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falling edges.

Measure period, frequency,
time high, time low, duty cycle.

Generate an output pulsing
signal such as pulse width
modulation. (PWM)



Timer / Counter -- General Information

— Many controllers and data acquisition devices have a built in
timer counter block.

- The Arduino Mega has 5 timer/counters.
- The myDAQ has 1 timer / counter.
- Each timer counter can be used to count rising or falling edges.

- Each timer / counter can measure frequency, period, time high
and time low using a function called input capture.

- Each timer / counter has an output compare function that can
be used to generate a pulse width modulated signal at various
frequencies and duty cycles.



{/ Timer / Counter Functions -- How are they used?

4

Measure the speed of rotation of a motor.

Determine the direction of a motor using quadrature encoding.
Control the speed of a stepper motor.

Count the number of parts on a conveyor belt.

Control the PWM to a servo motor.

Measure the flow rate using a pulsed rotary flow meter.

Measure linear position (moving in a line) or angular position
(rotating) using quadrature encoding.
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myDAQ Timer / Counter Tasks (What can they do?)

*The NI myDAQ counter can be used for various
different counter tasks. These tasks include:

» Count rising or falling edges E :

* Measuring frequency DAQ Assistant
* Measuring period
* Measuring pulse width (time high or time low)

* Measuring position from a linear encoder
* Measuring position from an angular encoder

* Generating a pulse output (PWM - frequency, % DC) (PFi3) DIO3

Each of these tasks will require different inputs or
outputs to be connected to the terminals of the
myDAQ PFI (programmable function interface).

myDAQ

——DI0(0:5 V)

o

(PFI0) DIO0

(PFI1) DIO1
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INSTRUMENTS

0123456 70N
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j® ¢ Input m Measure the count of rising or

falling edges.
:l Input Measure period, frequency,
@ U_U_I- time high, time low, duty cycle.

Output Generate an output pulsing
®| > | signal such as pulse width

modulation. (PWM)

Gnd
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myDAQ Timer / Counter Functions

myDAQ ——DI0(0-5 V) 1
0 1 2 3 4 5 6 7DGNDS

1 2
(PF10) —I I | Measure the count of rising or
DIOO o B L falling edges.
(PFI1) D|O1 -I_l-—I_I—L Measure period, frequency,

time high, time low, duty cycle.

Generate an output pulsing

(PFI3) DIO3 LT L] | signal such as pulse width

modulation. (PWM)

NATIONAL
"7INSTRUMENTS

Gnd

Timer / Counter
Functions -
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DAQ Assistant Timer / Counter (CTr0)

Measurement Ctro
Count Edges Edges: PFI 0

Count Direction: PFI 2
Pulse Width Measurement PFI 1

Period/Frequency Measurement (Low Frequency with One Counter) [PFI 1

Pulse Measurement PFI 1
Semiperiod Measurement PFI 1
Two-Edge Separation Measurement Start: PFI 2

Stop: PFI 1
Position Measurement A: PFIO

B: PFI 2

Z: PFI 1

Ctro
PFI 3

This pin is used to create output pulses.

The following table lists the output terminals for counter output. You can use a different PFI line for the output terminal.

D3 is an output terminal for the counter/timer output.

CAMS8302E F2018

Digital 1/0 pins 0,1,2,3 are used
by counter timer 0 on the
myDAQ terminal.

PFl — programmable
function interface.



DAQ Assistant Counter/Timer

The myDAQ counter / timer uses a 32 bit register. The timer uses a base frequency
of 100 MHz. 1/100 MHz = 10 ns The clock “Tick” time equals 10 ns.

Achire e Generate Acquire Signals
Analog Input

|= Generate Signals |

= Counter Input Analog Output

12°
% Edge Count = Counter Output
&
ny Fref;uency [T PulseOutput |
i Period Digital Output
|& Pulse Width
|& Semi Period
> »
|f Two Edge Separation
» »
= Position
: [ >
frr Linear .
& Angular DAQ Assistant
V

Digital Input
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DAQ Assistant Timer/Counter

General Purpose Counter/Timer

Number of counter/timers..................c......... 1

ReSOIULION...........oovvvvriiee 32 bits

Internal base clocks ..., 100 MHz

Base clock accuracy..............o.ccooervvievriiionnninn. 100 ppm

Maximum counting and pulse

generation update rate..................c...ccoccoov, 1 MS/s

Default routing
CTROSOURCE.........ccoovvimviiinriirriinninn. PFI 0 routed through DIO 0
CTROGATE ..o PFI 1 routed through DIO 1
CTROAUX ..o PFI 2 routed through DIO 2
CTROOUT ... PFI 3 routed through DIO 3
FREQOUT........cooooiiiiiieieicee PFI 4 routed through DIO 4

Data transfers ..o, Programmed 1/0

Update mode............ccooooovvvioiriomiiciceiceeen, Software-timed

PFI — programmable function interface.

The MyDAQ internal counter is 32 bits.

The clock frequency is 100 MHz

The clock period = 10 ns. National Instruments calls
this 1 tick of the clock. ( I guess from tick-tock ??)

myDAQ

I

(PFI0) DIOO

(PFIN DIO1

(PF13) DIO3

NATIONAL
INSTRUMENTS

Gnd

Q

Timer / Counter
Functions

CAMS8302E F2018

———DI0(0-5V) —
0123 405 6 706N

1 2
.. |nEUt m Measure the count of rising or

falling edges.

. Input -LI—LI—L Measure period, frequency,
time high, time low, duty cycle.

Output Generate an output pulsing
@—V U_l_I_L signal such as pulse width

modulation. (PWM)



LDAQ Assistant Edge Up Counter (Rising or falling) ’

0 o + x
Undo Redo Add Channels Remove Channels

Measured Value(_s)

Input Signal

Sample Clock

[y -
=)

1
|
'
2 Count

Initial Count: 0

Michel Hanbury

October 2015

Input on Bit 0

Edge Count

¥l

»
M

Passing through HC14

data

»

prccy

Edge Count

Schmitt trigger.

10 k pull up
and 0.1 uF to ground.

Loops

L]
132

Configuration | Advanced Timing I Logging ‘

Channel Settings

7o \3|" Edge Count Setup

(- Edge Count Settings |
CountEdges

Active Edge Initial Count
Rising v 0
Count Direction
Count Up v

Connect Your Signal
to (Input Terminal):
PFIO

Click the Add Channels button *
+) to add channels to
()0 2ddmore Only Count up on the myDAQ
v
Timing Settings
Acquisition Mode Samples to Read Rate (Hz)
1Sample (On Demand) 7‘ 100 1k

fiz3]

[

Up Counter|

Edge Count
|7
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stop

Loops

1504

This DAQ Assistant is
configured to count edges
arriving at DIOO input.

The initial counter value is
set to zero. On each edge the
counter increments by 1.

The hardware will detect and
measure rising edges.

Place a signal on the DIO pin
of the myDAQ to count rising
or falling edges. When using
mechanical switches or
encoders they must be de-
bounced.
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Converting DAQ Assistant to NI-DAQmx Code

¥
ii ,
12

DAQ As  Visible ltems
dat  Help

vy v

Description and Tip...
Breakpoint

DAQmx - Data Acquisition Palette
Replace

Open Front Panel

Size To Text
View As lcon

Convert to NI-DAQmx Task
Generate NI-DAQmx Code

Remove and Rewire
Create

Properties

DAQ Assistant

Counter 1D U32 lb 5tatus|";:z\z>...

NChan 15amp

Converted
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There are situations that do not give you
the flexibility to configure the timer
using the DAQ Assistant. In these
situations you can convert the DAQ
Assistant to NI-DAQmx code. This is
done my clicking on the Assistant and
selecting Generate NI-DAQmx code.

