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Fall 2018 CAMS8302E e
Microcomputer Interfacing

Microcomputer Interfacing:

During the course you will connect a microcomputer (Arduino)
or a data acquisition device (myDAQ) to analog and digital
inputs and outputs.

Use Brightspace LMS for labs, notes and quizzes.
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Grading Information (2018)

Lab Section: ALGONQUIM
COL LEGE
Lab Assignments

and Pre-Lab Quizzes ------------------------- 40%

Theory Section:
Quizzes ( on-line -- in theory class) --- 10%
Midterms (2) -------------------=--ommee - 20%

Importa Nt Note: You must pass both the theory and lab section to pass the course.



NI myDAQ USB Interface

myDAQ Connections

Analog Input:

2 channels, 200kS/s, 16-bit
Analog Output:

2 channels, 200kS/s, 16-bit
3.5mm stereo audio jacks
Digital /0: 8 LVTTL lines
Counter: 1 counter/timer
Integrated DMM: V, A, Ohm
Power Supply: +5V, +-15V
Screwterm + mass term option
Bus Powered (USB) operation

USB controlled,
- bus powered

°
“o

Power Supply:

T sy

: 8DIO
i lines,

1 counter
———2 Al lines

4 ——— 2 AO lines

L8 +/-15V

'l . > o ’—L
ST R s
Audio IN/OUT

Integrated DMM
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B8 Oscilloscope - NI ELVISmx

NI myDAQ USB Oscilloscope

— =] Basic Settings Advanced Settings
" [~ . LG Ja
-ﬂ LabVIEW Sample Rate: 50.00 kS/s channel 0 settngs [l et 15et00s [l
Source Source
AIOD v Al v
[CJenabled
Scale Vertical Scale Vertical
Volts/Div Position (Div) Volts/Div Position (Div)
Triggerjvoltagele : j ]j j IJ
Triggeron rising edge Timebase Triaqer
Of channel 0
Time/Div Type Slope
| Vertical position = 0 | Edge I&
/ Source Level (V)
B e Chan0 S .5 I
‘ Trigger position 10% l J 207 Surcelye 23
Horizontal Position (%) =
5 10+
2m
Timeout
Device Acquisition Mode
myDAQ1 (NI myDAQ) v Run Once v
Sl Dispiay Grap! Run Stop Help

[Jcursors on

1 Graph
V| CH CH1
erle Properties

Autoscale B |

T

ey

(7 NATIONAL
¥ INSTRUMENTS

rA| (£10 V) —

AGND 0+ 0- 1+ 1-



myDAQ Interface Circuit

Wiring:

Do not place wires over
components.

L Use only red and back wires
U N -, . - for connections to ground and
b L : L] ' ~ the supply voltage.

L a bLE i e

< o \‘\ / 9 | S/

Keep the components

"E8 p
[10k variable | organized.

470 2
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myDAQ, Basic I/O Circuit (2018):

LED1
A R3
ANO } AN
, White Wires Green to DIOD 470Q i
LED2
Vadal R4
| ANN—
AN1 White Wires Rad to DIO1 470Q L
9 =
+5
+5 4.7kQ 5
o Pull Up s1 25
R1
o 2kQ
—_ Ore Wires  Key = Space ANO Photocell
- Stop PB to DIO4 &
L Blu Wires R6
4.7kQ
s2 'O
Org Wires J_ T
O O- —
Key = Space B
R2 Start PB to DIOS Photocell 12k in darkness

4.7kQ
Pull down

Photocell 2k when light

+5
Red Wires for +5.0

AN1_1
Lx2
. ~AZ POTENTIOMETER
Blu Wires = 10k (blue)

Voltage must increase
when pot is tumed CW.

Black Wires for Ground

+5
R8
10kQ
ANO Thermistor
N
Blu Wires R7

Thermistor 10k (@ 25 degC
Thermistor 8k (@ 30 degC
Thermistor  12.5k @20 degC

Connect only one device at a time
to analog input ANO.

CAMB8302E F2018

This is a typical schematic
using Multisim 14. The
schematic shows all the
components, component
values and their
connection to ground,
the supply, other parts of
the circuit or to the
myDAQ interface device.



o o ' Fritzing Fritzing x
Fritzing — free softwareto " o .o

draw circuits and board

layouts. You may also use o o .
NI Multisim 14 fr 'ItZ'I I'lg made asy

T N —

T
|

. L
® 0 o 0 0 0 " 0 0o o o o
. .

* « Michel Hanbury
... CAM8302E ‘

fritzing
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Level1 Lesson1/H...| @3 Physics -Fluid Fig o
. - 11 . The page at 123d.circuits.io says:

An unexpected simulator error occurred, please reload the
page and try again ...

0K

- O
% %
DIGIT\L (PWM~) i &

(123d.circuits.io)
Free Web Simulation

AUTODESK

123D CIRCLU.TS | IoN .

Allows simulation of hardware
and software. Try it out.

¢« e oo
e« & o o
DA |
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Arduino Microcontroller

Powerful high speed (16 MHz) Atmega 2560 processor

52 1/0 pins

8k RAM, 256k of FLASH, and 4k EEPROM

Free IDE (Integrated Development Environment) — easy to use and program.
Low power device. Automatically starts program when powered.

A/D converters, digital /0O, serial I/O, counters, timers, communications

INITALY 88
-~ .ﬂ »
n wl) DON
1 u
X
i,

{LSPK 16 rmm’)

6 et

-
. -

WWW.ARDUINO.CC

e

.
- .,

VIVI S P RRReWWWwWwW
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myDAQ USB Output Interface

Computer

High current, high voltage
signals must connect to the
myDAQ using an electronic
interface circuit to provide the
device with voltage and current
level which can be safely
handled by the myDAQ.

CAMB8302E F2018
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myDAQ USB Input Interface

Er

g
i
4®
1@
| 3
Pressure
Sensors

Interface

Computer

Limit Temperature
switches Sensors
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Arduino Embedded Output Interface

MADE
INITALY

High current, high voltage
signals must connect to the
Arduino using an electronic
interface circuit to provide the
device with voltage and current
level which can be safely
handled by the Arduino.
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Arduino Embedded Input Interface

(o e B
o T o o oo In I

N OO N Y
MMM

Pressure

T mﬁ,

Interface

Temperature
Sensors

Limit

15

switches
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e
LabVIEW Control Design
and Simulation Module

‘7 NATIONAL
’ INSTRUMENTS

” . NI LabVIEW Multisim . Intel Atom Xilinx Kintex-7
L LabVIEW ) | Co-Simulation Plug-in ) L Multisim ) P:c?ceggor 2X Gigabit FPGA
Overview Ethernet
NI LabVIEW is a graphical programming
language designed for engineers and scientists to
develop test, control, and measurement
applications. Created and optimized more than 20
years ago for engineers and scientists, the
intuitive nature of LabVIEW graphical
programming makes it easy for educators and
researchers to incorporate the software in a range
of courses and applications.

INSTRUMENTS

s{NAT|0NAL

Graphical system design is a modern approach
to designing, prototyping, and deploying USB Host
embedded systems. It combines open graphical & Device 2X Serial
programming with hardware to dramatically Mini DisplayPort SD Card
simplify development.

Modular
C Series 1/0O

CAMB8302E F2018 16



You will solve problems such as:

How do you measure the signal from a thermocouple
that has an output of 42 uv/degree C.

Using an A/D converter with a 10 bit 5.0 volt ADC
with a resolution of 4.9 millivolts.

In this case an amplifier with a AD623
high gain could be used. e [1] J\ (2] +Rg
<N [2 - 7] +vg
S />'\— & | ouTPUT
~vs [« s | REF
TOP VIEW
(Not to Scale)

CAMB8302E F2018 17



How do you measure the signal from an industrial
discrete sensor with an output of 0 or 24 volts DC.

Using the myDAQ and LabVIEW or an Arduino(They
operate at 5 volts and 3.3 volts.

Digital O to 24 volts Digital O to 5 volts

CAMB8302E F2018
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If a small current e
flows here...

... it allows for
a larger current
to flow here
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How do you measure the signal from an industrial discrete
sensor with an output of 4 or 20 mA using the myDAQ and
LabVIEW or an Arduino, they typically measure analog signals
in the range of 0 to 5 or 0 to 10 volts?

Ohms law, V=IR, V=volts, I=amps, R=ohms. So 4mA (0.004A)*2500hms = 1V
Likewise 20mA (0.020)*250 = 5V.

4 to 20 mA Analog 0 to 10 volts.

