
A solar-powered ESP8266 WiFi module joins the IoT

A Place  
in the Sun

We take an inexpensive ESP8266 WiFi/ processor combination and turn 

it into a solar-powered device. By John Shovic

panel efficiencies. Rather quickly, I found I 
was consumed with learning about the 
ESP8266, setting up a REST interface, and in-
dulging in a little bit of 3D printing, so I’ll 
have to wait until the next issue to look at 
sun tracking with the units. Therefore, the 
unit I am creating here is really just the basis 
for an IoT device, because all I am doing is 
focusing on the solar power aspects of the 
project in this column.

ESP8266
To review, the main features of the Huzzah 
ESP8266 chip include:
• Secure digital input/ output (SDIO) 2.0, se-

rial peripheral interface (SPI), universal 
asynchronous receiver/ transmitter 
(UART), inter-integrated circuit (I2C)

• Integrated radio frequency (RF) switch, 
digitally-compensated crystal oscillator 
(DCXO), power management unit (PMU)

• Integrated RISC processor, on-chip mem-
ory, and external memory interfaces

• Integrated MAC/ baseband processors
• Integrated interchip sound (I2S) interface 

for high-fidelity audio applications
• Fully integrated WiFi solution
Additionally, I will use the Arduino IDE, 
which is a well-used, proven path to compil-
ing code for small computers using C/ C++, 
with hundreds of libraries for all sorts of pur-
poses. Arduino IDE compatibility has dra-
matically expanded the possibilities for using 
the ESP8266 in IoT applications that need 
web and Internet connectivity. Before con-
tinuing, refer to the Adafruit tutorial [4] for 
instructions on using the ESP8266 with the 
Arduino IDE.

In the previous issue’s SwitchDoc Labs 
column [1], I looked at the ESP8266 [2] 
microcontroller plus WiFi front end and 
three types of firmware, along with the 

advantages and disadvantages of each. In 
particular, I looked at the Adafruit Huzzah 
ESP8266 WiFi/ CPU [3], which I also use for 
the project in this issue.

In the beginning, I wanted to build two 
ESP8266 devices to test sun-tracking solar 
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A solar-powered ESP8266 WiFi module joins the IoT

A Place  
in the Sun

Solar-PowErEd 
ESP8266
The purpose of this project is fivefold:
1. Demonstrate ESP8266 on solar power.
2. Measure EPS8266 power consumption dy-

namically.
3. Show how to use a REST interface to send 

data to a database on a Raspberry Pi.
4. Display the data from the Rasp Pi on 

graphs using MatPlotLib.
5. Add a stepper motor to the solar panel to 

track the sun and measure the results 
compared with not tracking (next proj-
ect).

For this series, I use an IoT device designed 
by SwitchDoc Labs that is based on the 
ESP8266 WiFi/ processor connected to a 
SunAirPlus solar power system [5]. The 
“SolarPowerESP8266” is an IoT base sys-
tem that I will be using in several applica-
tions. It consists of five major pieces 
(Table 1; Figure 1):
• Adafruit Huzzah ESP8266 WiFi/ CPU (pro-

grammed with the Arduino IDE)
• SunAirPlus solar power controller/ charger 

data collector
• LiPo battery
• 6V, 3.4W solar panel
• Raspberry Pi for data logging/ analytics/ 

display
The system works as follows (Figure 2): 
Sun AirPlus is hooked up to a solar panel 
and a LiPo battery. SunAirPlus handles all 
the complexities of properly charging and 
discharging a LiPo battery. It also supplies 
5V to the ESP8266. 

SunAirPlus also contains an INA3221 
three-channel current and voltage sensor. It 
reads current and voltage from the battery 
and the solar panel and the voltage and cur-
rent going to the load (the ESP8266), allow-
ing you to see exactly what is going on in 
your solar panel system. The more data the 
better.

The ESP8266 is 
connected to the 
5V power supply 
from the SunAir-
Plus (SunAirPlus is 
smart enough to 
take power from 
whatever is 
hooked to it – from 
either the battery, 
the USB power 
connector, or the 
solar panel) and to 
the I2C bus on Su-
nAirPlus. SunAir-
Plus handles the 
translation from 
the 3.3V I2C bus of 
the ESP8266 to the 
internal 5V I2C bus 
of the SunAirPlus.