After converting various functions are
displayed. Each function has a number

of inputs that can be configured.

Functions configure the timer,; read the
timer task and then delete the task.
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K
Visible Items
Help

Description and Tip...
Breakpoint

Replace
Open Front Panel

Size To Text
View As Icon

Remove and Rewire
Create

Properties

DAQmx - Data Acquisition Palette  »

Convert to NI-DAQmx Task
Generate NI-DAQmx Code

Counter with hardware and software reset. |

‘ﬁ mydaq basic counter with HW_SW reset NOV 22 2017.vi

Edge
132

Count Direction

Cl - Counter Input

Cnt Count edges

Can only count up.

While loop

Ty

b:i In N _ Index Array

i.a g HW Clear on D3 Input.

[SW Clear on with screen PB]
Clear Count Michel Hanbury
Nov 22nd 2017
.................... M),DAQ hardware
case

Count Value

imeout

CounterUs2 _
1Chan 1Samp

There are situations that do not give

you the flexibility to configure the timer

using the DAQ Assistant. In these
situations you can convert the DAQ
Assistant to NI-DAQmx code. This is
done my clicking on the Assistant and
selecting Generate NI-DAQmx code.

In this example a user can select the
edge type and clear the count using
hardware or software.

Unbundle By Name

Count Up ¥
Initial Count
0 DAQmx Start Task.vi
Counter(s) ¥, ’{m
1/0 nnnj v
Cl Cnt Edges ~

Loops

millisecond multiple

stop
o0 i

LTyl
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Clear Task
Connect to DO input to counter F2015| s
7

Michel Hanbury Oct 21st.

Counter(s) Count Value

%mybacz/co 5 0 Clear Count

Edge
) Faling e
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Switch De-bounce Circuit using a low pass filter
and a Schmitt Trigger Inverter

switch Bounce Waveform
+5v

Switch contacts
bouncing

) |
Switch closed open
Switch Position

Ov

‘ ® www.electronics-tutorials.ws/io/input-interfacing-circuits.htm|

RC switch Debounce Circuit

Schmitt

l 100Q

Inverter
| {bo_c ﬂ open
‘ 74L514 o

closed

Switch / N\ C )
e closed 1uF | Switch open: T = C(R1#Rz2) =10.1mS |
ov Switch closed: T =C(Rz)=0.1mS

DSOX 20124, MY53160196: Wed Nov 22 193253 2017
1o200v/ 2 2.00v 0.0s 50.00¢/ | 200v/ 2 2.00V/

DS0X 20124, MY53160196: Wed Nov 22 193347 2017

0.0s

100.0¢/

=+

Clase sw \

pen sw

£
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Switch bounce measured on a scope

J
DS0-X 20124, MY53160196: Wed MNov 22 13:42:43 2017 Bounce Bounce
200 2 2.00¥/ 0.0s 2.000%/ Stop £
- off On off
DC
Connect to DO input to counter F2017 S
97
Michel Hanbury Nov 22 2017 Off Off
Counter(s) Count Value In this example the counter input was connected
% myDAQl/ctrd 5] 382 Clear Count directly to a wire that was pulled high and then
Edge touched to ground. The counter measured 382 edges
o Rising . of the bouncing signal. Switch bounce occurs with

mechanical devices.

CAMS8302E F2018 14



\ Schmitt Trigger Operation

7404 (inverter)

Switching Point /’V\\ Ve oV
Vout Input Falling 1\_/ out |
v
. a High » Noise
AQ@ o—0Q =
Digital SOurce
A Y Hysteresis p:lw .ﬂ_\ 7414 (Schmiu

Schmitt Inverter Low =‘=1—_ Vin v inverter)
= O Vg >
Switching Point L IL out 2
Input Rising

The 74HC14 is a Schmitt trigger
inverter. It has an upper and a 1 v
lower switching point. The Switching
74HC14 inverter must be used %, |y V. \
when interfacing to mechanical

) _‘\'In

switches and signals with slow
changing inputs. The Schmitt

7404 0 7414 0

trigger produces sharp and clean | —— |
rising or falling edges at the
output. It is most importanttouse v, Viea
the Schmitt trigger when the

device connects to an edge 0 | 0

counting input on a controller.
CAMB8302E F2018
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L Mechanical Switch De-bouncing using an HC14 Schmitt Trigger J @

RC switch Debounce Circuit

+5v

Schmitt
Inverter
closed
l 74HC14 o
Switch —— O ) S R i
e ‘ closed \ = 4uF | Switch open:T = C(Rs#Rz) =10.1mS | S B St 5, S
ov Switch closed: T=C(Rz) =0.1mS | STARSS %

CAMS8302E F2018 16



L De-bounce circuit timing.

DS0-X 20124, MY53160196: Wed Nov 22 13:32:53 2017 DSO-X 20124, MY53160196: Wed Now 22 19:33.47 2017

| 200V 2 2.00V/ 0.0s 50.00%/ | 200v 2 2.00% 0.0 100.0%/
K Hd14 Indut N Switch Presged | ———
S i) S ORI WS 5\ ------- Grounded |- e Rt I W ;Pf‘f—'—:f——qwﬁrp—h—nﬂ@—a—g—e—d —
v Pulled High
ih llig
e
HC14 Output HC14 Output
gl 2%,
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L Mechanical Switch De-bouncing

With the addition of an extra 1000 resistor and a 1uF capacitor to the switches input
interfacing circuit, the problems of switch bounce can be filtered out. The RC time
constant, T s chosen to be longer than the bounce time of the mechanical switching
action. An inverting Schmitt-trigger buffer can also be used to produce a sharp output
transition from LOW to HIGH, and from HIGH to LOW.

So how does this type of input interfacing circuit work?, Well we saw in the RC Charging
tutorial that a capacitor charges up at a rate determined by its time constant, T. This
time constant value is measured in terms of T=Rx C, in seconds, where R is the value of
the resistor in Ohms and C is the value of the capacitor in Farads. This then forms the
basis of an RC time constant.

Lets first assume that the switch is closed and the capacitor is fully discharged, then the
input to the inverter is LOW and its output is HIGH. When the switch is opened, the
capacitor charges up via the two resistors, R1and R2 at a rate determined by the
C(R1#R2) time constant of the RC network.

As the capacitor charges up slowly, any bouncing of the switch contacts are smoothed
out by the voltage across the capacitors plates. When the charge on the plates is equal
too or greater than the lower input voltage ( Vi, ) of the inverter, the inverter changes
state and the output becomes LOW. In this simple switch input interfacing example, the
RC value is about 10mS$ giving the switch contacts enough time to settle into their final
open state.

When the switch is closed, the now fully charged capacitor will quickly discharge to zero
through the 1000 at arate determined by the C(R2) time constant changing the state of
the inverters output from LOW to HIGH. However, the operation of the switch causes
the contacts to bounce about resulting in the capacitor wanting to repeatedly charge up
and then discharge rapidly back to zero.

Since the RC charging time constant is ten times longer than the discharge time
constant, the capacitor can not charge up fast enough before the switch bounces back to
its final closed position as the input rise time has been slowed down, so the inverter
keeps the output HIGH. The result is that no matter how much the switch contacts
bounce when opening or closing, you will only get a single output pulse from the
inverter.

CAMS8302E F2018 18



“Schmitt Trigger Operation (Two switching points — hysteresis)

When de-bouncing or wave shaping an
HC14 Schmitt trigger inverter must be

Regular logics

HCO04 (bad)
Multiple edges.

