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Get your Pi to read analog data

A/ D Tunnel
The Raspberry Pi still lacks analog GPIOs that would allow it to read 

directly from temperature and light sensors, or even humble 

potentiometers. With an inexpensive chip and some software-fu you 

can grant the Pi the gift of analog sensing. By Paul Brown

from an analog source and passed the digi-
tized data on to the poor old Pi via one of its 
USB ports.

The solution was inelegant, bordering on 
messy overkill. It was also much more ex-
pensive than it needed to be. We were using 

Even the most basic Arduino, the 
UNO, has seven analog pins. In 
fact, the last time around we tried 
to make the Pi read analog inputs 

[1], we used a Digispark – a tiny Arduino 
compatible board with analog pins. We read 

Va
le

ry
 K

a
ch

a
ev

, 1
23

RF
.c

om
SKILLS
ADCs

RASPBERRY PI GEEK ISSUE 2160



an $8 device capable of much more than act-
ing as a mere translator.

What we really need is an ADC, or an Ana-
log to Digital Converter (Figure 1). These 
modest little ICs costs about one Euro each, 
or less if you buy several together.

However, before you start shifting analog 
data to and fro, you have to learn a little 
about the SPI protocol.

SPI
The 3202 is a SPI device. SPI [2], or Serial Pe-
ripheral Interface, is a cousin of the I2C pro-
tocol, that thing Martin Mohr is always dron-
ing on about [3]. Similarly to the I2C, SPI is 
used to send data between microcontrollers 
and small peripherals, such as shift registers, 
sensors, SD cards and of course the 320x 
family of ADCs.

Luckily, the Pi can handle SPI out of the 
box. To activate SPI on the Raspberry Pi, use 
the raspi-config tool: go to Advanced > A6 
SPI and choose Yes. Alternatively, simply edit 
/boot/ config.txt and remove the # from the 
line that says

#dtparam=spi=on

to uncomment it.
After making your changes, reboot your Pi 

to load the SPI drivers into the kernel. Two 
new devices will appear in /dev: spidev0.0 
and spidev0.1.

Use the command gpio readall to see how 
the pins assigned to the SPI protocol change 
when the drivers are loaded. In Listing 1, for 
example, GPIOs 19, 20, 21, 22, 23, 24 and 26 
on a Pi 3 change when the SPI system is acti-
vated (below) from when deactivated 
(above).

If this seems like a lot of changes for one 
analog input to you, take a look at Figure 
2. This will help you understand better 
how things work. To the left are the 
MCP3020 pins, the analog to digital con-
verter we have chosen. The Raspberry Pi 3 
pins are on the right (this also applies to 

the Pi 2). These are the pins you’re going 
to use.

Start by looking at the Pi’s pins in order. 
Starting from the top, pin 18 is a 3.3v output. 
This will provide power to the 3202, so con-
nect it to its VDD port.

In any SPI relationship, there is a Master 
device (in this case the Pi) and a Slave device 
(in this case the MCP3202). The master de-
vice issues commands and the slave re-
sponds. Pin 19 on the Pi is the MOSI pin, that 
is, the Master Out/ Slave In pin. This is the 
pin through which you send commands to 
the slave. It connects to the 3202’s Data In 
(DIN) port.

As you may have guessed, pin 21, aka the 
MISO pin works in reverse. MISO stands for 
Master In/ Slave Out, and is the pin through 
which the Pi receives data from the slave. It 
connects to the 3202’s Data Out port.

SPI transactions are synchronous. This 
means only one transaction can be executed 
at a time, much like an old fashioned grand-
father clock pendulum swings back and 
forth. In fact, the correct moment for each 
transaction is dictated by the master device’s 
clock. When the master sends a request for 
data to the 3202, it counts as one transaction 
(tick!). When the 3202 answers with the cor-
responding data, this counts as another 

Figure 1: The unassuming MCP3202 analog to digital converter.

Figure 2: Schematics of connecting the 3202 to the Pi.

