
Adding analog input to the Pi using the Digispark

 Analog Pi
Analog input needs special treatment in the digital Raspberry Pi 

world. We show you what you need to do to get analog data into 

your Rasp Pi via the USB port. By Paul C. Brown

My original project was sim-
ple enough: I wanted to use 
an analog dial – like one 
you would find on a safe. A 

program on the Pi would then set the 
combination. By twiddling a knob, a 
user would input a guess and, if it 
matched, the Pi would flash a green LED 

and unlock a hypothetical safe, door, or 
whatever. If the combination was wrong, 

the Pi would flash a red LED and the user 
would have to try again.

A RoAd to NowheRe
The plan was to use the analog pins on the Rasp-

berry Pi – which was the first problem: The Raspberry 
Pi has no analog pins. So, although it can send out mes-

sages (i.e., make LEDs blink), as far as receiving information 
from the outside world, it’s as blind as a bat, or at least severely color-

blind. Although I looked for workarounds, the Pi is a purely digital machine. I googled to see 
how other people have done this sort of thing and discovered they use an extra piece of hard-
ware called an ADC (analog-to-digital converter) [1]. When you clip the ADC onto a bread-
board, it translates the analog signals from your sensors into something the Pi can under-
stand. Although I could have ordered an ADC, I didn’t have the time to wait for delivery.

Being a Kickstarter junkie, though, I did have three Digisparks [2] – coin-sized, Arduino-
like development boards  -- lying around. I bought them for US$ 8 a pop when the guy mak-
ing them was crowdfunding, but I had never used the Digisparks (Figure 1), because I real-
ized that, to do so, I would have to solder bits onto them. 

For someone who usually needs help unsticking his fingers whenever he busts out the su-
perglue, the prospect of messing around with hot, molten metal was terrifying. Desperate 
times require desperate measures, however, and I had a hardware store nearby where I could Le
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get a soldering iron and some solder in five 
minutes.

BuRNiNg dowN the house
Soldering is more difficult than I thought. 
The ladies of Adafruit [3] do this kind of 
thing in their videos all the time, daintily 
touch their soldering irons to the pins of tiny 
components and magically connecting every-
thing together.

With the Digispark, you have to solder the 
six-pin female header to the I/ O pins along 
the top of the device and a three-pin header 
to the 5V, ground, and VIN pins that run 
along the side. After ruining my first Digis-
park trying to do just that, I got lucky the 
second time around and even managed not 
to make the joints look too messy. Although I 
was pleased with myself, my wife was not 
impressed.

wARNiNg sigN
Surely the rest of the process would be pretty 
straightforward – connect the dots, as it 
were. Boy, was I wrong.

The first thing you’ll learn is that, if you 
plug the Digispark into a USB port on a run-
ning Raspberry Pi, the Pi immediately re-
boots. A sudden drop in supply voltage to 
the Pi because of a spike in current demand 
when the Digispark is turned on is big 
enough to reboot the Pi, as if you had un-
plugged it and then plugged it back in.

While the Pi is off, you have to plug in the 
Digispark so they boot together. The problem 
then is that the Digispark is only available for 
programming for five seconds after it boots. 
After five seconds, it goes offline and starts 
running whatever program is resident (by de-
fault, a program that flashes the onboard test 
LED). Of course, the Pi takes longer than five 
seconds to boot. By the time you reach the 
login screen, the Digispark has long since 
gone offline and is happily blinking its LED, 
completely oblivious to the rest of the world.

If you want to program the Digispark, 
you’re going to have to do it on another a 
computer. No problem: Everybody has a lap-
top or desktop lying around they can use and 
any machine should do, right? Wrong.

The Digispark is very particular as to what 
computer it talks to. Plugging it into my lap-
top gave me nothing when I ran lsusb from a 
terminal. By running dmesg, I got what you 
can see in Listing 1. Moving it to another 
port, and then to an external hub, and finally 
to a cable did nothing to solve the problem. 
My computer and the Digispark stubbornly 
refused to acknowledge each other.

Three computers later, I still had not made 
any progress. Finally, the Digispark decided 
it liked my wife’s antique Sony Vaio and 
started to behave:

$ # In programming mode (5 seconds)

$ lsusb

...