!
: 1 U1 UOC U
] | Simple logical invert
. -
: L U
------ -l
:’ Uon
I
v Uot| - - - —
Schmitt trigger U U U U,
HC14 (good)
Single edges. The Schmitt trigger converts the noisy

or slow changing signals to vertical
single edges.

CAMS8302E F2018
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\ Schmitt Trigger Operation

A —@of Y
(2) A Schmitt-Trigger Squares Up Inputs Wih Siow Rise and FallTines {b) A Schimit-Trigger Offers Maximum Noise knmunity
The 74HC14 Schmitt trigger
inverter is used produce square

wave outputs with slowly changing
input signals.

Vee

GND
| [

— Vou The 74HC14 is often used in switch

debounce circuits to reduce the

Vou - multiple edges produced from a

L Vo —— Va non-debounced circuits.
Assume:
Figure 4. Typical Schmitt-Trigger Applications (Vthreshold +) — (+3.0 V)

(Vthreshold -) = (+1.5v)

CAMS8302E F2018 20



LSchmitt Trigger Data Sheet

DC CHARACTERISTICS (Voltages Referenced to GND)

The Schmitt trigger inverter (HC14) has an upper and lower threshold to give

the device hysteresis. The HC04 switches at any point between a valid logic
low and valid logic high input.

CAMS8302E F2018

v Guaranteed Limit
==
Symbol Parameter Condition (V) | -55t025°C | =85°C | <125°C | Unit
Madmum Positive-Going Input | Ve =0.1Y 20 150 150 150 W
Threshold Voltage [low = 20wA 3.0 2.15 2.15 2.15
(Figure 3) &= . 3.15 3.15
60 4.20 4.20 4.20
[Vromin] | Minimum Postive-Going Input Wout = 0.1V 20 1.0 095 095 W
Threshold Voltage lloud = 20uA 3.0 1.5 145 1.45
(Figure 3) IEY 225 225
60 3.0 295 295
Maximum Negative-Going Input | Vo= Voo - 0.1V 20 09 095 095 W
Threshold Voltage lloud = 20uA 3.0 14 145 145
(Figure 3) ! ] 205 205
60 26 265 265
| Y1 min | Minimum Negative-Going Input | Vo= Vo - 0.1V 20 0.3 0.3 03 W
Threshold Voltage llowd = 200A 3.0 05 05 05
(Figure 3) G103 09 09
60 1.2 1.2 1.2



L Slotted Optical Switch

Slotted Optical Switch

Phototransistor

LED ~ Slot
“a l
\ [,
Your smartphone can
detect infrared light. )
It is not visible to the Schematic
human eye but it can A
K
be seen by the Physical
smartphone camera. e LED Phgto-
COﬂStTLK.‘tIOﬂ tra'\s'stor

A DC voltage is generally used to drive a light emitting diode (LED) which converts the input signal
into infrared light energy. This light is reflected and collected by the phototransistor on the other
side of the isolation gap and converted back into an output signal.

For normal opto-switches, the forward voltage drop of the LED is about 1.2 to 1.6 volts at a normal
input current of 5 to 20 milliamperes. This gives a series resistor value of between 180 and 470Q)'s.

CAMS8302E F2018 22



L Slotted Optical Switch Circuit

Y,
Slotted Opto-switch Circuit
Rotating disc
+hy with slots or holes Vce
T 1kQ
2 18‘:( Schmitt ]
— % Q Inverter ”I”
- N 0
| .
== s Vour
1 U‘ J Detector 74HC14
L — |

CAMS8302E F2018



(Optical Switch Conditioning using a Schmitt Trigger Inverter

4

Cathode

Bottom View An optical switch is used to count
Collacton 3 Optical Switch the number of times an object
3 OPB804
4, Stter ‘ passes through the slot of the
| 2T switch. An HC14 Schmitt trigger is
!; | used to reduce signal noise, to
n obtain an accurate count.

Ancde

»||—-‘

4.7k 2 +
[ [
| Counter Pin

l;:‘%,{:_:‘c(; l;f;{;cdk SN74HC14...D, ?I-Bc;;lil:‘l:v,v)ok PW PACKAGE
)
— 1A 4[]V
GND 1Y |2 13]] GPC\C

2a(ls 12f] 6y

ZYE 4 11 % 5A

SN54HC14, SN74HC14 30 "5

HEX SCHMITT-TRIGGER INVERTERS enoll? ol av
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‘ DAQ Assistant PulseOutput — generate PWM

J

Configuration | Triggering

+|[X][s: Dem»"‘
P -

Cllick the Add Channels button
(+) to add more channels to

the task.

Generation Mode

Continuous Pulses ]

Advanced Timing

Pulse Output Setup
Settings

High Time
Low Time

Idle State Initial Delay (s)
Low v

Qutput Terminal:
PFI3

Samples to Write

100

Seconds v

@ Acquire Signals |

= Generate Signals

@ Analog Output

Pulse output can be configured to produce a time
low or time high of any given value. The pulse
out can be used to PWM (pulse width modulate )
loads such as heater, motors, lamps and servo
motors. The output signal is created on terminal
DIO3. In this screen capture example the output
has a period of 10 ms. and a time high of 1 ms.
and a time low of 9 ms. The % duty cycle equals
10% (% Duty cycle = on time/period * 100%)

The signals are LVTTL.

= Counter Output

| [ Pulse Output

@ Digital Output

CAMS8302E F2018

Generate an output pulsing
Wikstromens signal such as pulse width
Sacs modulation. (PWM)
Output
(PF13) DIO3 |© P 1L
Ground @
25



DAQ Assistant Pulse Output

(PF13) DIO3 |©

Ground |©

What is the
signal frequency
and % duty cycle
based on the
screen capture?

The LabVIEW DAQ Assist is configured to produce

continuous pulses with a time high of 10 ms. and a time low
The signal output is measured on DIO3.

of 5 ms.

modulation. (PWM)
Output

L

J
Generate an output pulsing
INSTRUMENTS 3|gnal such as pulse width Ie Initial Delay —&— HighTime —>&— LowTime —>»
NI myDAQ | Signal Output

TUNTLe « « ANNTL e « « AL « o P mternal Tmebase

‘ B myDAQ Pulse Out CAM8302E F2017 Nov 22.vi Front Panel *

; ;
[ q

> )
DAQ Assistant

Signal on DIO 3

Configuraton  Triggering  Advanced Timing
Channel Settings
+ X~ Detais | > | ~ | Pulse Output Setup
=} Pulse Output Settings
PulseOutput
Signal Output Range
. Scaled Units
High Time 10m a
¥ Seconds
Low Time 5m
stop Idle State Initial Delay (s)
Low v 4
' Output Terminal:

Click the Add Channels button PFI3

(+) to add more channels to

the task.

v
Timing Settings
Generation Mode Samples to Write Rate (Hz
Continuous Pulses v 100

CAMS8302E F2018
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PWM (programmatically) — Using DAQmx Code

DACmx DACmx
[rast ]| [EITIE 60
= = 4
Task Const Channel Const Create Channel Read Write
Timing Triggering Start Stop
Generate an output pulsing
% signal such as pulse width

modulation. (PWM)
Output

(PFI3) DIO3 |@ Ui

Ground |

This LabVIEW program does not use the DAQ
Assistant. The assistant Express VI is
converted to NI-DAQmx code to give the user
additional flexibility for timer configuration.

In this case the pulse period and duty cycle can
be modified while the program is executing.
LabVIEW includes functions such as Read,
Write, Start, Stop, Clear and Timing - Each
function has input and output parameters.
Using the Express VI's such as (DAQ Assistant)
make programming easier but limits
functionality.

While Loop

Wait for the user to press the stop button.

