
Managing solar power systems with SunAir boards

 Follow the Sun
A successful solar power project requires data analysis and the 

ability to modify the system to take advantage of prevailing 

weather conditions. By John C. Shovic

sors in the power systems led me to design a 
new board to manage power. The SunAir and  
SunAirPlus boards were the result.

The key to making a solar power project 
work for a long time in a variety of envi-
ronments (e.g., clouds, rain, wind, and 
varying power consumption) is to gather 
data and then write software to modify the 
behavior of the project based on that data. 
Of course, the data is useful for designing 
other projects, too. Behavior matters! For 
example, running the Raspberry Pi camera 
to make a video makes current consump-
tion climb.

Unplugging computers from the 
power grid has been one of my 
goals for years. In 2013, I started 
building Project Curaçao, a solar-

powered Raspberry Pi/ Arduino system de-
signed to gather information and pictures 
from the tropical island of Curaçao [1] in the 
Caribbean (Figure 1). 

While designing and building Project Cura-
çao [2] [3], I learned a lot about solar cells, 
solar power controllers, and especially the 
kind of data I wanted to gather to understand 
the behavior and performance of the system. 
Reliability issues with connections and sen-
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You can use the SunAir boards to control 
and power solar cell projects. To generate 
even more power from the cells for little 
cost, a servo or stepper motor can track the 
sun using photoresistors. Tracking the sun 
can increase solar power generation by 20% 
to 30%. 

The SunAir and SunAirPlus boards are 
customizable with software and hardware. 
The software is open source and will be 
available on GitHub [4].

Sizing Your Solar SYStem
When designing a solar-powered system, the 
first consideration is to determine the power 
requirements for your design, because goals 
and budget will influence your hardware 
choices. My main criterion is that the Rasp-
berry Pi run all day and at least three hours 
before sunrise and three hours after sunset.

At first, I will assume a design based on 
the Raspberry Pi Model A. Lithium polymer 
(LiPo) batteries will store 6,600mAh (milli-
amp hours), which theoretically means the 
Rasp Pi can consume 100mA for 66 hours. 
On average, you will not be able to get more 
than about 80% of that, depending on your 
battery. How fast you discharge batteries also 
makes a big difference. For comparison, an 
AA battery will hold about 1,000mAh [5] and 
a D battery will hold about 10,000mAh [6].

In a system like this, it is best to charge 
your LiPo batteries completely and then 
hook up the computer and see how long it 
takes to discharge the battery and die. 
(Sounds like a good SwitchDoc Labs Col-
umn.)

For the Raspberry Pi Model A, I assume:
•	 Two	solar	cells;	3.4W,	6V/	530mA	(total	of	

6.8W)
•	 Eight	hours	of	sun	on	the	cells	at	70%	of	

max (at least)
•	 Delivery	of	current	to	the	Raspberry	Pi	at	

85% efficiency
•	 280mA	on	average	(Rasp	Pi	with	the	wire-

less USB dongle)
•	 Raspberry	Pi	running	14	hours	per	day
•	 6,600mAh	LiPo	batteries
Given these parameters, I can calculate the 
Raspberry Pi Model A run time during a typi-
cal day:

 
PiRunTime =
		[(8	hours	x	70%	x	1,060mA)
   x 85%]/ 280mA = 18 hours
 
Table 1 contains estimated power consump-

tion for Raspberry Pi models, including a 
wireless USB dongle. I am assuming in each 

of these that the HDMI 
port is off, which saves 
~20mA. Model A and B 
values are measured, 
and the A+ and B+ are 
estimated from various 
sources on the web.

My goal was 14 hours, 
so it looks like the sys-
tem will work. Running 
the Rasp Pi Model A for 
six hours on batteries 
alone will take

 
(280mA/ 85%)6 hours  
= 2,466mAh
 

which is comfortably 
less than the 6,600mAh 
that the batteries can 
store. The WiFi dongle 
added about 60mA on 
average and was en-
abled the entire time the 
Raspberry Pi was on. 
No effort was made to 
minimize power con-
sumed by the dongle. The results for other 
projects will depend on what other loads the 
system is driving, such as other USB devices, 
GPIO loads, I2C devices, and so on.