Bus 002 Device 010: ID 16d0:0753 GrauTec

Interestingly enough, the Pi also has no prob-
lem recognizing the device, but, as men-
tioned above, the five-second window makes 
it impossible to program from the Pi.

This, by the way, is not what you’ll see 
when the Digispark is in run mode (i.e., five 
seconds after being plugged in). If it is not 
sending information back over the USB inter-
face, you won’t see the Digispark at all, but if 
it is, you’ll see something like this;

$ lsusb

...

Bus 002 Device 032: ID 16c0:05df VOTI

Note how the device ID has changed com-
pletely. Compare the IDs and commercial 
names in the two listings and remember 
them, because it will come in useful later.

Apparently, another way for the Digispark, 
and other USB 
devices, to be 
recognized and 
connected is to 
use an external 
powered USB 
hub (i.e., one 
that plugs into 
the mains). I 
have yet to try 
this.

the 
oveRloAd
The Digispark is 
a very specific, 
low-cost piece of 
hardware, so to 
program it, you Figure 1: The tiny Digispark – some assembly required.

$ dmesg

...

[97935.284931] usb 2‑1.3: new low‑speed USB device number 7 using ehci_hcd

[97935.686143] usb 2‑1.3: device not accepting address 7, error ‑32

[97935.759108] usb 2‑1.3: new low‑speed USB device number 8 using ehci_hcd

[97936.160528] usb 2‑1.3: device not accepting address 8, error ‑32

[97936.160753] hub 2‑1:1.0: unable to enumerate USB device on port 3

Listing 1: My Digispark Misbehaves
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The following message:

Running Digispark Uploader...

Plug in device now... U

   (will timeout in 60 seconds)

appears in the console window at the bottom 
of the IDE. Now is when you plug in the Di-
gispark so your program can upload. The up-
loader informs you whether or not it has 
been successful.

seeN ANd Not seeN
The Digispark has six digital input/ output 
pins numbered 0 to 5 along its top edge 
(from left to right with the USB connector 
pointed away from you). Four of those pins 
can also act as analog input ports, and the 
best pin to use is P2/ A1. Table 1 shows the 
correspondence between digital and analog 
pins.

A simple example that uses a Digispark (as 
opposed to a Digispark plus a Raspberry Pi) 
and a few of the components you’ll need in 
the final project illustrates how the analog 
input works, which is what you’ll be inter-
ested in later. The first bit you’ll need is a po-
tentiometer, which you’ll use to regulate the 
blinking speed of an LED. A potentiometer 
(Figure 3) is a variable resistor, meaning you 
can regulate the voltage it outputs with a 
movable part, usually a knob or slide.

The most interesting wire in Figure 3 is the 
yellow one in the center, which outputs the 
modulated voltage that changes when you 
twist the knob, and it is what you want to 
measure on your analog pin. The illustration 
in Figure 4 shows you how to hook the po-
tentiometer to the Digispark. The red wire is 
connected to the 5V output the Digispark 
supplies, the black wire is connected to Di-
gispark’s ground, and the yellow wire is con-
nected to P2/ A1. An LED is connected to P0.

Once you’ve hooked everything up as 
shown in the diagram, open the Digispark 
Arduino IDE and enter the “sketch” (Arduino 
code) you see in Listing 2. Upload it to the 
Digispark by clicking on the Upload icon in 
the toolbar. When you see the message say-
ing the sketch has been uploaded success-
fully, wait a few seconds until the LED starts 
blinking, then twiddle the dial on the poten-
tiometer.

