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How can we use NI Hardware
with Python?

* NIlisacompany that manufacture and sell both Hardware and
Software

 The are most famous for their LabVIEW software
* LabVIEW is popular Graphical Programming Language

* Typically you use LabVIEW in combination with NI DAQ
Hardware, but the NI-DAQmx can also be used from C, C#,
Python, etc.

* Control NI DAQ Device with Python and NI DAQmx

— https://knowledge.ni.com/KnowledgeArticleDetails?id=kA00Z0
00000P800SAC



https://knowledge.ni.com/KnowledgeArticleDetails?id=kA00Z000000P8o0SAC

LabVIEW

* |n this Tutorial we will use Python and
not LabVIEW

e But if you want to learn more about
LabVIEW, you may take a look at my
LabVIEW resources:

* https://halvorsen.blog/documents/prog
ramming/labview/labview.php
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NI DAQ Hardware

Some Examples
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Note! The Python Examples provided will work for all NI-DAQ Devices using the NI-DAQmx Driver, which is several hundreds different types




USB-600x

* NI has many DAQ devices (or I/O Modules) that
can be used together with NI-DAQmx Python API

 Examples of low-cost USB DAQ Devices from NI:
USB-6001, .. ,USB-6008, USB-6009

USB-6001 50007
USB-6008



NI USB-6008
e

We will use NI USB-6008 in our examples
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NI USB-6008

The USB-6008 is a low-cost, multifunction DAQ device.
It offers analog 1/0, digital I/O, and a 32-bit counter.

The USB-6008 provides basic functionality for applications such as
simple data logging, portable measurements, and academic lab
experiments.

You can easily connect sensors and signals to the USB-6008 with
screw-terminal connectivity.

8 Al Single-ended or 4 Al Differential (12-Bit, 10 kS/s)
2 AO (150 Hz)
12 DIO (you can choose DI or DO)

http://www.ni.com/pdf/manuals/375295c.pdf
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NI DAQ Device with Python

How to use a NI DAQ Device with Python

Python Application Your Python Program

nidagmx Python Package Python Library/API for Communication with NI DAQmx Driver

Free

Python Free Python Programming Language
NI-DAQmx Hardware Driver Software
Free
WIRRIe] In this Tutorial we will use USB-6008
Hardware




Data Acquisition (DAQ)

* To read sensor data you typically need a
DAQ (Data Acquisition) device
connected to you PC

* You can alos use devices like Arduino,
Raspberry Pi, etc.

* |n all cases you will typically need to
install a driver from the vendor of the
DAQ device or the sensor you are using



DAQ System

A DAQ System consists of 4 parts:

* Physical input/output signals, sensors
 DAQ device/hardware

* Driver software

* Your software application (Application

Software) - in this case your Python
application



DAQ System

Input/Output Signals
Analog Signals

/\/\/ Software

Analog 10

Application

Digital Signals

Digital 10

Sensors
(Analog/Digital o
Interface) ~ @ Data Acquisition PC

Hardware

| USB, etc. Hardware Driver




/O Module

Analog Signals

AVAY

0—5Vor0—-10V 1 \ Analog Input (Al)

Analog Sensors Analog 10 Analog Output (AO)

/O Module

Digital IO Digital Signals
l True

Digital Input (DI) I | I | I |FI
alse

Digital Output (DO)

Sensors with Digital Interface (e.g., SPI, 12C)



Digital Signals

A computer can only deal with discrete signals

7'\ You typically log data at specific intervals
The sampling Time (T) is the time between 2 logged values
o - Conti Ti
o o t = Continuous Time
o ° k = Discrete Time
T = Sampling Time
TS
| ! | | l >
k=0 k=1 k=2 k=3 = k
t=0 t=Ty t=2T; t=3T, t=4T, t = kT



DAQ,

* Here you find more information,

resources, videos and examples
regarding DAQ:

* https://www.halvorsen.blog/docume
nts/technology/daqg
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NI-DAQmMX

NI-DAQmXx is the software you use to communicate
with and control your NI data acquisition (DAQ) device.

NI-DAQmx supports only the Windows operating
system.