Note that during the day, on average, the 
solar cells are putting about 6,000mAh into 
the battery. Running the Raspberry Pi Model 
A for 14 hours would use about

 
(280mA/ 85%)14 hours = 4,600mAh
 

This means the system should (on average) 
be able to stay up 14 hours per day.

Of course, some days will be cloudy and 
rainy, which means that the system will have 
to adjust for the lower amount of incoming 
power. This is one reason why, on Project 
Curaçao, I have a low-power Arduino that 
turns the Pi on and off depending on the 
amount of sun and the amount of power left 
in	the	battery	[7].

Figure 1: Project Curaçao in paradise

Model A Model A+ Model B Model B+

Current (mA) 260 200 480 300

table 1: Rasp Pi Consumption (with Wireless)

Uno Micro Mega 2560

Current (mA) 50 20 70

table 2: Arduino Current Consumption
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berry Pi on when the battery charge looks 
good;	then,	the	Raspberry	Pi	can	measure	
the battery voltage (using the SunAirPlus 
data gathering system) and decide when to 
turn itself off. This, coupled with an external 
watchdog timer [9], will result in a reliable 
hardware system. Your software is another 
matter entirely.

Sunair DeSign
SunAir [10] is a solar power controller/ sun 
tracker/ power supply system developed by 
SwitchDoc Labs to power Arduino- and 
Raspberry Pi-based systems (Figures 2 and 
3). Internally, it is not a simple system, but it 
is designed to be simple to use. 

This project was funded by a successful 
Kickstarter campaign. The whole process of 
running a successful Kickstarter campaign 
for a technical product will be the subject of 
an upcoming SwitchDoc Labs column. 
SwitchDoc Labs fully funded its Kickstarter 
in just 16 days out of 30 days allowed. Pretty 
good for the first try!

The solar charge controller on SunAir is 
based around a CN3065 lithium ion charge 
controller [11] that runs the charging se-
quence for the batteries. This chip does a 
pretty good job of approximating the MPPT 
(maximum power transfer tracking), the 
purpose of which is to sample the output of 
the solar cells and apply the proper resis-
tance (load) to obtain the maximum power 
for any given battery and temperature con-
ditions. 

Although the fully charged battery pack 
voltage might be close to the solar cell maxi-
mum power point voltage, this is unlikely to 
be true at sunrise when the battery has been 
partially discharged. Charging could begin at 
a voltage considerably below the solar panel 
maximum power point voltage.

When the batteries are fully charged and 
the solar power production exceeds the load 
of the computer, the CN3065 can no longer 
operate the panel at its maximum power 
point, because the excess power has no load 
to absorb it. The CN3065 must then shift the 
solar power operating point away from the 
peak power point until production exactly 
matches demand.

The CN3065 is set in SunAir to deliver a 
maximum of 1,000mA instantaneously to the 
connected LiPo batteries. Now note, that 
doesn’t mean you can’t use more than 6W of 
solar	panels	(6V	cells	x	1,000mA).	The	6W	
solar panels won’t be delivering 1,000mA 
most of the time. In Project Curaçao, I used 
three 3.4W solar panels (10.2W total) to get 

Table 2 contains some Arduino power 
consumption numbers. Remember that 
these are estimates and the current con-
sumption on other projects will vary de-
pending on what devices and loads are con-
nected to the Arduino. For example, adding 
a USB WiFi dongle would require an addi-
tional 60mA. Using sleep modes reduces the 
power used by the Arduino. However, you 
can use sleep modes only if you don’t use 
the processor. Because the Arduino has a 
software-based internal clock, and shutting 
it down in most of the power modes stops or 
resets the internal clock, I also need to use a 
real-time clock [8] in this project.

