
IoT on Your Raspberry Pi

 Here Comes  
 the Sun

The SunIOT project attaches a Grove base unit with a light sensor to a 

Raspberry Pi to measure various components of the light spectrum.  

By John C. Shovic

1). Although the IoT is surrounded by a huge 
amount of hype in technical circles, there is 
no question that you will be seeing a lot 
more about the IoT in the next few years.

SunIOT
The SunIOT project is based on the Raspberry 
Pi 3 (RPi3), although you could really use any 
Raspberry Pi for this project, but because the 
WiFi is built in, this is a good version to use.

The overall design of the project is simple. 
The Raspberry Pi reads a sensor that mea-
sures sunlight and breaks the sunlight down 
into three components. It also provides vi-
sual feedback with an LED that a sample is 
being taken (two blinks) and that the process 
is still running (one blink).

The general idea of SunIOT is to build a 
software platform on which to build more 
complex IoT sensors (Figure 2).

The parts list for the SunIOT project includes:
• Raspberry Pi 3 [3]
• Pi2Grover [4]
• Grove sunlight sensor – SI1145 [5]
• Grove LED [6]
In this column and the next, I will be going 
through a complete, albeit simple, IoT design.

It’s been a very busy couple of months at 
SwitchDoc Labs (see the “Two Projects” 
box), and the common theme has been 
the Internet of Things (IoT) and how to 

build projects for it. Given that my head is 
really into IoT at the moment, I thought I 
would build a small IoT project for the Rasp-
berry Pi and share the experience.

WhaT IS The IOT?
The IoT is a network of physical objects that 
contain electronics, software, sensors, and 
some kind of network connectivity (e.g., 
WiFi or Bluetooth on the Raspberry Pi) that 
allows these small sensor-laden devices to 
collect data, exchange data, and, in some 
cases, do things in the physical world (Figure 

My first tutorial video with O’Reilly publishing, 
“Introduction to the ESP8266 and the IoT” is 
now out [1]. In this course, I talk about how to 
build projects around the ESP8266 WiFi chip 
using Grove connectors. O’Reilly’s editing and 
production values are magnificent. On top of 
that, my first book came out published by 
Apress called Raspberry Pi IoT Projects: Proto‑
typing Experiments for Makers [2]. The book 
talks all about building a number of IoT proj-
ects using a variety of devices, but especially 
your friend the Raspberry Pi.

• • • • • • • • TWO PROJECTS
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RaSpbeRRy pI 3
The RPi3 features a quad-core 64-bit ARM 
Cortex A53 clocked at 1.2GHz. This puts the 
RPi3 roughly 50% faster than the RPi2. The 
RAM remains the same – 1GB of SDRAM. 
The RPi3 includes on-board 802.11n WiFi 
and Bluetooth 4.0. WiFi, wireless keyboards, 
and wireless mice now work out of the box.

Why do I use the RPi3 rather than a less 
expensive Raspberry Pi Zero? Well, over the 
last three projects at SwitchDoc Labs, I have 
found it much easier to develop the software 
and hardware using an RPi3 for speed rea-
sons (especially reboot speeds!) and then 
porting the resulting software and hardware 
over to a Pi Zero (e.g., with the GroveWeath-
erPi solar-powered weather station [7] ).

pI2GROveR
The Pi2Grover board (Figure 3) provides 
buffered connections and voltage translation 
between the Raspberry Pi pins and external 
Grove modules (Figure 4). (See the “Grove 
System” box.) Pi2Grover provides bidirec-
tional Pi2Grover voltage translation from the 

Raspberry Pi (3.3V) to 5V. 
The board is “transparent” 
to any software, so existing 
drivers for modules will 
work with no translation 
required. Voltage transla-
tion for the I2C bus is also 
supported by the Pi2Grover 
board.

GROve SI1145  
SunlIGhT SenSOR
The Grove Sunlight Sensor I2C device is a mul-
tichannel digital light sensor and UV detector 
that can monitor sunlight (lumens), infrared 
(IR; lumens), and ultraviolet (UV; UV index), 
all in one board (Figures 6 and 7). The device 
is based on SI1145, a low-power reflectance-
based sensor from SiLabs with an I2C digital 
interface and programmable event interrupt 
output. This device offers excellent perfor-
mance under a wide dynamic range and a vari-
ety of light sources, including direct sunlight.

The lumen (lm) is the SI unit of luminous 
flux, a measure of the total “amount” of visi-
ble light emitted by a source. Luminous flux 
differs from power (radiant flux), in that lu-
minous flux measurements reflect the vary-
ing sensitivity of the human eye to different 
wavelengths of light, whereas radiant flux 

Figure 2: SunIOT block diagram.

