of the 
circuit, causing malfunctions and degrada-
tion. If you are using WiFi or Bluetooth for 
controlling your project, this noise can signif-
icantly reduce the usable range. How much 
RFI is generated by motors? It depends on 
the type of motor, how you are driving it and 
the size of the load (i.e., how much current 
are you supplying to the motor?).

If you are using Pulsed Wave Modulation 
(PWM), you are sending square waves into 
the motor, causing the motor to shut on and 
off many times a second. PWM is how you 
control the speed of the DC motor in a typi-
cal controller design (including SunRover). 
These square waves may only be at a fre-
quency of, say 200Hz, but square waves con-
tain many strong harmonics extending far 
above the 200Hz in frequency [3]. The de-
sign of the motor will affect the noise dra-
matically. A small cheap toy DC brushed 

motor can generate orders of magnitude 
more noise than a carefully designed but 
more powerful motor.

How to reduce the RFI noise? Decoupling 
the motors (as I will describe in this article) 
will help, but you really need to do two 
things:
• Place the motors as far away as possible 

from sensitive circuits.
• Provide enough shielding capability to re-

duce RFI noise. Adding another metal en-
closure will provide much better RFI re-
duction. The metal shell of the SunRover 
Dagu track unit does provides this addi-
tional protection. The shell forms a Fara-
day cage [4] around the motors, which 
provides dramatic noise reduction.

SunRover as designed (with the extra metal 
enclosure) seemed to be sufficiently designed 
for RFI. I had that part nailed, and I could tell 
from the way the noise behaved, it was prob-
ably not RFI that I was fighting. 

I quickly came to the conclusion that I had 
designed an inadequate power distribution 
system and poor grounding system. That 
meant I was coupling what is called Rail 
Electrical Noise into the equipment bay of 
SunRover, causing the QPM board and other 
things to malfunction.

Rail electRical noise
Another large source of electrical noise in ro-
bots with DC motors comes from the power 
rails. Because a supply (and the connecting 
wires for power and ground) has non-zero 
resistance, the large varying DC motor cur-
rent flow translates into voltage ripples on 

Figure 1: Block diagram for SunRover.
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Ground loops become a problem when one 
or more signal cables are connected between 
A and B, to pass data signals from one to the 
other, where A and B are ground segments, 
even if connected together.

Although we could decouple the DC mo-
tors and cure the RFI issues in the original 
SunRover design (see the box titled “Best 
Practices for DC Motor Decoupling”), we 
could not get rid of the ground loop noise. To 
solve the ground loop problem, we had to re-
build the equipment bay.

The decoupling of the DC motors cleaned 
up the “motor turn on electrical noise” from 
the motors. However, it did not get rid of the 
“motor turn off electrical noise” problem. 
That was definitely a ground loop problem.
The “turn off” of the motors injects a big 
spike back into the ground and power sup-
plies, and my inadequate power distribution 
system, while good enough for the comput-
ers, was not good enough for computers 
plus motors.

Rebuild of the sunRoveR 
equiPMent bay
Occasionally, there comes a time in a project 
when you realize what you have been doing 
will never work. I hit that point in SunRover 
when dealing with the DC motor noise is-
sues. The equipment bay enclosure in Figure 
3 is the first equipment bay. Figure 4 is the 

both the plus and the ground lines. Under-
stand that the voltage of noise coupled into 
the power system by DC motors can easily 
have voltages higher than 3V, which will trip 
logic gates and cause your circuit to mal-
function. This type of electrical noise comes 
from what are called ground loops. Ground 
loops [5] are a major source of hum and in-
terference. Ever heard a hum in an audio am-
plifier or PA setup? It’s almost certainly a 
ground loop.

A ground loop happens when an electrical 
connection (such as ground) is supposed to 
be at the same voltage, but the ends are actu-
ally at different potentials. This happens be-
cause wires do not have zero resistance and, 
more importantly in our system, the wires do 
not have zero impedance. (Impedance is sim-
ilar to resistance but is frequency depen-
dent.) Resistance and impedance are the 
same at zero frequency (i.e., DC voltage). 

When the motors in SunRover turned on 
or off, they were injecting large amounts of 
current into the ground, which was then in-
terfering with the digital circuitry. Interest-
ingly enough, wires can have a fairly low re-
sistance, but a high impedance at some fre-
quencies. This problem can cause ground 
loops that only exist at a specific set of fre-
quencies.

