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Introduction ’_@,.

In this Tutorial we will show how we can use a
Thermistor with Raspberry Pi Pico

We will use MicroPython and the Thonny Python
Editor

A Thermistor Temperature Sensor is a small and
cheap temperature sensor

We will use a 10K NTC Thermistor in this tutorial



What do you need?

Raspberry Pi Pico
A Micro-USB cable

A PC with Thonny Python Editor (or another

Python Editor)
Breadboard

Electronics Components like LED, Resistors,

Jumper wires, etc.
Thermistor 10K

A



Raspberry Pi Pico

e Raspberry Pi Pico is a microcontroller board
developed by the Raspberry Pi Foundation

* Raspberry Pi Pico has similar features as Arduino
devices

e Raspberry Pi Pico is typically used for Electronics
projects, loT Applications, etc.

* You typically use MicroPython, which is a

downscaled version of Python, in order to program it

https://www.raspberrypi.com/products/raspberry-pi-pico/
https://projects.raspberrypi.org/en/projects/getting-started-with-the-pico



https://www.raspberrypi.com/products/raspberry-pi-pico/
https://projects.raspberrypi.org/en/projects/getting-started-with-the-pico/1

Pico Pinout

Power

Ground

UART / UART (default)
GPIOQ, PIO, and PWM
ADC

SPI / SPI (default)
12C / 12C (default)

Debugging

[ UARTO TX J 12C0SDA | sPioRx § GPO_ I
2
| GND_ K

[ 12C1SDA | spiosck B GP2 Q¥

[ 12c1scL | spioTx | GP3 JH

LUART1 TX | 12C0 SDA | SPIORX | GP4 JI
[UART1 RX | 12c0scL | spiocsn | GPS V]
[ oND B

[ 1201 SDA | spiosck | GP6_ R

[ 12ciscL | spioTx B GP7 (1

[UART1 TX J 12COSDA | spi1Rx | GP8 Rl
[ UART1 RX § 12C0SCL § SPI1Csn §  GP9  JiF)
| GND_ JRE]

[ 12C1SDA | spi1sck | GP10_ BT

[ 12ciscL | spiiTx | GP11JH

[UARTO TX J 12C0SDA [ spiiRx | GP12 )
[ UARTORX § 12c0scL § spi1csn § GP13 RV
| GND__[RE]

[ 12¢1 SDA | spi1sck B GP14 D)

[ 12c1scL | spiiTx | GP15  BU

https://www.raspberrypi.com/products/raspberry-pi-pico/
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NTOMS

aNO

L vBuS |

3 IS

£l GND |

37

£ 3va(our) |

35

24 GP28 ] ADC2 |

8 GND | AGND |

4 627 | Aoct | i2ciscl |
KR GP26 § ADCO § 12C1 SDA |
30

(If  GP22 |

i GND |

o GP21 |
] GP20 |
P8 GP19 ] spio Tx_J 121 SCL |
28 GP18 | SPi0 SCK § 12C1 SDA |
(<] GND |

22 Y 12C0 SCL _§ UARTO RX
ViR GP16 § SPIORX § 12C0 SDA § UARTO TX
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Thonny

T& Thonny - <untitled> @ 1:1
File Edit View Run Tools Help

NEd O @ =

<untitled>

 Thonny is a simple and user-friendly
Python Editor

* Cross-platform: Windows, macOS and
Linux

e Built-in support for the Raspberry Pi Pico
hardware/MicroPython firmware

e |ts free
» Download: https://thonny.org

Shell

>>> print("Hello World")
Hello World

>>>

MicroPython (Raspberry Pi Pico) = COM6&


https://thonny.org/

MicroPython

* MicroPython is a downscaled version of
Python

* |t is typically used for Microcontrollers and
constrained systems (low memory, etc.)

