https://www.halvorsen.blog ‘

LabVIEW LINX
and Raspberry Pi

Using SPI and 12C Interfaces

Hans-Petter Halvorsen



Table of Contents

e Raspberry Pi and LabVIEW LINX
e SPI and I12C Interfaces
e TC/4 Temperature Sensor




LabVIEW + LabVIEW LINX Toolkit

Raspberry Pi
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+ Ethernet
LabVIEW LINX Toolkit or Wi-Fi

LabVIEW




* Raspberry Pi

* Breadboard S
* Wires (Jumper Wires)
* Resistors (R = 2701))
 LED, Push Button

* Sensors/Components with SPI/I12C
Interface




Hardware and Software

* Host PC (Windows PC)
—LabVIEW
—LabVIEW LINX Toolkit
—(LabVIEW Real-Time Module)

e Raspberry Pi with Raspberry Pi OS
—Connected to Wi-Fi
—SSH Enabled
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GPIO

( )
3V3 power o o 5V power
GPIO 2 (SDA) o o 5V power
GPIO 3 (SCL) o o Ground
GPIO 4 (GPCLKO) o o GPIO 14 (TXD)
Ground o o GPIO 15 (RXD)
GPIO17 o o GPIO 18 (PCM_CLK)
GPIO 27 o o Ground
GPIO 22 o o GPIO 23
3V3 power o o GPIO 24
GPIO 10 (MOSI) o o Ground
GPIO 9 (MISO) o o GPIO 25
GPIO 11 (SCLK) o o GPIO 8 (CED)
Ground o o GPIO 7 (CE1)
GPIO 0 (ID_SD) o o GPIO 1 (ID_SC)
GPIOS5 o o Ground
GPIO6 © o GPIO 12 (PWMO)
GPIO 13 (PWM1) o o Ground
GPIO 19 (PCM_FS) o o GPIO 16
GPIO 26 o o GPIO 20 (PCM_DIN)
Ground o o GPIO 21 (PCM_DOUT)
N J

A powerful feature of the Raspberry Pi is the GPIO (general-purpose input/output) pins.
The Raspberry Pi has a 40-pin GPIO header as seen in the image



Resources

Raspberry Pi and Installation of Raspberry Pi OS have been
covered in more detail in other available Tutorials.

These Tutorials are available on my Blog and YouTube:
e Raspberry Pi - https://youtu.be/sPZqzDdsrkc

* Raspberry Pi Installation and Remote Access -
https://youtu.be/NsxZTQysah8

Blog:
https://www.halvorsen.blog/
YouTube Channel @Industrial IT and Automation

https://www.youtube.com/IndustriallTandAutomation



https://youtu.be/sPZqZDdsrkc
https://youtu.be/NsxZTQysah8
https://www.halvorsen.blog/
https://www.youtube.com/IndustrialITandAutomation
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LabVIEW LINX Toolkit

 The LabVIEW LINX Toolkit adds support
for Arduino, Raspberry Pi, and
BeagleBone embedded platforms

e | have used LabVIEW LINX in
combination with Arduino in other
Tutorials

 We will use Raspberry Pi in this Tutorial



Installing LabVIEW LINX Toolkit
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Note: Do not install this package if you are running LabVIEW 2020 Community Edition or later,
as the Community Edition already includes the LabVIEW LINX Toolkit
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Create your Raspberry Pi Project

‘ B Labview “::E:'f::iﬂ

File Operate Tools Help

Choose a starting point for the project:

- Al [ Blank Project Templates
p Lab ’ | EW 2020 | Templates ‘ E_‘; Creates a blank project.
Sample Projects |