The software on 
the ESP8266 peri-
odically (every 
second) stores the 
values in a circular 
buffer. If the server 
doesn’t retrieve 
the data, the buf-
fer just loops 
around and starts 
overwriting the 
oldest data with 
the most current 
data. The ESP8266 
sets up a web 
server on port 80 
and implements a 
REST interface. 
When a web 
browser addresses 
the ESP8266, the 
web server (http:// 
192.168.1.129 on 

Part Description Source Price Link
ESP8266 ESP8266 Huzzah Break-

out board
Adafruit ~$10 https://  www.  adafruit.  com/  products/  2471

SunAirPlus Solar power controller/ 
charger/ data collector

SwitchDoc Labs ~$45 http://  www.  switchdoc.  com/  ?  p=1332

LiPo battery, 
6,500mAh  
(can use smaller)

Rechargeable LiPo bat-
tery (can use lower ca-
pacity)

Adafruit ~$30 https://  www.  adafruit.  com/  products/  353

FTDI cable Cable for programming 
from PC or Mac

SwitchDoc Labs ~$11 http://  www.  switchdoc.  com/  ?  p=2868

6V 3.5W solar panel Solar panel to connect to 
SunAirPlus

Voltaics Systems ~$39 http://  www.  voltaicsystems.  com/  3‑5‑watt‑panel

TABLE 1: Parts List

Figure 1: Project parts, clockwise from left: solar panel, SunAirPlus, 

Huzzah ESP8266, rechargeable LiPo battery pack. Not shown, 

Raspberry Pi.

Figure 2: Block diagram of solar-powered ESP8266
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my local network – your number will be different) sends a 
JSON-formatted string [6] back to the browser (or a computer 
like the Raspberry Pi). The ESP8266 software also prints infor-
mation to the serial interface if you have the FTDI cable [7] 
connected.

Listing 1 shows the printout as the ESP8266 starts up, con-
nects to the local network, and then begins sampling data 
from SunAirPlus. When the ESP8266 is queried by a web 
browser (or a computer), Listing 2 shows what is printed on 
the serial port.

wiring
An FTDI cable is plugged in to the end of the Adafruit Huzzah 
ESP8266. Be careful when plugging in the FTDI cable: Align 
GND with GND on the ESP8266 board as in the picture in Fig-
ure 3. The Voltaics Systems solar panel comes with a 1.3mm bar-
rel plug. If you don’t want to cut it off and solder a JST2 plug 
onto the connector, you can buy these two adaptors: 1.33mm 

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

SolarPower ESP8266

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Connec.......

Lo cal WiFi connected,  
IP address: 192.168.1.129

Server started

Free heap on ESP8266:33080

‑‑‑‑‑‑‑‑SAP Data‑‑‑‑‑‑‑

LIPO_Battery Bus Voltage: 4.06 V

LIPO_Battery Load Voltage: 4.07 V

LIPO_Battery Current: 113.20 mA

Solar Cell Bus Voltage: 3.63 V

Solar Cell Load Voltage: 3.63 V

Solar Cell Current: 0.00 mA

Output Bus Bus Voltage: 4.98 V

Output Bus Load Voltage: 4.99 V
Output Bus Current: 92.00 mA

‑‑‑‑‑‑‑‑
Free heap on ESP8266:33080

‑‑‑‑‑‑‑‑SAP Data‑‑‑‑‑‑‑
LIPO_Battery Bus Voltage: 4.06 V
LIPO_Battery Load Voltage: 4.07 V
LIPO_Battery Current: 114.80 mA

Solar Cell Bus Voltage: 3.62 V
Solar Cell Load Voltage: 3.62 V
Solar Cell Current: 0.00 mA

Output Bus Bus Voltage: 4.98 V
Output Bus Load Voltage: 4.99 V
Output Bus Current: 88.80 mA

‑‑‑‑‑‑‑‑

LISTING 1: ESP8266 Output at Startup

‑‑‑‑‑‑‑‑

Buffer Count=9

Request received

GET /

RestDataString HTTP/

Sending command

Command: s

State: x

State of buffer at the start:

