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THE UNIVERSITY o
NEW MEXICO LabVIEW Vocabulary
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 LabVIEW is a Graphical Programming Language. The
elements of the language are defined as

— Each Application is referred to as a “Virtual Instrument” or VI.
* Front Panel (user interface) and a block diagram.

* Block Diagram is composed of signals (lines) and subVIs (blocks or
reusable objects).

— A subVl is a software object with inputs and outputs that and is
configured using constants and controls.
* Constant can be either a number, an array or a data structure.
e Controls are constants and are visible on the front panel.
e Organized into palettes so they can be selected and placed.
— Signals are like wires and allow for the movement of data from
the output of one subVI to the input of another subVI.
* Composed of a single value, an array of values, a cluster (data

R structure), a waveform, or a signal. G y
Eml,f?a@nﬂ * Must have a source and sink point. (LabVIEW is very good at T
vl reminding you of this.)
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THE UNIVERSITY of Creating A Virtual
NEW MEXICO Instrument

We are now going to create a Virtual Instrument so that you can experiment and
visualize how the LabVIEW works.

EEmmme & T o

Operate  Tools Help

Select File and 7 || RSN

Mew...

then New VI Open.. cico I\ ( Q)
Create Project...
) @ Open. Existing

Recent Files [

Open Project...

: Show | Al - | -
— e CAUsers'\Owner'\DropbodWN| Class Material'Labs ready for review|
(D) Create F'roject CAUsers'\Owner\DropbodWNI Class Material'Labs ready for review|
Lab_9_ AMPRxoffset-A.vi
Lab_5_AMPxoffset-A.vi
CAUsers"Owner'\Dropbox N1 Class Material'Labs ready for review|
Cross Comelation and Retum Time Analyzer.vi
CUsers\Owner\Documents'LabVIEW Data®THIS 15 IT\Beat Frg =
| Find Drivers and Add-ons k| Community and Support ¢ || Welcome to LabVIEW
Connect to devices and expand the - Participate in the discussion forums or " Leamtouse LabVIEW and upgrade
functionality of LabVIEW. request technical support. from previous versions.

'-:1 LabVIEW News | Join the V1 Analyzer Enthusiasts Community Group
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THE UNIVERSITY of
NEW MEXICO New VI Screens

{3 Untitled 1 Block Diagram (==] = |

ol O] el (Ao [ [ [ [ e
A Block Diagram is created A
by selecting and joining o : —re)
objects from a standard SR e e e o

palette of objects.

The resulting Block
Diagram is a network
of these objects.

Student Edition «

The resulting Front Panel will be a collection
of controls (sources ) and indicators or
charts (sinks)

Every VI Front Panel must have one or
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THE UNIVERSITY o .
NEW MEXICO Accessing Palettes

 The subVlIs have been organized into a system of palettes with

icons.

* A Diagram or Front Panel is build by dragging the icons from the
palettes and dropping on the

<] Functions
Programming

Measurement I/0

Q Search{
13

Block Diagram

Front Panel

} {31 Programming

(Controls and Indicators)

- Controls Searchi
Instrument [/O ) Numeric -I::] q
Vision and Motion ) |—|’ B RH| Eﬁ’ Express b
Mathemat | & =

athematics
Signal Processin | Structures Array Cluster, Clas. n _i_’ » ¥

g g " >| ’l | |_l abc
Data Communication ) 24 5

. 451 Numeric
Connectivity ' Nomeric Mum Ctrls Buttons Text Ctrls
Control Design & Simulation ) I> ¥ 3" m £ M
o n
B e B B B i B
b - b Comparisen Add Subtract Multiphy Divide Quotient 8 ...  Conversion
% M % ¥ T+ — User Ctrls Num Inds LEDs
B fr [ B> > ’ 3
Input Signal Analysis Output = I_ A
File /O Increment Decrement  Add Array El.. Multiply Arra... Compound ... Data Manipu ;E .
A , Ex i G 4] Graph Indicators
] fe Be’ g P
e e et o ID D Iﬁ> D I& Text Inds Graph Indica...
i ani ec Control it} om...
Addngns P | Synchronizat..| Absolute Val.. Round To M. Round Towa.. Round Towa... Scale By Pow... Complex User Controls ‘2 :
¥ o o g a
Favorites ' [ > B> > o Select a Control... S e i
User Libraries ' Square Root Square Megate Reciprocal Sign Scaling RF Communications Chart Graph XY Graph
Selecta VI... =, M
123 [4r Enun] q = [MExFRD]
RF Communications 4 [efo] K" 1= Ed I
2 Mumeric Co... Enum Const... Ring Constant Random Mu... Expression N...  Fixed-Point
. =
Change Visible Palettes...
DEL Numeri... +Inf -Inf Machine Eps... Math Consta...
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* Using the help search field in the toolbar.

NEW MEXICO

3. Help Screen for topic.

[ LabVIEW Help

< B
Hide Locate Back Options

Cotert
@ [=bVIEW Documentation Re »
@ Getting Started with LabVIEV
@ Fundamentals
2 ([ V1 and Function Reference

@ Programming Vis and Fur| |
@ Measuremert: L0 Vs anc
@ Instrument 1/0 Vis and Fi
@ Mathematics Vis
=] t@ Signal Processing Vis
@ Additional Informatior|
= () Fikters Vis 3
[] Bessel Filter

[9] Butterworth Filter

Ell

liptic Fiter
Equi-Ripple Banc| |
Equi-Ripple Banc
Equi-Ripple High
Equi-Ripple LowF
FIR Windowed F
Inverse Chebyshi
Inverse f Fiter
[7] Medizn Fiter
(7] Mathematical Mo
@ Savitzky-Golay Fi
7] Zero Phase Fiter
@ Advanced FIRFi
@ Advanced IR Fit

Chebysheuv Filter VI

Owning Palette: Filters Vis

Requires: Full Development System

Generates a digital Chebyshev filter by calling the Chebyshev Coefficients VI.
Wire data to the X input to determine the polymorphic instance to use or
manuallv select the instance.

Details Example

Use the pull-down menu to select an instance of this WI.

Select an instance -

mﬁ\dd to the block diagram @ Find on the palette

Chebyshev Filter (DBL)

leam |

filter type

&

sampling freq: fs
high cutoff freq: fh
lows cutoff Frea: Fl
ripplefde)

arder

initfcont (init:F)

Filtered &
rror

filter type specifies the passband of the filter.

0| Lowpass

Highpass

1
2|Bandpass
3

THE UNIVERSITY of  Accessing Help System

(Using Search Field)

=lE X

*| Chebyshev| A @

| r Bandstop il
=\ =
[m=ml

3¢ nj

=]
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w Help
[ Delph-Chebyshey

[7] Chebyshev Filters

[7] Chebyshev I Filters

[ Chebyshev Polynomial VI
w Palette

3#= Chebyshev Window.vi..,
P Chebyshev Filter.vi...

== Chebyshev Polynomial.vi...
3# Chebyshev Approximation.vi...
3= Chebyshev Coefficients.vi...
4# Chebyshev Filter PtByPt.vi...
32 Inverse Chebyshey Filtervi...
F# Inv Chebyshev Coefficients.vi...
F# Chebyshey Order...
3#= DFD Chebyshev Design.vi...
3= Inverse Chebyshey Filter...
w NI Support

Click to search.
w Community Support

Click to search.
w Downloads

Click to search.
w Product Information

Click to search.

i

Niran i‘d Help

Al B A B

© 2014, Anees Abrol and Eric Hamke

1. Enter what you want
to find in the field.
(Chebyshev Filter)

2. Select help on topic.
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THE UNIVERSITY of
NEW MEXICO 0Other Ways to Access Help

1. Right click on Icon in diagram 2. Right click on Icon in Palette

E Filters @
_E VISIb|E ItEms b‘ | i I Ckf.earch | 2, Customize™ '
[ Hep | S ——
Examples Add Item to Favorites
Inv Chebyshe
Description and Tip.. g e
Breakpoint 3 Equi-RipIeE Examples
Open VI
Filters Palette 3
M ic Pal FIR Win Filte Place VI
urmeric Palette
CrEEtE Median Filter Savitzky-Golay Mathematic.. AdvancedlR Advanced FIR
Replace 3
Select Type 2 3. Placing cursor on icon and typing <Ctrl> H
| L
SubVI Mode Setup...
P | Context Help @
NI AALBase.lvlib:Chebyshev Filter.vi 0
Find All Instances il
ilter type -/
Open Front Panel X g [ Filtered X
- sampling freq: fs I_ ; error
SfEET TR high cutoff freq: fh
Show VI Hierarchy low cutoff freq: fl
ripple(dB)
o View As Icon arder
init/cont l:II"IItIFJ RSP —
Properties Generates a digital Chebyshev filter by calling the Chebyshev
—_\=— CoeFficient_s ‘u"[ Wire data to the X input to determin.e the
[Tn&n—ﬂ polymorphic instance to use or manually select the instance.
-mhédl H-l Detailed help A
) EREE b
st ec Printed on
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THE UNIVERSITYof  Anatomy of A Help
NEW MEXICO Screen

} Location on palettes
System Requirements
Descriptions

Chebysheyv Filter VI
Owning Palette: Filters Vis
Requires: Full Development System

Generates a digital Chebvyshev filter by calling the Chebyshev Coefficients VI. Wire data to the X input to determine the polymorphic instance to use or manually select
instance.

Details Example

Use the pull-down menu to select an instance of this VI.

Select an instance -

Help Navigation Description

Add to the block diagram @ Find on the palette

Chebyshev Filter (DBL) }
\

Palette Navigation Description

filter bype

kS

sampling freq: fs
high cutoff freqg: Fh
lowa cukoff freg: fl
tipple(dB)

order

imikfconk {inik:Fy

Filkered X
errar

Connector Identifications

filter type specifies the passband of the filter.

0| Lowpass

Highpass

1
2 |Bandpass
3 |Bandstop

X is the input signal to filter.

sampling freq: fs is the frequency in Hz at which you want to sample X and must be greater than 0. The default is 1.0 Hz. If sampling freq: fs iz less than or equal
to 0, this VI setz Filtered X to an empty array and returns an error.

high cutoff freq: fh iz the high cutoff frequency in Hz. The default iz 0.45 Hz. The VI ignores this parameter when filter type iz 0 (Lowpass) or 1 (Highpass). When
filter type is 2 (Bandpass) or 3 (Bandstop), high cutoff freq: fh must be greater than low cutoff freq: fl and ocbserve the Nvguist criterion. > Connector Descriptions

low cutoff freq: fl iz the low cutoff frequency in Hz and must observe the Myquist criterion. The default is 0.125 Hz. If low cutoff freq: fl iz less than or equal to 0 or
greater than half the value of sampling freq: fs, the VI zetz Filtered X to an empty array and returns an error. When filter type iz 2 (Bandpass) or 3 (Bandstop),
low cutoff freq: fl must be less than high cutoff freq: fh.

ripple iz the ripple in the passband. ripple must be greater than zero and expressed in decibels. The default is 0.1. If ripple is less than or equal to zero, the VI sets
Filtered X to an empty array and returns an error.

order specifies the filter order and must be greater than 0. The default is 2. If order is less than or equal to 0, the VI =ets Filtered X to an empty array and returns
an error.

init/ cont controls the initialization of the internal states. The default is FALSE. The first time this VI runs or if init/ cont is FALSE, LabVIEW initializes the internal
states to 0. If init/cont iz TRUE, LabVIEW initializes the internal states to the final states from the previous call to this instance of this VI. To process a large data
zeguence that consists of smaller blocks, =et thiz input to FALSE for the first block and to TRUE for continuous filtering of all remaining blocks.

Filtered X is the output array of filtered samples.
error returns any error oragﬂﬂ@dﬂ& VI. You can wire error to the Error Cluster From Error Code WI to convert the error code or warning into an error cluster. Y,

9/1/2014 © 2014, Anees Abrol and Eric Hamke
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THE UNIVERSITY of  Picking Source Objects
NEW MEXICO (Block Diagram)

In this example we will place a constant in our diagram. The first step is to Right Click
in an open area of the block diagram to launch the palette browser.

4. Drag and drop onto

Control Design & Simulation

4] Functions QSearch+
i
2' SeleCt the MesuremenUO } 3] Programming BIOCk Dlagram'
1 Instrument I/0 )
pa |ette Wlth_ the Vision and Motion ) Blb E.' E —
constant object | wethematics y &= = o E
in It This is Signal Processing | Structures Array Cluster, Clas...
: Data Communication '
done by Connectivity [ —
I
)

vl
N/
i
v;
N
E

navigating

Express
through the % =t %' Comparison Add Subtract Mfltiply Divide Quotient & ..
-+ 1 j=E!
menu SyStem as Input Signa%:—alysis Qutput : IE |> I;> D

h h 5 » - File /0 Increment Decrement /Add Array EL.. Multiply Arra... Compound
sNOWN here. ol [ B T 2
Sig M Exec Control  Arith & Corm...
(NOte ConSta nts Addlg e = -one ! o | Synchronizat.., AbsoluteVal.. Round o M. Round Towa.. Round Towa.. Scale By Pow
ons
are found on Eavoritec , [ > > > [
the numeric 3 User Libraries i’ Square Root Square MNegate Reciprocal Sign
= Selecta V.. E =]
palette) ' RF Communications L4 122 -
2 Mumeric Co.. Enum Const.. Ring Constant Random Mu... Expression M.,
Change Visible Palettes... [iz5] +°°
m ’ﬂ_'l. DEL Numeri... +Inf -Inf Machine Eps...
Eq’;;
Mhdll 3. Select subVI you wish place
? Printed on GINE |
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NEW MEXICO

THE UNIVERSITY of Picking Source Objects

(Front Panel)

In this example we will place a constant in our Front Panel. The first step is to Right

Click in an open area of the block diagram to launch the palette browser.

2. Select the palette with
the constant object in it.
This is done by navigating
through the menu system
as shown here. (Note
constants are found on the
numeric controls.)

3. Select subVI you wish\

place

Note: The selection of a

control will also result in a
block

Mumeric

being added to the block
diagram.