Typically you use LabVIEW in combination with NI DAQ
Hardware, but the NI-DAQmx can also be used from C,
C#, Python, etc.

The NI-DAQmx Driver is Free!

Visit the ni.com/downloads to download the latest
version of NI-DAQmx



http://www.ni.com/downloads/

Measurement & Automation

5N
File Edit View Tools Help

(8l Data Neighborhood
v & Devices and Interfaces

o=+ NI USB-6008 “Dev1" Settings
«g NI USB-TCO1 *TCO1"
4 Network Devices Name
:5 Scales Vendor
&) Software
Model

EA Remote Systems

Serial Number

Status

External Calibration

Calibration Date

Recommended Next

Calibration

Explorer (MAX)

v B3 My System H £ Refresh | € Reset [y Seff-Test (] Test Panels...

Devl

National Instruments
NI USB-6008
0300E26B

{3 Create Task... = Device Pinouts @& Configure TEDS...
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Dev1/ai0
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Measurement & Automation Explorer (MAX)

=«| j5 3 software you can use to configure and

test the DAQ device before you use it in
Python (or other programming languages).

Auto-scale chart

X

s included with NI-DAQmx software

With MAX you can make sure your DAQ device works as expected before you start using it in your Python program.
You can use the Test Panels to test your analog and digital inputs and outputs channels.




Measurement & Automation
Explorer (MAX)

Rena me DeVice N ame: 75 NI USB-6008 "Devl1" - Measurement & Automation Explon

File Edit View Tools Help

v Ed My System
[§l Data Neighborhood

v @@ Devices and Interfaces
@A Integrated Webcam "cam0"
@ Logitech Webcam C930e "cam3"
< NI USB-6008 “Danc1"
o@3 NIUSB-TCO1| ¥ Reset
4 Network Dey @‘J Self-Test

@ Historical Data {% Greatelask...

[ ] TestPanels...

The default Name is “Dev1” -B Device Pinouts
[ Help

4.4 Scales -
Configure TEDS...
& Software . 2
E3 Remote Systems Rename

H

You can change the
Name of the Device by
right-clicking and select

“Rename”

You will use this Device Name
inside your Python code




nidagmx Python API

* Python Library/API for Communication with NI
DAQmMX Driver

* Running nidagmx requires NI-DAQmx or NI-
DAQMx Runtime

e Visit the ni.com/downloads to download the
latest version of NI-DAQmx

* nidagmx can be installed with pip:
plp 1nstall nidagmx

e https://github.com/ni/nidagmx-python



http://www.ni.com/downloads/
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nidagmx Python Package

B Anaconda Prompt
(base) C:\Users\hanshz>pip install nidagmx

B Anaconda Prompt

(base) C:\Users\hansha>pip install nidagmx
Collecting nidagmx

Using cached https://files.pythonhosted.org/packages/c5/00/40a4ab636f91b6b3bc77e4947ffdf9ad8b4cO1clcc701b5
fc6eddf30fe34/nidagmx-0.5.7-py2.py3-none-any.whl
Requirement already satisfied: six in c:\programdatalanaconda3\lib\site-packages (from nidagmx) (1.11.8)
Requirement already satisfied: numpy in c:\programdatalanaconda3\lib\site-packages (from nidagmx) (1.14.3)

Installing collected packages: nidagmx
Successfully installed nidagmx-©.5.7

(base) C:\Users\hansha>




nidagmx Python Package

v & Devices and Interfaces
@ Integrated Webcam "cam0"
@ Logitech Webcam C930e "cam3"
< NI USB-T 22—
L Network [C Self-Test
> @ Historical Da {mi Create Task...
> 44 Scales @@ Configure TEDS...

You can change the

| Rename

File Edit View Tools Help

MAX

73 NI USB-TCO1 "Dev1” - Measurement & Automation Explorer - O X
File Edit View Tools Help
va Myfystem_ W ove O Refresh | [0 Self-Test [7) Test Panels... | {f Create Task... @9 Configure TEDS... » 7 Hide Help
I
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@ Integrated Webcam "cam0" Settings . .
@ Logitech Webcam C930e “cam3" NI-DAQmx Device Basics
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Python Examples

Using a DAQ device we have 4 options

* Analog Out (Write) - AO

* Analog In (Read) - Al

* Digital Out (Write) - DO

* Digital In (Read) - DI

We will show some basic examples in each of
these categories



Python Examples

You can easily extend this examples to make them suit
your needs.