In production, you do not want to let the 
Raspberry Pi just run out of power because 
you	could	corrupt	the	SD	card;	instead,	you	
need orderly shutdown and startup proce-
dures. The Arduino is less susceptible to 
corruption when the software is properly de-
signed, but it is still a good idea not to let 
the computer run when the power supply is 
lower than the specified values (usually 
5V±5%),	because	strange	things	can	hap-
pen.	The	Arduino	can	run	on	7-20V	from	the	
barrel	connector,	but	only	5V±5%	from	the	
USB port.

SunAir, the solar power charging system 
described next can be used to turn the Rasp-

Figure 2: SunAir block diagram.
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enough power to charge the batteries com-
pletely most days.

Voltage BooSter
To	boost	the	nominal	3.7-4.2V	output	from	
the	LiPo	batteries	up	to	5V,	I	need	to	use	a	
voltage	booster.	For	this,	I	used	an	ISL97156	
pulse width modulator (PWM) step-up regu-
lator [12] to step up the voltage. The design 
uses a PWM oscillator run through an induc-
tor with a feedback loop to increase the volt-
age	up	to	a	regulated	5V.	In	SunAir,	I	ended	
up	with	4.98-5.02V,	which	is	pretty	good	
(about 1/ 2%). Note that this voltage will 
start	to	come	down	below	5V	when	you	
overload the board (exceed 1,000mA) or the 
LiPo	batteries	get	below	about	3.7V.	A	good	
system will monitor this voltage and cut the 
power to the computers when things get low. 
If you are charging your phone, it really 
doesn’t matter. 

Both the solar charge controller and the 
voltage booster are analog designs and do re-
quire some specialized knowledge beyond 
the normal digital design to get everything 
right. This design encountered significantly 
more difficulties than I first anticipated, in-
cluding issues with PCB trace width and 
thickness, choice of capacitors (high effective 
series	resistance	(ESR)	capacitors	kill	the	cir-
cuit performance), and component place-
ment. It took some serious tweaking of the 
design to meet the performance require-
ments. Although I regularly suggest building 
your own circuit boards for circuits, I would 
think twice about doing this design again. 
Oh wait, I have to do it again for SunAirPlus. 
Good thing I can copy most of my work.

leVel ConVerterS
Output from and input to the Raspberry Pi 
are	3.3V.	You	can’t	drive	them	with	5V	lines	
without potentially destroying your Pi, be-
cause the Raspberry Pi has protection diodes 
between	the	pin	and	3.3V	(3V3)	and	ground.	
Positive	voltages	greater	than	3V3	plus	one	
“diode	drop”	(normally	0.5V)	will	be	shorted	
to	5V,	this	means	that	if	you	put	a	5V	power	
supply on the GPIO pin you will “feed” the 
3V3	supply	with	4.5V	(5V	–	0.5V	diode	drop)	
and	that	may	damage	3V3	logic.

Only	use	3.3V	outputs	connected	to	your	
Raspberry Pi GPIO pins without putting a 
voltage level converter between the devices. 
Note, however, that you can drive	most	5V	
device	inputs	with	the	Raspberry	Pi	3.3V	
GPIO	outputs.	Most	devices	will	read	3.3V	
inputs as a logic one. How did I solve this in 
SunAir? By adding bi-directional level con-

verters. Figure 4 shows a simple bi-direc-
tional	logic	level	FET-based	converter.	You	
can	set	PI3V3	to	either	3.3V	or	5.0V	and	the	
circuit works.

aD ConVerterS
Arduinos have 10-bit AD converters built in 
that take about 100 microseconds to read. 
They aren’t great converters, but they are 
good enough for a number of applications. 
Because there it has only one AD converter 
and all the inputs are muxed together, you 
could run into a number of issues when tak-
ing samples too closely together. To get good, 
stable values, check out the excellent sugges-
tions about measuring the temperature of 
beer	(a	noble	endeavor)	at	Elco	Jacobs’	site	
[13]. The internal AD converters on the Ar-
duino are sufficient for reading the photore-
sistors used by SunAir to track the sun, but 
because the Raspberry Pi has no built-in AD 

Figure 3: The SunAir assembled board.