{ster

Ibero-American Science &
Technology Education Consortium
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4] Numeric Cantrols

MNumeric Control
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User Ctrls Murn Ctrl Fill Slide Pointer Slide Fill Slide Pointer Slide
M B B
oo 4y e .
Y 0 3
|| Text Inds Knob Dial Color Box
Control Design BESIFUIEEEN "l
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- - = rn =S
i3 Untitled 1 Front Panel A rj ||m L —
File Edit WYiew Project Operate Tools Window Help HTHm
e, 5 : ) \:"t'-
o | OE | 15pt Application Font |+ || =T ” i ”%‘ ||@b' | *| Search ) | . !
421 Contrals O%Search*
— b 4. Drag and
Silver r ﬁ drop onto
System . Front Panel
Classic L
Express »
I~ i '| =
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THE UNIVERSITY of

Setting Values for

NEW MEXICO Constants and Controls

3 Untitled 1 Block Diagram * *‘d__- T R —— [P a5
File Edit View Project Operate Tools Window Hlp !-.-E‘;,
7] el e s [Sn et i -

. .y . == = |

Nurmeric Double clicking on the numeric - . )

<— control will take you to the control 1S ERIER | Serch L |2

data entry field on the front panel

N

] «— Double clicking on the constant
will allow you to enter the value.

— Floating point numbers
Integer numbers

Student Edition < |
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THE

UNIVERSITY of

NEW MEXICO Picking Sink Nodes

Right click on the connection point for the constant and the properties menu should appear.

_ Y J
3 Untitled 1 Block Diagram * : / [P EEN
File Edit View Project Operate Tools Window Help / |@
[2]®] @[n][@] e8] [walm .+ [15pt Appication Font [~ ] Sor [~ | [4%~][2ak] [f seorcn 1 [2]=

Visible Iterns [ 3
Change to Control

Change to Indicator

Make Type Def.

Description and Tip...

Murneric Palette [

Replace
Data Operations
Advanced

J Adapt To Entered Data
Representation 3
Display Format...

Properties

b
»
> L

Student cowwn =

)
3

=
{1

e

=5

fstec

Ibero-American Science &
Technology Education Consortium

Mumeric

Constant

Control

2. Select the Create option
and then Indicator

Printed on
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Mumeric
Ar———
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Note: The selection of an
Indicator will also result in a
Indicator block being added
to the Front Panel.
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Diagram

THE UNIVERSITY of Adding an SubVI to the
NEW MEXICO

In this example we will place an addition SubVI in our diagram. The first step is to

Right Click in an open area of the block diagram to launch the palette browser.

Finding connection
points on subVIs.
Placing the mouse
cursor on the edge
will cause the

connection’s label w _b ARz
appear on the

drawing as shown
below

Drag and drop Add subVI
Murneric onto Block Diagra

Mumeric 2

1) Move mouse to Constant block until connection

appears
-.E':} 2) Click and hold left mouse button and drag over to Add
subVI. A dashed line will mark the proposed path of

the wire.

3) Release mouse button when conection point on edge of
Add subVI appears. Dashed line will turn solid.

g
iStEE Printed on

Ibero-American Science & 9/1/20 14

Technology Education Consortium
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¥ Mathematics

L MNumeric

(v

Quotient & ...

Increment

Add Array El...
4]

Compound ...

>

Abzolute Val...

e

14

v/

Subtract

X/

=2
=,
o
- 1

e

Conversion

¥

o

Note: In our
labs we will
indicate how
to navigate to
a subVl in this
format

®
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THE UNIVERSITY of

Causing Diagram to

ey,
—~

NEW MEXICO

{3 Untitled 1 Block Diagram * —— T -

.

il . b
File Edit View Project Operate Tools Window Help

o & OIEIlL.u|IE’ £ |15ptAppIication Font |~ ||5;.v||~[|_nv||@b'| |" Search

4 |[?]

T Murneric
3. Click on the start
=

button to execute

the diagram
2. Double clicking on

the constant will
allow you to enter 2

Mumeric 2

% 1.2

I3

Execute

1. Use the Numeric
control to enter 3

\
\ _SEER
Hel
,%T”@”@I \{ Search :K ”@|%
Mumeric Numeric 2 N
g3 5

/

4. The Indicator will
be updated with the

m

result2+3=5
Student Edlition f_ |
AR
fgter o GINET
ey e rm—r- 9/1/2014 © 2014, Anees Abrol and Eric Hamke 15 bl brmnaiiarhiatmaridiar
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THE UNIVERSITY of

Logic Structures (IF

NEW MEXICO

THEN ELSE)

In the LabVIEW paradigm, signals are routed based on a logical test. For example, lets

examine the following statement, IF Numeric =2 THEN Numeric 2 is -1 ELSE Numeric 2 is 1.5.

Te—

— —

{3 Untitled 1 Block Diagram * - =

M—

o

lek Edit View Project Operate Tools Window Help

)
i-:l |
¥ Programming

L Comparison

|| [Dl@ @n]|]|25] vl 7 | 15pt Application Font |+ ||$ov [Ta | |4~ [l |+
e ——— Mumeric  Value chosen if test is TRUE
L
Structures ._L MNumeric 2
4
Logical __ —
Timed Struct... Test |nput 13
Value chosen if test is FALSE
In Place Ele...
el Mumeric
Flat Sequence Stacked Seq..  MathScript Mumeric 2
I A iz
Diagram Dis... Conditional ... Formula Node i Using a case structure
(] allows you to
Shared Varia... Local Variable Global Varia... embedded add|t|ona|
b
E,E block diagrams in the
Decorations Feedback Mo... Numeric 2 same way you WOUId

Ibero-American Science &

iz

I3

use an IF THEN ELSE in
a program.

Student Edition  «

Printed on
9/1/2014

Technology Education Consortium
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=

Equal?

¥

Less?

W

Equal To 0F

K7

[

Mot Equal?

[z

Greater Or E...

[

Mot Equal To...

e

W

Greater?

W

Less Or Equal?

W

Greater Than...

W

Less Than0?  Greater OrE... Less Or Equa...
» | o €3
e ®
Select Max & Min  In Range and...

¥

Mot & Numb...

¥

Decimal Digit?

v

Printable?

=

vV

Ernpty Array? Empty String...

Hex Digit?

2>

White Space?

Ji

16

v

Octal Digit?

v

Lexical Class
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NEW M

THE UNIVERSITY of

Enumerated Data

EXICO

(Block Diagram)

e r—————
=

Fide Edt View Project Operate
vl D@l ek
1. Select an enumerated
constant from the
Mathematics palette and drag
and drop onto the block
diagram. F

|* Mathematics

L MNumeric

'@Tﬁ?ﬂ%

Ibero-American Science &
Technology Education Consortium

>
Megate
JEnum Const...| Ring Constant
123
DBL Numeri... +Inf -

il e

Printed on
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2 Right click on the
e enumerated constant
and selected “edit items
” menu items.

Visible Iterns 4
Change to Control
Change to Indicator

Make Type Def.

Description and Tip...

Numeric Palette
Create

Replace

Data Operations
Advanced

v v vy v v

Adapt To Entered Data
Representation »
Display Format...

Add Item After
Add Item Before

Remove Itemn

Disable Item

Properties

3. Enter labels for each
number value

-
ﬂ Enum Constant Properties

N

=5

Items Values - Insert
Casel 0
Case2 1 __Deleie
2
Maove Down
= Disable ltem

Allow undefined values at run time

Appearance | Data Type | Display Format | Edit ltems | Documentation

[ ok | [ cancel | [ Help

I
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THE UNIVERSITY of Enumerated Data
NEW MEXICO (Front Panel — Text Ring)

(== 2. Right click on the

Help
e T T II@IEE enumerated ionsta.mt
and selected “edit items

41 Controls Q, Search| ” menu items
ees .
Express 4
;(2 (‘ 4 ’ ‘ H I {3 Ring Properties: Ring lé]
il 421 Text Controls - -
Nurm Crls Buttons Text Ctrls Er— | Appearance | Data Type | DataEntry | Display Format | Editltems | Docy ¢ | »
. m s b Y Sequential values
Ring ‘wel Pl Q Fbe g g | L 2D Tems Vatucs A ——
— Casel 0
| User Ctrls Mum Inds LEDs String Ctrl Tegt Ring Menu Ring File Path Ctrl Case? 1
f 4 Case3 2
Move Up
Move Down

User Controls

G 10
Ring = Disable Item
i A
= | [] Allow undefined values &t run time
o Visible terns »
RF Communications 4 Find Terminal

Select a Control...

T —— Change to Indicator
1. Select an enumerated | e 3. Enter labels for each
Consta nt from the = — Description and Tip... number Value

Create

Mathematics palette and drag . Repace

Data Operations

fon] « and drop onto the block | e [Cox ) Comed ) (e |
d iagra m - Scale Object with Pane

v v wow

Representation »
Data Entry...
Display Format...

Allow Undefined Values

\ /s Select Item »
Im-ml
a Edit Items...

Marelm repee.
istec Printed on . Gl N ET
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THE UNIVERSITY of
NEW MEXICO Case Statements
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In the LabVIEW paradigm, signals are routed based on a logical test.

Variable B’s The math function was
Value selected from the
The input “Case 1” plizs Mathematics Library

Implements the following

switch (B)

case 1:
C=0+1;
case 2:
C=0%*1;
case 3:
The input “Case 3 - C=0-1;
| end
imh?d‘ﬁ
Printed on Gl NET
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THE UNIVERSITY of
NEW MEXICO

* Generally software design uses iteration for
— Moving data from one structure to another.

— Repeating a set of instructions until some condition is
TRUE.

— Creating counts or accumulating data

Ilteration

* Moving Data

— LabVIEW supports all these behaviors but in a different
way than you are used to.

— LabVIEW assumes that the native data structure is an n-
dimensional array.

— Diagram execution automatically transfers data from one
subVI to another without the user having to do this
mem - explicitly.

iStEl: Printed on
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THE UNIVERSITY of Diagram Execution
NEW MEXICO Details

 LabVIEW the diagram is the set of instructions. LabVIEW executes
at a default interval determined by the fastest rate needed for the
subVIls to execute properly. (Without a looping structure the
diagram executes only once. )

* You need to use a loop to get the diagram to execute repeatedly
until the data collection task is complete.

ey,
—~=

Tie-breaker
execution ‘ fo{f1(x(n))} fs(f,(f,(x(n))),
Ll i1
AA
f,[f3{f,(x[n])}]
4
=== ConfigurationData Sink#2
= === Status/Errors
£ —_—
il f{f,(x[n])} Data
?stec Jrined on © 2014, Anees Abrol and Eric Hamke 21
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THE UNIVERSITY o .
NEW MEXICO Looping Structures

In this example we will place a for loop and a while loop in our diagram by
dragging these from the Structures palette and dropping in the diagram.

¥ Programming

>

Structures
o, s
[=] [=]

For Loop While Loop] Timed Struct... Case Structure

ia 1 N
Event Struct... InPlade Ele.. Flat Sequence Stacked Seq...

L .
MathScript  Diagrajn Dis... Conditional ... Formula Mode

o~
mit (1.7]

] b | o
Shared Varia... Local Vanable Global Vana.. Decorations
Feedback No...
=
[meml

%‘E‘
Istec ‘oo
Ibero-American Science & 9/1/20 14

Technology Education Consortium

Diagram execution
pauses until the loop
has executed its
contents N times

Diagram execution
pauses until the while
loop’s exit criteria has
been met.

© 2014, Anees Abrol and Eric Hamke
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Only the
indicators inside
the loops will
update
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THE UNIVERSITY of  Details of Setting-up A
NEW MEXICO

Looping Structure

Mumeric

I

|

Implements the following

fori=1 ,|1oo|{/
print(i);

}

stop =0;

i=0;

whiIeI(i < 99) & stop == 0|{
print(i);

}

IIIII -American Science & 9/1/20 14
cation Consortium

Mumeric

fiz3]
I3k

?stec Printed on Gl N ET
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Digital representation of

Counter start
pulse is sent at t,.

L

Vv
start=0; bbbt
if startPulse == 1{ o|lof1fo0 <
start=1;
} Delays signal by one sample interval.
to [t |t |t
O(0|0]|1

Digital representation of

if start == 1{
sum[0] = 0;
if sum[n] >=3 {
sum[n] =1;}

else{
sum[n] = sum[n-1] + 1;}
}

}

where, n is the current sample

==

Ml
ist Printed on
Ibero-American Science & 9/1/20 14
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THE UNIVERSITY of Data Latching & Counters

NEW MEXICO (Logic Overview)

The Signal latches at t,
seconds and remains so till
the Vl is stopped.

I

L

b

b

0

0

1

1

«
Ll |b|t
0|l0]|0|1

© 2014, Anees Abrol and Eric Hamke
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t0 t1 t2 t3
0 O(0|0]O

Note: “False” case outputs a “0”
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THE UNIVERSITY of
NEW MEXICO Data Latching & Counters

ey,
—~

Counter start

pulse is sent at t,. Counter outputs

sequence 1,2,3

: : "‘ﬁ repeatedly.
: to | t, [t | t5
ojo|1]o0 . 0

\Feedback B

Counter

Counter start

pulse is sent at t,. Counter Counter outputs
|—| ] sequence 1,2,3
6 repeatedly.

to [t |t |t

0O|0]1]|2

stop /’
Tall

Ister oo , GINET

N T— 9/1/2014 © 2014, Anees Abrol and Eric Hamke

Technology Education Consortium
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THE UNIVERSITY of _
NEW MEXICO Data Routing

ey,
—~

* Signals or data flows along the lines connecting
the subViIs.

* |tis strongly recommended that you think of the
lines not as wires but as data flows. The
following legend will help identify the data
flowing along the line.

Floating point numbers — \Waveform Cluster
Array of Floating point numbers ~eee Signal Cluster
Integer numbers (signed or unsigned)  ——— USRP Status\Error
— Array of Integer numbers — USRP Configuration Data

(signed or unsigned)
........................ Boolean or Logical values

i :
141 I Array of Boolean or Logical values
iﬁ%rﬁi%
Printed on
Stec © 2014, Anees Abrol and Eric Hamke 26
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THE UNIVERSITY of
NEW MEXICO

Accessing Data In

Waveforms

At times it may be necessary to access the data in a data flow. The data is always

designated as Y.

* Programming
L Waveform
Lﬁmalng Waveform

] i T
REa gl -
Get Compne... | Build Wavef...  Set Attribute
Ty g g
Se B Wi
Get Attribute  ScalefAndOff...  Mormalize
s g g
o 27 2 e
Append Murm Samples Min Max
s g g
Timi
xfé ‘*fQ bl
ScalarLimitiC... Search To XY Pairs

Wfm Constant  Generation  Measurements

gl
3]

m

Ibero-American Science &
Technology Education Consortium

T
¥

=1

{13
paa \5
=l

Printed on
9/1/2014

ot
L

Get Component
subVIs allow you
to access the
elements that
have been
clustered to form
the waveform

Build Waveform
blocks allow you to
cluster elements
together to form the
waveform

[l

[

||
0]
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¥ Programming

LWaveform
LAnalng Waveform
mizy . o
B gl g
Get Compne.., | Build Wavef.. | Set Attribute
vy Py Fy
%o R W
Get Attribute  ScaleAndOff..  Mormalize
s Py iy
oF 5 =
Append Mum Samples  Min Max
s P i
2 o biuy
ScalarLimitC... Search To XY Pairs

Wim Constant  Generation  Measurements
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NEW MEXICO

THE UNIVERSITY of  Converting Between

Data Types

 Conversions between data types can be found on the Conversion palette and the
Boolean Palette.