Typically you need to include a while loop where you
write and/or read from the DAQ device inside the loop,

E.g. read values from one or more sensors, e.g., a
Temperature sensor that are connected to the DAQ
device

You may want to create a control system reading the
process value and then later write the calculated control
signal (e.g. using a PID controller) back to the DAQ device
and the process
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Analog Out (Write)
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Analog Out (Write)

* Note! The USB-6008 can only output a voltage

signal between 0 and 5V

 The USB-6008 has 2 Analog
Out Channels:

— AO0
—AO1

GND
Al 0 (Al 0+)
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Al 1 (Al 14)
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GND



Analog Out (Write)

import nidaqgmx
task = nidagmx.Task ()
task.ao channels.add ao voltage chan('Devl/ao0', 'mychannel',0,5)

task.start ()

value = 2
task.write (value)

task.stop ()
task.close ()

You can, e.g., use a Multimeter in order to check if the the program outputs the correct value



Hardware Setup and Testing

. task.ao channels.add ao voltage chan('Devl/ao0', 'mychannel',0,5)
Multimeter = = = =

To PC

value = 2

task.write (value) Eﬂ
A — -
\ = LN
GND B == P0.0
Al 0 (Al0+) || ||ED|~ || | Po.1
Al 4 (Al 0-) (] ||eo ad | P0.2
GND i [|E||=| | F || F Po3
Al 1 (Al 14) (L] || b | P0.4
Al5 (Al1-) | ||| S| | Pos
GND ||~' QZZSII P0.6
Al 2 (Al 2+) © =10 P0.7
USB-6008 Al 6 (Al 2-) © K= P1.0
GND | |23 Q| | P11
Al 3 (Al 3+) ] |= | = P1.2
Al7(A13-) | [|[ET]]R &/ | P13
v GND @ a | (8|  PFlo
| e ) AOQ | 00 == 8||[ | +25v
L — AO T N &) L +5V
\ ”-_;__.se — GND U:f._ = SI|[ ] GND




https://www.halvorsen.blog

Analog In (Read)

Hans-Petter Halvorsen



Analog In (Read)

USB-6008 has
* 8 Al Referenced Single Ended (RSE)

Analog Inputs Channels — S f=h)
GND = =|=| P00
Al 0 (Al 0+) ||~ ﬁEJI sg;

o o Al 4 (Al 0-) « [ 2

e or 4 Al Differential Analog oo {0 &5t Pos
Al 5 (Al 1-) ||°’ m%\l PO.5
GND ™ & P0.6
Inputs Channels  Defautt Mewaa 121 || || EE R
GND ||§ §%\I zﬁ
Al 3 (A L |f = = 1.2
\Al? (Al ) =% S =(RE
The Voltage Range is —10V — 20V Egté el || §Q\| 25V
. GND E= &Q GND

OV — 5V is default e




Analog In (Read)

* In order to test your application you can connect, e.g., a
battery to the Analog Input channel used in the
program.

* Before you connect the battery to the DAQ device you
can check the Voltage Level using a Multimeter.

* Another test is to combine the Analog Write and
Analog Read examples and wire the Analog Write
channel directly to the Analog Read channel used in the
program, this is a so-called “Loop-back Test”.