Desktop
Real-Time : B}ankVI -
él]| Creates a blank VI.
Create Project Open Existing
e Simple State Machine T
Recent Project Templates All Recent Files v | A - (é) Facilitates defining the ex sequence for sections of code. More Information
Blank Project C:\Users\hansha\OneDrive\Development"
RPiProject Ivproj v Channeled Messagg Handler
@ Uses channels to facilitate multiple sections of code running in parallel and sending data between
C:\Temp\LabVIEW Raspbemy Pi\LabVIEV Leal_'n about them. More Information
service requs
LabVIEW Raspbeny Pi Application Ivproj Queued Message Handler T s
Database Script Generator lvproj {abi ueue refnums to facilitate multiple sections of code running in parallel and sending data
between them. More Information
LabVIEW State Machine lvproj
Ny Actor Framework 7=
Weather Station Ivproj Creates an application tha sts of multiple, independent tasks that communicate with each
Vision System for Pool Table Games Ivproj other. This template makes exte e use of LabVIEW classes. More Information
Finite Measurement s
— Acquires a finite measurement and provides options for exporting the measurement to disk. This
1onaoja’| ; : ;
Find Drivers and Add-ons Community and Support sample project is based on the Simple State Machine template. More Information
Connect to devices and expand the Participate in the discussion forums or Continuous Measurement and Logging
functionality of LabVIEW. request technical support. .}mnm Acquires measurements continuously and logs them to disk. This sample project is based on the
Queued Message Handler template. More Information
Feedback Evaporative Cooler 3
: :£ Implements an evaporative cooler with hot-swappable hardware, controllers, and user interfaces.
Additio

This sample project is based on the Actor Framework template. More Information

Inetrument Nriver Proiact 7

Finish Cancel Help



Create your Raspberry Pi Project

D Untitled Project 2 - Project Explorer
File Edit View Project Operate Tools Window Help

e

'DB“l do

IECIER YR

ltems  Files

= @. Project: Untitled Prpiact2
= & My Computer New

»
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Find Project ltems...

Arrange By
Expand All
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Properties

D Add Targets and Devices on Untitled Project 2

Targets and Devices
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O Specify a target or device by IP address
(O) New target or device

X

Targets and Devices

EHD) LINX
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BHD) Real-Time CompactDAQ
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<
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Refresh Cancel

Help




Create your Raspberry Pi Project

E Untitled Project 2 * - Project Explorer

File Edit View Project Operate Tools Window Help 3 Deployment Progress O X
34 | o
El=N: | X B X “Egﬂ | G~ & o “ + “ “| Deployment Status
ltems Files Initializing...
Calculating dependencies...
= D. Project: Untitled Project 2 Checking items for conflicts. This operation could take a while...
El Q My Computer Preparing items for download. This operation could take a while...
‘i‘g‘ Dependencies Deploying raspberrypi(successfully deployed target settings)
. L Build Specifications gep:oylng L:ntltled|:{oglect2 o
S N raspberrypi (192.168.137.25% Eployment completed successiully
£ o New >
Dependencies
‘. "% Build Specifications Add >
Deployment Progress
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[ Close on successful completion Close Cancel




LabVIEW PrOJect Explorer

E RP roj - Project Explorer

File Edit View Project Operate Tools Window Help

=1 IE IR

+ |

ltems  Files

=- kgl Project: RPiProject.vproj
E} E
*:_:;’ Dependencies

-, Build Specifications You are now ready to start creating

- "E,rf Sf,l,),:t,'f:ﬂgz'ms'nzzso) LabVIEW Code that control the GPIO

~ 5 Dependencies pins on the Raspberry Pi device
- s Build Specifications




Resources

Introduction to Raspberry Pi and LabVIEW LINX has been
given in another Tutorial.

* LabVIEW LINX and Raspberry Pi - xxx

Blog:

https://www.halvorsen.blog/

YouTube Channel @Industrial IT and Automation
https://www.youtube.com/IndustriallTandAutomation



https://www.halvorsen.blog/
https://www.youtube.com/IndustrialITandAutomation
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Raspberry Pi Configuration

You need to Enable SPI and 12C

Raspberry Pi Configuration

v

System Display Interfaces | Performance | Localisation ‘
Camera: e Enable Disable
SSH: Enable e Disable
VNC: Enable e Disable
SPI: e Enable Disable
12C: e Enable Disable
Serial Port: e Enable Disable
Serial Console: e Enable Disable
1-Wire: e Enable Disable
Remote GPIO: Enable e Disable

Cancel

OK




SPI

» Serial Peripheral Interface (SPI)
* 4—Wire Protocol (SCLK, CE, MOSI, MISO)

e SPlis an interface to communicate with
different types of electronic components
like Sensors, Analog to Digital Converts
(ADC), etc. that supports the SPI interface

* Thousands of different Components and
Sensors supports the SPI interface

https://www.raspberrypi.org/documentation/hardware/raspberrypi/spi/



https://www.raspberrypi.org/documentation/hardware/raspberrypi/spi/

SPI

SPI devices communicate in full duplex mode using a master-slave architecture with a
single master

Raspberry Pi SPI ADC, SPI Sensor, etc.