¥ Programming

L Mumeric

L .
Conversion

To Extended ... To Double Pr..,
132
To Long Inte... To Word Inte...
To Unsigned... To Unsigned...
Mumber To ... Boolean Arra...
(ORI ]
Byte Array T... Convert Unit
T
i
iStEC Printed on
Ibero-American Science & 9/1/2014

Technology Education Consortium

ISGL)

To Single Pre...

To Byte Inte...

ICET)

To Bxtended ...

Boolean To (...

Cast Unit Bas...

To Fixed-Point
To Unsigned...
Te Double Pr...
To Time 5ta...

&

Colar to RGE...

To Quad Inte...

Iuzz)

To Unsigned...

lcse)

To Single Pre...

String To Byt...

io

RGE to Colar...

L Boolean

And Array El..

B

Array to Mum

€]

False Constant

© 2014, Anees Abrol and Eric Hamke

¥ Programming

i T
Or Exclusive Or
=k
Compound ... Mot And
T =
Mot Exclusiv... Implies
3>
Or Array Ele...  MNum to Array
Boolto (01) True Constant
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By THE UNIVERSITY of
L8 NEW MEXICO

Frequency-domain Characterization
of Signals: A Look at the Fourier
Transform

What you need to know to do the
Lab...

7
el

. GINET

9/1/2014 © 2014, Anees Abrol and Eric Hamke
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THE UNIVERSITY of Fourier Transforms

At~
Al
. ] /\\f\ /\/
0 VERY,
_r r 5 3 1 1 3 5
2 2 — == - ==
T T T T T T
. Time Waveform EN ] | Amplitude Spectrum picto NG |
2. Number of rense | —
samples (=52 125- imms
—————— o
]
=
(Pulse Width ) s
3. Pulse dl= ) E
width (1) (5]
===
T [ [ [ [ [ 1 t]_l I I' | 0 | T
r ) 0 20 40 60 80 100 120 -256-200  -100 0 100 200 300344
x| STOP Time Frequency
— J | /G
0t =z/2 A sin(zfr
%\Eﬁ A Atsinc (nfr) = ﬁ ;
Y ne) =4 =, |t| = /2 mft v
e 21
. A, [t <7/2
stec Printed on
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THE UNIVERSITYof Measuring Bandwidth

NEW MEXICO

|
Band Width (27)
Amplitude Spectrum
5_
T 4_
il
. g 3-
Amplitude =
3
g 2"
1- e r !
ﬂ '-'II I iy : I ]
-256 -100 0 100 200 344
Frequen
H@w ]
e
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Making Measurements
Using Zoom Feature

Plot0 NG |

THE UNIVERSITY of
NEW MEXICO

ey,
—~

Amplitude Spectrumn
5_

Amplitude Spectrum

Amplitude

[ . "
1] 100
uency

Frequen

I

1. Select Magnification 2. Select Horizontal
Magnification

Button
GINET

Global Innovation Network for

=
32
Entrepreneurship and Technology
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THE UNIVERSITY of Making Measurements
NEW MEXICO Using Zoom Feature (Concluded)

-
Amplitude Spectrum Plot0 mJ
1_
REPE
| | " """
0 100 200
Frequency
. 4. Observe data and return to
3. Select Horizontal .
o non-magnified mode for next
Range to be magnified :
) ) observation.
== using tool’s cursor

Ibero-American Science &




THE UNIVERSITY of Making Measurements
NEW MEXICO Using Zoom Feature (Concluded)
Re m

i

ey,
—~

Acquired Signal
0.0002 -

w  0.0001 -

=

=

= 0-

E

<< _0.0001 -

-0.0002 -} I I I I 1
4] 0.01 0.02 0.03 0.04 0.05
Time [sec]
=+ |
Pioto WY |

Magnitude Spectrum
—80—
-100-

Amplitude
o
ikl

1 1
915.08M 9151m

1 1 1 1
915M 915.02M 915.0404 915.06M
Frequency [Hz]

-180- ,
914 .98 M

1 1 1 1
914.9M 914.92M 914.94M 914.96M

The top display (Acquired Signal) shows the quadrature signals (in-phase is
shown in red, and out-of-phase in white) sensed by the radio. The USRP is

designed use quadrature modulation and you will be using the radio’s
capability to adapt this modulation technique to support other modulation

approaches. For now you will focus only on the magnitude spectrum.

W GINET

tion Network for

Global Innova
Entrepreneurship and Technology
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THE UNIVERSITY of
NEW MEXICO Observed Spectrum

Magnitude Spectrum Flot0 il I
-B0 -
-100 -
o
2 -120-
£ -140-
=T
-160 -
-180 - ] ] 1 1 1 1 1 1 1 1
914.9M 014.92m  914.94M 014 .96M 914.98M o15m 915.02M 015.04M 915.06M  915.08M o151m
Frequency [Hz]
Magnitude Spectrum Plot0 m |
a0 -
w -100-
=
2
5 -110-
B
< 120-
-130—, 1 | 1 1 1 1 1
94.1M 95mM 95.2M 95.4M 95.6M 95.8M 96M 96.1M
Frequency [Hz]
= | ( Sampling IQ Sampling Spectrum Averaging
Rate [S/=ec] Rate [S/=ec] (actual] .
USRP IP Address o _averaging maode
% 192168.10.2 = g2 M t) Peak hold
arrier Carrier Frequency weighting mode
Reference Frequency Source Frequency [Hz] [Hz] (actual) .
Internal A . - :.I Exponential
. g5 1M 951M number of averages
%\-ﬁ Timebase Clock Source . Gain [dB] (actual) ) e

E]
Z
=5t
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THE UNIVERSITY of  Allocating Spectrum to
NEW MEXICO Subchannels

subchannel 2
subchannel 1

Guard
Band

subchannel 4
subchannel 3

Guard Guard
Band Band

Guard
Band

Guard
Band

Guard
Band

Conventional Multicarrier
Modulation (FMDA)

> Frequency

‘Allocated Spectrum

N

\ 4

sl 52 53 s4
Orthogonal Frequency
Division Multiplexing
°e° (OFDM)
> Frequency
< AIIocated Spectrum 5

=\ =3 N "

m@rﬁ »

A
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THE UNIVERSITY of
NEW MEXICO

Debugging Tools in NI LabVIEW

What you need to know to do the

Lab...
2
Ml
Stec g;i;;zeglzn © 2014, Anees Abrol and Eric Hamke 37 Gl N ET
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THE UNIVERSITY of .
NEW MEXICO Introduction

ey,
—~-

* You may encounter two general types of software bugs:
— Those that prevent the program from running
— Those that generate bad results or incorrect behavior.

e If LabVIEW cannot run your VI

— Provides an Error List window with the specific reasons why the VI is
broken.

e Bad results or incorrect behavior is based on your desired behaviors
for LabVIEW VI and fixing these will require that you use the
interactive LabVIEW debugging tools

— You can watch your code as it executes
— Observe the data values in the dataflows
— Control the execution

ﬁéﬁ http://www.ni.com/gettingstarted/labviewbasics/debug.htm
il

fstar oo GINET
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THE UNIVERSITY of
NEW MEXICO

Finding The Errors

*  Changes the run arrow to a broken icon (Click the broken Run button or select View»Error List to find out why

a Vlis broken)

P, Untitled 2 Block Diagram *

File Edit View Project Ope

&

&=

@

=

. Marks the data flow with the error

[E] - »96> - -

File

Edit

£ Untitled 2 Block Diagram *

View Project Ope

Sl @)@

*  Provides a description of the error in one of 2 ways(Context Help or right mouse click and select List Errors)

Context Help

(=]

-

Broken wire
(boolean (TRUE or FALSE))

You have connected two terminals
of different types.

The type of the source is boolean
(TRUE or FALSE].

The type of the sink is double [64-
bit real (~15 digit precisicn]].

Detailed help Il

ERAEE b

)
3

=l

m

4

R

=l

?stec Printed on
Ibero-American Science & 9/1/20 14
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[ |

Clean Up Wire
Create Wire Branch
Drelete Wire Branch

Insert

Boolean Palette
Create

Ereakpoint

Description and Tip...

-

r 9
i3 Ervor list [E=NER X
Ttems with errors
Untitled 2 -

Show Warnings E

# EBlock Diagram Errors -

‘You have connected two terminals of different types.

1 errors and warnings

Details

These cannot be wired together because their data types (numeric, string, array, cluster, -
ete.) do not match. Show the Context Help window to see what data type is required,

The type of the source is boolean (TRUE or FALSE).

The type of the sink is double [64-bit real (~15 digit precision]].

Close ] [ Show Error ] [ Help ]

http://www.ni.com/gettingstarted/labviewbasics/debug.htm

&
. GINET
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THE UNIVERSITY of
NEW MEXICO

Overview of List

Errors Window

m Ermror list

Dﬁlg

The Items with errors section

Iterns with errors

Untitled 2

lists the names of all files
that have errors. If two or
more items have the same
name, this section shows the

-

The errors and warnings section (| 1 errors and wamings

specific application instance

Show Warnings O for each item

lists the errors and warnings for ® Block Diagram Errors

the VI you select in the Items with <€
errors section.

You have connected two terminals of different types.

-

Details

These cannot be wired together because their data types (numeric, string, array, cluster, *
etc.) do not match. Show the Context Help window to see what data type is required.

The type of the source is boolean (TRUE or FALSE).

The type of the sink is double [B4-bit real (~15 digit precision]].

The Details section describes
the errors and in some cases
recommends how to correct
the errors.

[ Close ][ Show Error ]l Help ]

Click the Show Error button or double-click the
error description to highlight the area on the
block diagram or front panel that contains the
error.

Click the Help button to display a topicin
the LabVIEW Help that describes the error
in detail and includes step-by-step
instructions for correcting the error.

)
3

=
(14

N\

=5

http://www.ni.com/gettingstarted/labviewbasics/debug.htm
ec Printed on 0
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THE UNIVERSITYof Common Causes of
NEW MEXICO —

ey,
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* The following list contains common reasons why a Vl is
broken while you edit it:

— The block diagram contains a broken wire because of a
mismatch of data types or a loose, unconnected end. Refer
to the Correcting Broken Wires topic of the LabVIEW Help
for information about correcting broken wires.

— A required block diagram terminal is unwired. Refer to the
Using Wires to Link Block Diagram Objects topic of the
LabVIEW Help for information about setting required
inputs and outputs.

— A subVl is broken or you edited its connector pane after
you placed its icon on the block diagram of the VI.

l’;’fm http://www.ni.com/gettingstarted/labviewbasics/debug.htm

?stec Printed on
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THE UNIVERSITYof  Fixing Incorrect
NEW MEXICO Behavior

Next we will deal with using the debugging tools that allow you to trace the
execution of a block diagram.

ey,
—~

— Using the trace tool to ensure there are no unintended connections.
— Controlling the execution flow
— Use of data probes

These tools are accessed through the toolbar as shown below.

File Edit View Project Operate Tools Window Help

or [ (|| g | |29 |wa|E* o+ | 15pt Application Font |~ ||3o~ || 0o~ B~ ||l

—~— g
L Control execution
—— Retain data values from last subVI execution

Trace diagram execution/data flow

Stop and Pause Execution PN,
i 5T Y
é‘;?rlﬂ http://www.ni.com/gettingstarted/labviewbasics/debug.htm ¥
fste GINET
Printed
.bitsec& 9;I1n;§()1in © 2014, Anees Abrol and Eric Hamke 42

Technology Education Consortium

Global Innovation Network for
Entrepreneurship and Technology



THE UNIVERSITY of Quick Review
NEW MEXICO Diagram Execution Details

* LabVIEW the diagram is the set of instructions. LabVIEW executes at a default
interval determined by the fastest rate needed for the subVIs to execute properly.
(Without a looping structure the diagram executes only once. )

* You need to use a loop to get the diagram to execute repeatedly until the data
collection task is complete.

Tie-breaker
execution‘ £ 4F, (x()} £(6, (F, (x()),
a1 —
f4[f3{f1(x[n])}] Sink #1

f,(x(n))

: —

Sink #2

Source === Configuration Data

wess  Status/Errors

e Gifedn)y  — Data G
? EE Printed on . s Gl N ET

Ibero-American Scien e& 9/1/2014 © 20141 Anees Abrol and ErIC Hamke G\ b | Innovation Network for

Technology Education Consortius hp e
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THE UNIVERSITY o ] .
NEW MEXICO Tracing Execution

e Click the Highlight Execution button@to display to confirm execution sequence

an animation of the movement of data on the block diagram from one node to
another using bubbles that move along the wires, when you run the VI.

13 add&sub.vi Block Dagram * @@
Eile Edt“\"iﬂi ET?FEFEA_???’“ Tocls ‘indow Help ,,,.
""@ QI"'@E b 1 |of [:—?_-l sat]

1<) |

~

a i atb
[©20.35 7 18]
b ubtract a-b
197,60 | =112, 75— bini

Red bubbles @ move along
wires.

Note: Execution highlighting
greatly reduces the speed at
which the VI runs.

* Click the button |'&'| again to disable execution highlighting.

from node to node in your VI.

TIP: Use execution highlighting with single-stepping to see how data values move

“ =

mem  http://www.ni.com/gettingstarted/labviewbasics/debug.htm o

{stec oo GINET
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’—\/F-' Click the button |25 again to disable retaining values for probe.

THE UNIVERSITY o
NEW MEXICO Retain Wire Values

Click the Retain Wire Values button [P2|to save the wire values at each point in the flow of

execution so that when you place a probe on the wire you can immediately retain the most recent
value of the data that passed through the wire.

Please keep in mind that each data flow has a set of variables associated with it. (Even though you
do not get to see them. These variables like any variable in a program get reused each time the
diagram is called or executed.

You must successfully run the VI at least once before you can retain the wire values.
To see the values place the cursor on the data flow and click.

LEMUuuuigLun. i Samp“ng
al_aligr

128 -o—(T)
m

m
m

| s
P | |-!w|i !ﬂ._
‘. E T3 Probe Watch Window = | B |
TR a4z -
Yimension Size @ Probe Display
—— | Probe(s) Value Last Update ~ |y
= )2 Radarv2wi

£ N [

-

—

http://www.ni.com/gettingstarted/labviewbasics/debug.htm
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THE UNIVERSITY o .
NEW MEXICO Probe Watch Window

ey,
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* Use the Probe Watch Window with execution highlighting, single-stepping,
and breakpoints to determine if and where data is incorrect.

 |f datais available, the probe immediately updates and displays the data
in the Probe Watch Window during execution highlighting, single-
stepping, or when you pause at a breakpoint.