Analog In (Read)

import nidaqgmx

task = nidagmx.Task ()

task.ai channels.add ai voltage chan("Devl/aiO")
task.start ()

value = task.read()
print (value)

task.stop
task.close ()



Hardware Setup and Testing

task.ai_channels.add_ai_voltage_chan("Devl/aiO")‘

' ngf E%”P0.0
Al 0 (Al 0+) ~ o PO.1
AlO Al 4 (Al 0— gl e =] P0.2
_________ A N |I=efi s 4 8|2 F Po3
- - - ad Al 1 (Al 1+) (] e == P0.4
RS 2o B A5 (A=) | [|[E]]e S|3| | Pos
' GND =)~ Q| = P0.6
Al2 (Al2+) | || I | Po7
Al 6 (Al 2-) =« Q| = P1.0
GND | |3 o =R
Al 3 (Al 3+) =)= o = P1.2
Al 7 (Al 3-) II: g%ll P1.3
_ GND (3| | b g PFI 0
value = task.read() AO 0 Hl%: 8%II +25V
. AO1 & = +5V
print (value) GND H =& S| | ano
N +—17) —|




Hardware Setup and Testing

task.ai channels.add ai voltage chan("Devl/aiO", min val=0, max_val=10)‘

value = task.read()
print (value)

NER =5 e
Al O (Al O | [ PO.1
AlO AI4(AIO:) ﬁ: - 25 Pg.z
ND Igb \ 8” P0.3
Al 1 (Al 14) o = PO.4
Al 5 (Al 1-) ||°' ax%ll PO.5
GND ||~ 9 P0.6
Al2 (Al2+) | ||| I|=| | po7
Al 6 (Al 2-) =« Q| = P1.0
GND | |3 Q| [ P11
Al 3 (Al 3+) =)= N P1.2
Al 7 (Al 3-) ||: g%ll P1.3
GND (S | by g PFI 0
AO 0 (== i 8= +25v
AO 1 == = +5V
GND {Lg]_g ] | ' GND




Analog In (Read)

import nidaqmx

task = nidagmx.Task ()
task.ai_channels.add;ai_voltage_chan("Devl/aiO", min val=0, max val=10)
task.start ()

value = task.read()
print (value)

L
ARV i

task.stop
task.close ()

g
©
=3
(¢)

OV — 5V is default 9V Battery




Loopback Test (Out + In)

Connect Analog Out connectors on DAQ device to the Analog In connectors:

e
=
GND = ==
e A1 0 (A1 0+) || || DD || ] f
e Al 4 (Al 0-) (] e £ [y |
GND i || == 3
Al 1 (Al 14) || <| =
Al5 (A=) | ||| =
GND =~ Q| =
Al2 (Al2+) | ||| = ||
Al 6 (Al 2-) Ed| &l =
GND M= o =]
Al 3 (Al 3+) =)= &=
A7 (A13-) | [|E2]]S &l
~—— GND =)= | =
~——— A0 i =)= 8=
AO 1 =« =
=|= ] |
—+




Loopback Test - Example

1. First run this Python code: Analog Out
import nidagmx

task = nidagmx.Task /()
task.ao channels.add ao voltage chan('Devl/ao0', 'mychannel’',0,5)
task.start ()

- - Analog In
value = 2 import nidaqmx

task.write (value) task = nidagmx.Task ()

task.ai channels.add ai voltage chan ("Devl/aiO")

task.stop () task.start ()

task.close ()

value = task.read()

2. Then run this Python code: Print(value)
task.stop

task.close ()



Loopback Test — Example2

import nidagmx

task write = nidagmx.Task ()
task write.ao channels.add ao voltage chan('Devl/ao0', 'mychannel',0,5)
task write.start()

task read = nidagmx.Task()
task read.ai channels.add ai voltage chan("Devl/aiQO")
task read.start ()

value = 4
task write.write (value)

value = task read.read()
print (value)

task_write.stop () Analog Out + analog In

task write.close() .
in the same program

task read.stop ()
task read.close()



Loopback Test

— Example3

import nidagmx
import time

task write = nidagmx.Task ()
task write.ao channels.add ao voltage chan('Devl/ao0', 'mychannel',0,5)
task write.start ()

task read = nidagmx.Task ()
task read.ai channels.add ai voltage chan("Devl/aiO")
task read.start ()

start=0; stop=6; increment=1

for k in range(start, stop, increment):
value = k
if value>5:
value=5
task write.write (value)
time.sleep (1)

value = task read.read()
print (round (value, 2))

task write.stop()
task write.close()

task read.stop ()
task read.close()



Analog In — RSE vs Differential

USB-6008 has
* 8 Al Referenced Single Ended (RSE)