‘_k L Case Structure
. Yy [ . T #z" J ™ True 't]
Counter(s) Continuous Samples AFrequency?
Clear 17 o % e % = DAQmx Channel }
e =) {% K b CO.Pulse.DutyCyc
Idle Stat¢CO Pulse Freq ] - b CO.Pulse.Freq.Units
= [ Copuberreq
0.00 stop.
[TF)
=

)l

Visible ltems

Help

Examples
Description and Tip...
Breakpoint

DAQmx - Data Acquisition Palette  »

Replace

Open Front Panel

Size To Text
View As Icon

Convert to NI-DAQmx Task
Generate NI-DAQmx Code

Remove and Rewire
Create

Properties

CAMS8302E F2018

Tyl

Iyl

OK message + warnings ]

¥
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Type
Edge

Source

Chan 0 Source |\,

V.

NI Elvis Scope Configuration

Horizontal Position (%)

Source
AIOD

Enabled

Scale
Volts/Div

J

v

Wy
Slope 1) The scope is set to trigger on a rising edge (slope)
(V) with the trigger level set to 1.2 volts (Level).
Level
1.2
2) The scope will be triggered in the centre of the
50 =
screen (50%).
Time Div
= 3) Horizontal
time base set to / ) )
5 ms./division. i
Sms | : H
Coupling 2 C1
Vertical 4) Scope is measuring ' '
Position (Div) . e
Channel AO there is no S
| . Device Acquisition Mode
horizontal offset and the myDAQ2 (NI myDAQ Run Continuously v
> volts/vertical division Run Stop 2t log  Help
= equals 2. Autoscale = u = | @

CAMS8302E F2018
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DAQ Assistant PulseOutput Example

3 myDAQ Pulse Out CAMB302E F2016 Oct 20th.vi Block Diagram

Loops
Pulse on DIO3 2067
stop

F2016 CAMSSOZE‘

B Oscilloscope - NI ELVISmx

e =
= LabVIEW Sample Rate: 50.00 kS/s

Cursors: 2: dT: 14.98ms Timeout

cilcHo  [o
c2(cHo

i Graph
Mc o McHo CH1
ursors On Properties

- X
Basic Settings  Advanced Settings
Source Source
AIO v ALl v
[AEnabled [CJenabled
Scale Vertical Scale Vertical
Volts/Div Position (Div) Volts/Div Position (Div)
) VD I I
2V v 0% v v 0%
Time/Div Type Slope
e I
/ Source Level (V)
J Chan 0 Sourcelv 12}
Horizontal Position (%) =
50 '+
5ms |
D Acquisition Mode
DAQ Run Continuously v
Run Stop Log Help
Autoscale | = & 9

CAMS8302E F2018

Configuration  Triggering ~ Advanced Timing
+| | X ||~ Detais | » ‘ ~ | Pulse Output Setup
=}, Pulse Output Settings
PulseOutput
High Time 10m
Seconds v
Low Time 5m
Idle State Initial Delay (s)
Low v 0
Qutput Terminal:
Click the Add Channels button PFI3
(+) to add more channels to
the task.
v
Generation Mode Samples to Write Rate (Hz
Continuous Pulses v 100

Frequency is 66.7 Hz.

Time high = 10 ms.
Time Low =5 ms.
Period = 15 ms.

% Duty Cycle =
Time high/ Period * 100%

10ms/15ms * 100%
66.7%

29



B8 Oscilloscope - NI ELVISmx

NI ELVISmx Scope Example with questions.

=] Basic Settings  Advanced Settings

Sample Rate: 50.00 kS/s e .
Source Source
AIOD v AIl v
Enabled [[Jenabled
Scale Vertical Scale Vertical
Volts/Div Position (Div) Volts/Div Position (Div)

J J J

Cursors:

Cursors On

c1/CHO

C2/CHO

v

v

C2: 1.36mV dT: 14.98ms # Timeout

Device Acquisition Mode
Run Continuously

Stop

2V v 0% 1v v
Time/Div Type Slope
Edge v
/ Source Level (V)
J Chan 0 Source |\ 1.2
Horizontal Position (%) -

Do = S e Bg Run Print Log
CHO CH1 Prggae?ges Autoscale | | = E

J

0

2

-
v

Help

CAMS8302E F2018

What is the time base set to?

What is the volts / division set to?
What is the period of the signal?
What is the frequency of the signal?

What is the time high and time low of the
signal?

What is the % duty cycle of the signal?
What is the trigger voltage level?

[s the input signal triggered on a positive
or negative edge?

What is the high voltage level of the
signal?

Which channel is displayed?
30



L My DAQ Pulse Output Setup and Scope Measurement J

Frequency is 100 Hz. Qutput is measured on PFI3

(programmable function input 3
Time high =1 ms. Time Low =9

200w 2

)

ms.

0.0s

5.0002/ Stop

£ 1.68Y

3% Agilent

Volts/div =

N
~
+

ime/q

liv = §

Acquisition

b MS

MNormal
20.0MSals

Channels

DC 10.0:1
DC 10.0:1

i Measurements

Period(1):
10.000ms
Freq(1):
100.00Hz
Hilfidth( 1):
1.001ms
“Width(1):
8.999ms

CAMS8302E F2018

1ms high
9 ms low 3 [y
-
loops 8 N
m_l_ =] DAQAzflstant :
LIt L

Pulse Output Setup
| B Settings |

Signal Output Range

High Time '

Scaled Units

Seconds

Low Time ' Sm

Idle State ~ Initial Delay (s)
Low [v] | 0|

Qutput Terminal:
PFI3
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L My DAQ Pulse Output Setup and Scope Measurement ]

‘\5

ey L Freal )

Stop N 1.68Y
iy 5 ms high
¢ Agilent 10 ms low ; .
Acquisition loops > "
Mormal iz DAQ A:}istant m’
20.0MSals I -
|
Channels
DC 10.0:1
DC 10.0:1
Pulse Output Setup
Settings
Measurements
Period[l]' Signal Output Range e Ut
"""""""""" . Scaled Units
High Ti ——
14.999ms igh Time | ot ]
Low Time om

66 .670Hz

+Width(1) Idle State Initial Delay (s)
5.000ms low [v] l 0
Width( 1):
9.999ms Output Terminal:
PFI3
CAMS8302E F2018 32



DAQ Assistant Measure Period and Frequency

Measured Value(s)

0.00000 — Period
1 [
vee s Internal Timebase

—

Input Signal

Measured Value(s)

0.00000 — Period —>
Input Signal
[ |
“es vee Internal Timebase

I *Frequency is the inverse of period I

Configuration | Advanced Timing

Logging

Channel Settings

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

Period Setup
Settings ‘
Signal Input Range
—1’“‘ Scaled Units
Maxl_____T Tiks o]
Min 1u)
Starting Edge  Measurement Method
Rising @ ‘ 1 Counter (Low Frequency) E”
Connect Your Signal
to (Input Terminal):
PFI1 Custom Scaling

<No Scale> [v] J,@

Timing Settings
Acquisition Mode

Samples to Read Rate (Hz)

1 Sample (On Demand)

E” 100 1k

Configuration | Advanced Timing | Logging |

Channel Settings

Details @| ~ | Frequency Setup
: Settings ‘

Signal Input Range

Maxv 100 Scaled Uv:‘ts -
__Z v
Min 2

StartingEdge  Measurement Method
‘ Rising M‘ ‘ 1 Counter (Low Frequency)  [v|

Connect Your Signal

Gick the Add Channels button {o (input Terminal):