>

The SPI bus specifies four logic signals:

* SCLK: Serial Clock (output from master)

* MOSI: Master Out Slave In (data output from master)

* MISO: Master In Slave Out (data output from slave)

* CE (often also called SS - Slave Select): Chip Select (often active low, output from master)



12C

12C is a multi-drop bus
2-Wire Protocol (SCL + SDA)

Multiple devices can be connected to the 12C
pins on the Raspberry Pi

Each device has its own unique 12C address



12C

Multiple devices can be connected to the 12C pins on the Raspberry Pi
Master — Device that generates the clock and initiates communication with slaves
Slave — Device that receives the clock and responds when addressed by the master.

Raspberry Pi

ADC, DAC, Sensor, etc. with 12C Interface



SPI/12C

* Digital Sensors typically use either the SPI or
the 12C communication protocol

 The Arduino UNO has built-in hardware
support for SPl and 12C communication

SPI

4-Wire Protocol

SPI supports full-duplex. Data can be
sent and received at the same time
Higher data transfer rate than 12C
Complex wiring if more than one
Slave

12C

2-Wire Protocol

12C supports only half-duplex. Data
cannot be sent and received at the
same time

Lower data transfer rate than SPI
Multiple Slaves are easier



SPI/12C in LabVIEW LINX

4+ 0\Search 9, Customize¥

Peripherals
4 Q Search * Customize¥ oy Y]
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Close
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TC74 Temperature Sensor

SMBus/12C Interface

TC74A0-5.0VAT Q  The TC74 acquires and converts

(' ‘ temperature information from its onboard
'. solid-state sensor with a resolution of
TC74 +1°C.

12345 * |t stores the data in an internal register
which is then read through the serial port.

* The system interface is a slave SMBus/I2C

port, through which temperature data can

be read at any time.

Device Address: 0x48

O
pa

SDA
GND«
SCLK«¢
VDD¢

Datasheet: https://ww1.microchip.com/downloads/en/DeviceDoc/21462D.pdf



https://ww1.microchip.com/downloads/en/DeviceDoc/21462D.pdf

1I2C Wiring on Raspberry P|

GPIO 40 pins Connector [
3V3 power o (1)(2) o 5V power
GPIO 2 (SDA) o (3)(4) o 5V power
GPIO 3 (SCL) o+ (5 )(6) o Ground
GPIO 4 (GPCLKO) o (7)) o GPIO 14 (TXD)
Ground o (9)(10) o GPIO 15 (RXD)
GPIO 17 o (11)(12) o GPIO 18 (PCM_CLK)
GPIO 27 © (13)(14) o Ground
GPIO 22 o (15)(16) o GPIO 23
3V3 power o (17)(18) o GPIO 24
GPIO 10 (MOSI) o (19)(20) o Ground
GPIO 9 (MISO) © DD o GPIO 25
GPIO 11 (SCLK) o C3)(24) o GPIO 8 (CED)
Ground o (25)(26) o GPIO 7 (CE1)
GPIO 0 (ID_SD) o @ D o GPIO 1 (ID_SC)
GPIO5 o (29)(30) o Ground
GPIO 6 o G1)(32) o GPIO 12 (PWMO)
GPIO 13 (PWM1) o (33)(34) o Ground
GPIO 19 (PCM_FS) o (35)(36) o GPIO16
GPIO 26 o GG o> GPIO 20 (PCM_DIN)
Ground o (39)(40) o GPIO 21 (PCM_DOUT)
. J

Note! The I2C pins include a fixed 1.8 kQ pull-up resistor to 3.3v.