Ground loops also result from multiple 
paths to ground, some having higher resis-
tance (actually impedance, 
but let’s just focus on resis-
tance at this point), so a 
complete loop is formed. 

Figure 2: Decoupling capacitors and ferrite beads on DC motors.

The DC motors were introducing significant noise. We cleaned up 
the “turn on/ off electrical noise” with the following good practices 
for decoupling noise from DC robot motors:

1.  Solder decoupling capacitors (one to three 0.1uF ceramic 
capacitors – NON-POLARIZED!) from one motor terminal to the 
other. Keep your leads as short as possible (Figure 2).

2.  Solder two capacitors (again one to three 0.1uF ceramic 
capacitors), one from each motor terminal to the motor case.

3.  Keep your motor and power leads as short as possible.

4.  Route your motor and power wires away from your signal lines.

5.  Do place decoupling capacitors (also known as “bypass 
capacitors”) across power and ground near any electronics that 
you want to isolate from noise. Here you can use electrolytic 
capacitors and tie the positive lead to the power supply and the 
negative lead to ground.

6.  Use “Star Grounding” wherever possible.

7.  Use more and thicker grounding wires than you might initially 
think.

8.  To minimize signal noise and avoid ground loops, ground the 
shield of shielded signal cables only on one end (thanks to 
James E.).

9.  Add additional filtering capacitors (1000uF and above) across 
the power terminals.

BEST PRACTICES FOR  
DC MOTOR DECOUPLING

SunRover 2: Power Supply
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new second equipment bay I am building for 
SunRover. The first box was too small and 
did not have an adequate power and ground 
distribution system. This system was basi-
cally working with the first box (Figure 3), 
but I was still struggling with some motor 
noise issues that were affecting the equip-
ment bay and interface boards. 

I added additional decoupling capacitors 
around the motors and the affected boards, 
along with better chassis grounding, and the 
situation improved, but it still was not totally 
fixed. The symptoms were: You could turn 
the motors on, but when you stopped them, 
you locked the QPM boards that switched 
the motor LiPo batteries from stacked to un-
stacked modes. A reset of the boards would 
fix it most of the time, but once out of 3 
times, you would have to cycle power, which 
is not a good operating mode. I decided to 
start all over with a new design.

What was happening? I think since the 
grounding system was inadequate, I was get-
ting a spike into the QPM boards that would 
reset them and sometimes throw them into 
CMOS latch up mode [6], which requires a 
power cycle to clear. This problem led us to 
start thinking about ground loops. I did 
check the power lines with an oscilloscope 
and could see quite a bit of noise, but the 
spikes were harder to catch. I could have 

used my 
Salene logic 
analyzer [7] to 
get a better 
handle on it (16 channels of somewhat low 
fidelity analog signals can see a lot of noise 
all over the place), but I was sure of what the 
problem was.

When I rebuilt the equipment bay, I used a 
larger equipment bay box (Figure 4). The pre-
vious box was too small for the amount of 
equipment. I also constructed a solid ground-
ing and power distribution system using thick 
wires, especially for the ground (Figure 5). 
The rebuilding of the equipment bay was 
less difficult than the original bay but still 
took a lot of 
time (Figures 
6 and 7). How-
ever, I cer-
tainly spent 
less time on 
the rebuild 
than I would 
have spent try-
ing to fix the 
original de-
sign.

After a 
bunch of tests, 
including turn-

Figure 6: New equipment bay mounted on motor track platform.Figure 5: Grounding and power system detail.

Figure 3: First generation of the SunRover equipment bay.

Figure 4: Second generation of SunRover equipment bay.
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issue, it was a power supply issue. The 
power supply couldn’t deliver enough cur-
rent (around ~3A at 12V to start up the mo-
tors, and then it would settle down to about 
2A, which was fine).

Next, I looked at the second issue. Why 
was the SunAirPlus solar power system not 
charging the batteries when they were un-
stacked (i.e., all wired in parallel). After 
using my trusty voltmeter, I discovered the 
answer. A solar charger carefully monitors 
the voltage of the LiPo battery to determine 
how much current to send to the battery. 
Otherwise, you can overcharge the LiPo bat-
teries, possibly causing a fire! The solar char-
ger was thinking the batteries were full and 
at about ~4.12V. However, if you measured 
on the batteries themselves, you saw they 
were about 3.8V. That explained why I was 
not charging the batteries. 