* Examples of such Microcontrollers that
have tailormade MicroPython firmwares
are Raspberry Pi Pico and Micro:bit

https://docs.micropython.org/en/latest/index.html https://micropython.org



https://micropython.org/
https://docs.micropython.org/en/latest/index.html

MicroPython Firmware

* The first time you need to install the
MicroPython Firmware on your
Raspberry Pi Pico

* You can install the MicroPython
Firmware manually or you can use
the Thonny Editor



Install MicroPython Firmware using Thonny

T& Thonny - <untitled> @ 1:1

File Edit View Run Tools Help

DEEH OF @™
<untitled>

1

Shell
Python 3.106.9 (C:\Users\hansha\AppData\Local\Programs\Thonny\pyth

V]

on.exe)

>>>

¥ Local Python 3 « Thonny's Python

Conjgure interpreter...

https://projects.raspberrypi.org/en/projects/getting-started-with-the-pico/3

'ﬁ. Thonny options
General Interpreter Editor Theme & Font Run & Debug Terminal Shell Assistant

Which kind of interpreter should Thonny use for running your code?
|MicroPython (Raspberry Pi Pico)

Details

Connect your device to the computer and select corresponding port below
(look for your device name, "USB Serial" or "UART").
If you can't find it, you may need to install proper USB driver first.

Port
|< Try to detect port automatically >

M Interrupt working program on connect
Synchronize device's real time clock

M Use local time in real time clock

[V Restart interpreter before running a script

=

Install or update MicroPython

: Cancel



https://projects.raspberrypi.org/en/projects/getting-started-with-the-pico/3
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10K Thermistor

L




Thermistor N

A thermistor is an electronic component that changes
resistance to temperature - so-called Resistance g

Temperature Detectors (RTD). It is often used as ax

temperature sensor.

Our Thermistor is a so-called NTC (Negative Temperature Coefficient).
In a NTC Thermistor, resistance decreases as the temperature rises.

There is a non-linear relationship between resistance and excitement. To find the
temperature we can use the following equation (Steinhart-Hart equation):

l = A ~+ B ln(R) - C(ID(R))3 where 4, B, C are constants given below [Wikipedia]

T A = 0.001129148,B = 0.000234125and C = 8.76741E — 08




Steinhart-Hart equation

1 A+ BIn(R) + C(In(R))3
Tk

1

= AT B IR + CUn(R))?



Steinhart-Hart Equation

To find the Temperature we can use Steinhart-Hart Equation:

1
= A+ BIn(R) + C(In(R))?3
K
This gives:

1
K~ A4+ BIn(R) + C(n(R))3

Where the Temperature Tk is in Kelvin
A, B and C are constants

= 0.001129148
= 0.000234125

= 0.0000000876741

a >

The Temperature in degrees Celsius will then be:

T, = Ty — 273.15



https://www.halvorsen.blog |
0% © S
9“‘0@‘;0'-._'\ ~ 9
Qoa > .2
ANl ‘,.-"\\ A
g‘oa 2 v" 8 a%
N
o8
2%

Wiring and
Voltage Divider

Raspberry Pi Pico

Hans-Petter Halvorsen Table of Contents




Hardware

* Raspberry Pi Pico

* Breadboard
* Thermistor 10K (Temperature Sensor)

* Wires (Jumper Wires)
* Resistor R = 10 k£ ///’\




Thermistor Wiring

https://pico.pinout.xyz

veus | R = 10 k) Thermistor

| po p o .
| ep1 2 X ) VSYS |

Ground 3 [ ) [ Ground
I I e o 0 o o
| P2 4 X ° 3V3_EN AAAA A
| p3 5 X ® 3V3(0UT) R AR

GP4 5 X) ® ADC_VREF

e 0o 0 o o

| ps 7 X ° GP28 | Abc2 |
IGround 8 () [} Ground I AGround I & & & &8
| aps 9 X ) GP27 | Apci |
| ep7 10 X5 ° Gp26 | ADCO |
| cps 11 X ) RUN e o o o o
| Gpo 12 X ) GP22 | e o 0 o o
IGround 13 X [} Ground I e 6 o o o
| sP10 14 25 ° GP21 | e o o o o
| gP11 15 25 ° ep20 | e o 0 0 o
| eP12 16 2T ° GP19 |
| P13 17 25 ° GP18 |
I Ground 18 J ) (] Ground P\

GP14 19 1) ° GP17

ND

| gp1s 20 25 ° Grie | 3.3y


https://pico.pinout.xyz/

Thermistor Voltage Divider Wiring

The wiring is called a “Voltage divider”:
+3.3V

10k Thermistor H

* Analog In (Al)

k= 10ka ]

GND [https://en.wikipedia.org/wiki/Voltage divider]