CAMB8302E F2018 1)



3.3 volts, 4 mA 3 PH 380 volts 30 amps

How do you control a 3 phase 30 amp motor using a myDAQ
or Arduino?

20
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How do you measure the speed of a motor using hall effect
guadrature encoder?

Pulses High speed counter.

CAMB8302E F2018 21



How do you measure altitude or barometric pressure using an
Arduino controller?

BMP189
PRESSURE

2 wire 12C

1°C bus IDLE 1C Master STOP
SDA: High, SCL: High SDA: Low to High, SCL: High
1°C Master Transmit Data Data Stable Data Change 5 .
From MSB to LSB Poriod Poriod $.C.S9ave Transnit ACK:
s . . (Acknowledge)
4 gl fa-nl A

2 wire |12C

F°C Master START H 5 sgmen ’ gt
SDA: High to Low, SCL: High | H SDA Line is Driven by C Master H i
H + i SDA Line is Driven
{ T ..p i SCLfroquoncy = 11T = 100KHz Y GbyEG S
H i SCL is provided by I°C Master

I’C Bus Master and Slave Timing Diagram

Inter IC communications

CAMB8302E F2018



How do you display data in an embedded system using an LCD
display?

MADE
INITALY

-~
v7al aue

ARDUINO
OWER ~ * ANALOG IN
S .8

1y

a LCDKeypadShieldvz.0

> 0 3 A4 AS
X RSTR 5U GND UIN A e

1 Start Bit 8 Bit data length with No Parity Bit 1 Stop Bit
P N Ny
g o ol I Mol NN FoN ol o B
. 4,25 _____ PR T AT T EaiGun L
Parallel or Serial Data?
o
Mark
=25V
RS-232 or EIA 232 Standard Signal

CAMB8302E F2018 23



Organizations that Use LabVIEW

National Research Conseil national Can d"l
Council Canada de recherches Canada a. d
[ Francais [ ContactUs | Help ______[Search ____|Canada Site |
Flight Research | Structures and m NRC Site

2 " Materials =

Home > Aerodynamics Laboratory >

9m x 9 mLow Speed Wind Tunnel

The 9 m x 9 m Low Speed Wind Tunnel facility is located on the
National Research Council (NRC) campus adjacent to the Ottawa
International Airport. In operation since 1970, the facility serves
the aerodynamic testing requirements of government agencies,
research institutes and private companies, in addition to
supporting ongoing internal R&D activities at the NRC Institute for
Aerospace Research (NRC Aerospace). Major renovations were
recently carried out on its fan drive, balance weigh-beam controls
and data acquisition systems, as well on important mechanical
components such as the cooling system and main drive shaft
components.

General areas of expertise include:

= wind tunnel testing
techniques

wind tunnel instrumentation

model design and
manufacture

customlzgd data _processmg NRC 9 m x 9 m wind tunnel
computational fluid dynamics.

National Research Conseil national Call dlu
Council Canada de recherches Canada a 3.
Contact Us
Flight Research | Structures and m NRC Site

- Materials -
[Gos Turbines | Manvisciing | (ks [ Abouius |

Home > Aerodynamics Laboratory > Bluff Body Aerodynamics > Surface
Vehicle Aerodynamics >

Racing Vehicles

The flow of air around a high-speed
racing vehicle can have a dominant
influence on the vehicle's top
speed, acceleration, traction,
stability, and engine performance.
Optimization of both external and
internal flows can significantly
improve the vehicle under
development.

NASCAR racing vehicle

NRC's major wind tunnels are

among the largest and most versatile facilities available for
vehicle aerodynamic research and development in North
America, allowing a full range of testing from model-scale
development in the high-speed 2 m x 3 m wind tunnel (maximum
speed 300 mph, 500 km/h) to full-scale refinement in the large 9
m x 9 m wind tunnel (max. speed 120 mph, 200 km/h). In recent
years, they have been used to test a wide range of racing
vehicles, including Indy / Indy Lights cars, Group C cars, Top-Fuel
dragsters, Stock Cars, and racing and record motorcycles.

CAMB8302E F2018
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Organizations that Use LabVIEW

Test Technician o Nanometrics

Nanometrics - Kanata, ON

Skills in MS Excel, MS Access, LabView, and DXDesigner are an asset. Nanometrics is looking
for contract Test Technicians to join our production team in Kanata....

Easily apply

i d
15 days ago - save job - more |ndee
Nanometrics Inc. is a world-class provider of precision instrumentation, network technology and software  Labview jobs in Ottawa, ON
icati for sei gical and environmental research.
¢ USING AUTOMATION

C-FER conducts a wide range of large-scale tests on oilfield
equipment. Each test requires custom built control and
monitoring systems using LabVIEW.

One testing system controls a multi-component, servo-
hydraulic system with a total load capacity of 16 million pounds.
Natural Resources This is used to determine the tensile capacity of large diameter
Canada pipe for gas pipelines.
Ressources naturelles

141
Canada Canada Automation of the heating and cooling systems used for testing

the performance of high-temperature well casing connections
has reduced temperature CyClE time by 40% while improving monitor loads. pressures, temperatures, displacements and strains on
temperature variance from the target to less than 2°C. All of pipe specimen during testing.

these systems are being continuously updated to improve the

accuracy and efficiency of conducting the tests.

C-FER technicians utilizing d to ly

CAMB8302E F2018 25



myDAQ Specifications

CAMB8302E F2018
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Vee

myDAQ, Digital /O Specifications:

Digital In: Digital Out:

* 3.3 volts LVTTL inputs * 3.3 volt LVTTL
* 5.0TTL volt tolerant inputs * Max. 4 mA drive

| DIO (0-5 V) N

O 1 2 3 4 5 6 7 DGND5V

CAMB8302E F2018

Is Vou higher than Viy?
Is Vo less than Vy ?

3.3-VLVTTL

LVTTL — low voltage
transistor-transistor logic.
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myDAQ Analog |/O Specifications:

Analog Out Analog In
* +/-10 volts * +/-10 volts
* 2 mAdrive * 10 G ohmsinput impedance
* 16 bit resolution * 16 bit resolution
* 200 kilo samples/second * 200 kilo samples/second

rAO—| rAl (£10 V) —
AGND O 1 AGND O+ O- 1+ 1-

For single ended inputs, using a ground reference,
the 0- and 1- inputs must connect to ground.
Resolution = 20v/65,535 = about 0.3 mV.

CAMB8302E F2018
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Vowel Sounds Like a Short “0”

Frequency of Sounds (measured in hertz (Hz))

Consonant Sounds Like "S”
1,500 - 6,000 hz
Important Sounds
250 - 6,000 hz
Normal Hearing
20 - 20,000 hz ]

28



myDAQ Power Supply
Specifications:

* +/-15volts * +5.0volts
* 32 mAdrive / supply * 100 mA max. drive
* +/-14 volts at max. load * 4.0 volts(min) at maximum load

Note the current limitations of the supplies. Going over the current limits
will cause the supply voltage level to decrease. Powered by USB 5v, 500
mA. Most laptops have an automatic resettable fuse if overcurrent occurs.

Caution:

[ ) vy |
+15V -15V AGND DGND 5V

Do not connect another
power supply to the myDAQ.

There isa 1.25 A internal
fuse.

CAMB8302E F2018 29



Protecting your myDAQ.

* Do not change your circuit wiring while connected to
the USB supply.

+ Use the myDAQ voltmeter to test circuit voltages.

» After making a change to your circuit test it with a
basic program (VI).

» Do not leave your circuit connected to the USB if it
does not function as expected. Something may be
drawing too much current and may damage your
circuit or the myDAQ.

» Always have a circuit diagram and a layout diagram
available when troubleshooting your circuit.

CAMB8302E F2018
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myDAQ Basic /O Circuits

e - -
L

470 Q
Current Limit

—
'EERED RAEREE =
EEEEEE N ¢ ¢ \ g
" Lis
EEE R | - :
R B R A A ]

Photocell

R R " ' s e
R .
nmoman i A -y
!

L 4

Power from myDAQ

A0 —Al[£10V)— (—MMWW

H5V-IVAGND 0 1 0+ 0- 1+ 1- 0 1 3465

CAMB8302E F2018 31



myDAQ, Basic I/O Circuit (2018):

LED1
A R3
ANO } AN
, White Wires Green to DIOD 470Q i
LED2
Vadal R4
| ANN—
AN1 White Wires Rad to DIO1 470Q L
9 =
+5
+5 4.7kQ 5
o Pull Up s1 25
R1
o 2kQ
—_ Ore Wires  Key = Space ANO Photocell
- Stop PB to DIO4 &
L Blu Wires R6
4.7kQ
s2 'O
Org Wires J_ T
O O- —
Key = Space B
R2 Start PB to DIOS Photocell 12k in darkness

4.7kQ
Pull down

Photocell 2k when light

+5
Red Wires for +5.0

AN1_1
Lx2
. ~AZ POTENTIOMETER
Blu Wires = 10k (blue)

Voltage must increase
when pot is tumed CW.