*  When execution pauses at a node because of single-stepping or a
breakpoint, you also can probe the wire that just executed to see the
value that flowed through that wire.

7T . GINET
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THE UNIVERSITY o .
NEW MEXICO Control Execution

* You can control the execution of the diagram using the

— |kl Step Into button will follow the execution into a subVI and
pause. When you click the Step Into button again, it executes
the first action and pauses at the next action of the subVI or
structure. Single-stepping through a VI steps through the VI
node by node. Each node blinks to denote when it is ready to
execute. You also can press the <Ctrl> and down arrow keys.

— |o# Step Over button will execute a node and pause at the next
node. By stepping over the node, you execute the node without
single-stepping through the node. You also can press the <Ctrl>
and right arrow keys.

— @] Step Out button will complete single-stepping through the
node entered by stepping into it and navigate to the next node
When the VI finishes executing, the Step Out button is dimmed.
You also can press the <Ctrl> and up arrow keys. By stepping out
of a node, you. 3%

ey,
—~

é;‘?a'ﬂ http://www.ni.com/gettingstarted/labviewbasics/debug.htm
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THE UNIVERSITY of
NEW MEXICO

Probe Windows

(Constants & Signals)

o (3} RADAR Pu
1000 _ E E RADAR Be
m Probe Watch Window 1
Ramp [T} [Radar Pulse | T
' reme a3 Probe Display
: 2 RADAR Pulse Probe(s) Value Last Update -
— I— = J2Radarv2wi
Signal Iy [0.000E+0, 15.708E-6, | 7/23/2014 2:50:37 PM ELLITL
Generator.vi [2] Generate Mot Executed
[3]1 FM mod Mot Executed
[4] Probe 7/23/2014 3:35:01 PM
. Note: The data flow is labeled with a 4 to
\/ match the label given in the probe window
POQUOH 4 p—f————— ]
=l...... = I
- ( ) ) RADAR P
1000 \/
: i Note: The format of the data
[Reme 1 B e W being displayed changes to
E 'R RADAR Pulse \ @ AR & play &
o Probe(y) _____ Vaue Lost Updatd\ “| | # modulated waveform reflect the data source. For
Generator.vi E}EEHE’“E I[\(I].D(]':O&E;(il,t]i.?OSE-ﬁ,f 7/23/2014 2:59: M tl'l' example’ the Signal Wire has a
o | [31FMmod| Not Executed | :
1] E@ 4be - 0 — 7/23/2014 3:35:01 PM I,‘ data cluster.
- : > £l :
=
Dimension Size
To0000}H 4 . . . . E-
R If no data is available the display will be
—]
[mRm =i grayed out.

Ibero-American Science &
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THE UNIVERSITY of Probe Windows
NEW MEXICO (Waveforms)

Note: Execution probing a waveform can reduce the speed at which the VI runs. And
can cause memory issues. This should be done sparingly.

Better approach is to create a temporary waveform chart or graph indicator on the

=
13

front panel.

10001 w2 E

IW—]— Radar Pulze m Probe Watch Window
v " EE +[@ -
1 '!-,-‘Fb (—2 RADAR Pulel @ Probe Display
— 5 I— Probe(s) Value Last Update - -
Graph
10 Signal - E = 12 Radar v2.vi rap | Table | Attributes
Generator.vi [y [0.000E+0, 15.708E-6, : 7/23/2014 2:53:37 PM 35-
() Generatd Notbeecuted | |
] @ 3 [3]1 FM mod Mot Executed 30-
of [4] Probe 100000 7/23/2014 2:35:01 PM
25-
! % u
. € -
=k
Dimension Size .
1000001 4 E—
'
ﬁé‘gj 0 1 [ 1 [ [ 1 [ 1 1 S
1E= L - || 4 m r
ata!'trStc-p & Noise Stand{_ - -
OlsE = Deviation g ===
A v E
==
[meml >
év?ﬂﬂ .
Istec ‘oo GINE]
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THE UNIVERSITYof  Debugging Example
NEW MEXICO (Background Information)

A digital communication packet structure consists of 10 bits- 1 START bit, 8 DATA
bits (one byte), and 1 STOP bit.

Most Significant Bit
(MSB)

Start Bit / Stop Bit
K_H K_H
0 |(1/1]/0|0|1|1|0|0| 1

Y,
Data Bits

Commonly referred to as 8N1 (8 data bits, no parity, 1 stop bit).

Ister oo | y GINET

B |:er]o-Arr;_§rica'n Sr(lenc;& 9/1/2014 © 2014! Anees Abro' and EI’IC Hamke Global Innovation Network for
NO| y ucation Consortium n



THE UNIVERSITYof  Debugging Example
NEW MEXICO (Serial Communications)

Serial communications follows this general pattern:

ey,
—~

* Inorder to achieve synchronization with an incoming packet, the communication
wire idles in the HIGH (1) state in between packets. Since the START bit is always a
LOW, we know a packet has begun when this transition occurs.

» After we synchronize to the start of a packet, we use the known baud rate to

estimate the center of each data bit, and sample the voltage of the signal at this
point.

Received Signal—\ / X X X
Bit time Interval ﬁ; I 1 1 Sampling Timing

determined by \ v /
baud rate Bit Centers

« After the receiver decodes the entire data packet, the bit order is reversed (to get
the original MSB->LSB) byte

* The stop bit simply returns the communications wire to the original IDLE (HIGH)

state, and the receiver begins waiting for the next START bit which signals the /S
m=m  beginning of the next packet. TR

J ®
fster oo GINET
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THE UNIVERSITY of
NEW MEXICO

Debugging Example
(Bit Stretching)

Suppose that the signal is transmitted through a serial communications link
that causes every fourth bit to flip from 1 to 0 or vice versa.

If the signal wave form is sampled only once, there is not enough information
to determine if the data received is the data sent.

That is why the parity bit is used in the standard. However, the parity bit only
tells us the data is corrupted.

To make things more robust we may want to send more than one copy of the
sampled value. The number depends on the error correction scheme being
used. In this example each bit is oversampled by a factor of 4.

Received Signal

iStEC Printed on

Ibero-American Science & 9/1/20 14

Sampling Timing

ot oo GINET
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THE UNIVERSITYof  Debugging Example
NEW MEXICO (Bit Stretching)

-
To this end we have developed the following VI to stretch the bits by making the
number of copies specified in for each bit in the signal array.
Inputs | Outputs | m = O'
Signal Arr;
5 e | | 5= for k = 1 to length of the array
= - bit = signalArray(k);
30.00 1L.00 i=0:
3100 0.00 =Y,
— while not(i > NumberOfCopies)
0.00 -_— 1+
.00 y(m) - blt;
.00 1 — .
iy =i+ 1;
.00 —_ .
Number of Copies .00 m=m+ 1'
CE oo end
0.00
boo end
.00
.00 N
.00
.00 0 g ___lgl
» il
Mumber of Copies - "
.ﬁ‘é’% 51 - ST7Y
imh?d’ﬁ m )
Printed on Gl NET
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Technology Education Consortium Entrepreneurship and Technology



THE UNIVERSITY s  De€bugging Example
NEW MEXICO (Recovering Error

Information)

Clean Up Wire
Create Wire Branch
Delete Wire Branch

ey,
—~

Siénal Arrai
[DEL]k

Oversample Count

EI!!i

Insert Index Array

Disable Indexing at Source

13 Error list E@g

Right mouse click on the - - s with eor
. X Untitled 1 ~
and select list errors

Debug example.vi

-

1 errors and warnings Show Warnings [

The error is stating that we have an o Block Diagram Errors A
array 11 1

0 0O

Details
1 1 1 You have two or more array data types wired together, but the arrays have different -

numbers of dimensions. Show the Context Help window to see how many dimensions are
required.
The dimensien of is 2,
The dimensicn of yis 1,

a expect| ng

? L& 1 FQnteQ ono 1 1 1] Close ] [ Show Error ] [ Help l N E |

Ibero-American Science & 9/1/2014 © 20 1‘
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Technology Education Consortium
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THE UNIVERSITYof  Debugging Example
NEW MEXICO (Fixing Error)

ey,
—~

1. 2. 3.
| U
— & B
' >
Oversample Count
I3

The fix: Reshape the matrix into a vector
Step 1: We need to know the dimensions of the matrix. We can find this using the

Array Size Function

array zizelz]

Step 2: The resulting vector will have a length of the number of rows times with
number of columns. This found using an Multiply Array Elements Function on the
OUtpUt Of Step 1' numeric array IE} product

Step 3: We now have what we need to reshape the matrix using the
Reshape Array Function *

e _ K
ﬁlijé')djﬁ dimr;:'lslilonn:ilzr:% J_ﬂ mn-dirm array
?St Printed on dimersion size il — G I N ET
56
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THE UNIVERSITYof  Debugging Example
NEW MEXICO (Unexpected Behavior)

Inputs | Outputs |

; For the bitstring [1 0 1 0 1]with three copies we
E? it should get

— 111000111000 11 1]

.......
0,00
.....

b0 However, the VI outputs

—>[11110000111100001111]

a0
0.00
[ AL

Y
0.0
i UL

3'_‘-3- b b Each bit is being copied 4 instead of 3 times.

Printed on Gl NET
iﬂu i 57 Global Innovation
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THE UNIVERSITYo  Debugging Example
NEW MEXICO (Observing The Behavior)

M
Siénal Arrai E@ E fpEt]
[DELK [l

Size of arra

4

Murnber of Copies

'
. Descripticn and Tip...
We need to set a breakpoint so m‘

Visible tems
Help

Exarnples

we Ccan Observe the Counter |n Comparison Palette 2 Breakpoint Manager
the while loop and why it is ’:r“E;"thicF’a'EﬁE :

over counting by 1 or how an
extra bit is added to the array.

FDEL]

Siénal Arrai

[DBL)E

Murmnber of Copies

ez I
Ii2

[dgh
? EE Printed on - Ul N ET

peroAmerican scences 9/1/2014 © 2014, Anees Abrol and Eric Hamke _Costimasn ek
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THE UNIVERSITYof  Debugging Example
%\IEW MEXICO  ipacing 15 Probe)

FDBL]

ey,
—~-

Siénal Arrai

[oELx

Mumber of Copies

Hiza
™ Clean Up Wire
|1| Create Wire Branch
Delete Wire Branch
Visible Iterms » N
Insert 3 _
Nurneric Palette » @ - EE ST “ @ﬂl
Create » [oot = E’
EE oo i
Custorn Probe » i 3 Z3
Breakpoint »
.p i i [ i
Description and Tip... g
13 Probe Watch Window
. . . . . Probe Display
Right clicking on the wire we wish Probe(s) Volue Last Update < | Namber of copies
. = Debug example e Copies
to observe and selecting probe (1] Number| Notbrecuted |0
from the menu will result the wire
receiving a label and the probe
watch window will appear.

= GINET

?Stec Printed on
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THE UNIVERSITY of Debugg”\g EXample

NEW MEXICO (Placing Remaining
Probe)

ey,
—~-

We not only wish to see the number of copies input but would like to observe the
counter (probe 2) and the results of the comparison (probe 3). The result of the
comparison will determine if the loop executes another time (FALSE) or stops (TRUE).

FDBL]

Siénal Arrai
[DBL

Murnber of Copies

Hzz |
hEH

{3 Probe Watch Window == =& |
Probe Display
Probe(x) Value Last Update -
= Debug example .
[1] Mumber Mot Executed 1]
[2] Probe Mot Executed
[3] Probe Mot Executed
%} [4] Mumeric Mot Executed
: L [5]Probe [NotExecuted | |
i

fster o . GINET
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THE UNIVERSITYof  Debugging Example
NEW MEXICO (Observing the Matrix)

ey,
—~-

In addition we do not know if the problem is the way the matrix is being build up. So
have placed a probe at labels 4 (current element) and 5 (final matrix from the last pass).

Siénal Arrai @ﬁl
[DBL

Murnber of Copies

Hzz |
hEH

{3 Probe Watch Window == =& |
Probe Display
Probe(x) Value Last Update -
= Debug example .
[1] Mumber Mot Executed 1]
[2] Probe Mot Executed
[3] Probe Mot Executed
%} [4] Mumeric Mot Executed
£ L [5]Probe [NotExecuted | |
i

fster oo . GINET
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THE UNIVERSITY of Debugg”\g EXample

NEW MEXICO (First Pass Through
Diagram)

B[R @1 || 925 |va| =0t
® [@liz=| Diagram execution has halted on the Comparison block. Observing

So the Probe Watch Window we see that

Probe 1 is showing its value is 3 as expected.

Probe 2 shows the counter has been initialized to 0 as expected.

Probe 3 has not been executed yet. This is because we are
halted just before the wire

Probe 4 is showing the current bit has the value 1

Probe 5 shows the output matrix from last pass is empty.

Siénal Arrai
[DBLk

=

Murnber of Copies

o
¥

ﬁ Probe Watch Window

Probe Display

=[=] = |

Probe(s) Yalue Last Update
E Debug example
[1] Number 3 772572014 2:20:48 PM ﬂﬂ' 0
[2] Probe O T/25/2014 2:20:48 PM
[3] Probe Mot Executed
[4] Mumeric 1.000E+0 772572014 2:20:48 PM

[ [5]Probe [[] | 7/25/2014 2:20:48 PM

?stec Printed on ' 3' NI |
e ~ 9/1/2014 © 2014, Anees Abrol and Eric Hamke 62 bl brmnaiiarhiatmaridiar
Technology Education Consortium Entrepreneurship and Technology

i
e



THE UNIVERSITY of Debugg”\g EXample

NEW MEXICO (Second Pass Through
Diagram)

33 Debug example.vi Block Diagram *
e ——— -
File Edit View Pro&ct Operate  Tools Window Help

i [ [@[1][9][25][wa[=[o?]

After clicking on the continue button, diagram execution has again
halted on the Comparison block. Observing the Probe Watch
N Window we see that
Probe 1 is showing its value is 3 as expected.
s[mm i Probe 2 shows the counter has incremented by 1.