The farther counterclockwise you turn it, 
the slower the LED blinks. If you turn the 
knob clockwise, the LED blinks faster. That’s 
because you are using the variable sensor‑
Value to set the delay (lines 13 and 15), and 
in line 10 you are reading sensorValue off an-

need a very specific and admittedly low-cost 
piece of software. Although you could down-
load and install the different bits, specifica-
tions, and programmer examples (which will 
be useful in future projects) from the Digis-
park homepage, I found it was easier just to 
download the packages supplied from their 
wiki [4]. In Linux, you’d download the Di‑
gisparkArduino‑Linux32‑1.0.4‑May19.tar.gz 
(or ...‑Linux64‑... package, depending on 
your architecture) and unpack it into your 
working directory (I’m using the 64-bit ver-
sion):

$ tar zxvf DigisparkArduino‑Linux64‑U

  1.0.4‑May19.tar.gz

The Digispark uses a special version of the 
Arduino IDE, and you can find the execut-
able in the DigisparkArduino‑Linux64/Digis‑
park‑Arduino‑1.0.4/ subdirectory. Addition-
ally, you might have to copy the supplied 
udev rules to make sure things work as ex-
pected:

$ cd DigisparkArduino‑Linux64/

$ sudo cp 90‑digispark.rules U

  /etc/udev/rules.d/

While you are programming the Digispark in 
your new Arduino IDE, keep the device un-
plugged from your computer. When the time 
comes to copy your programs over, choose 
Tools | Board | Digispark (Tiny core) (Figure 
2) and Tools | Programmer | Digispark and 
hit the upload button (the “Play” button with 
an arrow pointing to the right in the toolbar).

Figure 2: The version of Arduino supplied with the Digispark is preconfigured for this tiny board.
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alog pin 1 (digital pin 2), the pin to which 
the potentiometer is connected. The values 
supplied by analog pin 1 vary between 0 and 
1023, and the delay is measured in millisec-
onds. When you turn the knob all the way 
clockwise, you will experience virtually no 
delay, but when you turn it all the way coun-
terclockwise, the delay is slightly longer than 
a second.

dReAm opeRAtoR
To move on to the “safe” project, you need 
the Digispark to interact with the Raspberry 
Pi. To do that, you need to include a special 
library in your Digispark sketch called 
DigiUSB.h (Listing 3, line 1). This library is 
included by default with the Digispark setup, 
so if you have followed the installation de-
scribed above, it should just work.

Line 8 initializes communication over USB. 
This is when the Digispark will show up as 
an input/ output device by reporting its bus 
and device ID. As before, you read in the 
value from the potentiometer, again con-
nected to analog pin 1 (line 13), and then 

make it more manageable by mapping its 
value from 0 to 9 (line 14).

With map(), the original value of sensor‑
Value (i.e., a number between 0 and 1023) is 
transposed to a scale that goes from 0 to 9. If 
sensorValue equals 0 on line 13, it will equal 
0 on line 14. If it equals 1023 on line 13, it 
will equal 9 on line 14. If it equals anything 
in between on line 13, it will be adjusted pro-
portionately to a number between 0 and 9 on 
line 14.

Because you don’t want to send a constant 
stream over the USB channel, line 16 checks 

whether the value has 
changed since the last time 
you looked. If it has, line 
18 prints it to the USB. The 
current sensor value be-

Digital Analog
P0 –

P1 –

P2 A1

P3 A3

P4 A2

P5 A0

tabLe 1: Digispark Digital/ Analog Pins

Figure 3: A typical potentiometer. The red wire feeds in 

the current, the black goes to ground, closing the cir-

cuit, and the yellow outputs the modulated current.

Figure 4: A Fritzing [5] circuit diagram of the Digispark, potentiometer, and 

red LED.

01  int sensorValue=0;

02  

03  void setup()

04  {

05    pinMode(0, OUTPUT);

06  }

07  

08  void loop()

09  {

10   sensorValue = analogRead(1); // Which corresponds to P2

11  

12   digitalWrite(0, HIGH);

13   delay(sensorValue);

14   digitalWrite(0, LOW);

15   delay(sensorValue);

16  }

Listing 2: Variable Blinking

Analog Input to the Pi
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$ git clone https://github.com/digistump/U

  DigisparkExamplePrograms.git

and copy, move, or link the DigisparkExam‑
plePrograms/Python/DigiBlink/source/ardu‑
ino/ subdirectory to the directory from which 
you want to run your own program (your 
working directory). For example, if you 
cloned DigisparkExamplePrograms/  … into 
your working directory, cd into it and enter

$ ln ‑s DigisparkExamplePrograms/Python/U

  DigiBlink/source/arduino

which creates a link to the arduino directory 
containing the module within your working 
directory.