(+) to add more channels to PFIL Custom Scaling

the tast. <No Scale> [v] ),Eg

v
Timing Settings
Acquisition Mode Samples to Read Rate (Hz)
15ample (On Demand) @‘ 100 k

CAMS8302E F2018
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Channel

PulseWidth  |v |

DAQ Assistant Measure Negative and Positive Pulse Width

Measured Value(s)

1 1
0.00000 LR e Internal Timebase

£——Pulse Width——

Input Signal

Measure Low Time

Channel
PuseWidth v

&—Puise Width —

Input Signal
Measured Value(s)

I 1
0.00000 e RS Internal Timebase

Measure High Time

Configuration  Advanced Timing  Logging

Channel Settings

| [X] (50
Pulse Width

=

Detais [ »

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

Timing Settings
Acquisition Mode
1 Sample (On Demand)

Pulse Width Setup

Settings
Signal Input Range
100 Scaled Units
M m
ax | Tidks
Min | u
Starting Edge
Faling ||
Input Terminal
PFI1 v
Custom Scaling
<No Scale>
Samples to Read Rate (Hz)
[v] 100

Configuration  Advanced Timing  Logging

Channel Settings

(4[] [s2] km))‘l" Pulse Width Setup
=+ Pulse Width Settings
PulseWidth
Signal Input Range
Scaled Units
Max 100m r —
S Seconds |v
Min ]
Starting Edge
Rising |+ |
Input Terminal
Glick the Add Channels button PFI1 v
(+) to add more channels to Custom Scaling )
the task. <No Scale> [v] )ﬂ
v L
Timing Settings
Acquisition Mode ~ Samples to Read Rate (Hz)
1 5ample (On Demand) [~] 100 1k

CAMS8302E F2018
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DAQ Assistant Timer Input

Pulse
Pule Width Start ( ) _ (Pulse) _ |
on rising edge Pule Width Start T

Wait until Next is
on falling edge Pressed.
Flat Sequence Structure

0000000000000 0000000000000000000000000000000000000000020

000000000000 000000000000000000000020

i 1 EBHE| | | ' =H @ mifo]
> » : » b

»
[ i : 1
Pulse Width Time High (s) Pulse Width Time Low (s) % . ] Fetoc (2 [ Frequency (Hz)
High Low S frzs! [ DAQ Assistant ’
data 1.23] 123 dat. e e fr2s]
=y data ‘?: ata = data T BEL

0000000000000 0000000000000000000000000000000000000000000000000000000000000000000000000000000

Loops stop
. Michel Hanbury Nov 22 2017
mJ fi23] CAMB8302E Time High and Time Low and Period [isror
LT - LrrL
[Measure signal on DIO1]

This LabVIEW program uses a flat sequence structure. The code in each box is
executed from left to right in sequence. When the code on the right has
completed the sequence begins again on the left. In this example the time high
is measured, then the time low, then the period of the signal followed by the

frequency of the signal. The final sequence waits for the user to press the next
button on the LabVIEW front panel.

CAMS8302E F2018 35



‘ DAQ Assistant Timer Input

Time High (s) Time Low (s) Period (s) Frequency (Hz)
0.001092 0.00035282 0.001448 690.5
Next
stop Net)

Measure the signal on the DIO pin 1|

MH November 22 2017 CAM8302E|

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

[Michel Hanbury Nov 22 2017
[CAMB302E_Time High and Time Low and Period B

WisTRoMENTS Measure period, frequency,
b time high, time low, duty cycle.

®FI1) DIOT [)e—2E

L1

Ground E—_L

+5 Volts

l
|5 8
CONT VoD L”‘
41 reser 2 Ry
B TLCSS5

6
THRES
}_E e rn
GND Te

DISCH

The LabVIEW program is used to
measure the period and frequency
of an input signal connected to
DIOO on the myDAQ.

The program uses 4 timer DAQ

ouT e

CAMS8302E F2018

assistance to determine the
properties of the incoming signals.
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TLC555 CMOS Astable Timer

An Astable timer is a device which has no stable state. Its output oscillates
continuously between its two unstable states without the aid of external triggering.

The time period of each state is determined by a resistor/capacitor ( RC) time
constant. (Wikipedia) The capacitor charges through RA + RB and discharges \Vce

through RB only.

+5 Volts
| VREF = 2/3 Vcc
(Reset)
VREF = 1/3 Vcc
~ RA < (Set)
|s 8 ov
CONT _ Vpp | L10k o | £ e
RESET R Vs S| ® Time
oisc-C558 ¥ %
I8CH o 12 Output A = |
-~ 'S -
S Re THRES . Vee|-----o-ohee- $omoeoche S T
TRIG Ul
GND Te
e 1
— 0.27 uF -
tc(H) = CT (RA + RB) In2 (In2 = 0.693)
'c(L) = CT RB In2 OV —— — —
Time

555 Timer Output

The decimal value of the natural logarithm of 2 is
imatel It0 0.693.
approximately equarto CAMB8302E F2018
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https://en.wikipedia.org/wiki/Natural_logarithm
https://en.wikipedia.org/wiki/2_(number)

555 Astable Circuit Calculator

The 555 timer is capable of being used in astable and monostable
circuits. In an astable circuit, the output vol+aee aifernates between
VCC and O volts on a contirual basis.

period Time Hgh Time Low

T

" ”

| 7
| LLILEQE L] ]

By selecting vaues For Bl RZ and C we can determine the
Period/l:req.:ency and the du+y cycle.

The period is the length of time it takes for the on/ofF cyle to

repeat itsell, wHﬂﬂedﬁycydei«;ﬂwepercem%eoﬂﬁneﬂ-\e
output is on ie. T/T.

I this type of circuit, the duty cycle can never be 50% or lower.

f itor (C) 0.27 microFarad (uF)

Resistance 1 (R) 8.2 kilohms (k)

Resistance 2 (R,) 4.7 kilohms (k)

CAMS8302E F2018
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DAQ Assistant Timer Input Signals

+5 Volts
B8 Oscilloscope - NI ELVISmx - X
— mnf] BasicSettings  Advanced Settings
E LabVIEW Channel 0 Settings . Channel 1 Settings . : RA 1
Source Source IS 8 10k
ALO & ALl > 4 RECSOENTY 0O |2 imy
[AEnabled [MEnabled 7 TLC555
Probe Coupling Probe Coup DISCH 3| Output
~ P, ouT [~
= - = = 5P Sloures
Scale Vertical Scale Vertical h | »
Volts/Div Position (Div) Volts/Div Position (Div) " - TRIG
b GND Te
/ \ T Cr K
J J _j 'J = 0.27uF =
500mv |\ -1 2V v 4 toHy = Cr(Rp + Rg)in2 (N2 = 0.693)
___________________________________________________________________________ Timebase Trigger tew) = CrRgin2
Time /Div Type Slope .. .
Bl 1o This is a myDAQ Elvis scope screen
\ Source Level (V) . .
) Cron 15005 212 capture of the signal at the output in
-------------------------------------------------- Horizontal Position (%) =
S00us [ S0+ blue.
Insrument Conto The signal in red is the charge,
Device Acquisition Mode
mDAQI MImDAQ)  [v]  [Rumonce v discharge of the capacitor on pin 2 of
Cursors Settings Display Measurements Graph Controls Run Stop Print Log Help . .
[ cursors on E; 2:01 = McHo  McHi prg";'r’ges Autoscale = ™ = & || @ the CMOS 555 timer. The CapaCItor

charges through RA and RB and
discharges only through RB.
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TLC555 CMOS Timer Online Calculator

http://www.ohmslawcalculator.com/555-astable-calculator

Efd Ll 303.662 Hertz (Hz)

Period (T) 3.293 milliseconds (ms)
Duty Cycle 73.30 %

Time High (T) 2.414 milliseconds (ms)
Time Low (T() 879.417 microseconds (&mu;
Notes:

® Increasing C will increase the cycle time (and hence, reduce the Frequency).