3202 Raspberry Pi Potentiometer
1 24 -

2 - 2

3 - -

4 25 3

5 19 -

6 21 -

7 23 -

8 18 1

TABLE 1: Connection Summary
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two, you can connect two sensors to one 
3202 chip.

WIrIng uP
By way of a practical example, let’s connect a 
potentiometer to the 3202 and read in the dif-
ferent values when we turn the knob. You 
can see a diagram of what the wiring will 
look like in Figure 3.

Apart from connecting the Pi to the 3202, 
you will need to connect the potentiometer’s 
leftmost pin to a power source (the Pi’s 3.3v 
pin will do), and its rightmost pin to GND. 
The potentiometer’s center pin, the one that 
actually outputs the varying voltage, con-
nects to the 3202’s CH0 pin as mentioned 
above.

transaction (tock!). That’s where pin 23 
(SCLK) on the Pi comes in. This pin connects 
to the 3202’s CLK (CLocK) port and sets the 
pace at which transactions will occur.

CE0 (or CE1) connects to the slaves’s CS 
port, also referred to as Chip control, port. It 
tells your Pi what SPI device it is talking to. 
By default the SPI driver on the Pi gives you 
two CEx pins, so your Pi can even talk to two 
SPI devices simultaneously.

Finally, the 3202’s VSS port connects to the 
Pi’s GND on pin 25, closing the circuit.

Note that the 3202 has two ports (2 and 
3) labeled CH0 and CH1. You will be con-
necting your analog sensor to one of them. 
These are the ports through which the 
ADC receives the analog data. As you have 

$ gpio readall # SPI driver not loaded (default)

+‑‑‑‑‑+‑‑‑‑‑+‑‑‑‑‑‑‑‑‑+‑‑‑‑‑‑+‑‑‑+‑‑‑Pi 3‑‑‑+‑‑‑+‑‑‑‑‑‑+‑‑‑‑‑‑‑‑‑+‑‑‑‑‑+‑‑‑‑‑+

| BCM | wPi |   Name  | Mode | V | Physical | V | Mode | Name    | wPi | BCM |

+‑‑‑‑‑+‑‑‑‑‑+‑‑‑‑‑‑‑‑‑+‑‑‑‑‑‑+‑‑‑+‑‑‑‑++‑‑‑‑+‑‑‑+‑‑‑‑‑‑+‑‑‑‑‑‑‑‑‑+‑‑‑‑‑+‑‑‑‑‑+

.

.

.

|     |     |    3.3v |      |   | 17 || 18 | 0 | IN   | GPIO. 5 | 5   | 24  |

|  10 |  12 |    MOSI |   IN | 0 | 19 || 20 |   |      | 0v      |     |     |

|   9 |  13 |    MISO |   IN | 0 | 21 || 22 | 0 | IN   | GPIO. 6 | 6   | 25  | 

|  11 |  14 |    SCLK |   IN | 0 | 23 || 24 | 1 | IN   | CE0     | 10  | 8   | 

|     |     |      0v |      |   | 25 || 26 | 1 | IN   | CE1     | 11  | 7   |

.

.

.

+‑‑‑‑‑+‑‑‑‑‑+‑‑‑‑‑‑‑‑‑+‑‑‑‑‑‑+‑‑‑+‑‑‑‑++‑‑‑‑+‑‑‑+‑‑‑‑‑‑+‑‑‑‑‑‑‑‑‑+‑‑‑‑‑+‑‑‑‑‑+

| BCM | wPi |   Name  | Mode | V | Physical | V | Mode | Name    | wPi | BCM |

+‑‑‑‑‑+‑‑‑‑‑+‑‑‑‑‑‑‑‑‑+‑‑‑‑‑‑+‑‑‑+‑‑‑Pi 3‑‑‑+‑‑‑+‑‑‑‑‑‑+‑‑‑‑‑‑‑‑‑+‑‑‑‑‑+‑‑‑‑‑+

$ sudo nano /boot/config.txt

$ sudo reboot # See ya later!