Figure 1: The IoT connects you to physical devices.

Figure 3: The Pi2Grover plugs in to the RPi3. Figure 4: Pi2Grover connections.
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buIldInG The SunIOT
With the use of Grove connectors, you can 
put this project together easily by following 
these steps (Figure 9):
1. Remove power from the Raspberry Pi. Be 

sure to shut it down before you remove 
power! (See the “Break Off” box.)

2. Take the Pi2Grover and align the pins on 
the RPi3 GPIO header accurately; then, 
carefully push down on the Pi2Grover 
board. Note that the end of the Pi2Grover 
board hangs over the USB and Network 
plugs on the RPi3; however, the Pi2Grover 
board has no pins on the bottom, so it 
can’t short out.

3. Take your Grove Sunlight Sensor, plug in a 
Grove cable to the device, and then plug in 
the other end of the cable to any of the I2C 
plugs on the Pi2Grover board. Any of the 
I2C connections work because I2C is a bus 
and not an individually addressable plug 
like the digital Grove connectors.

4. Now take you Grove LED and plug in one 
end of a Grove cable to the Grove LED de-
vice and the other end to the Pi2Grover 
digital Grove connector marked D4/ 5.

That’s it! Now power up your Raspberry Pi, 
and if all is well, you will see a blue LED on 

measurements indicate the total power of all 
electromagnetic waves emitted, independent 
of the eye’s ability to perceive them. Lumens 
are related to illuminance, measured in lux 
(lx), by 1 lx = 1 lm/ sq m. Table 1 lists some 
common illuminance examples.

GROve led
The Grove LED board (Figure 8) is very sim-
ple. It connects to a Digital Grove connector 
and turns its LED on when the digital input 
is high and off when the input is low. An on-
board potentiometer lets you adjust the 
brightness of the LED.

Grove is a modular, standardized connecter (Figure 5) prototyping system that takes a 
building block approach to assembling electronics. Compared with jumpers or a sol-
der-based system, it is easier to connect with other components, prototype experi-
ments, and build projects, and it simplifies the learning system, but not to the point 
where it becomes dumbed down. Some of the other prototyping systems simplify 
down to building blocks. Although you can learn that way, the Grove system allows 
you to build real projects and requires some learning and expertise to hook things up.

The Grove system comprises a base unit and various modules with standardized con-
nectors. The base unit allows easy connection of any Grove input or output module. 
Every Grove module typically addresses a single function, such as a simple button or 
something more complex like a heart rate sensor. Two examples of base units are the 
Pi2Grover ($20) from SwitchDoc Labs and GrovePi+ ($30) [8] from Dexter Industries. 
The big difference between these two units, aside from price, is that the Pi2Grover 

provides a direct connection between the Rasp-
berry Pi and the Grove units (which allows nor-
mal Python drivers to work without modifica-
tion), whereas GrovePi+ puts an Arduino be-
tween the Grove device and the Raspberry Pi 
(which requires new drivers to be written for the 
GrovePi+ board).

You don’t need a base unit to connect to Grove 
modules. You can run a cable (jumper wires-to-
Grove connector) from the pins on the Raspberry 
Pi or Arduino to the Grove connectors.

GROVE SYSTEM •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •  •

Figure 5: A Grove connector.

Figure 6: Grove Sunlight Sensor. Figure 7: Visible and IR overlap.

Setting Lux (lm/ sq m)

Dark night 0.001-0.02

Moonlit night 0.02-0.3

Cloudy day indoor 5-50

Cloudy day outdoor 50-500

Sunny day indoor 100-1000

Suitable for reading 500-600

Home video camera 1,400

TABLE 1: Illuminance
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the Pi2Grover board, and, most of the time, 
you will see the Grove LED turn on (the 
GPIOs on the Raspberry Pi wake up as in-
puts, so the pull-ups in the voltage transla-
tion circuitry will either resolve the input as 
a 1 or as a 0 – usually a 1.

Before you are ready to run the SunIOT.py 
program, you have a bit of setup to do on 
your RPi3.

SeT up The I2C buS
The Raspberry Pi operating system does not 
enable the I2C bus by default. To enable it, 
open a terminal, run

sudo raspi‑config

and go to the Advanced Options. Now Select 
I2C, say Yes when asked whether you want to 
enable the interface, then OK. After tabbing to 
Finish, make sure to reboot before continuing. 
You can also enable I2C from the Raspbian 
“jessie” desktop in the Interfaces tab of Prefer-
ences | Raspberry Pi Configuration.