Added to buffer: RestDataString

A dded to buffer: 32696 |  
32523,4.05,4.06,131.20,3.62,3.62,0.00,4.98,4.99,104.00 |  
33538,4.05,4.06,132.40,3.62,3.62,0.00,4.98,4.99,102.00 |  
34554,4.05,4.06,131.20,3.62,3.62,0.00,4.98,4.99,102.40 |  
35570,4.05,4.06,131.60,3.62,3.62,0.00,4.98,4.99,102.40 |  
36586,4.05,4.06,131.20,3.62,3.62,0.00,4.98,4.99,102.40 |  
37602,4.05,4.06,131.60,3.62,3.62,0.00,4.98,4.99,110.00 |  
38618,4.05,4.06,133.20,3.62,3.62,0.00,4.98,4.99,102.00 |  
39634,4.05,4.06,132.00,3.62,3.62,0.00,4.98,4.99,102.00 |  
40650,4.05,4.06,130.80,3.62,3.62,0.00,4.98,4.99,102.00

Added to buffer: 1

Added to buffer: SolarPowerESP8266

State of buffer at the end: HTTP/1.1 200 OK

Access‑Control‑Allow‑Origin: *

Access‑Control‑Allow‑Methods: POST, GET, PUT, OPTIONS

Content‑Type: application/json

Connection: close

{ "RestDataString": "32696 |  
32523,4.05,4.06,131.20,3.62,3.62,0.00,4.98,4.99,104.00 |  
33538,4.05,4.06,132.40,3.62,3.62,0.00,4.98,4.99,102.00 |  
34554,4.05,4.06,131.20,3.62,3.62,0.00,4.98,4.99,102.40 |  
35570,4.05,4.06,131.60,3.62,3.62,0.00,4.98,4.99,102.40 |  
36586,4.05,4.06,131.20,3.62,3.62,0.00,4.98,4.99,102.40 |  
37602,4.05,4.06,131.60,3.62,3.62,0.00,4.98,4.99,110.00 |  
38618,4.05,4.06,133.20,3.62,3.62,0.00,4.98,4.99,102.00 |  
39634,4.05,4.06,132.00,3.62,3.62,0.00,4.98,4.99,102.00 |  
40650,4.05,4.06,130.80,3.62,3.62,0.00,4.98,4.99,102.00",  
"id": "1", "name": "SolarPowerESP8266", "connected": true}

LISTING 2: ESP8266 Output to the Serial Port

Figure 3: FTDI cable correctly plugged in to the ESP8266.
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plug to 2.1mm barrel plug adaptor [8] and a 
2.1mm barrel plug to a JST2 adaptor [9]. 
Refer to Table 2 and Figures 4 and 5 for more 
details on the wiring scheme.
outPut
The results from the ESP8266 REST interface 
are formatted as a JSON string. The output in 
Listing 3 shows the response to entering 
http:// 192.168.1.129/ RestDataString/  in the 
browser. The REST response was taken with 
the Load Power Switch (SW1) in the Off po-
sition. The current values look funny be-
cause the ESP8266 is being powered through 
the connected FTDI cable.

Each packet of data is delimited by a verti-
cal bar (|). The first value (38160) is the cur-
rent value of the free heap (RAM available) 
on the ESP8266. It’s put there to help moni-
tor memory leaks, which was of concern ini-
tially. However, the latest version of the Ar-
duino IDE ESP8266 SDK is managing mem-
ory a lot better.

The next two sections are the data from 
SunAirPlus, formatted as:
• timeStamp (milliseconds since ESP8266 

boot)
• LIPO_Battery Bus Voltage (V)
• LIPO_Battery Load Voltage (V)
• LIPO_Battery Current (mA)
• Solar Cell Bus Voltage (V)
• Solar Cell Load Voltage (V)
• Solar Cell Current (mA)
• Output Bus Bus Voltage (V)
• Output Bus Load Voltage (V)
• Output Bus Current (mA)
The important values are those that say 
Load Voltage and Current. The three Output 
Bus lines refer to the current going into the 
ESP8266. The values in Listing 3 show 
4.08V for the LiPo battery, 3.53V for the 
solar cell, and 4.98V for the voltage supply 
to the ESP8266.

In the output in Listing 4, the SunAirPlus 
Switch is in the On position and the FTDI 

cable is connected (Fig-
ure 6). Note that only part 
of the power for the 
ESP8266 is being supplied 
by SunAirPlus (29ma).