The diode I had added to prevent back flow 
current into the SunAirPlus charger and the 
drops across the QPM gates were adding up 
to about 0.4V total, and so the charger was 
refusing to charge the batteries. It was mainly 
the 0.3V drop across the back flow prevention 
diode that was the problem. I needed a diode 
to prevent the current from going back into 
the charger because of the stacking / unstack-
ing system. Even getting a lower forward 
drop diode wouldn’t fix the total problem. 
The voltage range from 3.9 to 4.1V is a very 
important range for a LiPo battery.

So what to do? Another redesign. I took 
out my carefully assembled battery un-
stacked/stacked QPM boards and replaced 
them with a DROK 3V to 34V adjustable 
voltage booster [8]. I wired the batteries in 
parallel. You must carefully charge them all 
up completely before making the connec-
tions to prevent substantial current flows 
between the batteries. (Do not connect bat-
teries in parallel unless you have done 
this.)

Running the tests again on the motors 
showed the situation had improved, but was 
still not quite good enough. I calculated the 
following:
• The 12V motors require almost 4A on 

startup of the motors in some cases. 2A in 
steady state.

• The batteries have to supply at least 13A 
@ 3.7V. Say 14A with the inefficiencies of 
the power supply booster.

• The 3 6600mAh batteries can each dis-
charge a maximum of 13.2A, but it is rec-
ommended that you keep it less than 6A. A 
6600mAh battery can keep up 6A for 
somewhat less than an hour.

ing the motors on and off many times, the 
new power and ground system definitely 
cleaned up the “turn off motor electrical 
noise.” So, I was back in business. The QPM 
boards never latch up and continued work-
ing perfectly.

Rebuild of MotoR  
12v MotoR suPPly
After the rebuilding of the equipment bay, I 
removed the SunRover from the stacks of 
tuna cans holding it off the ground and ran it 
back and forth in a straight line (I hadn’t 
written the navigation and turning software 
yet). The results were encouraging. The 
noise problems were gone. Things just kept 
working no matter what code I threw at it. At 
one point, I told it to run for a long period in 
a straight line and it kept going and ran into 
the lab bench. (Hazards of indoor driving.)

After fixing the bug (length of time error) 
that caused SunRover to run into the bench, I  
looked more closely and noticed two things. 
First, every once in a while, the TRex motor 
controller would reset and I would hear a lit-
tle beep from the closed motor compartment, 
indicating when it was ready like it had just 
powered up. The second thing I noticed was 
the solar charging system didn’t really seem 
to be charging the motor power system bat-
teries. I put a volt meter on the motor battery 
supply and started running the motor back 
and forth at full tilt. When the motors started 
up, the motor power supply was dragged 
down from ~11.5V to ~6V! Every once in a 
while, the power supply would pull down so 
far that the TRex controller would reset. OK, 
that mystery was solved. It was not a noise 

Figure 7: Annotated SunRover new equipment bay.

SunRover 2: Power Supply

64

PROJECTS

RASPBERRY PI GEEK ISSUE 14



The DROK booster can supply a maximum of 
6A and has a maximum input current of 9A. 
Output current is good, but I need 13A@3.7V 
into the input to make my target current. 
With one DROK, I still wasn’t making my 
current requirement. I added a second DROK 
in parallel, and now I could take a total of 
18A into the power supply and supply a 
maximum of 12A on the output at 12V. Now 
the power supply could meet my require-
ments of the motors. Figure 8 shows the in-
stalled DROK units with the pretty blue LED 
voltage display (which can be shut off).

We are using the Quad Power Management 
board next to the DROK to switch the power 
to the motors on and off to save current and 
as an emergency cutoff if SunRover starts 
heading south.

I wired this all up very carefully, testing at 
each step, and started my test. Things were 
better, but I still reset the TRex motor con-
troller about each tenth time. I measured all 
the currents, and I could see that I still 
wasn’t making the 4A@12V motor require-
ment. Why? It had to be that I had connected 
all the batteries in the motor compartment to 
the DROK booster in the equipment bay with 
long thin wire JST extender cables. 

A quick check on the Adafruit 6600mAh 
LiPo battery page [9] showed that the JST ca-
bles were rated at 2A, so they have substan-
tial resistance above that amount of current. 
I redid the wiring so the batteries were com-
bined in the motor compartment (see Figure 
9) and then put a much thicker combined 
wire cable (the blue and black cable) from 
the batteries to the equipment bay. Much 
lower resistance.