$ gpio readall # SPI driver loaded

+‑‑‑‑‑+‑‑‑‑‑+‑‑‑‑‑‑‑‑‑+‑‑‑‑‑‑+‑‑‑+‑‑‑Pi 3‑‑‑+‑‑‑+‑‑‑‑‑‑+‑‑‑‑‑‑‑‑‑+‑‑‑‑‑+‑‑‑‑‑+

| BCM | wPi |   Name  | Mode | V | Physical | V | Mode | Name    | wPi | BCM |

+‑‑‑‑‑+‑‑‑‑‑+‑‑‑‑‑‑‑‑‑+‑‑‑‑‑‑+‑‑‑+‑‑‑‑++‑‑‑‑+‑‑‑+‑‑‑‑‑‑+‑‑‑‑‑‑‑‑‑+‑‑‑‑‑+‑‑‑‑‑+

.

.

.

|  10 |  12 |    MOSI | ALT0 | 0 | 19 || 20 |   |      | 0v      |     |     |

|   9 |  13 |    MISO | ALT0 | 0 | 21 || 22 | 0 | IN   | GPIO. 6 | 6   | 25  |

|  11 |  14 |    SCLK | ALT0 | 0 | 23 || 24 | 1 | OUT  | CE0     | 10  | 8   |

|     |     |      0v |      |   | 25 || 26 | 1 | OUT  | CE1     | 11  | 7   |

.

.

.

+‑‑‑‑‑+‑‑‑‑‑+‑‑‑‑‑‑‑‑‑+‑‑‑‑‑‑+‑‑‑+‑‑‑‑++‑‑‑‑+‑‑‑+‑‑‑‑‑‑+‑‑‑‑‑‑‑‑‑+‑‑‑‑‑+‑‑‑‑‑+

| BCM | wPi |   Name  | Mode | V | Physical | V | Mode | Name    | wPi | BCM |

+‑‑‑‑‑+‑‑‑‑‑+‑‑‑‑‑‑‑‑‑+‑‑‑‑‑‑+‑‑‑+‑‑‑Pi 3‑‑‑+‑‑‑+‑‑‑‑‑‑+‑‑‑‑‑‑‑‑‑+‑‑‑‑‑+‑‑‑‑‑+

LISTING 1: SPI drivers unloaded and loaded
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Table 1 lists a summary of what connects 
to what. The first column lists the 3202’s 
pins (see Figure 2), the second columns 
shows the Pi’s pins, and the last column 
shows the potentiometer’s pins.

Figure 4 shows what the set up may look 
like in real life if you are as messy at wiring 
as I am.

Note to self: acquire shorter jumper cables.

SPI WIth Python
For the programming part, you’ll be using 
Python. Install the spidev module to proceed:

sudo pip install spidev ‑‑upgrade

The ‑‑upgrade option is just in case you al-
ready have spidev installed, but want to up-
grade to the latest stable version anyway.

Thanks to the spidev module, program-
ming for the 3202 is very straightforward. 
Look at Listing 2 for an example of a boiler-
plate program that reads from the ADC and 
prints out the values of the potentiometer to 
the command line. (All due thanks to Ethan 
Dicks’ work which I have blatantly used as 
“inspiration” for this program [4].)

Line 1 imports in the spidev module, and 
lines 13 and 14 make up the main function of 
the program, obviously.

The read() function (lines 7 to 11) is 
where things get interesting. On line 8 you 
create an SpiDev() object [5]. The initializa-
tion module takes two parameters: the 0 tells 
the Pi that this object is going to be associ-
ated with SPI device 0, i.e. the device con-
nected to pin 24/ CE0. The second parameter 
tells the device, the 3202, to listen on channel 0, i.e. port 2/ CH0 on the 3202. Examine Fig-

ures 2 and 3 again if you are getting con-
fused.

The spidev xfer2() function (line 9) car-
ries out a complete transaction between the 
Pi and the 3202. “Complete”, in this context, 
means it sends out a petition for data in two 
bytes, and returns the reply. You send it a py-
thon list of values containing as many bytes 
as you want back. The 3202 can deliver 12 
bits of information, although bit 12 is always 
0 (NULL). As such, you get up to 11 bits of 
useful data back. This means that means 
that, once converted, you get a value be-
tween 0 and 2047. As a byte is only 8 bits 
long, you need to send two bytes to the 3202, 
to get enough bits back.