Probe 3 Shows the result of the comparison from the last pass
Probe 4 is showing the current bit has the value 1
Probe 5 shows the output matrix from last pass has elements

Mumber of Copies

[l - [1].
3 Probe Watch Window |ﬂl
@ Probe Display
I Probe(s) Walue Last Update -
= Debug exarmple
[1] Number 3 7/25/2014 2:20:48 PM E 1
[2] Probe 1 7/25/2014 2:28:32 PM
[3] Probe  False 7/25/2014 2:28:32 PM
[4] Numeric 1.000E+0 7/25/2014 2:28:32 PM

gl
3]

=
=

S\ Ln
=5

Br oo . GINET

im.mmn corm—: 9/1/2014 © 2014, Anees Abrol and Eric Hamke e T Y
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THE UNIVERSITY of
NEW MEXICO

Debugging Example
(Third Pass Through
Diagram)

i3 Debug example.vi Block Diagram *
1

File Edit View Pwect

Operate Tools Window Help

B [®][@]11][9][25][val et

Signal.\'—‘\rrayl

[DBLK

MNumber of Copies

=]

iz
I3

After clicking on the continue button, diagram execution has again
halted on the Comparison block. Observing the Probe Watch
Window we see that

Probe 1 is showing its value is 3 as expected.

Probe 2 shows the counter has incremented by 1 to 2.

Probe 3 Shows the result of the comparison from the last pass

Probe 4 is showing the current bit has the value 1

Probe 5 shows the output matrix from last pass has elements

A
[11].
m Probe Watch Window —_| =) =
(€] probe Dispay
l Probe(s) Yalue Last Update -
= Debug example
[1] Mumber 3 7/25/2014 2:20:48 PM ﬂﬂ 1
[2] Probe 2 7/25/2014 2:34:59 PM
[3] Probe  False 7/25/2014 2:34:59 PM
[4] Murmneric 1.000E+0 7/25/2014 2:34:59 PM
=\
[mssml
l;%m
Istec ‘oo GINE]
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THE UNIVERSITY of
NEW MEXICO

Debugging Example
(Fourth Pass Through
Diagram)

Mumber of Copies

{8 Debug example.vi Block Diagram * E@I&J
File Edit View Prgject Operate Tools Window Help_ 3
» =] @Ji wa| @[t =
After clicking on the continue button, diagram execution has again
halted on the Comparison block. Observing the Probe Watch
- Window we see that
I . . . .
— 5 / Probe 1 is showing its value is 3.as expected.
.-,. o Probe 2 shows the counter has incremented by 1 to 3.

[  Probe 3 shows the result of the comparison from the last pass
Probe 4 is showing the current bit has the value 1

[3] Probe False

7/25/2014 2:38:52 PM

A Probe 5 shows the output matrix from last pass has elements
I
, 111].
ﬁ Probe Watch Window [ ]
| @ Probe Display |
Probe(s) Value Last Update - 3
= Debug exampls
[1] Mumber 3 7/25/2014 2:20:48 PM E 1
[2]Probe 3 7/25/2014 2:38:52 PM

[4] Numeric 1.000E+0 7/25/2014 2:38:52 PM

[5] Probe | [1.000E+0, 1.000E+0, 1 7/25/2014 2:38:52 PM

At this point we know that the comparison will result in a TRUE ending the loop
and the matrix will receive an additional element because of this.

<l
3]

=
=

S\ Ln
=5

Printed on
9/1/2014

ot

istec
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Technology Education Consortium
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THE UNIVERSITY o  Debugging Example
NEW MEXICO (The Correction)

| ¥4 Debug examplevi Block Diagram *

File Edit ViewProject Operate Tools Window Help

2 [®] ©O[1][@][25][wal= 2 [1 Stop of the diagram execution by clicking on the stop button.

To correct the over counting we can subtract 1 from the number of
mr- elements. This makes sense since the counter starts counting from

0 and not 1.
SignaIArrax : El

HHh
EER)
Size of arra

Mumber of Copies

Hizs
I3

m Probe Watch Window

Probe Display

Probe(s) Yalue Last Update -
E Debug example
[1] Mumber Mot Executed E 1
[2] Probe 3 7/25/2014 2:38:52 PM
[3] Probe  False 7/25/2014 2:38:52 PM
[4] Mumeric 1.000E+0 7/25/2014 2:38:52 PM

gl
3]

=

(14 d-k
S\ Ln
=5

GINET
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THE UNIVERSITY of
NEW MEXICO

Inputs | Outputs |
Signal Array
$ s #rm )

ENENIENIENT
||| Ol SOl S

&[5
IIIIIIIIIII
& [~
IIIIIIIIIII
& [~
IIIIIIIIIII
&l [
IIIIIIIIIII

-------
.....

-------
.....

W W R

Debugging Example
(Confirming the Fix)

For the bit string[1 0 1 0 1] with three copies we
should get

Number of Copies
P
J
? MR
Printed on

> [111000111000111]

and as can be seen each bit is being copied just 3 times.

© 2014, Anees Abrol and Eric Hamke 67



THE UNIVERSITY of Debugging Example

NEW MEXICO (Leaving the Debugging
Environment)l

EE < )

ey,
—~-

r
ﬁ Probe Watch Window

. . Probe Display
ClOS|ng the prObe WlndOW Probe(s) Value Last Update -

B Debug exampl

will remove all the probes (11 Number NotBrecuted
[2]Probe 3 4

and labels from the drawing. (] Probe  False

[4] Murmeric 1.000E+0 This cperation will close all probes in

[5] Probe [1.000E+0, 1.000E+0, 1 memaory. Do you wish to continue?

[Tl Do not ask again

N

You also will need to remove EI__I

H ignal Arra '—E| EpeL]
or clear the breakpoint on B } el
the Comparlson bIOCk' Mumber of Copies

Rz } Visible Items 3

You MUST do this otherwise 0 e
it will be saved with the lEs T _

. .
corrected file and will be Comparison Paette | Diable Breakpoin ‘
come a nU|Sance |n the Mumeric Palette » Breakpoint Manager

Create »
future.
Replace »
=\ —
Fﬂéﬂ-ﬂ Comparison Mode »
ﬁll%sﬂjﬁ Properties

?Stec Printed on - Gl N ET
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THE UNIVERSITY of
NEW MEXICO

Introduction to USRP
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THE UNIVERSITY of
NEW MEXICO The USRP

Universal Software Radio Peripheral (USRP) is a
software-programmable radio transceiver and a
secondary receiver . -

. PR ‘
* Programmable with NI LabVIEW software, = A A
. . . f.:\-*'

* Physical layer communication and spectrum 22 ¢
monitoring -
WoNsTinakirs n@ Q) Vs

' 3 AD ®O —
06 - e
- - —— ) E® e
REF IN PPSIN MIMO EXPANSION GB ETHERNETY POWER

fster oo GINET
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THE UNIVERSITY of
NEW MEXICO USRP Antennas

All of the labs will be using a TX1/RX1 RX2
carrier frequency in the MHz NATIONAL | USRe- 2820
ranges. So you should be INSTRUMENTS ™ - 2258

using the VERT400.

Bum 34
AG BO
R <8 03 |||
ECr Fid

MO E<FANS0N GE ETHEFMET FOVER

VERT400 Antenna

Tri-Band Vertical Antenna
(144 MHz, 400 MHz, 1200 MHz)

/ |
-l / j VERT2450 Antenna
== Dual-Band Vertical Antenna
& 2.4 GHz, 5 GHz)
mﬁh\luﬁliam ( . ’
!qtsec& g;lf;fglin © 2014, Anees Abrol and Eric Hamke 71 Gl N ET
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THE UNIVERSITY of USRP Transmitter
NEW MEXICO (Transmitter Template)

The transmitter template consists of = Loop Control | _ status |
4 elements: genics names
. . . % 192168102 j Error Out
* USRP Transmitter Configuration 1Qrate actual 10 rate e code
. . 4
 While-loop to control execution == — STOP P &
_carrier frequency actual carrier frequency source
of lab. 7 9151M 100k n
* Write to the transmitter buffer A% = s |
* USRP shutdown & status active antenna .
. THL
reporting
Idev:icenames
[
& e I —
Il%ate— actual I rate DB~
_ - Your
I%rfreq ency %icarrierfrequenc)r . .
- | application tour
Q%‘f ) %igam(dﬂl application
o goes here goes here stop E _______
@ .................................
|
T ol

=
=
S\ Ln
=5

istec i GINET
boro Aefica'Sclance & 9/1/2014 © 2014, Anees Abrol and Eric Hamke 72
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THE UNIVERSITY of USRP Transmitter
NEW MEXICO(USRP Transmitter Config.)

The front panel for each application will have an USRP configuration panel. The panel

supports entering the following radio parameters:

* Device names — this configures the LabView interface to talk with the radio.

* |1Q Rate - Specifies the sample rate of the baseband |I/Q data for Tx or Rx in samples
per second (Samples/second).

* Carrier frequency — The passband frequency to be used by the radios for modulation

* Gain — Amplification of the transmitted signal.

* Active antenna — Should always be set to TX1 (the USRP transreceiver)

device names

ey,
—~

Setup | AIIEEF TERF
3 T=
i il
device names 1Q rate
L 197 168.10.7 j - actual IQ rate
g r
‘.IIQ hls e i carrier frequency actual carrier frequency
- b
b, 200k 100k .
\carrierfrequency actual carrier frequency gain (dE) actual gain (dB)
5} 915.1M 100k v 5
in (dB [ active antenna
"Ilgaln (dE) actual gain (dB) T
v 0
active antenna
TH1
—_\= .
= &
'“e?[ﬁ% .

fster oo GINET
e — 9/1/2014 © 2014, Anees Abrol and Eric Hamke 73
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THE UNIVERSITY of USRP Transmitter
NEW MEXICO (Open Tx Session)

This sub-Vl initiates the transmitter device names ATUEEF zezzion handle out
. . rEEEt i meesseensaaaes %’i 4
session and generates a session . el 3 P
5 BT i (o ermor] ee=Pe=—l—= error out

handle and an error cluster that are
propagated through a” Vls. device names specifies the name(s) or IF address(es) of the

device(s).

reset specifies whether to reset the device(s) to a known
initialization state.

@ Mote This parameter has no effect in NI-USRF. All
properties are set to their default values when a session is
created.

error in describes error conditions that occur before this node runs.
This input provides standard error in functionality.

B [

7 session handle out passes a reference to your instrument session
to the next VI.

session handle out is obtained from this VI and identifies this Tx
SESsian.

B

error out contains error information. This output provides standard
error out functionality.

t
)

=1
=
paa \5
=l

tstec  roo GINET
© 2014, Anees Abrol and Eric Hamke
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THE UNIVERSITY of USRP Transmitter
NEW MEXICO (Configure Signal)

channel lizt
session handle E‘“‘“‘“’ zezsion handle out

I rate j—ﬁ’”ﬁﬂ%—t coerced |0 rate
carrier frequency o P coerced carrier frequency
gain coerced gain
error in [no emror) error out

=

session handle identifies your instrument sezsion.

session handle is obtained from the niUSEF Open Tx Session VI or the niUSREP Open Fx Sezzicn VI and identifies a particular Tx
or Rx session.

channel list specifies the channel(s) to configure.

Refer to Using Propertiez for more information about using the channel list parameter.
IQ rate specifies the rate of the baseband I/ data in samples per =econd (5/=).
carrier frequency specifies the carrnier frequency, in Hz, of the RF =signal.

active antenna =pecifies the antenna port to use for this channel.

Refer to NI USREP-2920, NI USREP-2921, or NI USRP-2922 for a list of antenna names that this parameter accepts.

gain specifies the aggregate gain, in dB, applied to the RF signal.

error in describes error conditions that occur before this node runs. This input provides standard error in functionality.

7 session handle out passes a reference to your instrument session to the next WI.

—

JEE EHE E

session handle out is obtained from the niUSEF Open Tx Session VI or the niUSEF Open Bx Session VI and identifies a particular
Tx or Rx seszion.

coerced IQ rate returns the actual I/Q rate, in samples per second (S/=), for this session, coerced to a value supported by the
device.

coerced carrier frequency returns the actual carrier frequency, in Hz, for this session, coerced to a value supported by the
device.

coerced gain returns the actual gain, in dB, for this session, coerced to a value supported by the device.

HE B E

error out cnntpiﬂﬁgéa:ubﬁ.pfnrmatiun. This output provides standard error_out functionality. J N E |
R r— 9/1/2014 © 2014, Anees Abrol and Eric Hamke 75 bl brmnaiiarhiatmaridiar
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USRP Transmitter
THE UNIVERSITY of :
NEW MEXICO (Write to USRP TX

The signal to be transmitted will consist B Uffe r)
of an array of data, sampling period,
and an initial time for the time vector.

ey,
—~

channel list
session handle

data
In some of the labs, you will generate timeout

. d fd k ‘:l ........ .-
this array and repeatedly send the same E”Ef?n [ﬁn ;rzr]m
signal. In this case, your application will  use waveform dt for [0 rate? -« :
be inserted outside the loop.

zezzion handle out

errar oLt

Loop Control
In others, the signal will change =

dynamically with the controls on the CD8 Cluster -
front panel. In this situation, your
application will be inside the loop.

STOP

All templates will come with a stop
button on the front panel. Use this to
stop execution of your application — it
will ensure the radio shuts down

properly.
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THE UNIVERSITY of USRP Transmitter
NEW MEXICO (Writing to Transmit Buffer)

/0§ session handle identifies your instrument sess=ion.

ey,
—~

session handle i= obtained from the niUSRF Open Tx Sescicn VI and identifies a particular Tx session.

H

data specifies the baseband samples to transmit as complex, double-precision floating-point data in a cluster, which also includes sampling information.

data accepts complex, double-precision floating-point values whose real and imaginary components range from 1.0 to -1.0. The maximum complex magnitude is
1.0. Use the following eguation to determine the complex maanitude of the signal:

2

mmﬂe=~fﬂﬁf2+f W
t0 NI-USRP ignores this value.
dt =pecifies the time between values in the ¥ array.

Y specifies the complex-valued baseband waveform. The real and imaginary parts of this complex data array correspond to the in-phase (I) and guadrature-
phase (Q) data, respectively.

timeout specifies the time to wait, in seconds, before returning an error if the requested number of samples have not been generated.
A negative value indicates to the driver to wait indefinitely.
end of data? specifies whether this is the last call to the niUSRF Write Tx Data VI for the current contiguous transmit operation. The default value is FALSE.
TRUE |Specifies that the data input contains the end of the data transmission. The transmission aborts when the last data sample generates.
FALSE | Specifies that yvou will provide more data.
channel list specifies the channel(z) to which to write the data.
Refer to Using Properties for mare information about using the channel list parameter.
use waveform dt for IQ rate? specifies whether the dt subparameter of the data waveform overrides the 1/Q rate. The default value is FALSE.