From To Description

Huzzah ESP8266 board (Figure 4)

ESP8266/GND SunAirPlus JP13-4, GND Ground

ESP8266/3V SunAirPlus JP13-3, 3V3 3.3V power SunAirPlus interface

ESP8266/Pin 4 SunAirPlus JP13-2, SDA SDA for I2C SunAirPlus interface

ESP8266/Pin 5 SunAirPlus JP13-1, SCL SCL for I2C SunAirPlus interface

ESP8266/GND SunAirPlus JP22-1, GND GND for ESP8266

ESP8266/V+ SunAirPlus JP23-1, VDD5 5V supply for ESP8266

SunAirPlus (Figure 5)

SunAirPlus/J5/Battery JST2 plug on LiPo battery

SunAirPlus/J6/Solar JST2 plug on solar panel

TABLE 2: Wiring List

Figure 4: ESP8266 wiring. Top (left to right): pin 5, pin 4, 3V, GND; bottom 

(left to right): V+, GND. Also see Table 2.

Figure 5: SunAirPlus wiring. Left: J5 (top), J6 (bottom); center: JP23-1 (top), 

JP22-1 (bottom); right (top to bottom): JP13-1 through JP13-4. See Table 2.
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For the final test, I turned the bright light 
off, so the solar panels are not generating 
power (sitting at 3.6V in ambient light). In 
Listing 6, you can see that the battery sup-
plies 116ma, with 90ma going to the 
ESP8266. The system is now operating on 
battery power!

SourcE codE
Source code for the Arduino IDE version of 
the SolarPowerESP8266 system is shown in 
Listing 7 and is available on the SwitchDoc 
Labs GitHub page [10]. Make sure you put in 
your own SSID and PASSWORD values for 
your local access point. Additionally, you 
will need aREST, the REST library for the 
ESP8266 [11], and the SunAirPlus INA3221 
libraries, which are the C libraries for reading 
current/ voltage on the SunAirPlus [12].

concluSion
The ESP8266 would be effective in many ap-
plications, and now that you can power it 
with the sun, you can explore many more 
possibilities (e.g., building a weather sta-
tion). On the SwitchDoc Labs blog [13], the 
software reads data from the ESP8266 via a 
REST interface and then writes it into a 
MySQL database. I am also using MatPlotLib 
to visualize the data. Check out the previous 

In Listing 5, the SunAirPlus is switched 
On, the FTDI cable is unplugged, and a 
strong light source is directed onto the solar 
panel (Figure 7). Now the solar panel is 
generating power. The output shows 66ma 
from the battery and 43ma from the solar 
panels, with 82ma supplied to the ESP8266. 
Perfect!

{ "RestDataString": "38160 | 4684697,4.08,4.08,0.00,3.53,3.53,0.00,4.98,4.98,‑0.40 |  
4685720,4.08,4.08,0.00,3.53,3.53,0.00,4.98,4.98,‑0.40", "id": "1", "name": "SolarPowerESP8266", "connected": true}

LISTING 3: SunAirPlus Off, FTDI Cable Connected

{ "RestDataString": "37968 | 4707212,4.07,4.08,40.00,3.53,3.53,0.00,5.00,5.00,29.60 |  
4708235,4.07,4.08,42.80,3.53,3.53,0.00,5.00,5.00,29.60 | 4709259,4.07,4.08,42.00,3.53,3.53,0.00,5.00,5.00,29.60 |  
4710283,4.07,4.08,44.80,3.53,3.53,0.00,5.00,5.00,29.60 | 4701072,4.08,4.08,0.00,3.53,3.53,0.00,4.97,4.97,0.40 |  
4702095,4.07,4.08,38.00,3.52,3.52,0.00,4.99,4.99,28.40 | 4703118,4.07,4.08,42.80,3.53,3.53,0.00,5.00,5.00,29.60 |  
4704141,4.07,4.08,40.00,3.53,3.53,0.00,5.00,5.00,30.00 | 4705165,4.07,4.08,42.40,3.53,3.53,0.00,5.00,5.00,29.20 |  
4706188,4.07,4.08,42.00,3.53,3.53,0.00,5.00,5.00,29.60", "id": "1", "name": "SolarPowerESP8266", "connected": true}