Analog Inputs Channels —— N
GND == == P0.0
Al 0 (Al 0+) ||~ 9EII gg;

. . Al 4 (Al 0-) e >

* or 4 Al Differential Analog CEN = S|t pos
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GND | |3 =K
Al 3 (Al 3+) = ] | P1.2
A7 (A13-) | || || P13
== = R R = PFI 0
AO 0 =)= S|/ | +25v
AO 1 == & +5V
GND E|=) S| | 6ND

(L Jj' L;b




Analog In — RSE vs Differential

Al Differential Analog - 4 channels

A0 o—
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Analog In with RSE

import nidagmx

from nidagmx.constants import (
TerminalConfiguration)

task = nidagmx.Task/()

task.ai_channels.add_ai_voltage_chan("Devl/aiO",
terminal config=TerminalConfiguration.RSE)

task.start ()

value = task.read()
print (value)
task.stop ()
task.close ()



Analog In with Differential

import nidagmx
from nidagmx.constants import (
TerminalConfiguration)
task = nidagmx.Task ()
task.ai channels.add ai voltage chan("Devl/aiO",
terminal config=TerminalConfiguration.DIFFERENTIAL)

task.start ()

value = task.read()
print (value)

task.stop ()
task.close ()
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Digital 1/0

i
)
M
—

A 7 £
GND 5 égl P0.0
e 12 Digital Ch I mewes L D UL EE R
Igl a annes GND i ||~ | F ||| F Pos
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. . RSN e
— Port O Digital I/O ChannelsO0to 7  z:mz ok | |12 e
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* You can individually configure each signal as an input
or output.



Digital 1/0

a o _;q  Devl/port0/1ine0
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oD ol NI e _ Devl /portl/l%nel
e i i Devl/portl/line?2
= —= Devl/portl/line3




Digital 1/0

J DIGITAL

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
GND +5V+25V PAO P1.3 P12 P11 P1.0 P0.7 P0.6 P05 P0.4 PO.3 P02 P01 P0.0

Dev1l/Port0/line0:7

P0.<0..7> Port 0 Digital /O Channels 0 to 7 — You can individually configure each signal as
an input or output.

Devl/Port1/line0:3

P1.<0..3> Port 1 Digital I/O Channels 0 to 3 — You can individually configure each signal as
an input or output
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Digital Out (Write)

import nidaqgmx

task = nidagmx.Task ()
task.do_channels.add;do_chan("Devl/portO/lineO")
task.start ()

value = True
task.write (value)

task.stop
task.close ()

value = True value = False

We measure ~5V using a Multimeter We measure ~0V using a Multimeter



Digital Out (Write)

i H

| — ;__‘:,P‘ /\ .
EbE) - = + We test with
Al 0 (Al 0+) || ||EZ]f~ =l I Po.1 .
Al4(Al0-)  |CDfe =|H| P02 _ a Multimeter
GND i ||| (|| F Po.3
Al 1 (Al 14) ] |[en =<l = P0.4
Al5 (A=) | || S| | Pos
GND =|f~ Q= P0.6
Al2 (Al2+) | || =3/ Po7
Al 6 (Al 2-) @ &l = P1.0 -
GND = = gl | P11
Al3(AI3+)  |ED|= S|E| P12 - . @
A7 (A13-) | ||(EZ]f= =/ P13 : %
GND == (b oAl RIS PFIO
AO 0 =i 8| | +25V
AO 1 =« = = +5V
GND lt =) S @ng GND




import nidagmx

task = nidagmx.Task ()
task.do channels.add do chan("Devl/port0/lineQ")
task.start ()

value = True
task.write (value)

task.stop
task.close ()

import nidagmx

task = nidagmx.Task ()
task.do channels.add do chan ("Devl/port0/lineO")
task.start ()

[\Eralue = False
asKk.Write (value)

task.stop
task.close ()




Digital Out — For Loop

import nidagmx
import time

task = nidagmx.Task ()
task.do channels.add do chan ("Devl/port0/line0O")

task.start ()
value = True

N =10

for k in range(N) :
print (value)
task.write (value)
value = not wvalue
time.sleep (5)

task.stop
task.close ()