TRUE |Specifies that the waveform dt overrides the 1/Q rate.
FALSE | Specifies that the waveform dt does not override the 1/Q rate.

error in describes error conditions that occur before this node runs. This input provides standard error in functionality.

session handle out passes a reference to your instrument session to the next VI.

session handle out is obtained from the niUSRF Open Tx Session VI and identifies a particular Tx session.

error out contains error information. This output provides standard error out functionality.

y [ B

el
3]

oy

=
=

S\ Ln
=5
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THE UNIVERSITY of USRP Transmitter

-8 NEW MEXICO :
(Transmitter Status)
Status |
Each transmitter template has a status
Error Out window. ":;"E'EHP Error Out
status code ﬂ mh@
g o
source If there are no errors in the transmission
I of the data, you should have a status
display with a green check mark.
If there is an error in the
" status code transmission of the data, you should
X L0718 have a status display with a red x
SONTEE mark with an error code and an
niUSRP Open Tx Sessionvi<ERR= A runtime or -
configuration error occurred. error message.
Code; 1299 |
Details: LookupError: KeyError: Mo devices found for-- | = . . .
---> In this case, the message indicates
Device Address: .
addr: 192 168.10.2 i you are not connected to the radio
through the ethernet interface.
=\r= ,
[m=ml >
l;%a L
MK
Ec Printed on Gl NET

ot
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THE UNIVERSITY of USRP Receiver
NEW MEXICO (Receiver Template)

ey,
—~

Setup | Loop Control | Status |
The Receiver template consists of —
4 elements: 1431192.158.10.2 =l error out
. . . P\Qfate actual I rate status  code
* USRP Receiver Configuration g 100k STOP <[ o
. . carrier frequen actual carrier frequen source

* While-loop to control execution || 255 Y ;

Of Iab. Figai” (dE) actual gain (dB) ‘lnumberof samples .4

. a0 0 g,zuunnu
* Read from the receiver buffer active antenna
RX2

* USRP shutdown & status

reporting

number of samples
device names

10
el - W= S
ZFx i Vi)

i error out
' oewore] f @ — |
1Q rate actual IQ rate T
I B L Your
carrier frequency actual carrier frequency e . .
s 3] application
gain (dB) actual gain (dB)
b ] goes here
active an
A ............::::::::E -------
]
L) ‘=§=‘ ]
i

fster oo GINET
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THE UNIVERSITY of
NEW MEXICO

USRP Receiver

(Configuration)

The front panel for each application will have an USRP configuration panel. The panel
supports entering the following radio parameters:

* Device names — this configures the LabView interface to talk with the radio.

* |Q Rate - Specifies the sample rate of the baseband I/Q data for Tx or Rx in samples
per second (Samples/second).

* Carrier frequency — The passband frequency to be used by the radios for modulation
* Gain — Amplification of the received signal.

* Active antenna — Should be set to RX1 or RX2 (the USRP transceiver or secondary

receiver)
Setup |
device names
1192168.10.2 =
‘IQ rate actual I} rate
71M 100k
\carrierfrequency actual carrier frequency
o 915M 100k
_gain (dB) actual gain (dB)
h
7" L
active antenna
RX2
=
[mssml
mﬁ;
Ister oo

Ibero-American Science &
Technology Education Consortium

9/1/2014

device names
1.0 HI-UERF

I
n
=
i
i
z
i
=X
b

HI-USEF [~
|

I} rate
k

carrier frequency
r

gain (dB)
;

active antenna

ahbhck

© 2014, Anees Abrol and Eric Hamke
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THE UNIVERSITY of USRP Reciever
NEW MEXICO (Open Rx Session )

This sub-Vl initiates the receiver session and generates a session handle and an
error cluster that are propagated through all Vis.

device names e IERERnannnnnne caesiob handle out
=
rEEEt .................... 7l _I

BTN i [no error] == —E

poccoooooos @rof oLk

/0o | device names specifies the name(s) or IF addrez=(es) of the device(s).
reset specifies whether to reset the device(s) to a known initialization state.

@ Mote This parameter has no effect in NI-USRP. &ll properties are set to their default values when a session is created.

error in describes error conditions that occur before this node runs. This input provides standard error in functionality.

El

1]| session handle out pas=es a reference to your instrument session to the next VI.
session handle out is obtained from this VI and identifies this Rx session.

Sz ]| error out contains error information. This output provides standard error out functionality.

cll
3]

=
b /et
=]
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THE UNIVERSITY of USRP Receiver
NEW MEXICO (Initiate Reception of Data)

The niUSRP Initiate VI starts the waveform acquisition in a Rx session. You must initiate
the Rx session before you use a Fetch Rx Data (poly) VI to retrieve waveform data. You do
not need to call the niUSRP Initiate VI for Tx sessions; you initiate waveform generation
when you provide data using the Write Tx Data (poly) VI.

session handle o IEREF~~~mnnmnnr caesion handle out
=

. " - "R
errar in [ho error) A0 errar out

/oy session handle identifies your instrument session.

session handle is obtained from the niUSEF Open Bw Seszion VW1 and identifies a particular Rx
cession.

: error in describes error conditions that occur before this node runs. This input provides standard
error in functionality.

i;u]| session handle out passes a reference to your instrument session to the next VI.

session handle out is obtained from the niUSREF Open Bx Session VI and identifies a particular
R =eszion.

error out contains error information. This output provides standard error out functionality.

cll
3]

=
b /et
=]
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THE UNIVERSITY of USRP Receiver
NEW MEXICO (Read From USRP Buffer)

The signal of received data will consist of an array of data, sampling period, and an initial
time for the time vector.

ey,
—~

All templates will come with a stop button on the front panel. Use this to stop execution of
your application — it will ensure the radio shuts down properly.

Loop Control

"Ry
CDB WDT ~
number of famples
STOP
channel lizt
zession handle zezzion handle out
gn:urgﬂbuzr e number of samples TJ data
tirmeoLt ““‘“LHL timestarmp
EI1Or I [0 error) s errar out

==
ml,a:?rlr%
Ml

?Stec Printed on Gl N ET
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THE UNIVERSITY of USRP Receiver

NEW MEXICO(Reading From Receive Buffer)

i;0 | session handle identifies vour instrument session.

session handle is obtained from the niUSEF Open Bw Ses=zion VI and identifies a particular Rx session.

number of samples specifies the number of samples to fetch from the acquisition channel.

e

timeout specifies the time to wait, in seconds, before returning an error if the requested number of
zamples have not been acquired.

& negative value indicates to the driver to wait indefinitely.
channel list specifies the channel(s) from which to fetch the data.
Refer to Using Properties for more information about using the channel list parameter.

error in describes error conditions that occur before this node runs. This input provides standard error
in functionality.

7 ]| session handle out passes a reference to your instrument =ession to the next VI.

BB [

session handle out is obtained from the niUSEFP Open Bx Session VI and identifies a particular Rx

session.
data returns the received baseband samples as complex, double-precision floating-point data in a
cluster, which also includes sampling information.
t0 specifies the trigger (start) time of the acquired Y arravy.
dt specifies the time between values in the ¥ array.
rcoe] | ¥ specifies the complex-valued baseband wawveform. The real and imaginary parts of this
complex data array correspond to the in-phase (1) and quadrature-phase (Q) data,
respectively.
timestamp returns the timestamp of the first Rx sample returned and indicates the time associated with

the first sample of the waveform, according to the onboard device timer.

timestamp is the time of the clock in seconds, interpreted as whole seconds.fractional seconds.

whole seconds is the integer number of secands for the time associated with the first sample
of the waveform, according to the onboard device timer.

fractional seconds is the double-precision, floating-point value representing the remaining
fraction of a second for the time associated with the first sample of the wawveform, according to
the onboard device timer.

error out contains error information. This output provides standard error_out functionality.
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THE UNIVERSITY of USRP Receiver
NEW MEXICO (Receiver Shutdown &

Status)

error out

Stops an acquisition previously started.
L5

For finite acquisitions, calling this VI is optional
unless you want to stop the acquisition before it is
complete. If the acquisition aborts successfully, the
driver transitions to the Done state.

HI-USRF

|
efrar in [ho error) s 1L 1)) | S

secssion handle gession ha. _._ _ ..

;0 session handle identifies vour instrument session.

session handle is obtained from the niUSEF COpen Bx Se=zsion VI and identifies a particular Rx session.

[Z<:¥ error in describes error conditions that occur before this node runs. This input provides standard error
in functionality.

171 ]| session handle out passes a reference to vour instrument session to the next VI.

session handle out is obtained from the niUSEP Open Bx Session VI and identifies a particular B

—\/— SEIsEi0n.
me=ml . . . . . L
=y error out contains error information. This cutput provides standard error out functionality.

=1
baw =

{13
paa \5
=l
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Status |

THE UNIVERSITY of
NEW MEXICO

Error Out

code

source

I o—

-~

status  code

% 1074118627

SOUrce

USRP Receiver

(Receiver Status)

sasson handle [

HI-UISHKFP

x

arrar ik Thm |=:|rnlll==l==l==l=i==l==l==l== Arror qgh

Each Receiver template has a status

window. =
Jegrd

e error out

=

If there are no errors in the reception of
the data, you should have a status display
with a green check mark.

If there is an error in the reception of
the data, you should have a status

Code: 1299

for ----- >
Device Address:

{ster

Ibero-American Science &
Technology Education Consortium

Details: LookupError: KeyError: Mo devices found

addrl: 192.168.10.2

Printed on
9/1/2014

nil5RP Open Rx Session.vi<ERR> A runtime or - dISp|ay Wlth a red X mark W|th an error

configuration error occurred,

code and an error message.

m

N In this case, the message indicates you
are not connected to the radio through
the ethernet interface.
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ﬁ THE UNIVERSITY o/ FIR digital filters:
NEW MEXICOF/nIte Impulse Response

| x(n)

7 z-1 yig Y P

co Cc1 Q2 C3 y(n) = iC[i] x(n—i)

\TJ
l y(n)

* FIR filters: stands for Finite Impulse Response, is the simplest type of digital
filter, it is inherently estable, and always realizable.

vy
A A

« The C(k) coefficients of an FIR are actually the sampled values of the filter’s
impulse response.

« Given an FIR with “n” taps, the effect of an input vanishes in the output after

1] ”

n” delays. Thus its finite response.
« Can be designed to have a linear phase response f
m=m + Usually non recursive ( Recursive FIR example? Think of an J

I
: \R oooooooooo average!!
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THE UNIVERSITYof  FIR digital filters:
NEW MEXICO FIR Example

The output signal y[n] of the filter in response to an impulse is limited only the
last N values of x[n], so after N+1 samples the response returns to zero. For
example, the response of a fifth order filter consists of a finite sequence of six
(N+1 ) samples

[ L L L L L
1 ]
Finite Sequence ~* FIRResponse
0.8 1 n=9 —* Impulse -
x[n] _ - / of 6
3 06 0, Otherwise |
= A . y[n]=0.0152 x[n]+0.126 x[n—1]
(@)] \
S 04 ' +0.3588 X[ — 2] +0.3588 X[n — 3]
0.2 +0.126 x[n—4]+0.0152 X[n - 9]
0 r
0 5 10 15 20 25 30
Sample number (n)

Ister oo | GINET
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THE UNIVERSITY o o ] .
NEW MEXIC(% Digital filters: FIR filters

* An FIR filter performs the convolution between the filter’s impulse response
(Cl[..] coefficients) and the samples of the input signal (X[..]), thus, the
coefficients C[..] of an FIR are the sampled values of the filter’s impulse
response

y(n) = ZC[i] x(n—1)

| Time response I

 The filter’s transfer functions, in Z, is

H (Z) — Y (Z) — i h[l] Z—i H(z): filter’s transfer function
X(z) 1= L I

« This is a polynomial equation of order N, and the N roots of this polynomial
are the N zeros of the filter

fstec oo GI N ET
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THE UNIVERSITYof  [IR digital Filters :
NEW MEXICO
Infinite Impulse Response

y(k):ib. X(k_i)Jer:aj y(k - j)
X(k) b0 Yy(K)

— =
Z-l _ 1 Z-l o ” d I f
“n” delays b1 a m” delays o
Of the < +_’®—’ ®<—+ > the output
. : : : ional
input signal Z* a2 | 77 signa
_ b2 ®<7 D

1
1
1

« ThellR is a more complex type of filter, where the output feedback enables
its response to extend infinitely in time

« They are usually more efficient (requiring less storage, lower complexity,
lower cost) than the FIR, although with more problems, namely stabilty and
numerical error propagation

—,= °* Theycan be desgined starting from analogies with existing analog filters

e
ﬁlﬁll]ﬁdm ISTEC & G.Jaquenod 2002, All Rights Reserved.
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THE UNIVERSITY of Digital filters:
NEW MEXICO IR Filters

 ThellIR (Infinite Impulse Response) filters are a more complex type of filter,
with an output at time k, given by:

Ok)=>"" b.1(k—i) +Z§”:1aj Ok —j)

 The output is a linear combination of the current input I(k), N previous inputs,
but now, also of the previous M outputs, and its corresponding transfer

function is: i

~ 2obiz N
_SM 5. ,-1 D(z
1 j=18i-Z (2)

e This equation, in addition to having N zeros (as the FIR, the roots of N(z)), it
also has M poles (the roots of D(z)), which for a stable filter, are required to be
inside the unit circle in the z plane.

== , ®
“—“E:\{m ISTEC & G.Jaquenod 2002, All Rights Reserved.
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THE UNIVERSITYof  FIR digital filters:
NEW MEXICO IIR Example

The output signal y[n] of the filter in response to an impulse The output signal
of the filter can be non-zero infinitely, even when the input signal has a value of
zero. In theory, when a recursive filter is excited by an impulse, the output will
persist forever.

L L L L L
—* |IR Response ||

N y[n]z i X[n]sinc(a+n/ﬁ' Impulse

=—00

1

o o o

SN (o)) (o¢] =
: .
1

Magnitide

0 5 10 15 20 25 30
Sample number (n)
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THE UNIVERSITY of

NEW MEXICO Preliminaries

(Absolute)

A typical absolute specification of a lowpass filter is shown below,
in which the filter response has been normalized to 1 in the passband

A S tolerance (or ripple) in the
] ideal passband response

ey,
—~

|
|
|
|
|
|
— I
&= |
T I
— |
1 1
:4 >, S tolerance (or ripple) in
< > ! transitio\: f the stopband response
! I
| passband | n R >
t band 1 T t Frequency
0 Passband edge Stopband edge Highest s
frequency (fp) frequency (f;) frequency in 2
source 7
ol LN

®

¢ay . . . . o i . . .
- Digital Signal Processing Using MATLAB" ,Third Edition, Vinay K. Ingle John G. Proakis
i 'ﬂ’ﬁ gital Sig g Using y K. Ing
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THE UNIVERSITY of Preliminaries
NEW MEXICO (dB Relative Specifications)

A typical relative specification of a lowpass filter is shown below, in which
* Rp is the passband ripple in dB, and
» As is the stopband attenuation in dB.