From lines 9 to 17, the program continues 
with the housework, setting variables and 
making sure the GPIOs are ready to be used. 
You’ll be hooking the red LED up to pin 24 
(line 11) and the green LED to pin 25 (line 
12). Note that you’ll have to run this pro-
gram as superuser (with sudo) because regu-
lar users don’t have access to the Pi’s GPIO 
interface.

Down in the main section (lines 71 on), you 
read in the master combination as arguments 
to the program entered on the command line. 
Clip off the first element of sys.argv in line 
73; it’s the name of the program (see the 
“sys.argv” sidebar). If you want the master_
Combo to contain, say, ['1', '2', '3', '4'], 
you’d call the program like so:

$ sudo python combination.py 1 2 3 4

Although the combination may contain as 
many numbers as you like, they must all fall 
between 0 and 9, as was established in Po‑
tentiometer.ino (Listing 3).

Next, an infinite loop (line 81) reads in the 
user’s combination (combo) using the read‑
Combo() function (I’ll discuss this function in 
detail in a minute) and compares both the 
user’s combo and the master_Combo defined 
when the program was run. If they are the 
same, the program blinks the green LED 
three times (line 84) using the blinkLED() 
function (lines 62-69) and exits the loop, 
ending the program. If the combination is 
not correct (line 87) the program flashes the 
red LED and goes through the loop again.

The blinkLED function takes three parame-
ters: the LED to flash, the number of times it 
is flashed, and the speed at which it is 
flashed, Much more interesting is readCombo 
function (lines 19-60). This function reads in 
the combination from the potentiometer at-

comes the old sensor 
value (line 21) and 
waits for a 100th of a 
second before going 
again. If you don’t in-
clude the pause, you 
are guaranteed to 
confuse your USB 
system on the receiv-
ing end (i.e., on the 
Pi), and you will lose 
your connection with 
the Digispark.

Now, you can 
move your other 
computer over to 
your Pi, because the 
next step is to get the 
Pi to read the values 
the Digispark is send-
ing over the USB and 
use them to build up 
a combination of 
numbers (e.g., sev-
eral numbers from 0 
to 9), compare it to a 
combination stored 

in the Pi’s program, and then switch on one 
LED or another (Listing 4).

To begin, you need to do some housework 
by importing the modules you’ll need later 
(lines 1 to 3). The most interesting module is 
RPi.GPIO, a module preinstalled in Raspbian 
that supplies code to read from and write to 
the Raspberry Pi GPIO pins. Line 6 brings in 
the Python USB module. This module is not 
usually installed by default, so you’ll have to 
install it by hand; however, DO NOT use 
apt‑get. In most Linux repositories, includ-
ing those that Raspbian uses, the version of 
PyUSB available is the old 0.4 version. This 
will not work with your program; you’re 
going to need the new 1.0 version.

Next, you need to install pip, the Python 
package manager, then you can install 
PyUSB using pip:

$ sudo apt‑get install python‑pip

$ sudo pip install pyusb

These commands grab and download the 
latest version of PyUSB from the main Py-
thon repositories. Line 7 brings in a Digis-
park-specific module. Again, this will not be 
installed on your system by default, so 
you’ll have to install it manually. To get the 
module, clone the DigisparkExamplePrograms 
directory from the Digispark GitHub ac-
count into your directory:

01  #include <DigiUSB.h>

02  

03  int sensorValue=0;

04  int oldSensorValue=0;

05  

06  void setup()

07  {

08    DigiUSB.begin();

09  }

10  

11  void loop()

12  {

13   sensorValue = analogRead(1);

14   sensorValue = map(sensorValue, 0, 1023, 0, 9);

15  

16   if (sensorValue != oldSensorValue)

17   {

18     DigiUSB.println(sensorValue);

19   }

20  

21   oldSensorValue = sensorValue;

22   DigiUSB.delay(10);

23  }

Listing 3: Potentiometer.ino
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tached to the Digispark. When it’s first 
called, it ignores the state of the potentiome-
ter until the dial is twiddled. When the user 
finally turns the dial, it starts reading the 
input and waits until the user chooses a 
number. If the user stays on a certain num-
ber more than five seconds, the program as-

sumes that is number selected as part of the 
combination and appends it to v_combo.