One more time, I ran all the tests. The ini-
tial surge of the motors still pulls the voltage 
down to about 7V for 220ms, a comfortable 
margin for the TRex controller to continue to 

work. I connected up an ADS1015 ADC to the 
voltage going to the motors, and read it con-
tinuously with the Raspberry Pi2 (the Ardu-
ino Mega controls the motors).

Now the motors were working well. I’d 
still prefer less of a voltage drop, but I’ll get 
back to work to improve upon that later. 

One last comment: Be very careful when 
you are wiring up power supplies. A power 
supply can generate enough current to fry 
electronics or actually start a fire. You don’t 
want your first test to be a “Flame On.”

PoWeR systeMs in 
sunRoveR
The SunRover has three separate power sys-
tems, each with its own solar charging sys-
tem and batteries. The systems are:
• Motor Power Subsystem
• Arduino Power Management Subsystem
• Raspberry Pi2 Subsystem
Why three systems? I wanted redundancy in 
the system and flexibility in allocating power 
to the various subsystems. I used two power 
systems in Project Curacao, and this decision 
saved me several times. Project Curacao [10] 
is a Raspberry Pi/Arduino system located 
3500 miles away from SwitchDoc Labs on the 
tropical island of Curacao (Figure 10). It is a 
solar-powered system with a bunch of I2C 
sensors and a camera. SunRover is kind of a 
Project Curacao on steroids, with legs.

Project Curacao developed a problem 
with the Raspberry Pi power system three 
months after I left it down on the island. A 
wire came loose inside the box where the 
solar panels were attached to the Raspberry 
Pi SunAirPlus solar charger and controller. 
Two of the three panels were disconnected 
(and sometimes when the wind blows re-
ally hard, they reconnect again for a couple 
of weeks) and the Raspberry Pi was sud-

Figure 9: Battery terminal connections and power cable.Figure 8: DROK power boosters installed in SunRover.
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more level to that redundancy. SunRover has 
a solar panel multiplexer that allows me to 
switch panels for one to another system. This 
design gives me great flexibility for handling 
solar panel events.

designing a solaR 
PoWeRed systeM
In a recent article in Raspberry Pi Geek mag-
azine, I discussed how to design a solar 
power system [11]. Basically, you estimate 
the amount of power you need in each sys-
tem and then make assumptions on the 
amount of power you will get from the pan-
els. There are three main problems:
• Calculate the power needed for your appli-

cation. Set the number of solar panels and 
the battery capacity [12].

• Figure out when to shut down your system 
(especially the Raspberry Pi), because of 
low battery conditions [13].

• Figure out how to turn your system back 
on when the batteries have recovered [14].

Two of the most important decisions in design-
ing a solar-powered system is how your system 
will shut down in the case of a “brownout” 
and how it will recover from that shutdown. 

Brownouts always can happen with a 
solar power system. A long set of storms, 
dirt on the panels, or a loose wire – or not 
properly shutting down and restarting your 

denly getting less 
than 1/ 3 as much 
power as before. 
(It is less than 1/ 3 
because the top 
solar panel deliv-
ers a bit less power 
on average than 
the front panels 
and naturally, the 
front panels were 
the disconnected 
ones). The Ardu-
ino battery watch-
dog was unaf-
fected, having a 
second supply. The 
Arduino software 
detected the lower 
charge on the 
Raspberry Pi bat-

tery system and then adjusted the turn on 
and turn off times of the Raspberry Pi. Now 
we would just see the Raspberry Pi come 
up for a few hours every other day to say 
hi, take pictures, and then shutdown again. 
The system worked perfectly. It is going to 
be another three months before I can get 
back down and fix that nasty wire.

I want SunRover to have that same ability 
to recover from a fault, but I have added one 

Figure 10: Project Curacao in the Sun.