Figure 4: Bi-directional level 

converter.

Figure 5: Simple AD converter on SunAir.
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charge	from	0V	to	the	1 threshold of the 
Raspberry Pi GPIO input. The time is pro-
portional to the resistance (hence the 
amount of light) the photoresistor currently 
has shining on it. In this way, this simple 
AD allows you to detect a set of graduated 
light changes. 

Listing 1 shows the Arduino code for using 
this circuit. The Raspberry Pi code will be 
very similar.

These two photoresistor ADs and the Sun-
Tracker tubes (3D printed) can pinpoint 
where the sun is and turn the panels to face 
the sun using a servomotor or stepper motor.

other moDuleS
In my watchdog timer article [9], I discussed 
watchdog timers and how to use one to make 
a small computer system more reliable. The 
Watchdog	Timer	Enable	circuitry	on	SunAir	

converters, SunAir includes a simple circuit 
to do this (Figure 5). The new SunAirPlus 
contains an excellent 12-bit, four-channel AD 
converter.

A photoresistor works as follows: When 
you shine light on it, the resistance drops. In 
the dark, the resistance is higher. If it is dark, 
it allows less current through than when it is 
light. To use this AD converter, you do the 
following sequence.
1.	Set	the	EXTGP0	signal	(from	a	GPIO	pin	on	

the Raspberry Pi) to 0. Hold it for about 
200ms.

2.	Set	the	EXTGP0	to	an	input,	making	the	
GPIO pin a high impedance (open circuit) 
pin.

3. Start timing.
4. When the GPIO signal becomes a 1, take 

the time difference between step 3) and 
now.

That time dif-
ference is pro-
portional to 
the time it 
takes C14 to 

01  // Photoresistor code for SunAir
02  
03  int getLightReading(int pinUnderTest)
04  {
05        // Start by setting GP to GND
06        pinMode(pinUnderTest, OUTPUT);
07        digitalWrite(pinUnderTest, 0);
08  
09  
10        // Hold 200ms
11        delay(200);
12  
13        // Turn GP to HIGH Z (INPUT)
14        pinMode(pinUnderTest, INPUT);
15        int GPValue;
16        long microsStart;
17        long microsEnd;
18        microsStart = micros();
19        long i;
20        while(1)
21        {
22          // READ GP0 until it becomes 1
23          i = i+1;
24          GPValue = digitalRead(pinUnderTest);
25  
26          microsEnd = micros();
27          if (GPValue == 1)
28            break;
29  
30        }
31        return microsEnd ‑ microsStart;
32  }

listing 1: Photoresistor Code

Figure 6: Block diagram of L293D connected to a stepper motor.

Figure 7: MouseAir motor controller board using an L293D.
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disables the watchdog timer if the supply 
voltage	is	too	low	(less	than	4.65V	in	this	
case). This keeps the watchdog timer from 
trying to start up the computer when there 
isn’t enough power to run the computer 
properly.

Hobby servomotors are an inexpensive 
method of motion control. They provide an 
off-the-shelf solution for most hobbyist’s 
needs. Servomotors allow quite accurate po-
sitioning of motors via PWM control, which 
harkens back 30 years or more to pure ana-
log systems. Interfacing a servomotor to Sun-
Air	is	simple:	Just	connect	a	servo	to	JP15	on	
the	SunAir	board,	GND,	VDD5	(the	SunAir	
power supply) and SIG. SIG is connected to a 

GPIO pin on the Arduino or Raspberry Pi and 
provides the control signal to the servomotor. 
For information on how to control a servo-
motor with your Raspberry Pi, check out the 
tutorial on Hertaville [14].