Raspberry Pi GPIO Pins

TC74 Wiring

SDA (GPI02) Pin3
SCL (GPIO3) Pin5

+5V Pi

SDA - Serial Data — Bidirectional
SCLK - Serial Clock Input

VDD — Power Supply Input

GND - Ground

NC - Not in use (Not Connected)

O

SGveEcl
v.01




B 12C TC74 Example.vi Front Panel - O

File Edit View Project Operate Tools Windd] :" 2
a 2 & () I | 15pt Application « H ™
A
Temperature [C]
=1
E 12C TC74 Example.vi Block Diagram
File Edit View Project Operate Tools Window Help
S® N P 2 wa@ | 15ptApplication Font ~ | $ov Thav EHv Lag
. Stop I
emperature [C] v
< >
12C Channel (0) . fi23]
[12C Channel L
L COM6 [v %E L 12C Read.vil | 12C Close.vi| Clise.vj [Simple Error Handler.vi|
g H I; =G 2 = o |
= = ) e
[Serial -] [12C Slave Address
:B es To Read
[}
[Wait {rne)
al
v




Slave

Address

S| Notation

The TC74 Slave address is
a Hexadecimal Number

E 26 ICT% Examplesn ® - D Numeric Constant Properties: 12C Slave Address
File Edit View Project Operate Tools Window Help
— = Appearance  Data Ty Display F t D tati
S & N P 2 wa@ | 15ptApplication Font ~ | $ov gov EHv Loy ata lype | Uisplay rorma ocumentation
Label
Visible
12C Slave Address
Position
[12C Channel (0)
12C Channel Left Top
396 187
Open.vi| 12C Open.vi 12C Read.v
|¥5 COM6 vl..........m
JZi i*c?:;-:':' —] i‘c';-' Show radix
Serial ¥ 'Izc Slave Address A [] Show increment/decrement buttons
- L
20
Bytes To Read
1 -
12C Slave Address nght CIICk and
n .
[~i" Select Properties
< |
oK Cancel Help

O
A
ervi]
v
>
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TMP36 Temperature Sensor

A Temperature sensor like TM36 use a
solid-state technique to determine the
temperature.

They use the fact as temperature
increases, the voltage across a diode

increases at a known rate.
2.7-5.5V in ¢ Ground

Analog voltage out

https://learn.adafruit.com/tmp36-temperature-sensor



https://learn.adafruit.com/tmp36-temperature-sensor

OUTPUT VOLTAGE (V)

T
1.8  —%-
s Vai e
/|
1.4
1.2 / /\\b -~
1.0
0.8 > a
0.6 // //
0.4 A~
| [
0.2 //
(150 -25 o 25 50 75 100 125
TEMPERATURE (°C)
This gives:
25205 (x — 0.75)
—25=——7"—7-(x—0.
Y 1-0.75

Then we get the following formula:

y = 100x — 50

TMP36 Temperature Sensor

Convert from Voltage (V) to degrees Celsius

From the Datasheet we have:

(xl,yl) = (075V, ZSOC)
(eryZ) = (1V'500C)

There is a linear relationship between
Voltage and degrees Celsius:
y=ax+b

We can find a and b using the following
known formula:

Y2 — V1
X2 —Xq

y—Y1= (x —x1)
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SPI Wiring on Raspberry Pi

GPIO 40 pins Connectdr h
3V3 power o (1)(2) o 5V power
GPIO 2 (SDA) o (3)(4) o 5V power
GPIO 3 (SCL) o (5Y(6) o Ground
GPIO 4 (GPCLKO) o (7)(s) o GPIO 14 (TXD)
Ground o (9)(10) o GPIO 15 (RXD)
GPIO 17 o (1)(12) o GPIO 18 (PCM_CLK)
GPIO 27 o (13)((14) o Ground
GPIO 22 o (15)(16) o GPIO 23
o (17)(19) o GPIO 24
GPIO 10 (MOSI) o (19)(20) o Ground
GPIO 9 (MISO) o— G)(22) o_GPIO
GPIO 11 (SCLK) o] ® D
Ground (25)(26) o GPIO 7 (CET)
GPIO 0 (ID_SD) o G)(28) o GPIO 1 (ID_SC)
GPIO5 o (29)(30) o Ground
GPIO6 o 9D o GPIO 12 (PWMO)
GPIO 13 (PWMT1) o 339 o Ground
GPIO 19 (PCM_FS) o (35)(36) o GPIO 16
GPIO 26 o (37)(38) o GPIO 20 (PCM_DIN)
Ground o (39)(40) o GPIO 21 (PCM_DOUT)




ADC

 The Raspberry Pi has only Digital pins on the
GPIO connector

* |f you want to use an Analog electric
component or an Analog Sensor together with
Raspberry Pi, you need to connect it through
an external ADC chip