Passband edge Stopband edge Highest frequency
frequency (f,)  frequency (f;) in source
! 1
R : ! Frequency
P : !
L ! !
(b} ! 1
e | |
‘O ! 1
Q : !
o | !
A 1
\

The parameters given in these two specifications are obviously related.
Since |[H(f)] in absolute specifications is equal to (1 + &), we have

1-6, 2
R, =—20log,, A =-20log,,| —
1+5, Op 1+op K/
ﬁ]ﬁll‘{r{[[] Digital Signal Processing Using MATLAB® ,Third Edition, Vinay K. Ingle John G. Proakis GI N ET
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THE UNIVERSITY of Preliminaries
NEW MEXICO (Absolute vs. Relative)

i 3
{3 canfigure Classical Filter Design [Chebyshev Lowpass Filter] I&J
Main Settings = Passband
Filter type Lowpass EI Magnitude in dB = Stopband E 8] |
0
Filter Specifications
g .pec -250 -
S MlkHz =
frequency o -500-
2
Passband edge 1kH =1 | 17 64k Hz L -750- 1
frequency z = = E 1000 LabVIEW IS
e .
on
Passband - 5 1 1
rpple v1ds_Je = 1s0- looking for relative
-1500- 11 1
prapbandiedns LlkHz [3f|] 1323k Hz SpECIflcatIOﬂS
frequency -1750 -, [ 1 [ [ |
Stopband 0.0 5000.0 10000.0 150000 200000 25000.0 |
phan 60dB |2 F H
attenuation requency [Hz]
1.10- _
Design method Chebyshev [=] - Z-Plane Unit circle ™"
0.80- oes N
Design Feedback Poles P
0.60-
Filter order 22
0.40-
Error message
- 0.20-
- 010, 1 1 1 1 1 1 1 [
-1.10 -0.75 -0.50 -0.25 000 025 0S50 075 110
oK ] ’ Cancel l [ Help
=\
[mssml

=

(14
S\ Ln
=5

|
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Amplitude Modulation

THE UNIVERSITY of
NEW MEXICO

What you need to know to do the Lab...

m":f?rlrmﬂ
? MR
Printed on
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THE UNIVERSITY of .
NEW MEXICO AM Overview

If m(t) is a baseband “message” signal with a peak value m,, and A, cos(2nf.t) is a “carrier” signal at carrier

ey,
—~

frequency, f., then we can write the AM signal g(t) as

g(®) = 4, [1 +u"f)

] cos(2mf.t) (1)

4

where the parameter u is called the “modulation index” and takes values in the range 0 < u <1 (0 to

100%) in normal operation. _
Message Signal
5¢ - r r r r
@ TN N
3 \ \
g0 AN AN
S
< 5t - N - - N
0 00 02 03 04 05 06 07 08 09 1

Time
Carrier Signal

¢ AR RAARRAARAAL

LI

§ ZZ-UAMMM}\AAV -Avf\’\ -AV.QVA-AMMM;\MV -Avﬂﬂ -I\VA,VA Vi
== g _VU\WW\{VV MY _uwwwuyv i 7,

-20

®

]
ﬁ]h?ﬁ 0O 01 02 03 04 05 06 07 08 09 1
GINET
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THE UNIVERSITYOf I\/Iodulation:
NEW MEXICO .
MathScript Node

Functions @

|_QQ,Search I 2 Custl:nmize'l ~H |

¥ Programming

MathScript Node

L Structures input watiable =41 Sumé = evelsizelA]):

[optionall 2 Fori= lin
o » O30 input variable @ Sumd = Sumd + & ifactoral(]); autput watable
S nn (opticnal) 4 end [optional)
F E . 5 Delta = Sumnd - exproc(A);
i : arrar in == o SHFOF QUL
For Loop While Loop  Timed Struct... L3 2 Event Struct...
R P LD — R

Executes LabVIEW MathScripts and your other text-based scripts using the
MathScript BT Module engine. You can use the Math5cript Mode to
evaluate scripts that you create in the LabVIEW MathScript Window.

5

In Place Ele... Flat Sequence Stacked Seq... | MathScript | Diagram Dis...

I_i—l ?!:; IEI If a MathScript Node contains a warning glyph, LabVIEW operates with

slower run-time performance for the nede. You can modify your script to
rermove the warning glyph from the MathScript Node and improve run-

time performance.

Conditional ... Formula Node Shared Vana... Local Vanable Global Vana...

oy =
af
Decorations  Feedback Mo...
P Measurement I/0

* Instrument /O
* Vision and Motion

“Equations” “Text-based scripts”

a = 2b — max(d) a =2%*b —max(d);
p = alog(a) p =log(a)*a;

g, S = et st SINET
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1. Right-click=>»

Visible ltems
Help
Examiples

I Description and Tip...

THE UNIVERSITY of Setting up I/Ps & O/Ps
NEW MEXICO

in @ MathScript node

3. Name the Input = |

Structures Palette 3
2. Select “Add Input”->
Add Qutput »
Probe
Breakpoint 4
Script Highlighting »
Impaort.
Export
1 n=
Visible Iterns 4 '
Help Message Signal €= «| B Baseband Signal
Examnples
=l 4, Add & name the Description and Tip... )
outputs P R Modulation Index = 7 =3 Complex form of
Add Input Baseband Signal
“Click on undetected - e P
. Probe p .
variable and type _ Message Signal
. Breakpoint 3 m R
variable name for Script Highlighting »| mp Max Amplitude
undeclared outputs” Import.. —
Export...
Clear Script
- Clear Script Breakpoints "
Properties
lm=ml . .
ELE'“?E 5. Wire lnpUtS and outputs to respectlve ter
Istec ‘oo GINE]
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THE UNIVERSITY of ]
NEW MEXICO  Array Max & Min VI

Functions @
|_O% Search I €%, Customize™ l oA |
* Programming -
L Array
- B
+ﬂ Efﬂ = @ Array Max & Min

Array Size Index Array  Replace Subs... Insert Into Ar...

a3 T

:.t m o]

max value
max index(es)
min value
min index(es)

m

array

elete From ... Initialize Array  Build Array  Array Subset

@ =] &~ u? Returns the maximum and minimum

3 ot E Q+E e values found in array, along with the
ind f h value,

Max & Min || Reshape Array  Sort1D Array  Search 1D Ar... ineexEs Tor each value

N M = R

Split 1D Array Reverse 1D A... Rotate1D Ar... Interpolatel..
L, = E E S

L o ~m i %

Threshold1... InterleavelD... DecimatelD.. Transposel..

o
)

=1
baw =

{13
paa \5
=l

Br GINET

|
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n THE UNIVERSITY of Get Waveform
~ 8 NEW MEXICO ™ c5mponents VI

Get Waveform Components

veformm e R waveform component “Waveform attribute selection”
%Y waveform component

Returns the analog waveform you specify. You specify . . .
components by clicking on the center of the cutput 1. Select’ hold and drop VI 3. RIght-Clle on attrIbUteSr scroll to

terminal and selecting the component you want. Ilselect Itemn and ple the

attribute.
¥ Programming E %7

L Waveform bl
thributer

mEz i g . . . Visible Items 4
5t a? g 2. Click on bottom line, hold Help

Get Wfm Co..J Build Wavef... Set Attribute  Get Attribute and extend

T—— Description and Tip...

A JUL o TUL e TUL o UL

Lnn Ly s Breakpoint 3
Analeg to Di.. Digital to An... IdxWfm Array  Copy Wfm dt Ir 1 .:

iy JUL "y T i UL o TUL Add Element

at il lo%ot I — - Remove Element

Wawef Palett

Align Times  Get Wfm 5u... Get Final Time Wfm Duration ‘u‘aar:ran:;r:let:e £ :

e TUL o TUL e TUL

sl it \L{[ft‘]\ s [t] Create »
ScaleDeltat  Get XY Value Get Time Arr..  Analog Wfm Replace 4

Hide Full Mames

1@' L
0 Properties

Digital Wfm  Wfm File YO

Ister oo GINET
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THE UNIVERSITY of  niUSRP Write Tx
NEW MEXICO
Data VI

ey,
—~

“Buffer to transmit data to receiver”

-m
mm !

CDE Cluster ""'"

nilSRP Write Tx Data (poly).vi

channel list

session handle

data

timeout — |

end of data? -

error in (no error) :

use waveform dt for IQ rate? -’

session handle out

error out

Writes data to the specified channel list.

fster i GINET
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THE UNIVERSITY of -
NEW MEXICO MUSRP Fetch Rx Data VI

“Buffer to receive data from transmitter”

|n' -
Rty

COEWDT -

niUSRP Fetch Rx Data (poly).vi

channel list

session handle cession handle out

number of samples Tl qmﬂ data
timeout E timestamp

errar in (no error)

error out

Fetches data from the specified channel list.

- — | GINET
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THE UNIVERSITY of . -
NEW MEXICO Demodulation: Filters

1
~=

¥ Signal Processing
L Filters
[ B,
- % £ k “ . ”
Butterwarth | | Ch Inv Chebyshev  Elliptic Bessel Equi-Ripple LP  Equi-Ripple .. Set f[/ter parameters as constants
" s s
A | 0 =0 BE mm
Equi-Ripple BP Equi-Ripple B5  Inversef Zero Phase  FIR Win Filter  Median Filter Savitzky-Golay
LI L1’
IR FIR
Mathematic... AdvancedIIR  Advanced FIR

“Chebyshev clears noise around carrier frequency”
“Butterworth implemented after full wave rectification to complete envelope detection”

Chebyshev Filter.vi Butterworth Filter.vi
filter type ——— flter type ———
X [ Filtered ¥ ¥ Filtered ¥

sampling freq: fs

error

=

hiah cutoff frea: fh sampling freg: fs error
|g CLTo req: . I
low cutoff freg; I high cutoff freq; fh
ripple(dB) low cutoff freg; fl
order aorder
init/cont (InitF) o iRt/ CONE (NitsF) o
Generates a digital Chebyshev filter by calling the Chebyshev Generates a digital Butterworth filter by calling the Butterworth

Coefficients VI, Wire data to the X input to determine the

TV . Coefficients V1. Wire data to the X input to determine the
polymerphic instance to use or manually select the instance,

polymorphic instance to use or manually select the instance,

cll
3]

=
b /et
=]

fster i GINET
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ey,
—~

Functions

|_C{) Search l €}, Customize™ I ~H |

} Programming
b Measurement I/O
b Instrument /O
P Vision and Motion
¥ Mathematics

L Murmeric

L Complex

> [ B

Complex Co...] Polar To Co...

b

Lol
B imn

Polar To Re/d..

ist Printed on

Ibero-American Science & 9/1/20 14

Technology Education Consortium

Re/lm Te Co.. Complex To .

/

Complex To ..

o ¥
a8

Fe
im &

Re/Im To Pol...

TT{EEIJPJTVIHKSITﬁYQf
NEW MEXICO <Semplexto

Real/Imaginary

“Extract real part from
complex data values”

Complex To Re/Im
iy —u|
Y

Breaks a complex number into its
rectangular components.

-
®

GINET
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THE UNIVERSITY of
NEW MEXICO Absolute Value VI

Functions

| QSearchl %Custumize'l =H I

*  Programming

Measurement I/0 I/FUII_ Wa Ve Rect’:fier,’

Instrument I/'O

Wizion and Motion

4|« = -

Mathematics

L Murmeric

- Absolute Value

v
N/
E

B

[

Subtract Multiply Divide Quu:utlen

.. Cc-n*-:.rSLDH » li]:} absix)
Iﬁ:} 3 1= 1]

Increment Decrement  Add Array El... Multiply Arra... Compound ... Data Manipu...

i = Returns the absolute value of the input.

=3

W E W
7
V

FIIT]

v
7
7

Round To N... Round Towa... Round Towa... Scale By Pow... Complex
L
b [&> |EI> @ E‘> mitb
ey
Square Root Square Megate Reciprocal Sign Scaling
T ¥
EE [E=Fa]] EAE)
Murneric Co... Enum Const... Ring Constant Random Mu... Expression M...  Fixed-Point
o] M
DBL Mumeri... +Inf -Inf Machine Eps... Math Consta...

i .  GINET
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THE UNIVERSITY of
NEW MEXICO

Functions

€, Customize~

Qbﬂearch
¥ Programming
LWavEfnrm
o .
Get Wfm Co...|_Build Wavef.,
vy oy
a '::I" ll\:iﬂ
Set Attribute  Get Attribute
P UL P UL
Ln Ly e
Analeg to Di..  Digital te An..

i
? MR

Printed on
|b$sec& 9/1/2014

Technology Education Consortium

Build Waveform VI

Build Waveform
waveform =] s,
ngeomenen ywiavef orm
Ta

e
waveform compenent —
Builds an analog waveform or modifies an existing waveform.
If you do not wire the waveform input, the function creates a
new waveform based on the compenents you wire, If you
wire the waveform input, the function modifies the
waveform based on the components you wire,

”

“Waveform attribute selection”
Same as “Get Waveform Components

107
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THE UNIVERSITY of
NEW MEXICO

ey,
—~

Frequency Modulation

What you need to know to do the Lab...
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THE UNIVERSITY of FM Overview

o NEW MEXICO . (MOdUIatlon)

Amplitude

o(t)

t t
ﬂ) 27 Af [ M(@)da ————3] A cos(27 T t+0(t)) XC—)

Sy
Sy
Sy
Sy
S
Amplitud

i o
N O-I—i
]
|
8(
—
|
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—_— ]
]
|
—_— ]
_
|
—_— ]
—_
|

— ]
— |
e
— |
—~ |
-
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=
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e
Amplitud
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THE UNIVERSITY of FM Overview
NEW MEXICO (Demodulation)

ey,
—~

FM demodulation can be divided into three broad categories: Frequency discrimination,
Phase-shift discrimination, and Phase-locked loop (PLL). This lab focuses solely on
frequency discrimination

IDEAL
DIFFERENTIATOR DESCRIMATOR

X (t e(t Yo (t)

() in<t) () S| 1KDd¢ D)
dt 2r

e(t) = —Kp | 2nf. + i—ﬂ sin( 2nf.t + 8(t))

Yo (t} = Eﬂ:ﬁ; + Hﬂﬂfmﬂxﬂlﬂ (t}

tster oo  GINET
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THE UNIVERSITY of Multi-Tone
NEW MEXICO