Black Wires for Ground

+5
R8
10kQ
ANO Thermistor
N
Blu Wires R7

Thermistor 10k (@ 25 degC
Thermistor 8k (@ 30 degC
Thermistor  12.5k @20 degC

Connect only one device at a time
to analog input ANO.

CAMB8302E F2018

This is a typical schematic
using Multisim 14. The
schematic shows all the
components, component
values and their
connection to ground,
the supply, other parts of
the circuit or to the
myDAQ interface device.
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mvDAQ Basic 1/0 Circuits
And Sensors

Yellow
Vf = 1.9 volts =

Internal

5.0 volts
5.0 volts
5.0 volts
Green Push 47K 5.0 volts
V= 1.7 volts Button N.O. '
myDAQ 3'2" R1 2N2222 myDAQ
Bit 4 Beta min. 50 —— y.
l Bit 1
L &ND - J_
= -
5.0 volts
Push
5.0 voits Button N.O.
5.0 volts . myDAQ
? I Bit 0
DAQ # 390 2
my.

Bit 5 75k

Pull

Down

-

CAMB8302E F2018
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4 -  myDAQ Basic /O Circuits
And Sensors

ANODE

r A0—
LED1
Hs1 R3 e
ANO ANN—
o White Wires Green to DIOO 470Q l
LED2
Asq R4
AN
L AN1 White Wires Rad to DIO1 470Q J_
Q —a

Wire neatly on the prototype board, use red wires to connect to the supply
and black wires to connect to ground. The circuit uses 470 ohm resistors
for current limiting and 4.7 k pull up resistors to prevent a floating input.
An open switch is pulled to 5 volts, a closed switch connects to ground.
The 470 ohm led resistor limits the myDAQ current to about 3.4 mA, it has
a max of 4.0 mA.

CAMB8302E F2018

+15V 15V AGND O 1 AGND 0+ O0- 1+ 1-

—AEI0V) 5 ———DI0(0-5 V) ——

01

9 €

L S

L

i

470 Q
Current Limit

2 3 4 5 6 7 0DGNDSY

e
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myDAQ Basic I/O Circuits
®

E

Strsighten
pins

—_— +5

4.7kQ
Pull Up g4

R1 |
O O
Wires  Key = Space
Ore Stop PB to DIO4

+5
S2 Y A FW0V)— ——DI0(0-5V) =)
Org Wires +15V15VAGNDO 1 AGND O+ O- 1+ 1- 0 1 2 3 4 5 6 7 DGNDSV
O O
Key = Space
R2 Start PB to DIOS
4.7kQ

i Pull down
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myDAQ Basic I/O Circuits
And Sensors

Potentiometer | AinO

Photocell or Ain1
Thermistor - PEEEEEEEEE R
R rs FEEEEEEEEEE )
eTRomEnTS mmeEANeTs RN
l-"-'-.‘:--..g"
S <

Al (10 V) —
AGND O+ O- 1+ 1-

—

L_AO_\ £—A| (10 V) — ————DIO (0-5 V)
+15V-15VAGND O 1 AGND O+ O0- 1+ 1- 0 1 2 3 4 5 6 7 DGND5V

CAMB8302E F2018
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myDAQ Basic /O Circults
And Sensors

degC

ohms

5 - 50V
5 0
% Photocell Circuit o
§ I é Thermistor Circuit
: :
=
myDAQ = ANO 7DAQ
10k
10k
Fixed 20 k ohms 2k ohm 200 ohms : -
Resistor Dark Room light Sllnlight RIZ z:ti r 12,24(-)736(;}(:11'115 10 k ohm 8(;80 1;:;1(1:1’15
< > < 25 degC N
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myDAQ Analog I/O Wiring

10k +5

Photocell
- V iabl @ <>

Vc.)licage RS
Divider 10kQ
¥ Thermistor

8_ —
AGND O+ O- 1+ 1- =

(:t'lo V) — A L AN1
¢ |
The AGND, 0- and 1- must connect to
the ground of your circuit when R6
measuring signals that are referenced to 21 0kQ
<

ground.

A thermistor decreases
resistance as it is heated and
increases resistance when
cooled. The thermistor used in

Photocell the lab is:
A photocell increases resistance in 10k at 25 degC.
The 10k variable is used to provide darkne.ss and decrea.ses when exposed 8k at 30 degC
a variable DC signal from 0 — 5 volts to daylight. They typically range from 12.4k at 20 degC.

about 200 ohms to 100,000 ohms and
are non linear. When the circuit is wired
as above the AINO voltage decreases in
darkness.

to the analog inputs. Connect the
device so that turning it CW
increases the voltage on the middle
terminal.

As the temperature increases
the voltage to AN1 increases.

CAMB8302E F2018



myDAQ/Arduino Sensors — Photocell
8 https://learn.adafruit.com/photocells/measuring-light

Illuminance Example

0.002 lux Moonless clear night sky Electrodes %ﬁﬁgﬁggggﬁgg
0.2 lux Design minimum for emergency
’ lighting (AS2293). Cold weld Phn%g?[gﬁgld:vcet;ve
tact
0.27 -1lux  Full moon on a clear night coniacts fop surface
3.4 lux Dark limit of civil twilight under a Ceramic
clear sky
50 lux Family living room
80 lux Hallway/toilet “——_ Wirsterminals
100 lux Very dark overcast day +5
300 - 500 Sunrise or sunset on a clear day.
; ; R8 The photocell resistance
lux Well-lit office area. 1kQ . . .
Overcast day: typical TV studio ANO Photocell decreases with higher visible
1,000 lux lighting light and increases in darkness.
10,000 - . . . .
25000 | Full daylight (not direct sun) R7 Placed in a voltage divider
) ux 10kQ Lo
32.000 circuit, as shown, the output

130,000 lux Direct sunlight voltage will increase when
= exposed to brighter light levels.

(Wikipedia) llluminance is a measure of how much luminous flux is

spread over a given area. One can think of luminous flux (measured 200 k ohms dark room

in lumens) as a measure of the total "amount" of visible light present,

and the illuminance as a measure of the intensity of illumination on a

surface. A given amount of light will illuminate a surface more dimly if it 2.0 k ohms office lighting
is spread over a larger area, so illuminance (lux) is inversely

proportional to area when the luminous flux (lumens) is held constant.

200 ohms - daylight
CAMB8302E F2018 39
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myDAQ/Arduino Sensors — Thermistor

B57891S0103F008 Thermistor Data

4901

+5
In this voltage divider the voltage
R5 ;
10kQ !ncreases an. the tem;l)erattgroed c R/T No.
Thermistor  INcreases. For example a eg T¢0)
the voltage out of the divider equals
AN1 2.7 volt. At 20 degC the voltage out is
about 2.2 volts. The value in the 0.0
R6 Arduino register will range from 0 to 5.0
10kQ 1023 (10 bits) At 20 degC the register }gg
equals 454. :
20.0
= 25.0
https://learn.adafruit.com/thermistor/using-a-thermistor ggg
You can also determine resistance given the A/D register value. 40.0
45.0
For example the register value (AN1) equals 566. 50.0
55.0
60.0
AN1 = 10k / (10k + Rtherm) * 1023 65.0
70.0
75.0
or 80.0
85.0
Rtherm = ((10k * 1023)/AN1) - 10k 90.0
95.0
Answer = 8080 ohms. (about 30 degC) 100.0

CAMB8302E F2018

Bosioo = 3950 K, Rys = 10000 Q, Tp =25

Ruom(€2]
32014
25011
19691
15618

12474
10000
8080
6569
5372

4424
3661
3039
2536
2128

1794
1518
1290
1100
941.8

809.0
697.2

Data for the thermistor
used in the lab.

Resistance decreases as the
temperature increases.

The change is not linear.
The change in ohms/deg at
low temperature is greater

than at high temperatures.

At 25 degC the resistance =
10k

40
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LabVIEW block diagram used to interface to the myDAQ.

The DAQ Assistant is a configurable function that is used to allow signals from the myDAQ interface to be
controlled or monitored. There are 4 possibilities.

1) Digital In to read the digital signals.