® Increasing R, wil increase Time High (T)), but will leave Time Low (T;) unabfected

® Increasing R, will increase Time High (T), increase Time Low (T;) and decrease the duty cycle (down to a
minimum of 50%)

Web Application Developed by Zero Point Labs
CAMB8302E F2018


http://www.ohmslawcalculator.com/555-astable-calculator

Quadrature (4 edges) Rotary Encoders

When to use Quadrature Encoders?

Quadrature encoders are used in bidirectional position sensing and length measuring applications. However,
in some unidirectional start-stop applications, it is important to have bidirectional information (Channel A & B)
even if reverse rotation of the shaft is not anticipated. An error in count could occur with a single-channel
encoder due to machine vibration inherent in the system. For example, an error in count may occur with a
single-channel encoder in a start/stop application if it mechanically stops rotating when the output waveform is
in transition. As subsequent mechanical shaft vibration forces the output back and forth across the edge the
counter will up-count with each transition, even though the system is virtually stopped. By utilizing a
quadrature encoder, the counter monitors the transition in its relationship to the state of the opposite
channel, and can generate reliable position information.

Achieving higher resolution with Quadrature Encoders

When more resolution is needed, it is possible for the counter to count the leading and trailing edges of the
quadrature encoder’s pulse train from one channel, which doubles (x2) the number of pulses per revolution.
Counting both leading and trailing edges of both channels of a quadrature encoder will quadruple (x4) the
number of pulses per revolution. As a result, 10,000 pulses per turn can be generated from a 2,500 PPR
quadrature encoder. Typically with a Dynapar encoder, this 4x signal will be accurate to better than +1

D

Up Pulsed
Count

channelA | L L L |
Channel B . I | L | |

xi [l
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Hall Effect Sensor — Used in the motor
Quadrature Encoder

Magnet
AN N
SN ///,”\\ \
Lines of /// W
Force /| Y
Vi
I [
o | 1, Directional
P : Il Magnetic
P /1] Field (H)
[
[

(R LI
N -7
SETHIINN S

Constant
Current Flow

P-type
Semiconductor
Hall Element :
+ . m—
F-i
DC Supply

Trlp pomts are fixed. www.bristolwatch.com

1 =+VCC g -
= Output is open
2=GND -
3 = Output collector or
IR open drain.

North pole

Output is high or off. Output is low or on.

The Hall effect sensor can
detect a magnetic field. The
magnet cause the electrons
in the sensor to line up on
one side creating a small
voltage, the Hall voltage. In
this case two of them are
used to determine the spee
and direction of a DC moto1

CAMS8302E F2018
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Quadrature (4 edges) Rotary Encoding

Two hall sensors are placed 90 degrees apart.

J LTI L
Rotating magnet Hat efec

creates pulses.

Hall effect
Sensor.

Hall effect sensors are
separated by 90
degrees. The two pulses
create 4 edges.
(quadrature o/p)

Phase A | | | | |
Phase B | | | |

When Phase 0 is going
positive, phase 1 = low.

ccw

Phase B _|—|_r|_

When Phase 0 is going
positive, phase 1 = high.  CW

@ Phase A [e]_l_\_,
cw

Tp > >

As the motor rotates in one direction or the
other the signals change position.

CW - phase Ais high followed by phase B.
CCW - phase B is high followed by phase A.

CAMS8302E F2018
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Quadrature Rotary Encoders

myDAQ

Ly

Input

The capacitors and resistors act as a
filter to reduce switch bouncing.

(PFI0) DIOO0

Input

(PFI2) DIO2

:

:

iH HH

DIOS

Timer / Counter
Functions —_

I|H|—0

100n Connected to switch push button. <k
GND' |1 | Toutputa
vec Output B
Button Pin

CAMS8302E F2018



‘ Rotary Encoder — Used to measure degrees of rotation.

This encoder also has a
built in push button
switch. As the control
is moved clockwise or
counter-clockwise

output pulses are
generated.

Output B
Button Pin

A quadrature encoder has two outputs and 4 edges.

G INSTEK

w

3w @B.E088s I E=C-F 2 i B
v '
Clockwise:

Clockwise

Channel B

As the encoder is rotated clockwise the edge sequence is as follows.

- arising edge on output A Clockvise

- arising edge on output B
- a falling edge on output A

- a falling edge on output B

As the encoder is rotated counter clockwise the edge sequence is

as follows.
- arising edge on output B

- arising edge on output A
Counter-
clockwise

- a falling edge on output B
- a falling edge on output A

=l aanas sl

Channel B

CAMS8302E F2018

e ieette. N N

: . .
Counter clockwise

Cuu&’

clockwise
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myDAQ Rotary Encoder - Used to measure rotational position.

‘ﬂ Switch Encoder F2017.vi Block Diagram *

[Connect encoder to PFI0 nad PFI2]

Channel CHALeadsCHB CHBLeadsCHA

> »
b
: :
" . g Encoder Pulses
DAQ Assistant
data [123]
4 R
Slide
Loops
L]
stop.
— Loops Encoder Pulses
45
Slide

@

AngularPosition [+ || —l—|—,—|— A myDAQ
Measured Value(s) i ' ' ' »E
L ieasure: aol.lzosooo X 1 : : | CHB
! | o ' N ' (FI0) DIOO
0
(PF12) DIO2
DIO5
Configuration  Advanced Timing ~ Logging
Channel Settings Ground
+ X&’ Detais | I" Angular Position Setup Timer / Counter
=} Angular Position B! settings Functions

Angular Encoder

Input Terminal A Input Terminal B

Pulses /Rev Initial Angle Units
24 0 Ticks v
Z Index Enable Value Phase
0 A Low B High

Decoding Type
X1 v

PFIO v PFI2 v

Cilick the Add Channels button

(+) to add more channels to Thput Terminal Z Custom Scaling

the task. PFI1 <No Scale> =&

o |
Timing Settings
Acquisition Mode ~ Samples to Read Rate (Hz)
1 Sample (On Demand) [v] 100 1k

CAMS8302E F2018

Up Pulsed
Count

Input
Q

Input
Q

The capacitors and resistors act as a
filter to reduce switch bouncing.

27k, Encoder

an; e -_]5

100n I Connected to switch push button.

Channel A l I l_l l_]
Channel B ._I i

L i
e LML
JULLULUULLLLL

X4
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Quadrature (4 edges) Linear Encoding

Coded Light & Dark
Pattern on Disk Rotation of Disk 2 Photo-detectors
Displaced by 90°
\ /
| | Sine
Channel A Output S _|_ —L ..... _I_ Code
I | ! Cosine
Channel B Output L J | L. oo ‘ Code
Motion from | Motion from
Left to Right : Right to Left
—- -
Displaced by
g0°

Can determine direction and linear movement, cm, metres, inches, speed.
« Measuring position with a signal from a linear encoder
« Measuring position with a signal from an angular encoder

CAMS8302E F2018
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74HC74 — D-Type Flip Flop — Used to determine direction

74HC74
PIN ASSIGNMENT LOGIC DIAGRAM
RESET1 0 1@ 14 1 Voo RESET 1 1_('3
DATA1 [] 2 13 [] RESET 2 2 5
DATA{ —=—| — a1
cLock1 0 3 12 1 DATA 2 3 6
SET1(] 4 11 ] cLOCK 2 CLOCK 1 ai
o1 lls 10 [] SET2 sgﬂ“_?
aife 9 Q2 13
GND [] 7 8 02 RESET2 ——,
12 9
DATA2 —=| Q2
FUNCTION TABLE 11 8
| S CLOCK2 — — @2
nputs utputs
Set Reset Clock Data| Q Q sgzw—?
L H X X | H L PIN 14 = Voo
H L X X L H PIN7 = GND
L L X X | W W
H H < H| H L
H H L L H
H H L X No Change
H H H X No Change
H H N X No Change
1 H
RESET 1 -———————?
2 5
NCHRBRREIA rnq 2 L5 o1
Channel B CLOCK1 —P CW=H

4 T CCW=L
H

G INSTEK

Channel B

Channel B

»

V3w B.0008s "™

v
Clockwise

A
Counter clockwise

[R B R P

>

CAMS8302E F2018

Clockwise

Counter-
clockwise

One phase of the encoder
will attach to the clock
input the other phase to
the data input.