Now that I2C is enabled, type the follow-
ing into a terminal:

sudo i2cdetect ‑y 1

If everything is good, you will see the output 
in Listing 1 (0x60 is the Sunlight sensor).

apSCheduleR
The Advanced Python Scheduler (APSched-
uler) is a light but powerful in-process task 
scheduler that lets you schedule functions 
(or any other Python callables) to execute at 
times of your choosing.

I have used the APScheduler software for a 
number of projects in the past, such as Project 
Curacao [9], SunRover [10], the upcoming 
Project Curacao 2 project (I revisit wind power 
in the Caribbean with a second generation 
Project Curacao), and other SwitchDoc Labs 
projects for customers. It’s a great package.

You can install it with the following two 
commands on your Raspberry Pi:

sudo pip install setuptools ‑‑upgrade
sudo pip install apscheduler

A reading of the SunIOT software and exam-
ples show how it is used.

InSTallInG The SunIOT 
SOfTWaRe

The source code for this project is on 
GitHub [11], and you can download your 
own copy by running:

git clone https://github.com/U
  switchdoclabs/SunIOT.git

The SunIOT software for this column is 
pretty straightforward. The first part is 
shown in Listing 2. The first few lines import 
all the necessary libraries; then, the LED is 
mapped to D4 (GPIO 4) on the Pi2Grover 
board in lines 16-17, and lines 22-23 start the 
SI1145 I2C sensor.

The next section of code (Listing 3) shows 
the setup for three tasks to be scheduled. 
The first task just prints the time to the con-
sole (lines 3-4), the second task blinks the 

LED to show that certain 
events are happening 
(lines 11-16). By changing 

 Warning!  Always turn off the 
power before you remove or re-
place any Grove devices on 
your Raspberry Pi. You could 
damage your devices or your 
Raspberry Pi!

• • • • • • • • • BREAK OFF

Figure 8: Grove LED module.

Figure 9: The completed SunIOT project. The Pi2Grover piggybacks on the 

RPi3, the Grove LED plugs in to the D4/ 5 connector, and the Grove sunlight 

sensor plugs in to an I2C connector.

The Grove sunlight sensor is not waterproof; 
therefore, if you want to put it outside, you 
need to put your IoT device in a box with a 
window that lets the light shine through to the 
sensor. However, most plastics and glass are 
basically impervious to UV radiation (that’s 
why your Photogray sunglasses don’t work 
well in a car), so you need to use a special 
plastic or – what I prefer – silica quartz, which 
will let the UV light through.

• • • • • • SWITCHDOC NOTE

pi@RPi3‑62:~/SunIOT $ i2cdetect ‑y 1

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

00:          ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑

10: ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑

20: ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑

30: ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑

40: ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑

50: ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑

60: 60 ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑

70: ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑

LISTING 1: i2cdetect Output
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the timing on blinks and the number of 
blinks, you can indicate that a number of dif-
ferent events are happening. The third task is 
the real guts of the IoT device, where I read 
the SI1145 light sensors (19-21) and return 
the values to the mainline program (lines 30-
34). I also convert the UV readings into the 
UV Index values here (line 22).

Listing 4 shows the main program, which 
has the main loop and is where I set up AP-
Scheduler to execute the tasks (line 25). The 
three tasks are the tick process, which prints 
the time to the console every 60 seconds (line 
17), and the blinkLED and IoT readSunLight 
processes, which give a heartbeat every five 
seconds (line 19) and 10 seconds (line 22), re-
spectively.

Note that I’m not really doing any IoT 
work in this example yet. However, I have 
built a data-gathering device, so in my next 
column I will be hooking it up to the IoT and 
the world.

RunnInG The IOT devICe
From the Raspberry Pi SunIOT directory, start 
the software by typing:

sudo python SunIOT.py

Your results should look like Listing 5.
I turned on a light on the sensor between 

the first and the second readings to make 
sure the sensor was reading correctly. Notice 
that there’s not much UV light inside Switch-
Doc Labs! No way to get a suntan here, but I 
wonder what the sensor would read inside a 
tanning bed.

COnCluSIOn
Now that the IoT sensing device is built and 

Q: I’ve been watching your new GroveWeath-
erPi project with interest over the past couple 
of months. One question I have is how do I 
measure the power of the whole project with-
out adding a SunAirPlus to the system?

Whitney L., London

A: Two ways come to mind. First, you can buy 
a cheap USB current-measuring device that 
plugs in-line to your Raspberry Pi. However, 
they aren’t very accurate, and you can’t get the 
data into a computer to make a graph. The sec-
ond way would be to use an INA3221 current 
measuring board (Grove, of course), as I dis-
cussed in a previous issue on air quality sen-
sors [13]. You can measure three channels of 
current with the INA3221 at far higher accu-
racy than with a cheap USB current meter.