* ADC - Analog to Digital Converter

https://en.wikipedia.org/wiki/Analog-to-digital converter



https://en.wikipedia.org/wiki/Analog-to-digital_converter

MCP3002 ADC chip

The MCP3002 is a 10-bit analog to digital converter with 2 channels (0-1).
The MCP3002 uses a SPI Interface

CSISHDN[]1 ~ 8 [ Vpp/Vrer
=
CHOC]2 @ 7 [JCLK
CH1[]3 § 6 DouT
VSS 4 N ) DIN

http://ww1.microchip.com/downloads/en/DeviceDoc/21294E.pdf

https://learn.sparkfun.com/tutorials/python-programming-tutorial-getting-started-with-the-
raspberry-pi/experiment-3-spi-and-analog-input



https://learn.sparkfun.com/tutorials/python-programming-tutorial-getting-started-with-the-raspberry-pi/experiment-3-spi-and-analog-input
http://ww1.microchip.com/downloads/en/DeviceDoc/21294E.pdf

5 a s

i ? Raspbe,yp ppppppppppppp i CS/SHDN ] 1 ~ 8 [ Vpp/VREr

i___ L I____________________________________________: _. CHO ] 2 § 7 [ CLK
CH1O3 &8 6 [1Dgyr
Vgg L] 4 S 5 HE Y

https://sites.google.com/a/joekamphaus.net/raspberry-pi-spi-interface-to-mcp3002/



https://sites.google.com/a/joekamphaus.net/raspberry-pi-spi-interface-to-mcp3002/

Raspberry Pi GPIO Pins

MOSI GPIO 10 (Pin 19)
MISO GPIO 9 (Pin 21)
SCLK GPIO 11 (Pin 23)
GND(Pin 25)

Wiring

+5V (Pin 2)
o -

PIO 8 (Pin 24)
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SPI Wiring on Raspberry Pi

GPIO 40 pins Connectdr h
3V3 power o (1)(2) o 5V power
GPIO 2 (SDA) o (3)(4) o 5V power
GPIO 3 (SCL) o (5Y(6) o Ground
GPIO 4 (GPCLKO) o (7)(s) o GPIO 14 (TXD)
Ground o (9)(10) o GPIO 15 (RXD)
GPIO 17 o (1)(12) o GPIO 18 (PCM_CLK)
GPIO 27 o (13)((14) o Ground
GPIO 22 o (15)(16) o GPIO 23
o (17)(19) o GPIO 24
GPIO 10 (MOSI) o (19)(20) o Ground
GPIO 9 (MISO) o— G)(22) o_GPIO
GPIO 11 (SCLK) o] ® D
Ground (25)(26) o GPIO 7 (CET)
GPIO 0 (ID_SD) o G)(28) o GPIO 1 (ID_SC)
GPIO5 o (29)(30) o Ground
GPIO6 o 9D o GPIO 12 (PWMO)
GPIO 13 (PWMT1) o 339 o Ground
GPIO 19 (PCM_FS) o (35)(36) o GPIO 16
GPIO 26 o (37)(38) o GPIO 20 (PCM_DIN)
Ground o (39)(40) o GPIO 21 (PCM_DOUT)




DAC — MCP4911

DAC — Digital to Analog Converter

Arduino UNO has no real Analog Out Channel —
only Digital PWM channels

We can use an external DAC in order to provide a
real Analog Out

MCP4911 is a single channel, 10-bit DAC with an
external voltage reference and SPI interface



MCP49xx

MCP49xx is a family of DAC ICs:

« MCP4901: 8-Bit Voltage Output DAC ~
e MCP4911: 10-Bit Voltage Output DAC

e MCP4921: 12-Bit Voltage Output DAC

The different MCP49xx DACs work in the same
manner, the only difference is the resolution (8, 10,

or 12 resolution)
Datasheet: https://www.microchip.com/en-us/product/MCP4911



https://www.microchip.com/en-us/product/MCP4911

MCP4911 - Arduino Wiring

5V o=y,

‘ Analog Out (To Multimeter)

=] Y [e Vour
DI0(SS) 4mmm TS [o] = [<|Vss mmmp GND
D13 (SCLK) 4mmm SCK[®] & [0 Vigr =) 5v
D11 (MOsl) 4mmm SDI[®] = [v|IDAC mmmp GND