01  ‑‑‑‑‑‑‑‑SAP0‑‑‑‑‑‑‑‑
02  LIPO_Battery Bus Voltage:  4.21 V
03  LIPO_Battery Load Voltage: 4.19 V
04  LIPO_Battery Current:      ‑187.60 mA
05  
06  Solar Cell Bus Voltage:   5.65 V
07  Solar Cell Load Voltage:  5.63 V
08  Solar Cell Current:       188.80 mA
09  
10  Output Bus Bus Voltage:   4.98 V
11  Output Bus Load Voltage:  4.98 V
12  Output Bus Current:       1.60 mA
13  
14  ‑‑‑‑‑‑‑‑
15  ‑‑‑‑‑‑‑‑SAP1‑‑‑‑‑‑‑‑
16  LIPO_Battery Bus Voltage:  4.19 V
17  LIPO_Battery Load Voltage: 4.19 V
18  LIPO_Battery Current:      ‑0.80 mA
19  
20  Solar Cell Bus Voltage:   5.54 V
21  Solar Cell Load Voltage:  5.50 V
22  Solar Cell Current:       428.80 mA
23  
24  Output Bus Bus Voltage:   4.90 V
25  Output Bus Load Voltage:  4.94 V

26  Output Bus Current:       340.40 mA

27  

28  ‑‑‑‑‑‑‑‑

29  ‑‑‑‑‑‑‑‑SAP2‑‑‑‑‑‑‑‑

30  LIPO_Battery Bus Voltage:  4.18 V

31  LIPO_Battery Load Voltage: 4.18 V

32  LIPO_Battery Current:      ‑0.40 mA

33  

34  Solar Cell Bus Voltage:   5.62 V

35  Solar Cell Load Voltage:  5.60 V

36  Solar Cell Current:       161.60 mA

37  

38  Output Bus Bus Voltage:   4.96 V

39  Output Bus Load Voltage:  4.97 V

40  Output Bus Current:       129.20 mA

41  

42  ‑‑‑‑‑‑‑‑

43  Compass heading=Max=288.20

44  Min=26.45

45  287.80

46  inside temp (F):74.84

47  outside temp (F):73.40

48  inside humidity %:31.20

49  outside humidity %:35.20

LISTING 1: Arduino Power System
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Raspberry Pi – will kill the 
SD card eventually.

sunaiRPlus 
systeM
We are using three SunAir-
Plus boards designed by 
SwitchDoc Labs. Each 
power subsystem has its 
own SunAirPlus board.

SunAirPlus is a solar 
power controller/sun 
tracker/power supply sys-
tem developed by Switch-
Doc Labs to power Arduino 
and Raspberry Pi-based sys-
tems. The board has a solar 
panel charge control sys-
tem, a voltage booster, two A/ D systems, and 
a GPIO-interface circuitry system for voltage-
level shifting and for powering servo motors, 
as well as aiding in stepper motor control. Su-
nAirPlus contains an ADS1015 A/ D converter, 
INA3221 voltage and current sensing circuitry, 
and an optional stepper motor controller built 
right into the SunAirPlus board. SunAirPlus 
was the subject of a recent article in Raspberry 
Pi Geek magazine [11].

When I design a system like SunRover, I 
like to collect lots of data. SunAirPlus al-
lows me to monitor the battery, solar pan-
els, and power into the computers (load) in 
a real time basis and allows the Arduino 
Power Management system to make deci-
sions based on what is going to with all 
three of the power subsystems. For example, 
the Arduino can allocate solar panels 
(through the solar panel multiplexer) to the 
power subsystem that needs the charge the 
most.

Listing 1 is a reading from the SunRover 
Arduino power management system show-
ing the state of all three power subsystems. 
SunRover is currently plugged in to a 
power supply for development, but when 
in full sun, the numbers look similar. SAP0 
is the motor power subsystem, SAP1 is the 
Raspberry Pi2 power subsystem, and SAP2 
is the Arduino power management power 
subsystem. The Raspberry Pi2 and Arduino 
batteries are pretty much fully charged. 
Figure 11 shows the three systems wired 
into SunRover. The solar panels are wired 
in the big terminal strip at the lower right 
of the figure.

solaR Panel MultiPlexeR
One of the most innovative parts of the Sun-
Rover design is the solar power multiplexer. 

A block diagram is shown in Figure 12. Sun-
Rover has six 3.5W/ 6V solar panels. These 
are on a “wing” across the top of SunRover. 
Figure 13 shows SunRover with the solar 
panel wings added. (See Figures 14 and 15 

Figure 12: Solar power multiplexer block diagram.

Figure 11: SunRover SunAirPlus charging controllers and data collectors.

Figure 13: SunRover with solar wings.
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multiplexer but is, instead, wired directly to 
the Arduino for brownout management. If 
the Arduino Power Management system runs 
out of power and shuts down, the one panel 
hardwired to the Arduino SAP2 allows the 
Arduino to recover from a brownout.

The panels can be switched dynamically 
through the I2C bus from the Arduino power 
management subsystem. The multiplexer 
uses three Quad Power Management boards 
designed by SwitchDoc Labs [2].