General Voltage Divider

We want to find V,,;;
th Formula:
_|_

" R
i . J{—| ' VO'U,t — Vln R _I_ R
2 Vout 1 2

https://learn.sparkfun.com/tutorials/voltage-dividers/all



https://learn.sparkfun.com/tutorials/voltage-dividers/all

Voltage Divider for our System

Voltage Divider Equation: +‘ [] R. = 10kQ
0=
Ry
_ Vi
Vout — Vin R.+ R 3.3V Yin T+
0 t - ‘ RN Vour
We want to find R;: |
VoutRo R; - 10k Thermistor. This varies with
Rt —_ temperature. From Datasheet we
Vin—=Vout know that R, = 10kQ @25°C

Steps:
We wire the circuit on the Breadboard and connect it to the Raspberry Pi Pico device

1

2. We measure V/,,,; using the Raspberry Pi Pico device

3. We calculate R; using the Voltage Divider equation

4. Finally, we use Steinhart-Hart equation for finding the Temperature
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Pseudo Code

4 main steps:

1. GetV,,; fromthe ADC on Raspberry Pi Pico

VoutR
2. Calculate R, = —2&=2
Vin—Vout

1

3. Calculate Ty = A+B In(Ry)+C(In(Ry))3

4. Calculate T, =Ty — 273.15



ADC Value to Voltage Value

Analog Pins: The built-in Analog-to-Digital Converter (ADC) on Pico is 16bit, producing
values from 0 to 65535.

The read ulé6 () function gives a value between 0 and 65535. It must be converted to a
Voltage Signal 0 - 3.3v

ADC=0->0v
ADC = 65535 -> 3.3v

3.3V 1 This gives the following conversion formula:
(x) + b (x) = 3.3
X) = ax —
’ Y 65535

oV

0 65535



Pseudo Code

//Get Voltage
adc = thermistor.read_u16()
Vout = (3.3/65535)*adc

//Voltage Divider. Calculate R
float Vin = 3.3;

float Ro=10000;

float Rt = (Vout*Ro)/(Vin-Vout);

//Steinhart constants

float A =0.0011291483;
float B = 0.000234125;
float C = 0.0000000876741;

//Steinhart-Hart Equation
float TempK =1/ (A + (B * In(Rt)) + (C * In(Rt)**3));

//Convert from Kelvin to Celsius
float TempC = TempK - 273.15;



Python

The Code works as follows:

1.

Get V/,,,; from the DAQ device

VoutR
Calculate R, = —22°-
Vin—Vout

1

Calculate Ty = A+B In(R)+C(In(Ry))?

Calculate T, = Ty — 273.15

Present T in the User Interface

from machine import ADC
from time import sleep

import math

adcpin = 26
thermistor = ADC (adcpin)

# Voltage Divider

Vin
RO

= 3.3

10000 # 10k Resistor

# Steinhart Constants
A =
B
C

0.001129148
0.000234125
0.0000000876741

while True:

# Get Voltage value from ADC
adc = thermistor.read ul6 ()
Vout = (3.3/65535) *adc

# Calculate Resistance
Rt = (Vout * Ro) / (Vin - Vout)
# Rt = 10000 # Used for Testing.

# Steinhart - Hart Equation

Setting Rt=10k should give TempC=25

TempK =1 / (A + (B * math.log(Rt)) + C * math.pow(math.log(Rt), 3))

# Convert from Kelvin to Celsius
TempC = TempK - 273.15

print (round (TempC,
sleep (5)

1))



Tk Thonny - C:AU hansha\OneDrive\Doc ts\Industrial IT and ion\loT\Raspberry Pi Pico\Code istor_ex.py @ 33:13
File Edit View Run Tools Help
D& (*] @ =
thermistor_ex.py
1 from machine import ADC

from time import sleep
import math

2
3
4
5 adcpin = 26
& thermistor = ADC(adcpin)
7
8

A = ©0.001129148
14 B = 0.000234125
C = 0.0000000876741

17 while True:
18 adc = thermistor.read_ul6()
19 Vout = (3.3/65535)*adc

28 # Convert from Kelvin to Celsius

TempK - 273.15

N
(s}
=
m
3
O
(g}
n o

31 print(round(TempC, 1))