3) Analog In to read the voltage on an analog input pin.
4) Analog out to control the voltage on a pin.

Analog 0

iz
DEL!

Analog 1

Build Array DAQ Assistant DAQ Assistant2
iy » data daFa A i :
3 1 > »
: :
¥ @
Merge Signals Analog Out Analog In
data —
Dynamic |- data v Dynamic
Data Data
Type Type
DAQ
Loops Assistant
fi23] Express VI
LT3l

Ty v

v v

b

b

»

Index Array

Split Signals

SWO0

bo

SW1

Lrr

2) Digital Out to control the logic levels on an output pin.

Photocell CHO

DEU

DAC CH1

Lioed

CAMB302E F2018
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LabVIEW Front Panel (User Interface)

The front panel acts as the user interface. Controls and indicators are placed on the front
panel. The controls allow the user to change a Boolean or numeric value. The indicators
display the results.

b
—
—

Y N N I Y Y N [ N Y Y I I I |

CAMB8302E F2018

42



myDAQ Express Digital Output (generate)

LEDO » —
; @ Acquire Signals
>
“' : > 2 Generate Signals
Build Array DAQ Assistant
e (B data ® Analog Output
LED1 3

# Counter Output

‘l = Digital Output

®. Line Output

The following is the VI (virtual instrument) or block diagram used to control a
digital output on the myDAQ interface. The input to the Express VI is a Boolean
array. The build array function combines the array elements into the array. The
upper element is element 0.
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D ol e + X <
Undo Redo Run Add Channels Remove Channels Hide Help
Back
myDAQ E)(pr'e SS Generating a Digital Sample (Line)
. . 00 You can use the digital lines in your DAQ device to generate 3
D| |ta | O ut ut = digital sample. This operation is based on software timing. Each line
g p ) corresponds to a virtual channel in your task.
f' o % % All E and M Series devices support TTL (transistor-transistor logic)-
CO n Igu ration i) compatible digital signals. A TTL signal has two states, logic low and
S’ g' logic high:
Logic Low =0V to +0.8 V
Logic High = +2 Vto +5 V
Common digital generation applications include controlling relays
and driving external devices, such as an LED.
Configuration ‘ Triggering | Advanced Timing ‘
Channel Settings c ﬁg "
= o onfiguration  Triggering  Advanced Timing
x] Detais ‘ ~ | Digttal Line Output Setup
Digitalout_0 Settings ‘ Channel Settings
DigitalOut_1 S
z Physical
«
L) @ Hide Detais Order Channel
S Digital Output
DigitalOut_bit4 0 myDAQ1/port0/line4
[ltnvert Line i DigitalOut_bits 1 myDAQ1/portd/lineS
E v
Click the Add Channels button
(#) to add more channels to Depending on your configuration, some of these timing modes may A
the task. not be available.
v 1 Sample (On Demand) specifies that the task acquire or generate
one sample.
Timing Settings 1 Sample (HW Timed) specifies that the task acquire or generate
Generation Mode Samples to Write Rate (Hz) one sample on an edge of a hardware clock.
1 Sample (On Demand) ] 100 k Note SignalExpress does not support 1 Sample (HW
Timed) mode.

The express VI, is used to select the channel (pin) to which the signal passes through. The signal can also be
tested at this point.
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myDAQ Express Digital Input (acquire)

o " = Acquire Signals
Analog Input
: SWO0

Counter Input

vyvvww

DAQ Assistant2 Index Array :__ T Bigital Tnput
data » H L i Linelnput

0 mt O b i o= Port Input
wt O f
& TEDS
Output from DAQ Assistant is an Array. SWI Generate Signals

Use index array function to convert to
Boolean data type. YTy >
TF

The following is the VI (virtual instrument) or block diagram used to display the
data from digital inputs of the myDAQ interface. The DAQ assistant outputs the

data as an array. The index array breaks down the data to individual bits. The top
element is bit 0 of the array.
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o + X <
Run Add Channels  Remove Channels Hide Hel

Back 85

myDAQ EXp ress Acquiring a Digital Sample (Line)
D igital | n p ut You can use the digital lines in your DAQ device to acquire a3 digital

value. This acquisition is based on software timing. Each line
Configuration

corresponds to a virtual channel in your task.
Refer to the NI-DAQmx Help for information about sample timing
es and change detection.

All E and M Series devices support TTL (transistor-transistor logic)-
compatible digital signals. A TTL signal has the following two states:

Digitalln_1 @
Digitalln_0 @

® Logiclow=0Vto +0.8V

® Logic High =+2Vto +5V

Common applications for immediate digital measurements include

Configuration | Triggering l Advanced Timing l Logging l controlling relays and sensing external device states, such as the
state of a switch.

Channel Settings

: |~ | Digital Line Input Setup
Digitalin_0 Settinas ‘
DigitalIn_1
|:| Invert Line
Click the Add Channels button
(#) to add more channels to Depending on your configuration, some of these timing modes may
the task. not be available.
v 1 Sample (On Demand) specifies that the task acquire or generate
one sample.
Timing Settings 1 Sample (HW Timed) specifies that the task acquire or generate
Acquisition Mode Samples to Read Rate (Hz) one sample on an edge of a hardware clock.
1 Sample (On Demand) E” 100 1k Note SignalExpress does not support 1 Sample (HW
Timed) mode.
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myDAQ Express Analog Output

¥
»
Analog 0 b
»
23 : g ;
— Merge Signals Analog Out
E}n::m) data
Analog 1 |
_ The merge signal function inputs scalar
4123 numeric values and outputs dynamic data
DEL type. The dynamic data type is the input to

the express VI.

The following is the VI (virtual instrument) or block diagram used to control the
analog voltage to the myDAQ analog out terminals. The data into and out from
the DAQ assistant for analog data is a Dynamic data type. The merge signals
function can combine many scalar data values into one dynamic data type signal.
The express VI reads the signals in sequence. The upper value will be applied to
the first output signal.
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0 o

+ X

Undo Redo | Run | Add Channels Remove Channels
[ ol | Apply Value to Al
VoltageOut_0 11 ~
VoltageOut_1 11
v

Generating Current or Voltage

You can generate two main kinds of signals for channels:

® Single samples, including DC signals—When generating single
samples, you can use software or hardware timing (if available)
to control when your device generates a signal.

® Multiple samples—Use multiple samples to generate an AC
signal, such as a sine wave. Also called buffered analog output,
: Itiol. les involves the following steps:
into a buffer.

1. Your li vrites Itipl I

2. All the samples in the buffer are then sent to your device

Configuration | Triggering | Advanced Timing

Channel Settings

(x] petais |~ | Voltage Output Setup
VoltageOut_0 i
VoltageOut_1
Signal Output Range S
caled Units
x| sl
wn o]
Terminal Configuration
Click the Add Channels button B v]
(+) to add more channels to Custom Scaling
oot [ desas ]
v
Timing Settings
ion Mode Q Samples to Write Rate (Hz)
15ample (On Demand) [v] 100 1k

g to the timing you specify. You can use software or
hardviare timing (if your device supports hardvare timing) to
control when your device generates a signal.

Note Some current generation devices, such as the SCXI-
1124, allow you to use either an internal or external
current supply. The choice of supply is determined by the
terminal connections used to connect the load to the
device. If you plan to use an internal supply, connect the
load to the terminals SUPPLY and ISINK. If you plan to
use an external supply, join the supply and load to ISINK
and GND. It is important to verify that the terminal
connections are correct. In addition to proper

verify that the attached load does not exceed the
capabilities of the device. Refer to your device
documentation for more information.

Click here for more information about generating voltage.
Click here for more information about generating current.

v

This is the list of virtual channels. Right-click a virtual channel to
change the physical channel associated vith it. If an exclamation
point (!) appears next to a global virtual channel, the channel has
been deleted.

myDAQ Express
Analog Output
Configuration
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myDAQ Express Analog Input

vyvVewywy

|
1 Split Signals Photocell CHO
Analogin | oo ,
data v T o

DAC CH1

-
DEL

The following is the VI (virtual instrument) or block diagram used
to monitor the analog voltage to the myDAQ analog input
terminals. The data into and out from the DAQ assistant for
analog data is a Dynamic data type. The split signals function can
breakdown multiple signals to individual scalar data types. The
express VI outputs the signals in sequence. The upper value is
from the first input(CHO) the lower value from (CH1).

CAMB8302E F2018

A scalar quantity has only magnitude.
A vector quantity has both magnitude and direction.