Interfacing a stepper motor to SunAir is a 
little more complicated (Figure 6). SunAir 
does not have a stepper motor driver so I de-
cided to use the MouseAir motor controller 
board	(Figure	7)	[15]	with	an	L293D	dual	H-
bridge motor driver. Instructables has an ex-
cellent tutorial [16] and Seattle Robotics has 
a very usable tutorial for controlling a step-
per	motor	using	an	L293D	[17].	

The L293D can be used with servomo-
tors, stepper motors, or DC motors, and Su-

01  void forwardStep()

02  {

03     float StepDelay = 50;

04  

05    // step 1

06    digitalWrite(Motor1A, 1);  // coil 1a

07    digitalWrite(Motor3A, 1);  // coil 2a

08    digitalWrite(Motor2A, 0);  // coil 1b

09    digitalWrite(Motor4A, 0);  // coil 2b

10    delay(StepDelay);

11  

12  

13    // step 2

14    digitalWrite(Motor1A, 0);  // coil 1a

15    digitalWrite(Motor3A, 1);  // coil 2a

16    digitalWrite(Motor2A, 1);  // coil 1b

17    digitalWrite(Motor4A, 0);  // coil 2b

18    delay(StepDelay);

19  

20  

21  

22    // step 3

23    digitalWrite(Motor1A, 0);  // coil 1a

24    digitalWrite(Motor3A, 0);  // coil 2a

25    digitalWrite(Motor2A, 1);  // coil 1b

26    digitalWrite(Motor4A, 1);  // coil 2b

27    delay(StepDelay);

28  

29    // step 4

30    digitalWrite(Motor1A, 1);  // coil 1a

31    digitalWrite(Motor3A, 0);  // coil 2a

32    digitalWrite(Motor2A, 0);  // coil 1b

33    digitalWrite(Motor4A, 1);  // coil 2b

34    delay(StepDelay);

35  

36  }

listing 2: Advance a Stepper Motor

01  void reverseStep()

02  {

03  

04    float StepDelay = 50;

05    // step 4

06    digitalWrite(Motor1A, 1);  // coil 1a

07    digitalWrite(Motor3A, 0);  // coil 2a

08    digitalWrite(Motor2A, 0);  // coil 1b

09    digitalWrite(Motor4A, 1);  // coil 2b

10    delay(StepDelay);

11  

12    // step 3

13    digitalWrite(Motor1A, 0);  // coil 1a

14    digitalWrite(Motor3A, 0);  // coil 2a

15    digitalWrite(Motor2A, 1);  // coil 1b

16    digitalWrite(Motor4A, 1);  // coil 2b

17    delay(StepDelay);

18  

19    // step 2

20    digitalWrite(Motor1A, 0);  // coil 1a

21    digitalWrite(Motor3A, 1);  // coil 2a

22    digitalWrite(Motor2A, 1);  // coil 1b

23    digitalWrite(Motor4A, 0);  // coil 2b

24    delay(StepDelay);

25  

26   // step 1

27    digitalWrite(Motor1A, 1);  // coil 1a

28    digitalWrite(Motor3A, 1);  // coil 2a

29    digitalWrite(Motor2A, 0);  // coil 1b

30    digitalWrite(Motor4A, 0);  // coil 2b

31    delay(StepDelay);

32  }

listing 3: Reverse a Stepper Motor
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stepper motor shaft and a circle of plastic 
on the box top (the circle is for both the top 
case and for waterproofing). Figure 12 
shows the finished SunTracker top with the 
wiring channels.

gathering Data
The next board project at SwitchDoc Labs is 
a version of SunAir that will be used in de-
veloping systems. It is a more expensive 
board, because it contains additional data-
gathering	hardware	–	specifically,	a	high-
quality I2C four-channel AD converter for 
the photoresistors and an I2C three-channel 
IC for measuring currents and voltages. This 
allows the user to build a fully instrumented 
solar power system to really generate a lot of 
data, in addition to supplying space for an 
L239D motor controller.