LISTING 4: SunAirPlus On, FTDI Cable Connected

{ "variables": {"RestTimeStamp": 73667, "RestDataString": "38848 | 64972,4.10,4.10,66.40,4.66,4.65,43.20,4.98,4.99,82.40 |  
65995,4.10,4.10,62.80,4.66,4.65,42.40,4.98,4.99,91.20 | 67019,4.10,4.10,67.20,4.66,4.65,42.40,4.98,4.99,86.00 |  
68042,4.10,4.10,69.60,4.66,4.65,42.80,4.98,4.99,86.00 | 69065,4.10,4.10,63.60,4.66,4.65,43.20,4.98,4.99,97.60 |  
70089,4.10,4.10,63.20,4.66,4.65,43.20,4.98,4.99,82.80 | 71112,4.10,4.10,58.00,4.66,4.65,42.80,4.98,4.99,84.40 |  
72136,4.10,4.10,64.00,4.66,4.65,42.40,4.98,4.99,82.00 | 73159,4.10,4.10,64.40,4.66,4.65,43.20,4.98,4.99,82.40 |  
63948,4.10,4.10,64.40,4.66,4.65,42.80,4.98,4.99,82.40"}, "id": "1", "name": "SolarPowerESP8266", "connected": true}

LISTING 5: SunAirPlus On, FTDI Cable Disconnected

{"RestDataString": "39328 | 566634,4.08,4.09,107.60,3.63,3.63,0.00,4.98,4.99,90.40 |  
567657,4.08,4.09,116.00,3.63,3.63,0.00,4.98,4.99,90.40 | 568683,4.08,4.09,107.60,3.63,3.63,0.00,4.98,4.99,88.80 |  
569706,4.08,4.09,107.60,3.63,3.63,0.00,4.98,4.99,103.60 | 570730,4.08,4.09,107.60,3.63,3.63,0.00,4.98,4.99,96.00 |  
571753,4.08,4.09,120.00,3.63,3.63,0.00,4.98,4.99,93.20 | 572777,4.08,4.09,107.60,3.63,3.63,0.00,4.98,4.99,94.40 |  
573801,4.08,4.09,108.00,3.63,3.63,0.00,4.98,4.99,90.40 | 564586,4.08,4.09,131.20,3.60,3.60,0.00,4.98,4.99,90.40 |  
565609,4.08,4.09,107.60,3.63,3.63,0.00,4.98,4.99,108.40", "id": "1", "name": "SolarPowerESP8266", "connected": true}

LISTING 6: Operating on Battery Power

Figure 6: ESP8266 with FTDI cable.
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SwitchDoc Labs column on using MatPlotLib 
to build graphs on the Raspberry Pi [14].

coming nExt column
Solar power fans, start your engines. I am 
going to build two of these ESP8266 solar-
powered units. I will be setting up and exe-
cuting a test on how much additional solar 
power you can get by tracking the sun on 
your solar-powered Pi or Arduino projects. I 
am running two computers side by side on 
solar panels, with one tracking the sun and 
the other facing due south. It should be in-
teresting to find out the exact numbers. I 
collect all the data with a Raspberry Pi read-
ing the JSON data from each solar-powered 
ESP8266 unit.  ● ● ●

Figure 7: Project on solar power.

Q: I’m checking the connection of my I2C 
bus on my Raspberry Pi B+ using the 
command sudo i2cdetect ‑y 1, and 
I’m getting this result:

    0 1 2 3 4 5 6 7 8 9 a b c d e f

00: ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑

10: ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑

20: ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑

30: ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑

40: ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ 48‑ ‑ ‑ ‑ ‑ ‑ ‑

50: ‑ ‑ ‑ ‑ ‑ ‑ ‑ 57‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑

60: ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ UU‑ ‑ ‑ ‑ ‑ ‑ ‑

70: ‑ ‑ ‑ ‑ ‑ ‑ ‑ 77

0x48, 0x57, and 0x77 all make sense to 
me. But what is UU? I have a WeatherPi-
Arduino board hooked up to my Pi.

Best regards, Sam

A: The UU generally means that the spe-
cific I2C address is already being used by 
some other bit of software. This can hap-
pen quite easily on the Raspberry Pi. See 
what else is using the address. 0x68 is 
the default address for a DS3231 on the 
WeatherPiArduino board, and you might 
start looking there. When it is cleared up 
you should see:

    0 1 2 3 4 5 6 7 8 9 a b c d e f

00: ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑

10: ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑

20: ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑

30: ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑

40: ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ 48‑ ‑ ‑ ‑ ‑ ‑ ‑

50: ‑ ‑ ‑ ‑ ‑ ‑ ‑ 57‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑

60: ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ 68‑ ‑ ‑ ‑ ‑ ‑ ‑

70: ‑ ‑ ‑ ‑ ‑ ‑ ‑ 77

QUESTIONS & ANSWERS •  •  •  •  •  •  •  •  •  •  •  •  •  •  •

[1]  “SwitchDoc Labs – Internet of Things” by 
John Shovic, Raspberry Pi Geek, issue 14, 
2015, pg. 74, http://  www.  raspberry‑pi‑geek. 
 com/  Archive/  2015/  14/ 
 WiFi‑and‑the‑Raspberry‑Pi