When turning in one
direction the data will be
low when the clock goes
through a rising edge.

In the opposite direction the
data will be high when the
clock goes through a
positive edge,
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L Write to Microsoft Excel File — Block Diagram

Waveform Chart

The Express VI is used to write to an
Excel file. This program uses a progress

ot bar to display the loop status.
Analog In ..
data _ » 1 m

After all data is written to the file, the
Write To .
Measurement array is created.
File Excel
Signals
b Flush? (T)
— Array
SEm)} : Eﬁ
EIE’L

The program stops when the loop counter equal 19 or
the stop button is pressed.

0 to 19 equals 20 samples.

CAMB8302E F2018 49



=4 ™ {'nd w =
n - in [ n w n IS n w

o

Configure and write to Microsoft Excel File

Front panel of the A widia Express VI to configure write to measurement file.

previous program.

i
g

2.16284

The file can include a date and time stamp for each

21876 sample.
Vots 217261 5 :
stop Progress Bar 231433 Filename File Format
o - P “ 2.39839 C:\Users\Michel Hanbury\Documents\LabVIEW O Text (LVM)
= Data\volts3.xlsx ) Binary (TDMS)
z () Binary with XML Header (TDM)
= m (® Microsoft Excel (xisx)
B Loops Action Lock file for faster access
_: 19 m (®) Save to one file SSoneny s
z 5 [ Ask user to choose file ® One header per segment
E Waveform Chart ‘_—om ® Ask only once Jonckedscn
= “ ) Ask each iteration el
s If a ile already exists (s
- m (®) Rename existing file () One column per channel
e () Use next available filename () One column only
= 3.25718 (O Append to file (® Empty time column
H () Overwrite file =
z m Delimiter
E O Save to series of files (multiple files) ® Tabulator
- 3.48752 e to series of files (multiple files) P
: 0124 neDerctyen
:
z 'ﬂh&ﬂ.ﬁﬂ PM 370189
z 10/22/2015 :
C . 70026 oK ‘ ‘ Cancel l l Help ‘
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W o N bW N

A R sl R e i
O W WAL R WN RO

Write to Excel Spreadsheet

A B C D E F G H | J
Time Volts . . . .
10/22/2015 23:07:02.634 2505576  File opened in Excel to view the time stamp and data.
10/22/2015 23:07:02.836 2.49906
10/22/2015 23:07:03.038 2.492218
10/22/2015 23:07:03.239 2.514047
10/22/2015 23:07:03.435 2.495802 Volts
10/22/2015 23:07:03.638 2.496128 4
10/22/2015 23:07:03.836 2.513721
10/22/2015 23:07:04.039  2.497431 .
10/22/2015 23:07:04.238 2.511115 3
10/22/2015 23:07:04.435 2.497431 2=
10/22/2015 23:07:04.638 2.498083 ’
10/22/2015 23:07:04.839 2.418915 2
10/22/2015 23:07:05.035 2.357014 15
10/22/2015 23:07:05.238 2.24657 )
10/22/2015 23:07:05.438 2.218877 .
10/22/2015 23:07:05.639 2.061193 0.5 Graph created USIﬂg the date‘
10/22/2015 23:07:05.839 2.036107 :
10/22/201523:07:06.038  1.907418 The sample time can be in ms. to many seconds
10/22/2015 23:07:06.238 1.838676

or even days.

CAMS8302E F2018
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Scalars, Vectors and Arravs @

 Scalar - a value with magnitude only, data type that contains
a single value, scalars have no direction.

» Vector - vectors have magnitude and direction.

* Array - A collection of data elements that are all of the same
data type.
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Arrays

* An array is a collection of data elements that
are all of the same type.

* 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.

Index 0 1 2 3 4 5 6 7 8 9
Elements 12 155 274 216 348 732| 442 535 8.2 611

10-Element Numeric Array
How to create an array Video - Good Example.

http://cnx.org/content/m14768/latest/Ivt _arrays-creating.html|

CAMS8302E F2018
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http://cnx.org/content/m14768/latest/lvt_arrays-creating.html

Arrays

* Arrays are often used to store data obtained
from sensors, voltages and inputs that are
read from a data acquisition (DAQ) system.

* Arrays have many functions that makes

working with a group of data easier.
* Finding the number of values in the array.
* Finding the minimum and maximum in the array.
* Finding the average of the array.

CAMS8302E F2018
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Creating Arrays in LabVIEW

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

<] Controls @, Search
»

Fabe] |t
1B {1 Array, Matrix & Cluster
.

e k
~ 3 'D" QA

«
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Creating Arrays in LabVIEW

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.

Numeric Array  Numeric Array
Control Indicator
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Arrays Example - LabVIEW

Numeric
Array Array of Meters * Arrays can be a group of
122 [i][123° characters, Booleans, Numeric
i vH etc.
:
DEL DEL
*Wires connecting the array
Control to the Array Indicator are
bolder.
Boolean Boolean
Array Control Array Indicator < Arrays can be indicators or
122 controls.

k

i |[123
[k |
TF

TFL

CAMS8302E F2018
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LabVIEW - Array Functions

1. Array Palette

Array

I @ I QSearch‘ SZView'| ﬂl

Array Sizg

OI

Index Arra

“@

Initialize Array

Build Array

.

[ :ona]

T

-t

Sort1D Arra

Interpolate 1.

i]122 ]
.
k.

Array Constal..

Search 1D Ar...

I
L

Threshold 1...

Array To Clu...

Array Subset | Max & Min|

Split1D Array Reverse1D A...

m~ g ~m
H -
B ~m

Interleave 1D... Decimate1D...

Reshape Array

Rotate 1D Ar...

Transpose 2...

Cluster To Ar... Array to Matrix Matrix to Array

arra size(s) Array
Y Size
Index Array
n-dimension array
index 0 element or subarray
index n-1 ——%%
pent Build
Array
max value
array max index(es) | ArTay
min value Min/Max
min index{es)
Linear Interpolation
array of numbers or points ﬁg‘é value
fractional index or x ——|#..¢ Y ¥

CAMS8302E F2018
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Boolean and Meter Array

Boolean Boolean
Array Control Array Indicator
[Ez=] [Ez=]
G (]
] o
ITF
Numeric
Array Array of Meters
[[Ez=] [Ez=]
i [
o J DE!

* Example 1: This example shows how arrays can be a group of numeric values,
Booleans and even an array of meters. Practice arrays by creating this VI.
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Array Example 2 - LabVIEW

CAMS8302E F2018
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Build Array- LabVIEW

element 1

Build Array A3y

G [z
element 2 SZ:I[E Ig
DEL
DEL
element 3

E 1.23[

’Euild array function - Used to add elements to an array.
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Index Array- LabVIEW
Index Array

element

Index array function - Used to select an element within
an array.