Scalar Quantities Vector Quantities
|ength,s:r::.dvolume displacement
velocit
mass, density acceleration
pressure momentum
temperature force
energy, entropy lift, drag, thrust

work, power weight

The dynamic data type includes
the data associated with a
signal, as well as attributes that
provide information about that
signal, such as the name of the
signal or the date and time the
data was acquired.
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v oo, + X <
Undo Redo | Run Add Channels Remove Channels Hide Help
)
{ Express Task # Connection Diagram Back ~
Channel Value " Measuring Voltage
Voltage_0 0 . . X i
Vol 1 ) Most measurement devices are designed for measuring, or reading,
oltage_ voltage. Two common yoltage measurements are DC and AC.
DC voltages are useful for measuring phenomena that change slovdy
vith time, such as temperature, pressure, or strain.
AC voltages, on the other hand, are waveforms that constantly
increase, decrease, and reverse polarity. Most powerlines deliver AC
v voltage.

e (o Tee

Configuration | Triggering | Advanced Timing | Logging |

Channel Settings

@ 3 Debk@ "
Voltage_0

Voltage_1

Click the Add Channels button
(+) to add more channels to
the task.

Voltage Input Setup
Settings | £ Calibration

Signal Input Range

Scaled Units

Terminal Configuration
Differential z”

Custom Scaling

T )

Timing Settings
Acquisition Mode

Samples to Read

1 Sample (On Demand)

v]

Rate (Hz)
100 1k

myDAQ Express
Analog Input
Configuration

Depending on your configuration, some of these timing modes may A
not be available.

1 Sample (On Demand) specifies that the task acquire or generate
one sample.

1 Sample (HW Timed) specifies that the task acquire or generate
one sample on an edge of a hardvare clock.

Note SignalExpress does not support 1 Sample (HW
Timed) mode.

N les specifies that the task acquire or generate a finite
number of samples, specified by Samples To Read/Write.
v

Continuous specifies that the task acquire or generate data until
+ 4
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®

LabVIEW Block Diagrams and Front Panel
Indicators and Controls
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LabVIEW

e A graphical programming language used for
instruments and control applications.

 LAB Virtual Instrument Electronic
Workbench.

* LabVIEW easily allows developers to create
graphical interfaces that control and
monitor hardware devices and sensors.



LabVIEW Data Flow Execution

* LabVIEW uses data flow execution, when
all inputs to a function are available, the
function executes, and produces an

output.

data 10
: ‘.123 | | data 9
12 iz
I3
ata




LabVIEW Data Flow
Programming

LabVIEW follows a dataflow model for running Vls. A block diagram node executes when it receives all required inputs. When a node
executes, it produces output data and passes the data to the next node in the dataflow path. The movement of data through the nodes
determines the execution order of the VIs and functions on the block diagram.

Visual Basic, C++, JAVA, and most other text-based programming languages follow a control flow model of program execution. In control
flow, the sequential order of program elements determines the execution order of a program.

For a dataflow programming example, consider a block diagram that adds two numbers and then subtracts 50.00 from the result of the

addition, as shown in Figure 1. In this case, the block diagram executes from left to right, not because the objects are placed in that order,

but because the Subtract function cannot execute until the Add function finishes executing and passes the data to the Subtract function.
Remember that a node executes only when data are available at all of its input terminals and supplies data to the output terminals only

when the node finishes execution.

Number 1

Number 2

Result
l> D YoBl . 

50,00

Figure 1. Dataflow Programming Example
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LabVIEW Front Panel & Block Diagram

I“S
02468103

Slide 3 0 g \ \1°°
[ ¥ =

stop

Front Panel

Slide 3

Icons/Objects
Terminals
- Wires
Meter
= |>°\v:E :
Meter 3
> by
stop

Control

Indicators i

Block Diagram

Place Graphical Objects on the Front Page — objects are automatically generated

on the block diagram.
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LabVIEW Block Diagram (Program)

SWO0
LEDO

» )
K b
= b
_IQ_ [ 1 o
TF

8 ] Digital In Index Array
uild Array data | S
LED1 = Y o Y v ot O o
S - Digital Out =+ 0 @
H LrrFL
_A_ » data
TF 7
Boolean front panel(FP) controls will control zoollean;rocr;.t PaTEI(FP) l?dr:catfars VIV'"
the digital signal on a myDAQ output pin. isplay t .e. |g|.ta Stat? ofthe signals on a
myDAQ digital input pin.
»
DACO

d 4
. @
>
v M Photocell CHO
1 Analog | Split Signals
Analog Out n:;:g L I L el
» data REN

vy T

Merge Signals

il Numeric front panel(FP) controls will control : Variable Resistor CH1
the analog value of the signals on a myDAQ I
analog output pin. Ded
Lab 1Part1 . oo .
Loops Michel Hanbury Numeric front panel(FP) indicators will
September 3rd 2014 display the analog value of the signals on a
m—] _:ﬁgt_ myDAQ analog input pin.
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LabVIEW Front Panel (User Interface)




LabVIEW Block Diagram (program)

P Untitled 4 Block Diagram * \ _]njx
File Edit View Project Operate Tools Window Help _@

> [®] ©[n][@][25] [wal@P ot [ 130t Application Font

-

. Neqe PYOgram

\ Numeric Meter

[ | Wires \ Function ;
x
DE

Slide 2 e
Numeric Indicator
Boolean
o Function
. ean
Numeric Control

—

Boolean Indicator

4 1 21/
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Properties such as scale, colours and
representation can be modified

with a right-click of the mouse. Boolean Ind'ﬁ:ator

High Temperature

\ HTFI

Compare Function

temperarture

¥o

40-

35=

a0-
25-

20-

emperarture

e

15-

Controls have a darker frame
around the icon.

Boolean Indicator

Low Temperature|

Signed Integer Control

Indicators have arrows
that point inwards

-15-
-20-

-25-

-30-:
Block Diagram
Front Panel
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LabVIEW Menu Bar —

(Running and Stopping a Program)

File

Edit Dperate Project Windows Help

o[ [@n] [2) [ba] @2 [13rt Arpication Fort =] [$o=] [7Ga.=] [E9 =]

Run Once Note:

Run Continuously It is quite common to
use a while loop in all

Stop rograms. The while

Pause oop executes until a
condition is met.

Step (step through

program)
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LabVIEW Front Panel Controls

Palette
«~J0Control
SR * Controls
I | Y g — Dials
J-_ﬁ.‘z"e;‘ 'l-(.') Forr]
G - Pm—" — Tanks
= :,,g — Thermometers
[Enati™ &, ¥ |;> : — Switches
d‘ Emmi'l
= = * Indicators
33 AcTiven — Leds
I AN e’ — Gauges
O] - T8
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LabVIEW Numeric Functions Palette

Numeric E‘
1@ QSearch oo View™

D D I> B ' :th?tract
f> f> E> |ﬁ> EE ’ e Multiply
> e " Sum

> * Square Root
> > B B g

* Block Diagram Functions:

Functions that require numeric
[eo] [eo] [E] EI inputs and produce numeric
— outputs.




LabVIEW Numeric Functions Palette

Floating point numbers
can be Double Precision
(8 bytes) or single
precision (4 bytes)

Double Precision
numbers are floating
point numbers (Ex.
2.3456), they can be
used to represent
fractional amounts.

LabVIEW uses the colour
to indicate
floating-point numbers.

Boolean variables have
only one of two
possibilities zero or one
or (true / false), (on/off).

The variable shown in blue
is an integer variable.
Integers can be signed or
un-signed. Signed
numbers use the most
significant bit to indicate
sign. Integers can be
8,16,32 and 64 bits.




LabVIEW Boolean Functions Palette

Tl e B * Block Diagram Functions:

‘1} O§Sr:arch o \iew™

* Logical And
* Logical OR
, Logical Invert

COX+
[}

» W
W ) = * The two green T/F boxes near

the bottom are Boolean
Ib @ J#t) ]l---la] constants.

* The function with the question
mark is used to convert from
Boolean to numeric.
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LabVIEW Comparison Functions Palette

Comparison (=] * Block Diagram Functions:
1@ QSearch o View™

* Comparison Functions
@ [> [> |> > |9 e Greater than

* Less than

* Not equal to zero
* Select

Min and Max

* The Select function requires a
Boolean input and outputs one
of two values based on the
condition of the Boolean input.

v V¥
&
f B
¥
¥
| ¥ Y Y ¥




LabVIEW Structures Palette:

e Structures:

Structures

(=]

ain Q Search

o View™

I N
-

For Loop Structure

| — * Executes the loop a specific
number of times.