The program indicates a number has been 
accepted as part of the combination by blink-
ing the green LED twice. The function runs 
through this routine as many times as there 
are numbers in master_Combo. When done, 

01  import sys, time

02  import RPi.GPIO as GPIO

03  from datetime import datetime, timedelta

04  

05  # Digispark specific

06  import usb # 1.0, *NOT* 0.4: use *pip install pyusb* to 
install

07  from arduino.usbdevice import ArduinoUsbDevice

08  

09  combo = []

10  master_Combo = []

11  red_LED = 24

12  green_LED = 25

13  

14  GPIO.cleanup()

15  GPIO.setmode(GPIO.BCM)

16  GPIO.setup(red_LED, GPIO.OUT)

17  GPIO.setup(green_LED, GPIO.OUT)

18  

19  def readCombo():

20  

21      v_combo = []

22      fb_store='0'

23  

24      while True:

25          try:

26              theDevice = ArduinoUsbDevice(idVendor=0x16c0, 
idProduct=0x05df)

27  

28          except:

29              print "Dial not found! Attach your Digispark 
(with a dial) and rerun."

30              GPIO.cleanup()

31              sys.exit(0)

32  

33          try:

34              feedback=""

35              while True:

36                  lastChar=chr(theDevice.read())

37                  if lastChar=="\n": break

38                  feedback=feedback+lastChar

39  

40              print(feedback) # Comment this line in 
production

41              fb_store=feedback[0]

42  

43              start_time=datetime.now()

44  

45          except:

46              # Check if time on number is greater than 5 
seconds

47  

48              try:

49                  elapsed_time=datetime.now()‑start_time

50                  if elapsed_time.seconds > 5:

51                      v_combo.append(fb_store)

52                      blinkLED(green_LED, 2, 0.2)

53                      start_time=datetime.now()

54  

55                  if len(v_combo)==len(master_Combo): break

56  

57              except:

58                  time.sleep(0.1)

59  

60      return v_combo

61  

62  def blinkLED(v_LED, times, speed):

63  

64      GPIO.output(v_LED, GPIO.LOW)

65      for i in range(times):

66          GPIO.output(v_LED, GPIO.HIGH)

67          time.sleep(speed)

68          GPIO.output(v_LED, GPIO.LOW)

69          time.sleep(speed)

70  

71  if __name__ == "__main__":

72  

73      if len(sys.argv)==1:

74          print "Please input code combination."

75  

76      else:

77  

78          # Read combo from command line

79          master_Combo=sys.argv[1:]

80  

81          while True:

82              combo=readCombo()

83              if combo==master_Combo:

84                  blinkLED(green_LED, 3, 0.3)

85                  break

86  

87              else:

88                  blinkLED(red_LED, 3, 0.3)

89  

90      GPIO.cleanup()

Listing 4: Combination.py
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the combination entered by the operator 
(main_Combo), as already discussed.

the Nitty-gRitty
Now that you know what the program does 
in general, I will go through it line by line so 
you can better understand its workings. On 
lines 21 and 22, you initialize a variable that 
stores the combination as it is entered by the 
user (v_combo) and a buffer variable that 
holds the number last read from the USB 
channel. The infinite loop starts on line 24, 
and the first thing it does is check whether 
the Digispark is connected to the USB 
channel (line 26). Look at the idVendor and 
idProduct parameters used when initializing 
ArduinoUsbDevice(), and then look back at 
the product identification that lsusb returned 
earlier (ID 16c0:05df). If the routine can’t 
find the Digispark, it will print an error mes-
sage and exit the program (lines 28-31).

Next, the routine tries to read in a series of 
characters from theDevice (i.e., the Digispark 
plugged into the USB port). It does so by run-
ning the read() function of ArduinoUsbDevice 
over and over (line 36) until it reaches a 
newline character (\n). Theoretically, then, 
you could read in chains of more than one 
character, but because Potentiometer.ino is 
set up to return digits from 0 to 9, Combina‑
tion.py lops off and keeps the first character 
in the chain and discards the rest (line 41).