33 sleep(5)

v

MicroPython (Raspberry Pi Pico) + COM6




Python v2

Here, we have made a separate Python
function for the Thermistor logic. This makes

it easy to use this part in several Applications.

import math
def thermistorTemp (Vout) :

# Voltage Divider
Vin = 3.3
Ro = 10000 # 10k Resistor

Steinhart Constants
= 0.001129148
0.000234125
0.0000000876741

Q W B #*

# Calculate Resistance
Rt = (Vout * Ro) / (Vin - Vout)

# Steinhart - Hart Equation

Thermistor Application:

from machine import ADC
from time import sleep
import thermistor

| adcpin = 26
sensor = ADC (adcpin)

while True:
adc = sensor.read ulé6()
Vout = (3.3/65535) *adc
TempC = thermistor.thermistorTemp (Vout)

print (round (TempC, 1))

sleep (5)

TempK = 1 / (A + (B * math.log(Rt)) + C * math.pow(math.log(Rt), 3))

# Convert from Kelvin to Celsius
TempC = TempK - 273.15

return TempC

thermistor.py



T& Thonny - Raspberry Pi Pico :: /thermistor_ex2.py @ 9:17
File Edit View Run Tools Help

B 7= 0o ® ™
Files [ thermistor_ex2.py ] [ thermistor.py ]

This computer 1 from machine import ADC
@ [) EsD 2 from time import sleep

@ W GitHub import thermistor
inetpub

Intel

PanoptoRecorder » adcpin 26

Perflogs & sensor ADC(adcpin)
Program Files v

Program Files (x86) while True:
Recovery :

Software 9 adc = sensor.read_ulé6()

Software Development 10 Vout = (3.3/65535)*adc
SymCache 11
Temp 12 TempC = thermistor.thermistorTemp(Vout)
Arduino =
LabVIEW OPC UA i .
LabVIEW Snake 14 pr‘1nt(r‘ound(TempC, 1))
OPCUA ]
OPCUANET 16 sleep(5)
Pico
@ thermistor.py
@ thermistor_ex2.py

B &®

= #

O O O O I = R = I

®
£
&
&

Raspberry Pi Pico
®= L0 lib
& thermistor.py
& thermistor_ex2.py

In order to make this work the “thermistor.py”
needs to be placed on the Pico.
You can use the “Files” tool in the Thonny Editor

O WNWOWE WU WW!U!e

v

MicroPython (Raspberry Pi Pico) « COM6




Python Code v3

class Thermistor:
def init (self, pin):
self.thermistor = ADC (pin)

def ReadTemperature (self) :
# Get Voltage value from ADC

TemperatureSensors.py

adc_value = self.thermistor.read ulé6()

Vout = (3.3/65535) *adc_value

# Voltage Divider
Vin = 3.3
Ro = 10000 # 10k Resistor

Steinhart Constants
0.001129148
0.000234125
0.0000000876741

Q W > #*

# Calculate Resistance

Rt = (Vout * Ro) / (Vin - Vout)

# Steinhart - Hart Equation

Here, we have taken it one step
further by making a separate Python
Class and Python Module for the
Thermistor logic. This makes it easy to
use this part in several Applications
and Code structure is improved

TempK = 1 / (A + (B * math.log(Rt)) + C * math.pow(math.log(Rt), 3))

# Convert from Kelvin to Celsius

TempC = TempK - 273.15

return round (TempC, 2)




Python Code v3

Main Application:

from TemperatureSensors import Thermistor
from time import sleep

adcpin = 26
thermistor = Thermistor (adcpin)

while True:
TempC = thermistor.ReadTemperature ()
print (TempC)
sleep (D)



Raspberry Pi Pico Resources
* Raspberry Pi Pico:

https://www.raspberrypi.com/products/raspberry-pi-pico/

* Raspberry Pi Foundation:

https://projects.raspberrypi.org/en/projects?hardware[]=pico

e Getting Started with Pico:

https://projects.raspberrypi.org/en/projects/getting-started-with-the-pico

* MicroPython:

https://docs.micropython.org/en/latest/index.html



https://www.raspberrypi.com/products/raspberry-pi-pico/
https://projects.raspberrypi.org/en/projects?hardware%5b%5d=pico
https://projects.raspberrypi.org/en/projects/getting-started-with-the-pico
https://docs.micropython.org/en/latest/index.html
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