[2]  ESP8266: http://  espressif.  com/  en/  products/ 
 esp8266/

[3]  Huzzah ESP8266: https://  learn.  adafruit.  com/ 
 adafruit‑huzzah‑esp8266‑breakout/ 
 overview

[4]  Adafruit tutorial for ESP8266 and Arduino 
IDE: https://  learn.  adafruit.  com/ 
 adafruit‑huzzah‑esp8266‑breakout/ 
 using‑arduino‑ide

[5]  “Solar Power Management” John C. 
Shovic, issue 10, 2015, pg. 32, http://  www. 
 raspberry‑pi‑geek.  com/  Archive/  2015/  10/ 
 Managing‑solar‑  power‑  systems‑  with‑ 
 SunAir‑boards

[6]  JSON: https://  en.  wikipedia.  org/  wiki/  JSON

[7]  FTDI: https://  en.  wikipedia.  org/  wiki/  FTDI

[8]  DC jack adapter cable: https://  volcano. 
 adafruit.  com/  products/  2788

[9]  Barrel jack to 2-pin JST: www.  robotshop. 
 com/  en/  sfe‑barrel‑2‑pin‑jst.  html

[10]  SwitchDoc Labs GitHub page: https:// 
 github.  com/  switchdoclabs/  SDL_Arduino_
ESP8266_Solar

[11]  REST library for the ESP8266: https:// 
 github.  com/  marcoschwartz/  aREST

[12]  SunAirPlus INA3221 libraries: https:// 
 github.  com/  switchdoclabs/  SDL_Arduino_
INA3221

[13]  SwitchDoc Labs blog: http://  www. 
 switchdoc.  com/ 
 switchdoc‑labs‑really‑useful‑blogs/

[14]  “SwitchDoc Labs – Matplotlib on the Rasp 
Pi” by John C. Shovic, Raspberry Pi Geek, 
issue 13, 2015, pg. 76, http://  www. 
 raspberry‑pi‑geek.  com/  Archive/  2015/  13/ 
 Understanding‑your‑data‑with‑graphs
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001  /*
002      SwitchDoc Labs Code for SolarPower ESP8266
003  
004      Uses ESP8266 and SunAirPlus
005  
006      Dedember 2015
007  
008  */
009  
010  #pragma GCC diagnostic ignored "‑Wwrite‑strings"
011  
012  extern "C" {
013  #include "user_interface.h"
014  }
015  #include <ESP8266WiFi.h>
016  
017  #define DEBUG_MODE 1
018  
019  #include <aREST.h>
020  
021  #include <String.h>
022  
023  
024  // SunAirPlus Data Structures
025  //  Note:  SunAirPlus uses a 3 channel current/voltage I2C 

chip ‑ INA3221 to read all values ‑  
see github.com/switchdoclabs/SDL_Arduino_INA3221

026  //
027  
028  #include "SDL_Arduino_INA3221.h"
029  
030  // SAP INA3221
031  SDL_Arduino_INA3221 ina3221_SAP;
032  
033  
034  // structure for one SAP ina3221
035  struct SAPData
036  {
037  
038    float busVoltage[3];
039    float current[3];
040    float loadVoltage[3];
041  
042  };
043  
044  
045  SAPData currentSAPData;
046  
047  //  the three channels of the INA3221 named for SunAirPlus 

Solar Power Controller channels (www.switchdoc.com)
048  #define SAP_LIPO_BATTERY_CHANNEL 0
049  #define SAP_SOLAR_CELL_CHANNEL 1
050  #define SAP_OUTPUT_CHANNEL 2
051  
052  // SAP Buffer for sending readings to RaspberryPi
053  
054  struct SAPBufferStruct
055  {
056  
057    unsigned long timeStamp;