Note that the data is transmitted raw, 
meaning as bytes. That’s why the input must 
be converted into characters using the Py-
thon chr() function and why the numbers 
the program receives are not really numbers 
at all. You couldn’t add them up, for exam-
ple, because they are characters. Line 43 reg-
isters the time the character is received in 
start_time, which you use later to calculate 
how long the user sits on a certain number 
when guessing the combination.

If nothing is received from the Digispark 
(lines 45-58), it can mean one of two things. 
First, it could mean the user hasn’t started 
twiddling the dial yet, in which case start_
time will not have been set on line 43. The 
try on line 48 fails because the variable on 
line 49 is undeclared. Execution then 
jumps to line 58, where the program sits 
and waits one-tenth of a second. This is 
how the routine sits and waits, ignoring all 
previous inputs from the USB channel, at 
the beginning of each new attempt to guess 
the combination.

The second thing that could be happening 
is the user has twiddled the dial and you al-
ready have a digit to check. In this case, 

the routine exits the loop and returns control 
to the main function, where the combination 
entered by the user (combo) is compared with 

Elements of a command entered at the com-
mand line are kept in a list (array) called sys.
argv. The first item of the list is the program in-
voked at the command line. The next items in 
the list are any arguments entered after the 
program name. Because array numbering 
starts at zero, the elements of the sys.argv 
array are numbered [0], [1], [2], and so on. If 
you want the arguments to the command, you 
take from element [1] until the end of the 
array, as in Listing 4, line 79.

sys.argv

Figure 6: …In the the real world, the setup isn't as pretty.

Figure 5: The Fritzing diagram of the safe project looks nice and tidy…
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tion – say, to three tries. If the combination 
isn’t guessed in the number of tries allo-
cated, the system should send a message to 
the owner and lock up, for example, for 15 
minutes. It should, however, continue giving 
the impression that it is letting the would-be 
intruder guess combinations until the cavalry 
arrives). 

Additionally, once the combination has 
been guessed, the program should not just 
exit as it does now. It should allow the user 
either to reset or reprogram a new combina-
tion.

As far as hardware goes, you will almost 
certainly want to link the Pi up to a servomo-
tor that drives a sliding bolt and screw every-
thing to the doorjamb. Note that you should 
not connect a servo or any other kind of 
motor directly to your Raspberry Pi. If you 
do, you will most certainly fry your device. 

If you want to be more aggressive, you 
could hook up the Pi to the air vents and 
flood the chamber occupied by the intruders 
with knock-out gas or wire it to a trapdoor at 
their feet and have them drop into the pool 
of ravenous sharks previously installed under 
your house. Some extra assembly may be 
necessary.  ● ● ●

start_time will have been set (on line 43), so 
you want to see if the user has been waiting 
at least five seconds (lines 49 and 50). If so, 
the routine takes this to mean that the user 
wants the digit to be appended to the combi-
nation (line 51), and you signal that the oper-
ation has been successful by flashing the 
green LED twice (line 52). You need to reset 
start_time (line 53), or the routine will fill all 
the slots of the combination with the chosen 
digit immediately. Line 55 checks to see that 
all the slots have been filled and, if so, 
breaks back to the main function.

A ReAl live wiRe
The hardware setup in Fritzing looks nice 
and tidy (Figure 5). In real life, things aren’t 
quite so neat (Figure 6). As you can see, the 
potentiometer is connected to the Digispark’s 
5V output, ground, and analog pin 1 (P2), as 
in the prior project. The red and green LEDs’ 
anodes are connected to the Pi’s 24 and 25 
pins, respectively. Their cathodes are both 
connected to one of the Pi’s ground pins.

whAt’s Next?
A next obvious step is to limit the number of 
times the user can try to guess the combina-

[1]  MCP3008 analog-to-digital 
converter: https://  www. 
 adafruit.  com/  products/  856

[2]  Digispark development 
board: http://  digistump.  com/ 
 products/  1

[3]  Adafruit:  
http://  www.  adafruit.  com/

[4]  Digispark Arduino setup: 
http://  digistump.  com/  wiki/ 
 digispark/  tutorials/ 
 connecting

[5]  Fritzing:  
http://  fritzing.  org/  home/
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