CAMS8302E F2018
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Array Average - LabVIEW

Array Size

Array size and sum - used to calculate average.
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Array Exanmp

Array Max & Min

Max Value

Max Element

Array

Select Element

Index Array

within the Array

Select an alement

CAMS8302E F2018

Array Size

e 2

* This example
determines the:

* Max value and element
of the array.

*Min value and element of
the array.

*Finds the array size.

*An selects and element
from the array.
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Array Example 2 - LabVIEW

Array 2

@

Add Array Elements

Average

Total Sum/Element in the Array
DELU

Waveform Chart 2

Double ¥ :n

GE_ max value
* This example reads a —MQSE*E?
data file, displays the data 4 inde
on a waveform chart and | Indexofthe
then finds the minimum,
maximum and the ’"F';;'“
number of elements in
the array. min index
*This VI also interpolates Linear Intespolation

DLt

a value between two Feaction lidex
elements in the array. i

SoLl

%
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For Loop

LabVIEW “For Loop”

N

uB

fHandler
Horizontal Progress Bar l
Lup

Loop #

SFEHL

=
o
(=]

Waveform Chart

=

]

Bi}——fam

VELES

2

Sensor Voltage

1231
DEU

LabJ

<7

[

|

i

ck Error 2
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For Loop:

The For Loop executes the code
within the loop the number of
times indicated by the loop
control.

In this example the “For Loop”
will end after reading 20
samples (0-19). Each loop takes
100 ms. So the program will
loop for 2 seconds. If the
progress bar is set to 19 it

shows the progress of the
acquisition loop.
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LabVIEW Write to Spreadsheet File

| Writing |~~{ » AStatus|

% c:\labview\mike.xls

000000000000000

o 0 0w s e

Write to spreadsheet file.

This function allows the user to
write the array data to a file

compatible with Microsoft Excel.

You must attach a path and file
name to the dialog box. The path
must exist. The file will be
created or overwritten every
time you write to the file.

CAMS8302E F2018

<] Functions

Programming

Q Search‘
»

[FEE g

¥ kel ¥
A

Select a VI...

b |2

Mathematics

.b
bl>
nzas|
1 Fi

preadsheet File.vi

2\

=
El
-

b=

—=
[=]
2
7

gB [

i

AT
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Dialog Box and Write to Spreadsheet File

0000000000

000000000000000000000000000

Read File 7
Go

Read From Spreadsheet File.vi
File Data

o O O O O i s s s w

000000000000000000000000000
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Dialog box -

When executed the dialog box
places a pop-up message on
the front panel. The user
must then click on the
message to continue.

Read from Spreadsheet File

This function will read the
data from a file and place it
into an array.
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To clear the chart history.

NowuswNE

Right click on the chari
Select Create

Clearing Chart History

Select Property Node ]

Select History Data

Right click on History Data

Change to write.

Waveform Chart

Right click on the History Data Terminal
and select create constant.

ClassID
Class Name
Owner

Owning VI
1 Bounds »
Visible Items Position »
Change to Control Blinking
Make Type Def. Egim
s Data Binding »
P DataSocket
g Descript
E—rr— )
Replace Focus Key Binding
Data Operations [l  Property Node > [N
Advanced » | nvokeNode b | yopoo
Fit Control to Pane = Label 4
Scale Object with Pane Skip When Tabbing
XSele D Synchronous Display
¥ Scale » PSP
| v Autosize Plot Legend _
Stack Plots VD
Chart History Length... Ry D
— 5 Active X Scale
Active Y Scale
Properties

1T )

Autoscale Delay

Erama Colar.

To change the visibility of the
waveform chart.

Right click on the chart.
Select Create

Select Property Node
Select Visible

S

5. The property node will be
placed on the block
diagram.

6. Connect it to a digital
control to make the object
visible or invisible.

Waveform Chart
)

L
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Property Node:

A property node gives the
programmer the ability to
change the properties of a
chart, control, indicator or
other front panel objects
programmatically. Property
nodes can be used to
change the colour,
position, size and other
properties of front panel
objects.

The node can be changed
to read or write the
property.
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&8 Oscilloscope - NI ELVISmx

LabVIEW

Rotary Quadrature Encoder

Cur

Settings

[Jcursors on

- X
Basic Settings  Advanced Settings ‘ &8 Oscilloscope - NI ELVISmx —
— Basic Settings  Advanced Settings
> LabVIEW 5 125.00k - .
Scale Vertical cale ertical 1 D 1 DC
Volts/Div Position (Div) Volts/Div Position (Div) Scale ertical Scale Vertical
| Volts/Div Position (Div) Volts/Div Position (Div)
~
J _,} _:’ _/} _;j \_‘/ _:’ _,/
2v [ 318 2v v 0l
2v v ki 2v v S
Trigger
Trigger
T
VpeEdge Time/Div Type Slope
/ - Edge [v
Source level ) _ / Source Level (v)
‘) Chan 0 Source[+, 1} J Chan 1Source v 25
Horizontal Position (%) e Horizontal Position (%) S
2ms [v 7m0 10+
imeout
Instrument I ent Control
Device Acquisition Mode Device Acquisition Mode
myDAQL (NImyDAQ)  |v Run Once v myDAQ1 (NImyDAQ)  [v Run Once v
Run Stop B . Help Cursors Settngs Display Measurements Graph Controls Run Stop P log  Help
Autoscale » 1 = = © [Jcursors On e Prg;:?:es Autoscale B u > & || ©
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Fall 2018 October 16th 2018

Rotary Quadrature Encoder

“Lonnect to DIOD and DIOZ for quadrature encoding’|

stop
Loops
H45 19
Slide

Channel CHALeads CHB CHBLeads CHA
AngularPosition CHA
h 1 L I
Measured Value|
() ! ' ! |_CHB
0.00000 H : ! !
+15.0 1A
0
Configuration  Advanced Timing ~ Logging
Channel Settings
Angular Position Setup
Settings
Angular Encoder
Puises /Rev  Initial Angle  Units
\ 2] | of [ mes V]
ZlndexEnable  Value Phase

o] [ AlowBHgh [

InputTerminal A InputTerminal B Decoding Ty

J Type
pro  ®] [Pz B [ &

Ciick the Add Channels button
(+) to add more channels to Input Terminal Z Custom Scaling
the task. T <No Scale> pL]
Timing Settings
Acquisition Mode Samples to Read Rate (Hz)
15ample (On Demand) 100 1«
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|ﬂ Switch Encoder F2017.vi Block Diagram *

[Connect encoder to PFIO nad PFI2]

Ty

DAQ Assistant

»

¥
¥

data

Encoder Pulses

¥

iz

DEL

Slide

@

stop




Scope triggering — immediate and edge

— Basic Settings  Advanced Settings
-ﬂ LabV|EW Late: 0ksfs Channel 0 Settings .

Source
ALD v ALl v
Enabled [JEnabled
Scale Vertical Scale Vertical
Volts/Div Paosition (Div) Volts/Div Position (Div)
I j I
2V | 05 2V v 0k
Tim Trigger
Type Slope
Immediate |\
2ms | _
Timeout
Acquisition Mode
DAQ Run Continuously v
Cursors Settings Display Measurements Graph Controls Help

= E @

C1(CHO o Graph
¥ 1
[Jcursorson — McHo B ol Autoscale




THRESHOLD

VOLTAGE
DIVIDER

TRIGGER

Scope triggering — immediate and edge

6
o

VCC CONTROL RESET DISCHARGE
Q VOLTAGE o

DISCHARGE
TRANSISTOR

GND SECIATT )G

www.HowToMechatronics.com
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