058    SAPData SAPEntry;
059  
060  
061  };
062  
063  #define SAPBUFFERSIZE 20
064  
065  SAPBufferStruct SAPBuffer[SAPBUFFERSIZE];
066  
067  int CurrentSAPBuffer;
068  
069  int lastReadSAPBuffer;
070  
071  #include "SAPData.h"
072  
073  
074  //‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
075  //Local WiFi SunAirPlus
076  
077  const char* ssid = "gracie";
078  const char* password = "faraday01";
079  
080  #define SOLARPOWERESP8266VERSION "005"
081  
082  
083  //‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
084  
085  
086  int blinkPin = 0;     // pin to blink led at each reading
087  
088  
089  
090  // The port to listen for incoming TCP connections
091  #define LISTEN_PORT           80
092  
093  // Create an instance of the server
094  WiFiServer server(LISTEN_PORT);
095  
096  unsigned long oldReadSunAirPlusTime;
097  unsigned long newReadSunAirPlusDeltaTime;
098  
099  int RestTimeStamp;
100  String RestDataString;
101  String Version;
102  
103  
104  // Create aREST instance
105  aREST rest = aREST();
106  
107  // Custom function accessible by the API
108  int ledControl(String command) {
109  
110    // Get state from command
111    int state = command.toInt();
112  
113    digitalWrite(0, state);
114    return 1;
115  }
116  
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117  void setup() {
118  
119  
120     pinMode(blinkPin, OUTPUT);         

// pin that will blink every reading
121     digitalWrite(blinkPin, HIGH);   

// High of this pin is LED OFF
122  
123    // SAP initialization
124  
125    startSAPINA3221();
126  
127    Serial.begin(115200);         // we agree to talk fast!
128  
129  
130    Serial.println("‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑");
131    Serial.println("SolarPower ESP8266");
132    Serial.println("‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑");
133  
134  
135  
136    RestTimeStamp = 0;
137    RestDataString = "";
138    Version =   SOLARPOWERESP8266VERSION;
139  
140  
141    rest.variable("RestTimeStamp", &RestTimeStamp);
142    rest.variable("RestDataString", &RestDataString);
143    rest.variable("FirmwareVersion", &Version);
144  
145  
146    // Function to be exposed
147    rest.function("led", ledControl);
148  
149    // Give name and ID to device
150    rest.set_id("1");
151    rest.set_name("SolarPowerESP8266");
152  
153  
154    Serial.print("Connecting to ");
155    Serial.print(ssid);
156    if (strcmp (WiFi.SSID().c_str(), ssid) != 0) {
157      WiFi.begin(ssid, password);
158    }
159    while (WiFi.status() != WL_CONNECTED) {
160      delay(500);
161      Serial.print(".");
162    }
163    Serial.println("");
164  
165    Serial.print("Local WiFi connected, IP address: ");
166    Serial.println(WiFi.localIP());
167  
168    // Start the server
169    server.begin();
170    Serial.println("Server started");
171  
172    oldReadSunAirPlusTime = micros();
173  
174    initSAPBuffer();

175  
176  
177  }
178  
179  int sampleCount = 0;
180  
181  // Loop through reading current and solar performance
182  
183  void loop() {
184  
185  
186    // Handle REST calls
187    WiFiClient client = server.available();
188    if (client)
189    {
190  
191      while (!client.available()) {
192        delay(1);
193      }
194      if (client.available())
195      {
196        Serial.print("Buffer Count=");
197        Serial.println(returnCountSAPBuffer());
198        RestTimeStamp = millis();
199        //printDebugFullSAPBuffer();
200        RestDataString = assembleSAPBuffer();
201        rest.handle(client);
202  
203      }
204    }
205  
206    ne wReadSunAirPlusDeltaTime =  

micros() ‑ oldReadSunAirPlusTime;  
//  doing this handles the 71 second rollover because 

of unsighned arithmetic
207  
208  
209     if (newReadSunAirPlusDeltaTime > 30000000)   

// check for 30 second work to be done
210    {
211  
212      Serial.print("Free heap on ESP8266:");
213      Serial.println(ESP.getFreeHeap(), DEC);
214  
215      di gitalWrite(blinkPin, LOW);   

// High of this pin is LED ON
216      Serial.println();
217      readSAP();
218      writeSAPBuffer();
219  
220       digitalWrite(blinkPin, HIGH);   

// High of this pin is LED OFF
221  
222      oldReadSunAirPlusTime = micros();
223  
224  
225      //printDebugFullSAPBuffer();
226    }
227  
228  
229    yield(); //  take a break
230  }
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