The software to control the multiplexer was 
fairly short but quite complicated. We had to 
control the boards, and we had to figure out if 
the requested configuration was legitimate 
given the panel and power configuration. 
Now the call is quite simple:

setSolarMux(1, 2, 3); // 1 U
 for motor, 2 for pi, 3 for arduino

The settings can be changed by the Raspberry 
Pi2 or the Arduino. Listing 2 is the Serial out-
put from the Arduino as it receives a SETSO‑
LARMUX command from the Raspberry Pi2 over 
the serial link between the two computers.

test Results
I used two major suites of scenarios to test 
the solar power charging subsystem. First, I 

checked out the Sun-
AirPlus charging sys-
tems by supplying 
the panels with a 
variable power sup-
ply. I connected a 
power supply to the 
solar panel charging 
system using the 
same waterproof 
8-pin connector that 
is on the solar panels. 
I turned up the volt-
age to 6V and all the 
charging lights on the 
SunAirPlus boards 
came on and the cur-
rent started flowing. 
The system test is 
shown in Figure 16.

Figure 16 also satis-
fies the obligatory 
night time picture 
showing all the LEDs 
in SunRover. Al-
though the charging 
lights do burn cur-
rent, they sure make 
it easy to see what is 

for front and back views of the panels.) Each 
of these six solar panels (five actually; one is 
hardwired) can be switched by a Quad 
Power Management board and connected in 
different ways to provide more power to the 
subsystem (Motors, Arduino, or Raspberry 
Pi), depending on which component needs 
power at the time and the Sun.

The multiplexer switches each of five pan-
els between any of the three power subsys-
tems. The sixth panel is not connected to the 

Figure 15: Back of solar panel wings.

Figure 14: Front of the SunRover’s 

solar panel wings.

01  ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

02  FreeMemory=1688

03  ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

04  Serial2.available:16

05  commandState=0

06  BUFFER Read‑ char=FFFFFFFE | ?

07  BUFFER Read‑ char=FFFFFFFE | ?

08  BUFFER Read‑ char=53 | S

09  BUFFER Read‑ char=45 | E

10  BUFFER Read‑ char=54 | T

11  BUFFER Read‑ char=53 | S

12  BUFFER Read‑ char=4F | O

13  BUFFER Read‑ char=4C | L

14  BUFFER Read‑ char=41 | A

15  BUFFER Read‑ char=52 | R

16  BUFFER Read‑ char=4D | M

17  BUFFER Read‑ char=55 | U

18  BUFFER Read‑ char=58 | X

19  BUFFER Read‑ char=0 |

20  BUFFER Read‑ char=33 | 3

21  BUFFER Read‑ char=FFFFFFEE | ?

22  COMMANDSTATEB ‑ char=FFFFFFFE | ?

23  Command Received From Pi2:SETSOLARMUX

24  0:01:13 1 1 1970

25  Compass heading=340.93

LISTING 2: Serial Output from Arduino
26  QPM GPIO Readback

27  QPM0=11

28  QPM1=5

29  QPM2=7

30  QPM3=0

31  QPM4=3

32  ‑‑‑‑‑‑‑‑

33  displayMode=4

34  returnString=4,1,1

35  

36  displayMode=4

37  SETSOLARMUX Command=4,1,1

38  setSolarMux: motor, pi, arduino = 4, 1, 1

39  Panel configuration accepted

40  setting Power Channel= QPM, Channel Number, State: 2, 1, 1

41  setting Power Channel= QPM, Channel Number, State: 2, 2, 1

42  setting Power Channel= QPM, Channel Number, State: 2, 3, 1

43  setting Power Channel= QPM, Channel Number, State: 3, 0, 1

44  setting Power Channel= QPM, Channel Number, State: 4, 2, 1

45  QPM GPIO Readback

46  QPM0=11

47  QPM1=5

48  QPM2=14

49  QPM3=1

50  QPM4=4

SunRover 2: Power Supply

68

PROJECTS

RASPBERRY PI GEEK ISSUE 14



going on in the system. This picture was 
taken before the redesign of the Motor power 
supply.

outdooRs chaRging 
systeM test
Finally, it was time to take SunRover out for 
her first walk. I bolted on the solar panels, 
hooked them up, and carried the robot way 
out in the yard to be in the sun. Figure 17 
shows the somewhat lonely robot. I then re-
tired to the shade with a mint julep (actually a 
vodka tonic) and my laptop, logged into the 
Raspberry Pi2 with SSH, and started running 
tests. Although I had put a very bight light on 
each of the solar panels inside to verify wir-
ing, this was the first full system test of all the 
panels running through the SolarPower Multi-
plexer. The system worked like a champ. After 
the motor redesign, it was a relief to have ev-
erything work as designed.