You can see what the two bytes sent to the 
3202 look like by adding the line

        print reply_bytes

Figure 3: Pi, 3202 and potentiometer all wired up.

01  import spidev

02  

03  def bitstring(n):

04     s = bin(n)[2:]

05     return ‚0‘*(8‑len(s)) + s

06  

07  def read(spi_channel=0):

08     conn = spidev.SpiDev(0, spi_channel)

09     reply_bytes = conn.xfer2([128, 0])

10     reply_bitstring = 
‚‘.join(bitstring(n) for n in reply_
bytes)

11     return int(reply_bitstring, 
2)/2047.0

12  

13  if __name__ == ‚__main__‘:

14     print read()

LISTING 2: adc.py
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Still on line 10, both strings of bits get con-
catenated together.

On line 11, reply_bitstring, which now 
contains both bytes concatenated as a binary 
string, gets converted to decimal, and sent 
back to the main function for printing. Figure 
5 shows the process of converting the two 
bits into a single decimal number.

Now’s the moment to twiddle your po-
tentiometer’s knob and marvel at the fact 
that the Pi can now understand analog in-
puts.

AnAlog EPIloguE
So what can you do with this? Pong, obvi-
ously. The most common version of Pong 
played on a Raspberry Pi uses a mouse, 
which is for barbarians. You need a dial to 
play this classic properly, which is where a 
potentiometer comes in handy.

Also, by default the Pi can read from two 
SPI slaves (read “two 3202 ADC devices”) at 
the same time. Each 3202 has two channels, 
so, theoretically, you could read from four 
analog sensors at once. This gives you 
enough to read from a basic temperature sen-
sor, a wind speed sensor, a UV sensor, and a 
humidity sensor. That’s nearly a whole 
weather station.

Whatever you do, using an ADC opens the 
Pi to a whole new range of sensing. Enjoy 
sniffing the analog world! l l l

after line 9. Note the line should start with a 
tab.

If you run the modified program, you should 
get something like what is shown in Listing 3.

The first line from the output shows the 
two bytes (in the shape of a Python list) the 
3202 sends back. The second line shows the 
value converted to one single decimal num-
ber.

This is, by the way, what you do on line 
10: You iterate over the two values in reply_
bytes, sending each off to the bitstring() 
function. bitstring() converts the numbers 
to a binary string of 0s and 1s and chops of 
the first two characters (line 4) – Python in-
dicates that a number is binary by preceding 
it with 0b. It then stuffs the string with 0s to 
fill the 8 bits that it takes to make up one full 
byte, then sends it back to read().

[1]  Using a Digispark for analog input: http:// 
 www.  raspberry‑pi‑geek.  com/  Archive/  2014/ 
 03/ Adding‑analog‑input‑to‑the‑Pi‑us‑
ing‑the‑Digispark/

[2]  Serial Peripheral Interface: https://  en. 
 wikipedia.  org/  wiki/  Serial_Peripheral_Inter‑
face_Bus

[3]  Martin Mohr on the I2C: http://  www. 
 raspberry‑pi‑geek.  com/  Archive/  2015/  09/ 
 Getting‑to‑know‑the‑Raspberry‑Pi‑I2C‑bus

[4]  Ethan Dicks adds an ADC to his Pi: https:// 
 ethandicks.  wordpress.  com/  2013/  06/  19/ 
 adding‑analog‑input‑to‑raspberry‑pi/

[5]  Full list of spidev’s modules and attributes: 
http://  tightdev.  net/  SpiDev_Doc.  pdf

INFO

pi@raspberrypi:~/ADC $ python adc.py

[3, 75]

845

LISTING 3: Output from adc.py 
(modified)

Figure 4: The messy set up in real life.

Figure 5: How to convert two bytes into a decimal number.
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