Q & A •  •  •  •  •  •  •  •  •  •  •

01  # SunIOT ‑ SwitchDoc Labs
02  #
03  # October 2016
04  #
05  import sys
06  import os
07  
08  sys.path.append('./SDL_Pi_SI1145');
09  
10  import time
11  import RPi.GPIO as GPIO
12  
13  #set up GPIO using BCM numbering
14  GPIO.setmode(GPIO.BCM)
15  
16  LED = 4
17  GPIO.setup(LED, GPIO.OUT, initial=0)
18  
19  from datetime import datetime
20  from apscheduler.schedulers.background import BackgroundScheduler
21  
22  import SDL_Pi_SI1145
23  sensor = SDL_Pi_SI1145.SDL_Pi_SI1145()

LISTING 2: SunIOT Initialization

01  # setup apscheduler
02  
03  def tick():
04      print('Tick! The time is: %s' % datetime.now())
05  
06  def killLogger():
07      scheduler.shutdown()
08      print "Scheduler Shutdown...."
09      exit()
10  
11  def blinkLED(times,length):
12    for i in range(0, times):
13      GPIO.output(LED, 1)
14      time.sleep(length)
15      GPIO.output(LED, 0)
16      time.sleep(length)
17  
18  def readSunLight():
19          vis = sensor.readVisible()
20          IR = sensor.readIR()
21          UV = sensor.readUV()
22          uvIndex = UV / 100.0
23          print('SunLight Sensor read at time: %s' % datetime.now())
24          print '    Vis:             ' + str(vis)
25          print '    IR:              ' + str(IR)
26          print '    UV Index:        ' + str(uvIndex)
27  
28    blinkLED(2,0.200)
29  
30    returnValue = []
31    returnValue.append(vis)
32    returnValue.append(IR)
33    returnValue.append(uvIndex)
34    return returnValue

LISTING 3: Setup Tasks
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tested, I’m ready to add other sensors (not quite sure which, 
yet; I have so many choices!).

COmInG nexT COlumn
Next time, I take the Raspberry Pi IoT device, set it up with 
MQTT, and hook it up to an IoT panel, Adafruit IO [12]. Then, 
anyone in the world can see my IoT device!  ● ● ●

01  print "‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑"
02  print "SunIOT"
03  print ""
04  print "SwitchDoc Labs"
05  print "‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑"
06  print ""
07  
08  if __name__ == '__main__':
09    scheduler = BackgroundScheduler()
10  
11    #  DEBUG Mode ‑ because the functions run in a separate 

thread, debugging can be difficult inside the functions.
12    # run the functions here to test them.
13    #tick()
14    #print readSunLight()
15  
16    # print out the date and time to console
17    scheduler.add_job(tick, 'interval', seconds=60)
18    # blink life light
19    sc heduler.add_job(blinkLED, 'interval', seconds=5, 

args=[1,0.250])
20  

21    #  IoT Jobs are scheduled here (more coming next issue)
22     scheduler.add_job(readSunLight, 'interval', seconds=10)
23  
24    # start scheduler
25    scheduler.start()
26    print "‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑"
27    print "Scheduled Jobs"
28    print "‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑"
29    scheduler.print_jobs()
30    print "‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑"
31  
32     pr int('Press Ctrl+{0} to exit'.format('Break' if os.name 

== 'nt' else 'C'))
33  
34    try:
35      #  This is here to simulate application activity (which 

keeps the main thread alive).
36      while True:
37        time.sleep(2)
38    except (KeyboardInterrupt, SystemExit):
39      #  Not strictly necessary if daemonic mode is enabled but 

should be done if possible
40      scheduler.shutdown

LISTING 4: Main Program

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
SunIOT

SwitchDoc Labs
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Scheduled Jobs
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Jobstore default:
    bl inkLED (trigger: interval[0:00:05], next run at: 

2016‑10‑17 20:50:45 UTC)
    re adSunLight (trigger: interval[0:00:10], next run at: 

2016‑10‑17 20:50:50 UTC)
    ti ck (trigger: interval[0:01:00], next run at:  

2016‑10‑17 20:51:40 UTC)
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Press Ctrl+C to exit
SunLight Sensor read at time: 2016‑10‑17 20:50:50.742733
    Vis:             261
    IR:              257
    UV Index:        0.02
SunLight Sensor read at time: 2016‑10‑17 20:51:00.741888
    Vis:             269
    IR:              279
    UV Index:        0.05
SunLight Sensor read at time: 2016‑10‑17 20:51:10.743216
    Vis:             262
    IR:              258
    UV Index:        0.03
SunLight Sensor read at time: 2016‑10‑17 20:51:20.740935
    Vis:             261
    IR:              257
    UV Index:        0.02

LISTING 5: SunIOT.py Output
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