Digital 1/0

a o _;q  Devl/port0/1ine0
- ,__,;ﬁ — Devl/port0/linel
GND =] == P00 :
Ao @0y | ||El =211 pos Devl;portOjllHGZ
Ald(A10-) - (KD 2| P0.2 Devl/port0/1line3
GND = | F Po3 - —
Al (AL14) D e S| Po4 port0 Devl/port0/lined
el ! [% 3 S % Ll P Devl/port0/lineb
‘ o~ .
Al 2 (Al 2+ @ 3 PO.7 :
A|§§A| g_; N m} . % N Pl = Devl /portO/l}ne6
GND == | | P11 __portl Devl/port0/line7
Ao |I|ES S| | is N
Al 7 (Al 3- = S . _
GND( ! @5‘ 4| IRIEE|  PFIo — Devl/ £1/14ine0
AO 0 HI%: 8%” +25V evi/por ine
AO 1 & || 5V '
oD ol NI e _ Devl /portl/l%nel
e i i Devl/portl/line?2
= —= Devl/portl/line3




Multiple Digital Out

import nidagmx
import time

from nidagmx.constants import (
LineGrouping)

task = nidagmx.Task ()
task.do channels.add do chan("Devl/port0/line0:7","MyDOChannels",

line grouping=LineGrouping.CHAN PER LINE)
task.start ()

data = [True,False,True, True,False, True,False, True]
task.write (data)
time.sleep (5)

datal[l] = True
task.write (data)

task.stop
task.close ()
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Digital In (Read)

import nidagmx

task = nidagmx.Task ()
task.di channels.add di chan("Devl/port0/linel")
task.start ()

value = task.read()
print (value)

task.stop
task.close ()



Loopback Testing

GND
Al 0 (Al 0+)
Al 4 (Al 0-)
GND
Al 1 (Al 14)
Al 5 (Al 1-)
GND
Al 2 (Al 2+)
Al 6 (Al 2-)
GND
Al 3 (Al 3+)
Al 7 (Al 3-)
GND
AO 0
AO 1
GND

]

J

!

1l

I
1l
||
|
||
||
1]

|

(BEEEEEEEEEREEEER

J

Llslsmelzluol 6 8 LO9GbveEZL|

I|1323130292827262524232221201918 17

I o o

l

T

P0.0
PO.1
P0.2
P0.3
P0.4
P0.5
P0.6
PO.7
P1.0
P1.1
P1.2
P1.3
PFI O
+2.5V
+5V
GND

tﬁ Digital Out (P0.0)

Digital In (PO.1)

| GND 46V +25VPRO P13 P12 P14 P10 PO7 POS P05 P04 P03 P02 P01 Poo




=
+
DO —
e
-
O
(©
.
20 DI
O

|

import nidagmx

task = nidagmx.Task ()

task.do channels.add do chan("Devl/port0/line0O")
task.start ()

value = False #Change between True and False
task.write(value)

In this example we
task.stop connect DOO and DI1
task.close ()
task = nidagmx.Task ()
task.di channels.add di chan("Devl/port0O/linel")
task.start ()
value = task.read()

print (value)

task
task

.Sstop
.close ()



Additional Python Resources

Python :
: y _ Python for Science pvthon for Control
rogramming : : ython for Contro
and Engineerin , ,
Hans-Petter Halvorsen g g Eng|nee nng Python fOf' SOftwa re
Hans-Petter Halvorsen Deve IOpment
Hans-Petter Halvorsen
2 ® Hans-Petter Halvorsen
)
(] ® Python Software Development
https://www.halvorsen.blog

https://www.halvorsen.blog
https://www.halvorsen.blog
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https://www.halvorsen.blog/documents/programming/python/



https://www.halvorsen.blog/documents/programming/python/

Hans-Petter Halvorsen

University of South-Eastern Norway

WWW.uUusn.no

E-mail: hans.p.halvorsen@usn.no
Web: https://www.halvorsen.blog



http://www.usn.no/
mailto:hans.p.halvorsen@usn.no
https://www.halvorsen.blog/