While Loop Structure
¢ Continues until a condition is true.
Case Statement

* Executes a statement bases on the
input value of the case statement.

Local Variables

¢ Use local variable instead of wires
N to connect one point to another.

Sequence Structure
* Used to execute code sequence.
Decorations

* Used to draw boxes, test and
graphics.
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LabVIEW Front Panel Boolean Controls and

Indicators
-
- ©  Switches
O @ @ e Push Buttons
° B == * LEDs
4 » =
* True/False
g — * Check Boxes
@
=
9 &
O @



LabVIEW Front Panel Numeric Controls and

Indicators

e &
@ l Q, Search | o View™ I
iz iz e 7
Numeric Co... NumericIndi... Time Stamp ... Time Stamp ...
w-' m-'

l o 1 g
Vertical Fill SI... Vertical Poin... Vertical Prog... Vertical Grad...
T S - LT
Horizontal Fi... Horizontal P... Horizontal Pr... Horizontal G...
c - .

LS L o B 4 ("
24 = 5 \ k2 \;
Knob Dial Meter Gauge
100~ =
w'd S =l
0- ]
Thermometer Horizontal S... Vertical Scrol...

Framed Colo...

* Numeric Controls
* Numeric Indicators
* Slides

* Knobs

* Meters

* Gauges
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LabVIEW Front Panel Strings:

String & Path

£

* String / Characters /Text

{} I Q Search I o \iew™

e Controls

|abe ‘abc

'Po.th 'Path

IabcI |

* Indicators

* Allows text to be entered
and displayed on the Front
Panel.

CAMB8302E F2018

69



~{X] Functions

Programming

To repeat code — use a While Loop.
The code will continue to execute

until stop is true. The loop also has
an iteration counter that increments
by one for each loop count.

<31 Structures

o) L

For Loop While Loop

Create Constant
Create Control
Create Indicator
« Stop if True
Continue if True

Boolean Palette  »

CAMB8302E F2018
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@ Time delay in ms.
Wait (ms) @-

Timing

Programs often require time delays. LabVIEW
has a function to create a delay in increments of
milliseconds.

LabVIEW Functions — Time Delay
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17. At times you will want to convert Numeric values | Number2
to Boolean. The Not equalto0 & icon will
outputa true when the number is not equal to
zero. Found in the comparisons palette. b

Not Equal To..

..........................

. Change the colour of an led (or other objects) by right clicking on

them and changing the Colors properties. o
S
“l

. At other ’fime it. may be requireq to convert B’oolean Boolean 2 numeric_double
to numeric. This can be done with the following e ]
function found in the Boolean function palette. —— K ‘ gy frzz]
[

CAMB8302E F2018 72



LabVIEW Select Function

27.The select function allows you to send one of two data values

Numeric 11

(Boolean, Text, or Numeric ) through the select function 1
dependent on the value of the Boolean input. In this example the Lﬁ{j
. __Sel funtion
value of Meter 2 must be greater than 40 for Numeric 11 to pass < ;o s
through otherwise Numeric value 12 is passed through. The top > r"__’"‘
. . . . 123
inputis passed to the output when the Boolean input is true. t
Numeric 12
_Iﬁtj
Select Function
Owning Palette: Comparison Functions - —
- Comparison A
Requires: Base Package a1 Select Function|
Returns the value wired to the t input or f input, di B Numeric 12 Numeric 13
o4 f120
The connector pane displays the default data type: ‘
B> B Meter2 ‘
Examgle 1 Equal? Not Equal? 200 0 % ) 'jﬂ_
i) ™
' B fie> 0 ]\w
g % s?bf Equal To0? Not Equal To...
! OE D
- pe- 1
i Select Max & Min
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LabVIEW Data Types
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LabVIEW Data Types

Numeric

1123

in

v

Visible Items

Find Indicator

Hide Indicator
Change to Control
Change to Constant
Description and Tip...

Numeric Palette

Create

Data Operations

Advanced

View As Icon

Adapt To Source

Properties

m
-

DBL

SGL

-
L4
-

| 132
10 b
o |

116

63 ° s o
==
UG4 | (U32 || U1
62 o|lps__o|| 15 @
[====] ] SR ]
CXT || CDB | | CSG
| B [=

e LabVIEW contains various
numeric types.

* Numeric types can be
changed with a right-click
of the mouse and then
select representation.

* | —Signed Integer
* U—-Unsigned Integer

* SGL — single precision
real data
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LabVIEW Variable Types

e Controls or indicators in blue
represent integer data type.

Numeric

* Integers can be 8,16,32 and 64 bit
values.

* Integers may also be signed
(negative and positive) or
unsigned (positive only).



LabVIEW Integer Data Type

* Eight bit unsigned integers (U8) range from 0 to
255 in decimal.

Numeric

 Signed eight bit integers (18) range from -128 to
positive 127.

Bit 7 of the 8 bit number is called the sign bit. (a 1 in
bit 7 indicates a negative value)

Integers do not have a fractional part in the
number. Besides 8 bit signed and un-signed

there are also 16,32 and 64 bit signed and
unsigned integers.

Integers are used to represent: - a count, a value
in memory, an address location or any whole
number.




Single/Double Precision

* Single precision numbers require less storage space. Single precision
numbers can store data to 6.000000 decimal places. This is more than
enough for what is typically done in the lab.

* LabVIEW uses double precision by default.

EXT | | DBL | | SGL (|( FXP

_—| ow more significant digits ( approx. 15).

164 || I32 I16 I8
[ 70

Ue4 || U32 uie ug
0 15 0 70

* Double precis




Real Number:
Single/Double Precision Floating-Point

* Represents analog values — real numbers have an integer and a
fractional part. Examples are shown below.

* Temperature — 34.56 degrees C
* Level — 2.658 metres

* Voltage — 12.678 volts

* Pressure —22.4 kPa

CAMB8302E F2018
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Boolean Data Type:

switch led
e True or False m
.................... .\bﬂ
*lor0 IE =

* Only two possibilities

* A false is stored as an 8 bit value of all zeroes.

* Boolean values are used to read the state of a switch or a two state
sensor. As outputs Boolean data can be used to control the state of

motors, relays, lamps and heaters.



LabVIEW Numeric Types

Byte M 8 bits

Unsigned Byte [ 8 bits

Word [T 16 bits

Unsigned Word [N 16 bits

Long [ITIITITITTIIIII - 32 bits

Unsigned Long (IITTIIIIIIIIID - 32 bits

(SGL ] i iIci s|7 exp 0|22 mantissa 0 4bytes
':: 10 exp "' 51 mantissa '; 8 bytes
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LabVIEW Wire Colours and Type:
(|17 {177 T S —,

[DB[] ........................... [DBI_] [DBL] [DBL]
Controls Indicators NOTE: Array wires are thicker than scalar wires, and array terminals have [ ] around base type.

Data Source Data Display

NOTE: Controls have thicker borders.

Boolean String Path Variant
Rafium ﬂ:::::i;); Cluster of Mixed Waveform [ [#.]

Data Types
E 1/0 Name
Polymorphic Control

NOTE: The polymorphic terminal data type represents a terminal to which multiple data types can be input or output.
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LabVIEW Wire Colours:

Floating Point
=

Boolean
=




Zuam‘l'h es %u ihes

distance (m) 0{,: lacement (m)

speed (m/s) Ve!ocrz‘y (m/s)

Yme (s) Geceleretion (s )

mass (k) fore. (M)

-]— erature (£) welah-f (N) j
/‘essure (Pa orN/.,) momerrf' { A/'“) ‘
kinedic ene 7(T) j

3%;? lgl"vé‘mzf 1Y 3) |

work. done. (T) ‘
power” (P o %)

current (A) |
Pufarha! oitterence (V)

resistance (SL) — |

CAMB8302E F2018

Most values used in LabVIEW
are numeric scalars.

Scalars have magnitude only.
A scalar example would be a
distance such as 8 km.

Vectors have magnitude and

direction.

Example: Displacement is a
vector — move 8 metres north

and then 4 metres north-east.

Vectors have magnitude and
direction.
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Introduction

Definitions of Vectors and Scalars

Physical quantities can be classified under two main
headings -- Vectors and Scalars.

A vector quantity is any quantity that has both
magnitude (size) and direction.
E.g., velocity, acceleration, force, momentum.

A scalar quantity is any quantity that has magnitude only,

while direction is not taken into account.
E.g., speed, pressure, temperature, energy.
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Using the Dynamic Data Type

Most Express VIs accept and/or return the dynamic data type. The dynamic data type appears
as a dark blue terminal, shown as follows.