SwitchDoc Labs has also licensed RasPi-
Connect from MiloCreek [22] to provide 
inexpensive control panels for SunAir and 
SunAirPlus. They will be available for 
$2.00 on the Apple App Store in February 
2015. If you already own RasPiConnect, 
you	will	be	able	to	download	the	XML	
configuration file from GitHub [4] under 

nAirPlus has a space on the board that al-
lows users to plug in their own L293D. The 
VDD5	from	the	SunAir	board	powers	the	
motor and the L293D IC on the MouseAir 
controller	board	[18];	then,	I	use	GPIOs	to	
control the various signal for the L293D IC. 
Several prebuilt boards for the L293D are 
available.

To make a stepper motor move forward a 
step, you need to activate, deactivate, and re-
verse the two motor coils in a specific pat-
tern. Reversing the pattern makes the motor 
move back one step. Listing 2 is the code for 
an Arduino advancing a stepper motor one 
step. The code for reversing a step is just the 
inverse (Listing 3). The code is very similar 
for the Raspberry Pi.

SuntraCker 3D Print 
BuilD
A great application of the SunAir project is 
to build a solar-powered Raspberry Pi or 
Arduino. One such application at Switch-
Doc Labs is SunTracker (Figure 8), a 3D-
printed box and case on which to mount a 
solar panel. It is controlled by a SunAir 
board in conjunction with a Raspberry Pi/ 
Arduino and uses photoresistors and a step-
per motor to turn the top, which holds the 
solar panel, toward the sun. Figures 9 and 
10 show how to hook SunAir up to a Rasp-
berry Pi and an Arduino. See the “Other 
Modules” section for modifications to con-
nect a stepper motor rather than a servomo-
tor. The software for driving the SunTracker 
box is on SwitchDoc Labs GitHub reposi-
tory under SunTracker [4]. You can watch a 
video of the SunAir SunTracking system at 
work on YouTube [19].

3D Printing SuntraCker
After learning how to 3D print version 2 of 
the MouseAir project I was much more confi-
dent in designing the SunTracker case and 
box. Once again, I used OpenSCAD [20] to 
do the design. 

If you are unfamiliar with OpenSCAD, 
check out one of the many great tutorials on 
the web or my MouseAir article [21]. Figure 
11 shows the full SunTracker OpenSCAD de-
sign. The OpenSCAD 3D printing files can 
be found on GitHub under the SunTracker 
repository [4].

The most difficult section of the 3D print-
ing project was the case top containing the 
photoresistors, light tubes, and solar panels. 
I needed a way to route the wires, and I 
came up with the idea of printing in the 
channels under the case, which sits on the 

Figure 9: Hooking up a Raspberry Pi.

Figure 10: Hooking up an Arduino.

Figure 8: SunAir SunTracker.
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the Sun-
Tracker re-
pository.

ConCluSion
SunAir and SunTracker turned out to be 
enormous projects. I was expecting to spend 
a little more than about four weeks of work, 
but it has turned into three months and I’m 
not through yet. 

I had to send the SunAir board to the 
manufacturer three times and spend a great 
deal of time in careful debugging to figure 
out why the board was not performing up to 
the complete specifications. Now, however, 
that part is done, and I am looking forward 

to building several new projects with these 
boards.

Additionally, I have had the Project Cura-
çao box shipped back to the frozen north, 
and I am refitting the solar power system in 
the box with the new, more reliable SunAir-
Plus boards. 

SunTracker is morphing into a new proj-
ect called SunRover, which will be a semi-
autonomous solar-powered rover based on 
an Arduino and Raspberry Pi. With any 
luck, it will be running around the Carib-
bean	in	June	2015,	but	I	need	to	make	sure	
it can see cliffs. You can look for the SunRo-
ver project in a future issue of Raspberry Pi 
Geek magazine.  ● ● ●

Figure 11: SunTracker in OpenSCAD.
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Figure 12: SunTracker top with wire channels.
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