Test Setup

Multimeter

- O X

MCP
49t |
~

B Basic SPI MCP4911 Example.vi Front Panel
File Edit View Project Operate Tools Window Help

>® 0N [Fthwpsn A 9

Voltage [0-5V]

=i[3.00 |

In the LabVIEW Application 3V is written
to the MCP4911 DAC.
Then we can use a Multimeter to see if

everything works as expected

Arduino UNO

g TN




[ Basic SPI MCP4911 Example.vi Front Panel - O X

File Edit View Project Operate Tools Window Help ‘MCF"

S& 0n |15ptApp *| Search Q ? 431

A

Voltage [0-5V]
=1[3.00
Data
=]
'7'|° | d57 - [m] X
4152 . MCP
$ov av 6D tap »| Search Q ? 4311
~ _ _ A
CS Configuration
< >
CS Channel
SPI Channel (0)
[of
(o) en.vil SPI Open.vi SPI Configure.vi SPI Write Read.vil Closeﬂ] [Simple Error Handler.vi]
I COM9 |+ ] |
T3 srid " spid s £

Serial ¥

SPI Configuration

|1 Frame ¥

Clock Frequency

[*Mode 0 7]

Voltage [0-5V]] MCP4911 Convert from Voltage to Byte Array.vi|
{, 9-5¢
J‘""" Br!:.ﬂrr.

[i][12=]
(1]




Convert from Voltage to Byte Array

[Z] MCP4911 Convert from Voltage to Byte Array.vi Front Panel - O X
File Edit View Project Operate Tools Window Help .E
2 & (@ I |15ptApplication Font ~ | $ov v v EH~ *| Search A ? et
A
Voltage [0-5V] Numeric
= [0000 14336
ADC [0-1023]
0
=110 0
Binary [0000000000 - 1111111111] .
0011 [ 0 0 0 0 0 0 0 0 0 0 ] 00
Word
v
< >




Convert from Voltage to Byte Array

E MCP4911 Convert from Voltage to Byte Array.vi Block Diagram

— O X

File Edit View Project Operate Tools Window Help -5t
S® N P Y vag o |15ptApplication Font ~ | 3o~ av E9H~ Lak +| Search S L\:\.L
A

‘Voltage [0-5V] 0-5V => 0-1023
23

[To Unsigned Word Integer| [Number To Boolean Array| [000000000D - 1111111111] |
TssTensil

SR e oL} Boolean To (0,1) Reverse 1D Array
DEL K
ROCToT6] = i-f
IADC [0-1023]
Lrom

BidAm] g [0, Defautt <13

e,
ors]
™
ors]

EV'SE 1D Arra [Boolean Array To Number|  [To Unsigned Word Integer Split Number
118 1016} H

ijl1zz
H

Ib

1 Eﬁl

+ 4

2322233322233




[ sPI MCP4911 Example.vi Front Panel - O X
File Edit View Project Operate Tools Window Help [ ”MCPI
>&® 0N I‘ISptAppIicai-\ Search Q ? | 49m
A
Voltage [0-5V] Data
B : i
NN N LIO \ N O AmMnle:
- W - W w NS o
4152 L - (] X
MCP
o @9' i% »| Search «k @ 4an
~
B e
CS Configuration
0 CS Channel
>
SP| Channel (0)
ol T |
OEen.vi SP| Open.vi SPI Configure.vi L SP| Write Read.vi - Close.vi Simple Error Handler.vi
e P spid E: g EJ X
Serial ¥ 1Frame v
SPI Configuration Voltage [0-5V]| MCP4911 Convert from Voltage to Byte Array.vi|
Clock Frequency , o-5¢
iz to
= Byto Arr,
Exit Button
T E—
LrreLd
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TC74 (12C) + MCPA4911 (SPI)

[ Combined TC74and M...  —
File Edit View Project Operate Tools \/1 Here is a baSIC example presented

D @ N 7| where reading TC74 Temperature

~| Data is combined with writing
2021-09-27 13:45:43 values to the MCP4911 DAC.

Temperature [C] Voltage [0-5V]

| 26 |J (E260 |J

It can easily be extended with, e.g.,
a PID Control System

.ExitJ
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