(==x]
The dynamic data type accepts data from and sends data to the following data types, where
the scalar data type is a floating-point number or a Boolean value:

« 1D array of waveforms 431 Signal Manipulation

e 1D array of scalars -
e 1D array of scalars—most recent value E’ @
e 1D array of scalars—single channel MT??.?'.%TE plt Signals
e 2D array of scalars—columns are channels = L)
e 2D array of scalars—rows are channels From DDT ToDDT
e Single scalar
e Single waveform
3 y Express Vis in LabVIEW use dynamic data types.

e spitsignals - PhotocellCH0 Dynamic data types may include multiple signals,
data T arrays, different data types and time stamps. Split
Signal, Combine signal, convert to DDT and convert
from DDT are functions that may be required when
using dynamic data types. These functions are
found under Express -- Signal manipulation.
CAMB8302E F2018
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Working with Dynamic Data Types:

The example below shows the use of convert, split
and merge dynamic signals. The order in which the

signals are merged will be the same in which they
are split.

When converting to or from dynamic data type you
must double click on the function to select the data
type, in this example the data is a single numeric
scalar. A scalar is a value with magnitude only.

Numeric

Convert to Dynamic Data Convert from Dynamic Data Numeric 4
L = iz
Ged IoET
Numeric 2 Iﬂw‘e Signals Split Signals Numeric 5
[
.2
|23 ) EES) | = = 13
- : Numeric 6
Numeric 3 2 &
e
stop

CAMB8302E F2018

r £} Configure Convert to Dynamic Data [Convert to Dynamic Data]

Conversion

Input data type

1D array of scalars - single channel ~
2D array of scalars - columns are channels
2D array of scalars - rows are channels

Single waveform

=

v

Scalar Data Type

(@ Floating point numbers (double)
(O Boolean (TRUE and FALSE)

Numeric
'V‘-SI — Numeric 4
o o
Numeric 2 Numeric 5
Numeric 3 Numeric 6
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Split Signals

Signals are extracted from the Split Signals Express VI in the same order that they were merged
together. This means that if you create a combined signal from 3 individual signals (using the Merge
Signals Express VI) and you later want to retrieve only the third signal, you must resize the Split Signals
Express VI to have three outputs.Then, use the output from the third (bottom) terminal. If you want to
retrieve the second signal, only two outputs are needed.

Note: LabVIEW does allow you to expand the Split Signals Express VI to have more outputs than the
number of individual signals present. However, the extra outputs do not return any data.

Split Signals Express VI is especially useful when you are using a DAQ Assistant that acquires data
from multiple channels. When you have your DAQ Assistant configured to sample multiple channels,
you can wire the Dynamic Data Type from the output of the DAQ Assistant to the Split Signals Express
VI. You must resize the Split Signals Express VI to the number of channels you are sampling. This is
done by grabbing the bottom of the VI and dragging down until you have the desired number of outputs.
The signals go in order, so the first channel configured in the DAQ Assistant is the top most in the Split
Signals Express VI. You can now wire graph indicators to each of the outputs to be able to view each
signal individually. The picture below shows what the code might look like.

\Waveform Graph

DAQ Assistant

TR s

VY VyYwe

Waveform Graph 2
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A string is a sequence of displayable or nondisplayable ASCII characters. Strings provide a platform-independent format for information
and data. Some of the more common applications of strings include the following:

Creating simple text messages.

Controlling instruments by sending text commands to the instrument and returning data values in the form of either ASCII or binary
strings, which you then convert to numeric values.

Storing numeric data to disk. To store numeric data in an ASCII file, you must first convert numeric data to strings before writing the
data to a disk file.

Instructing or prompting the user with dialog boxes.

On the front panel, strings appear as tables, text entry boxes, and labels. LabVIEW includes built-in VIs and functions you can use to
manipulate strings, including formatting strings, parsing strings, and other editing. LabVIEW represents string data with the color pink.

Numeric Data Type Back to top

DBL

LabVIEW represents numeric data as floating-point numbers, fixed-point numbers, integers, unsigned integers, and complex numbers.
Double and Single precision as well as Complex numeric data is represented with the color orange in LabVIEW. All Integer numeric data
is represented with the color blue.

Note: The difference among the numeric data types is the number of bits they use to store data and the data values they represent.

Certain data types also provide extended configuration options. For example, you can associate physical units of measure with floating-
point data, including complex numbers, and you can configure the encoding and range for fixed-point data.

Find more information on numeric data

View a table of numeric data types
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Boolean Data Type Back to top

LabVIEW stores Boolean data as 8-bit values. You can use a Boolean in LabVIEW to represent a 0 or 1, or a TRUE or FALSE. If the 8-bit
value is zero, the Boolean value is FALSE. Any nonzero value represents TRUE. Common applications for Boolean data include
representing digital data and serving as a front panel control that acts as a switch that has a mechanical action often used to control an
execution structure such as a Case structure. A Boolean control is typically used as the conditional statement to exit a While Loop. In
LabVIEW, the color green represents Boolean data.

Find more information about Boolean control of mechanical actions

Dynamic Data Type Back to top
==
Most Express VIs accept and/or return the dynamic data type, which appears as a dark blue terminal.

Using the Convert to Dynamic Data and Convert from Dynamic Data VIs, you can convert floating-point numeric or Boolean data of the
following data types:

« 1D array of waveforms

« 1D array of scalars

« 1D array of scalars—most recent value

« 1D array of scalars—single channel

« 2D array of scalars—columns are channels
« 2D array of scalars—rows are channels

« Single scalar

« Single waveform

Wire the dynamic data type to an indicator that can best present the data. Indicators include a graph, chart, or numeric, or Boolean
indicator. However, because dynamic data undergoes an automatic conversion to match the indicator to which it is wired, Express VlIs can
slow down the block diagram execution speed.

The dynamic data type is for use with Express VIs. Most other VIs and functions that are shipped with LabVIEW do not accept this data
type. To use a built-in VI or function to analyze or process the data the dynamic data type includes, you must convert the dynamic data

type.
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Arrays Back to top

Sometimes it is beneficial to group related data. Use arrays and clusters to group related data in LabVIEW. Arrays combine data points of
the same data type into one data structure, and clusters combine data points of multiple data types into one data structure.

An array consists of elements and dimensions. Elements are the data points that make up the array. A dimension is the length, height, or
depth of an array. An array can have one or more dimensions and as many as (231)—1 elements per dimension, memory permitting.
You can build arrays of numeric, Boolean, path, string, waveform, and cluster data types. Consider using arrays when you work with a

collection of similar data points and when you perform repetitive computations. Arrays are ideal for storing data you collect from
waveforms or data generated in loops, where each iteration of a loop produces one element of the array.

Note: Array indexes in LabVIEW are zero-based. The index of the first element in the array, regardless of its dimension, is zero.

Array elements are ordered. An array uses an index so you can readily access any particular element. The index is zero-based, which
means it is in the range of 0 to n-1, where n is the number of elements in the array. For example, n-12 represents the 12 months of the
year, so the index ranges from 0 to 11. March is the third month, so it has an index of 2.

Figure 1 shows an example of an array of numerics. The first element shown in the array (3.00) is at index 1, and the second element
(1.00) is at index 2. The element at index 0 is not shown in this image because element 1 is selected in the index display. The element
selected in the index display always refers to the element shown in the upper left corner of the element display.

O— )‘_ 300 00

(1) Index Display | (2) Element Display
Figure 1. Array Control of Numerics
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LabVIEW Tools:

Automatic Tool Selection

Operating tool

Posttioning tool

Laheling tool

Wiring tool

P robe tool

EHE@EI

‘ Automatic Tool Selection - Automatically selects between the Operate Value, Position/Size/Select, Edit Text and Connect Wire Tools. It
is the most commonly Selected item on the Tools Palette.

Operate Value - Manipulates the values of Front Panel Controls and Indicators. Generally selected while running a VI.

Position/Size/Select - Selects objects in a VI, moves them and resizes them.

Edit Text - Creates Free Labels on the Front Panel and edits their text. Also edits fext in Owned Labels.

Connect Wire - Wires Block Diagram nodes and objects together.

Object Shortcut Menu - Displays an object’s pop-up menu with the left mouse button.

Scroll Window - Pans the content on a VI window without using the window's scroll bars.

Set/Clear Breakpoint - Create breakpoints in a VI Block Diagram for debugging purposes. Breakpoints cause the VI fo suspend
execution at a particular point.

Probe Data - Places Probes on wires in the Block Diagram for debugging purposes. A Probe displays the data on a wire where it is
placed.