I ran the solar panel multiplexer in each of 
the major modes. Each time I changed the 
multiplexer, the amount of current changed 
appropriately in each of the SunAirPlus 
charging systems.

solaR PoWeR systeM 
Modes
Table 1 shows the list of solar power system 
modes that are used by the Arduino Power 
Management subsystem to set various modes 
depending on inputs from the data and from 
the Raspberry Pi2 (the Pi can override the se-
lections of the Arduino).

conclusion
SunRover is coming alive. The basics are 
done. Now I have to start to make the robot 
a bit smarter. I want to start having Sun-
Rover drive itself and take pictures to send 
back to me. It occurs to me that this is a bit 

like it must have felt when JPL was design-
ing and implementing the Mars Rovers. The 
closest this robot will get to Mars is being 
sent down in exile to join its cousin Project 
Curacao. Of course, a software glitch could 
cause the rover to merrily roll off a cliff into 
the ocean. Maybe I’ll put up a string of 
iBeacons on the cliff (they last a year or so) 
and then read the distance to them. If the 
SunRover gets too close, it can execute the 
automatic motor shutoff and call for help.

Next up? I will describe the SunRover 
motor control, navigation, and driving soft-
ware system, as well as a way to implement 
all the I2C sensors.  ● ● ●

Figure 17: SunRover drinking in the October sun.

Operating Mode

# of Panels on 
Motor Power 

System

# of Panels 
of Pi2 Power 

System

# of Panels on 
Arduino Battery 

Management System
Brownout Recovery State 0 0 1

Bootstrap State 0 0 6

Pi2 Recovery State 0 5 1

Motor Recovery State 5 0 1

Powerup Default State 2 2 2

Maintenance State 2 3 1

Driving State 3 2 1

Sun Tracking State 2 2 2

TABLE 1: Solar Power System Modes

[1]  “Build a Bot: SunRover Part 1” by John C. Shovic, Raspberry Pi 
Geek #13, page 68

[2]  Quad Power Management Power Boards:  
http://  www.  switchdoc.  com/  quad‑power‑management‑board/

[3]  Square Wave: https://  en.  wikipedia.  org/  wiki/  Square_wave

[4]  Faraday Cage: https://  en.  wikipedia.  org/  wiki/  Faraday_cage

[5]  Ground Loop:  
https://  en.  wikipedia.  org/  wiki/  Ground_loop_(electricity)

[6]  Latch-Up: https://  en.  wikipedia.  org/  wiki/  Latch‑up

[7]  “Tracing Your Circuit: Oscilloscopes and Mixed-Mode Logic 
Analyzers” by John C. Shovic, Raspberry Geek #12, page 78

[8]  DROK Voltage Booster: http://  www.  amazon.  com/  Efficiency‑ 
Converter‑Transformer‑ Controller‑Adjustable/  dp/  B00UR5K4AE/

[9]  Adafruit 6600mAh LiPo Battery:  
https://  www.  adafruit.  com/  products/  353

[10]  Project Curacao:  
http://  www.  switchdoc.  com/  project‑curacao‑introduction‑part‑1/

[11]  “Follow the Sun: Managing Solar Power Systems with SunAir 
Boards” by John C. Shovic, Raspberry Pi Geek #10, page 32

[12]  “SwitchDoc Labs – Solar Power Subsystem” http://  www. 
 switchdoc.  com/  project‑curacao‑solar‑power‑subsystem‑part‑2/

[13]  “Figuring Out When to Shutdown your Solar Powered Rasp-
berry Pi – WeatherPi”: http://  www.  switchdoc.  com/  2015/  04/ 
 figuring‑out‑ when‑to‑shutdown‑your‑solar‑powered‑rasp‑
berry‑pi‑weatherpi/

[14]  “Turning the Pi On and Off – WeatherPi Solar Power”:  
http://  www.  switchdoc.  com/  2015/  04/  turning‑the‑pi‑ on‑and‑off‑ 
weatherpi‑solar‑power/

INFO

Figure 16: SunRover battery charging 

test.
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