Get Color - Copies colors from VI objects to pasting with the Set Color Tool.

EEI [&]| (@]l larl| Lol | | [=]| [

Set Color - Colors objects in a VI and displays the foreground and background colors of the object.
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Front Panel Example:
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Waveform Chart

Block Diagram Example:

Double
b
onvert to Dynamic Data
Double 2 1 Scalar
oud’e Merge Signals  Split Signals @zfrt from Dynamic Data o
- 1231
= =
Scalar 2

Double 3

Scalar 3

Boolean Logic

Waveform Chart

Select function Status

) element 3
2] Build Array
Index Arra element T .
33 Y
m
E element 2

element 5

Array Max & Min

— max value
Loop Iteration 3

10 loops/second Dela
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Working with Numeric Data Types:

The example below uses a Multiply Function to multiply a numeric input from the Front

Panel and multiply it by 2. The result is displayed on a Front Panel (FP) meter and
Waveform Chart.

A Compare function is used to compare the multiplication result with 6. If the result is
greater than six the Boolean output is True.

The Select Function then uses the Boolean result to display “too high” if true and “too
low” if the Boolean input is false. The Select input can accept many different data types
that will be sent to the output. The centre input must be Boolean.

eter
Slide
a4y
10-' S \
Su

212>

Waveform Chart

z
-

Select function Status

v,
I
Id




While Loop — the loop

switch led continues until stop is true.
-

TE 1L The number of time the loop

has executed is shown by the

sto . q . q
iterations [10 loops/second Delay| £ iteration indicator.
IR
Boolean indicator and control.
In1
(! ﬂ b Controls have a darker boarder and an arrow pointing

In2

Boolean

function
control

TF

indicator

outwards.
Controls are a source of data.

Indicators have arrows pointing inwards, they receive
data.

CAMB8302E F2018

96



LabVIEW
Shift Registers

Mechanical Action
Formula Node
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Shift Register —

On each iteration of the loop the data from the right side of the
loop is sent to the left. The constant on the left is only active on the
first iteration.

Data enters the right shift register and is passed to the left shift register on the next iteration of the loop.

Data sent on
first iteration

[~

v

Data available for
second iteration

[

B
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Expression Node —

“C” like code used within LabVIEW. Inputs are created by right
clicking on the left side of the frame. Outputs are on the right.

// Michel Hanbury Sept 2018

ficphr
if (slide1 < 20000 && start==1)
result = 1;
else
result = 0;

if (start || stop)
button = 1;
else
button = 0;

CAMB8302E F2015
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LabVIEW Shift Register Example

To create the shift register right click on the
border the While Loop.
Select Add Shift Register.

On each iteration of the loop the data from the
right side of the loop is sent to the left. The
constant on the left is only active on the first
iteration.

Replace with For Loop
Replace with Timed Loop
Remove While Loop

Add Shift Register

X+y

" DEU

—

Numeric

m stop

S FEH

| 1000 [
TF

.
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LabVIEW Shift Register Example

While Loop

Main Loop
Iterations

T

Latch loop
84610980

ProgStop

Prog STOP

Switch Until Released

Shift Register 2nd Example:

To create the shift register right click on the border of the while loop.
Select Add Shift Register.

The motor signal will go true when start is true and remain that way because of the shift register until
stop is true. Take some time to understand the shift register, try it out in the lab.

The Boolean constant “F” is true only on the first iteration of the while loop.
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Formula Node:
The Formula node allows a programmer to write “C” code within LabVIEW.

The program uses functions to convert Boolean to numeric and numeric to
Boolean. The program also uses local variables to reduce the amount of
wiring. The block diagram (BD) includes an express VI for myDAQ digital

input and output.

Formula Node

> ¥

< if (start)

r b motor = 1;

Digital IN bit 0,1
data

Not Equal To 07

Index Array
: if (Istop || voltage > 3)
motor = 0;

/* Michel Hanbury */
/* !'not, &8 AND, || OR */

M
ild A
id M
Digital Out bit 5
» data
voltage

Boolean To (0,1)

.............. 71:0)

Loop P ITTETY —
Iterations ProgStop
=] | s1or.
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Mechanical Action:

LabVIEW push buttons have a feature called
mechanical action which can be changed to sui
the type of switch the application requires. The

are 6 choices.

stop Release Text m3_£| (m3_4| m3_+]

vl | v—T [ fe L
G| |

** Use Switch until release when you use a Properties o
local variable. ol V| ol

Here is a glossary of the different mechanical actions.

1. Switch When Pressed
o When the button is pressed, it will stay pressed until you press it again.

o The value of the button will be true when the button is pressed.

2. Switch When Released
o When the button is pressed, it will stay pressed until you press it again.

o The value of button will change, when you release it after pressing it. For example, you click it, but until you release it, the value will
still be what it was before you clicked it.

3. Switch Until Released
o When the button is pressed, it will stay pressed until you release it.

o The value of the button will change when the button is pressed, then when it is released it will change back.

4. Latch When Pressed
o When the button is pressed, it will stay pressed until LabVIEW reads the value of the control. Then it will revert to its default state.

o The value of the button will change when the button is pressed, then when the value is read by LabVIEW, it will change back to its
default state.

5. Latch When Released
o When the button is pressed, it will stay pressed until LabVIEW reads the value of the control. Then it will revert to its default state.

o The value of the button will change when the button is released, then when the value is read by LabVIEW, it will change back to its
default state.

6. Latch Until Released
o When the button is pressed, it will stay pressed until the button is released and LabVIEW has read the value.

o The value of button will change when the button is pressed, then change back once the button is released and LabVIEW has read
the value.
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LabVIEW Arrays Basics
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| 2ahVVIEW Arrave

An array is a group of elements of the same data type. Arrays are often used in
LabVIEW to store data from analog readings. The data can then be used in a
spreadsheet file. Arrays are accessed by their indices; each element’s index is in the
range of 0 to N-1 where N is the total elements in the array.

The lines connecting arrays are thicker than integer or numeric values. The first
element in an array is 0.

An Array Index is used to point to a specific element within the array.
The Array size function returns the number of elements in an array.

Arra

Ay
Index Array e
fiz3)
2 L . 132

wt O ]
‘ element 2
. size(s
Array Size ) 122

'___‘@*\; ﬁ.é.e. 132

pEH
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Creating Amrays in LabVIEW

1. Place an empty array shell onto the block diagram.

Arra

<] Array, Matrix & Cluster

2. Drag a data object(such as a numeric indicator or control) into the empty element window.
Resize the shell by dragging the frame handles. Arrays can be an any data type including

character and Boolean. The arrays can be indicators or controls.

CAMB8302E F2018
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Control

Indicator

Boolean Boolean
Array Control Array Indicator
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LabVIEW Amavs for Data Acauisition

An array is often used in data acquisition systems to read or sample data and store
the sample in an array. The data can later be displayed in a spreadsheet file once it
has been captured. The example below uses a “For Loop” that executes 6 times

(once/second) and captures one sample of data on each loop and stores the data in
an array.

For Loop Array
N 3

Horizontal Pointer Slide

H Array IOPR —
' oy -
EIEL

loop Horizontal Pointer Slide
m—,_ i 1 I I 1 1 I 1 I 1 I
. 0123 456 7 89
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Amavs Functions:

There are array functions to:

- Find the size of an array
- Find the sum of an array.

2

- Find the min and max value of an array.
- Find the index of the min and max value.
- Find the average of the array values.

Array

| ﬁ} l QSear:h' g:View'| —J|

-t
Array Size

Initialize Array  Build Array
Y

Sh I T

g,

Index Array  Replace Subs... InsertInto Ar...

Sort1D Array Search1D Ar... Split1D Array Reverse

-
o

... RotatelD Ar...

)|
n
(BEA

-

Interpolatel... Threshold1... Interleave1D... Deci .. Transpose2...

:
B

Array Consta... Array To Clu... Cluster To Ar... Array to Matrix Matrix to Array

Reshape Array
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Build Array
o],

element 3

olE

Array Max & Min

BY
=] max value element 5
B
DEL DEL

Index Array 1
’F

-+ 0
=+ O element 4

wt O
b fiz3]

DEU

. Array
arna sizels .
v £ Size
Index Array
n-dimension array
index 0 element or subarray
index n-1 ——
anay .
element - appended array Build
element Arra
element I \4
B max value
array 7L max index(es) Array
= min value i
min index{es) Min/Max
Linear Interpolation
array of numbers or points ﬁ%ﬁ
. . ¥ y value
fractional index or x —{}...

Bo | Array Constant
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