Message Generator

; Basic Multitone VI
Waveform

L Analog Waveform amplitude
L Waveform Generation resek 5i§|l'|-3| ............................ .L
= — #tones
E skart frequency el signal ouk
Bacic FumeGen Tomes & No seed ——{2F L crest Factar
35";”“ =" ':'”E;: ______ oI delta f — ; ackual kone Frequencies
Ed B BFror in (no errar) sl = gu g1
_ sarnpling info semmm——
Square Wfm  Triangle Wfm COBFCE FrEqUEnCigs? e i
[=] =T+ . .
S S phase relationship
Multi with A... Multitone Gen
[==T = =T = =1 = =1 Tt
i bl r Pm Message Length (samples) Peak Deviation (Mz2)
PRM Wfrm InvfWfm  Gamma Wfm  Poisson Wfm - 200000 = 1 30000
[==T = _ﬁ| = =1 =
1
ﬁ‘ll:n :@1 “% % Start Frequency Deita Frequency
Binomial Wfm Bernoulli Wfm  MLS Wfm Simulate 5ig ' - ‘10)'! | = 100k

¥ Tones
Sim Arb Sig . -

3
e |
EH'%?.JE ¥
MRl
fmter oo GINET
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THE UNIVERSITY of
NEW MEXICO Get Waveform
Components

¥ Programming

L Waveform ,
v vy Get Waveform Components
22 oo .
£ a o (Analog Waveform) Function
Get Wim Co... JBuild Wavef... Set Attnbute  Get Attnibute
a0 s ML a0 s ML + oy gyeform compaonent
L Ly s waveform ===
= % s waveform camponent
Analog to Di.. Digital to An...  Idx Wfm Array  Copy Wfm dt -
fy UL Fug UL fiy UL Fu UL
Align Times  Get Wfm 5Su... Get Final Time 'Wfm Duration
fiy UL Fug UL fiy UL :
al A |-)[1-_] %
Scale Deltat  Get XV Value Get Time Arr...  Analog Wfm
1 4
e[

=Ean

Digital Wfm  Wfm File /O

Mt .
iStEE Printed on . T Gl N ET
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THE UNIVERSITY of N
NEW MEXICO Normalize Message
Sequence

¥ Signal Processing
L Signal Uperation

[T [T o] T TS
My "k e g
Convolution Deconvolution AutoCorrelat... crossCorrelat...
To Too Too To
= ) e =
AutoCorrelat... Y[i]=X[i-n]  Zero Padder Unwrap Phase Quick Scale VI
To Too Too T2
= T= @ L3 . 2o} Vlil={i}iMaxIx|
Digital Rever... Decimate (sgl) [Jecimate (c... Upsample éui' _I_:;n:zlxl
Toe T Too Too
Rational Res... Resample (c-..¥Resample (c-... Unit Vector
Scale Y[il=Clip{X[i]}
%\-ﬁ% Riffle AC/DC Estim... Peak Detector Threshold D...
g r=a ~ =
N I R P | P

Cotin8edemnr Scale& Map Z-Transform... 113 G | N ET
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¥ Signal Processing
L Filters
L Advanced IR Filtering

79
BY
Butterworth ~ Chebyshev
[ By

b oy

THE UNIVERSITY of
NEW MEXICO |mplement IIR Filter

Inv Chebyshev  Elliptic Coef

[y

iStEC Printed on

eeeeeeeeeeeeeeeee & 9/1/2014

Te(h\oloqyfd A'm( nsortium

Bessel Coef  Butterworth .. Chebyshev.. Inv Chebysh...
[0 By
L =

Elliptic Order... Smoothing F... IﬂVEFSEfFHtEF/HHCESL’EdE
[ By By By
o0m ’@ "EEI— .UP#_

IR CascadeIC IR Filterwvi IR with LC. | CascadeTo..

IIR Filter VI

initfcont {init:F)

)3

Reverse Coefficients
Forward Coefficients

Filtered ¥
errar

© 2014, Anees Abrol and Eric Hamke
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¥  Mathematics
L MNumeric

L Complex

>

re re F

] im &

iStEC Printed on

||||| -American Science & 9/1/2014
Tech ducation Consortium

THE UNIVERSITY of
NEW MEXICO Convert from Polar

to Complex form

Polar To Complex Function

7 F
g

Complex Co... JPolar Te Co.. JComplex To .. Reflm To Co..

I I w
theta 1* e [I"thetal

L

8 im

Complex To ... Re/lm To Pol.. Polar To Re/l.,
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THE UNIVERSITY of . .
NEW MEXICO niIUSRP W\r/||te Tx Data

ey,
—~

“Buffer to transmit data to receiver”

e
)l

CDB Cluster """

nillSRP Write Tx Data (poly).vi

channel list

session handle

data

timeout

end of data?

error in (no error) :

use waveform dt for IQ) rate? -

session handle out

error out

Writes data to the specified channel list.
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THE UNIVERSITY of
NEW MEXICO NiIUSRP Fetch Rx
Data VI

“Buffer to receive data from transmitter”

|n' -
Rty

COEWDT -

niUSRP Fetch Rx Data (poly).vi

channel list
session handle%s.emnn handle out
number of samples T ey data

timeout == fimestamp
error in (no error) == e grror out

Fetches data from the specified channel list.
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THE UNIVERSITY of . .
NEW MEXICO Finding the Phase

ey,
—~

Get Angle (Phase) component by converting from Complex to Polar form

¥ Mathematics

L Murneric

L Comple Complex To Polar Function

I& o 2, [@; 1 = e”(i*theta) —E— y

- theta
Complex Co..  Polar To Co.. | ComplexTo ..] Re/Im Te Co..
i & & im

Complex To ... Re/lmTo Pol.. Polar To Re/l..

e S
i ¥
Ml
L F— GINET
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TNPE\)L\I/N&/V[%%S(IIT&BF Unwrap the Phase

Angle

¥ Signal Processing

L Signal Operation

Too Too T Too
e S il il
Convolution Deconvolution AutoCorrelat.. crossCorrelat... UI'IWI'BI] Phase VI
T2 | Toe Too Phase Unwrapped Phase
ﬁ[,i..im m Lo phase unit ‘.]I.l:‘:.v i
errar
AutoCorrelat..  Y[i]=X[i-n] Zero Padder
Too Too Too
= e =
Digital Rever... Decimate (sgl) Decimate (c...
Too Too Too
L i3, by
WM, + 10 +
Rational Res... Resample (c-... Resample (c-...  Unit Vector
T T Too Too
Scale Quick Scale Mormalize  Y[i]=Clip{X[i]}
Too Tos Too Too
(N 7 R v (R 7

Riffle AC/DC Estim... Peak Detector Threshold D...

Conv & Corr  Scale & Map  Z-Transform...

fstec . GINET
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THE UNIVERSITY of
NEW MEXICO

Implement Difference

Equation

¥ Signal Processing

L Filters

L Advanced FIR Filtering FIR Filter with I.C. VI
B B YL = X B Fitered %
it FM i 53 FIR. Cogfficients o ——
FIR Win Coef  Parks-McCle... S-G Filter CJ&F  FIR NarrowB... Initial ¥ Canditions Final & Canditions
[T B, B, B,
H-.,;ilv FIF; FED_ _:L_
Convelution FIR. Filter FIR. with LC. | FIR MarrowB...

FIR Co-efficients

—0[n— 1] l'

T 1 1
(-7

O|n]

T 0
Eﬁ;“
iVl
Istec oo G| N ET
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TNHEVL\I/N&/V[%%S(IIT&(& FIR Coefficients Array

Functions (=]

| <, Search l ., Customize™ l —H I

* Programming

- Aray Build Array 1 1
] array’ _— ——
Array Size Index Array Replacebs... Insert IrﬂgJ Ar... EIEmEnt EppEﬂdEd Erra}" T ’ T
g elernent
' elernent

Concatenates multiple arrays or appends

Rotate 1D Ar...
elements to an n-dimensional array.

Interpolatel... Threshold1... Interleave 1D... DecimatelD... Transpose 2...

Functions =

| 2, Search I “, Customize™ l —H I

¥ Programming

L MNurmeric

[=

v
v
7
&
.
N

Add Subtract Multiply Divide Quotient & ...
' [ b = = Megates the input value
g p .
Conversion Increment Decrement  Add Array EL.. Multiply Arra...

[t

14
v

Compound ... Jf Data Manipu.. #/ Absclute Val...

i

Round Towa... Scale By Pow...

[

o
F}

Reciprocal

o lb 1/

Divides 1 by the input

=
v
z

m

Y

Megate Reciprocal
[EXFE] value,
Enum Const... Ring Constant Randorm Mu... Expression M...
1 Eekinted o [l G | N ET
| e +Ig/1/2014_1mc e Matf‘@oﬂ@l[‘., Anees /Xbr0| and Eric Hamke 121 Global Innovation Network for
Entrepreneurship and Technology
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THE UNIVERSITY of Envelope
NEW MEXICO
Detector

Implementation

¥ Signal Processing

L Filters
[0 [
B B, -- Butterworth Filter VI
Butterworth]  Chebyshey  Inv Chebyshev Elliptic
T, . . filker bype — ]
& v y % = Filtered ¥
= sarnpling Freq: Fs ﬁu errar
Bessel Equi-Ripple LP  Equi-Ripple... Equi-Ripple BP high cutoff Freq: Fh
o o . o oy cukoff freq: £l
Qf =0 M order
Ly, II'IIt,IIEEII'It |:II'IIt:F:| ..............................
Equi-Ripple BS  Inwversef Zero Phase  FIR Win Filter
4
a5 .
= = Low-pass Butterworth Filter
Median Filter Savitzky-Gelay Mathematic.. Advanced IR
D 4
FIR
Advanced FIR
=\/= I
IFAE??WE L
iVl
Istec roreoor GINET
Ibero-American Science & 9/1/2014 © 2014! Anees Abrol and Eric Hamke 122 Global Innovation Network for
Entrepreneurship and Technology

Technology Education Consortium



THE UNIVERSITY of
NEW MEXICO

Functions

€, Customize~

Qbﬂearch
¥ Programming
LWavEfnrm
o .
Get Wfm Co...|_Build Wavef.,
vy oy
a '::I" ll\:iﬂ
Set Attribute  Get Attribute
P UL P UL
Ln Ly e
Analeg to Di..  Digital te An..

o
)

=
baw =

Printed on

Technology Education Consortium

ot

Build Waveform VI

Build Waveform
waveform =] s,
ngeomenen ywiavef orm
Ta

e
waveform compenent —
Builds an analog waveform or modifies an existing waveform.
If you do not wire the waveform input, the function creates a
new waveform based on the compenents you wire, If you
wire the waveform input, the function modifies the
waveform based on the components you wire,

123
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THE UNIVERSITY of
NEW MEXICO

ey,
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Pulse Position Modulation

What you need to know to do the Lab...
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THE UNIVERSITY of PPM Overview
NEW MEXICO Analog Signals

Message
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—~

Sy

10/ time
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THE UNIVERSITY of :
NEW MEXICO PPM QOverview

T Clock Analog Demod

R)j\CIoct | time

ey,
—~

ﬁlﬁ ﬁs At4ﬁ5Atﬁ Atiy Aﬁ A"&,‘Atﬁ ﬁil
L e
Messagg | \ \ \ | | | | | | |

V. Ve
Y o 2] T > Y
AR Ye [ v, |ys [Ys~ Y10 tim
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THE UNIVERSITY of PPM Overview
NEW MEXICO .
Digital Demod

Clock

time

Ibero-American Science &
ion Consortium
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At, (At (AL At AL AtpéAt A At
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THE UNIVERSITY o .
NEW MEXICO PPM Implementation

ey,
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Carrier Transmitted/Received
Frequency Pulse
g(t) =sin( ft) | AL,
i<—>
Encoded i
Aty
Pulse —

rect(t—(nT +At,)) |

GINET
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THE UNIVERSITYof  olmulate Signal VI
NEW MEXICO

Simulate Signal

r Signal
F . a
EE , errar in (no error) S error aut
Simulate Simulates a sine wave, square wave, triangle
Signal2 wave, sawtooth wave, or noise signal.
b Configure Simulate Signal [Simulate Signal]
Signal Result Preview
. Signal type
Functions 8 Sine =
q Search I % Customize* I ﬂ | Frequency (Hz) Phase (deg) W
=

¥ Programming - 3 0 2

L Waveform Amplitude Offset Duty cycle (%) E

L 20 30 50
fnalug Wawveform Add noise
Waveform Generation = Moise type
e e e gt e g Uniform White Noise - T
E @ @ @ I:l?ize amplitude Seed number Trials Time Stamps
[t greeees] [T e e o] el ] et o E ! @ Relative to start of measurement
7|
E@ E@I m @,— Timing Absolute (date and time)
] s =T Samples per second (Hz)
m i |@ ]f&é 1000 @ Simulate acquisition timing Reset Signal
r pisson MLS Number of samples Run as fast as possible Reset phase, seed, and time stamps
P Measurement [/0 Simulate Signal 10 : Automatic ElESleonnnon=eneation
P Instrument IO Integer number of cycles Signal Name
P Mathematics - Actual number of samples | Use signal type name
10

Signal name

ssesiesss Actual frequency

vy Sine
iStEC Printed on ok | | cancel ||:INET
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THE UNIVERSITYof ~ Convert From
NEW MEXICO  Dynamic Data subVI

Functions =
Q, Search I £}, Customize~™ I ! I
» Programming Convert from Dynamic Data
b Measurement [/O .
Dynamic Data Type Array
P Instrument YO
P Mathematics
P oS i )
Signal Processing Converts the dynamic data type to
P Dol Sommmrte=do numeric, Boolean, waveform, and array
v EETEELL data types for use with ather VIs and
b _SignalExpress functions.
¥ Express -
L Signal Manipulation i3 Configure Convert from Dynamic Data [Convert from Dynamic Data2]
| % E" Al Conversion Input Signal
== FE P put Sig
] e m— Resulting data type
e % ey 1D f scalars -
— | o array of scalars - most recent value &
= T [— 1D array of scalars - single channel
x 2D array of scalars - columns are channels
— 20 array of scalars - rows are channels = 3
|Cnnvertfru:ur‘r1 Dynamic Data| _ E
| | Select a VL., Single waveform iy E‘
=T
Scalar Data Type

“ue: ”
Slngle Scalar H @) Floating point numbers (double)

%I’:Ei‘lﬁ (" Boolean (TRUE and FALSE)
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THE UNIVERSITY of Sine and Square
NEW MEXICO Waveform subVIs

. . Square Waveform.vi
Sine Waveform.vi
offset

'IfFFE-Et reset signal
reset signal - _ frequency e cignal out
frequency e cignal out amplitude

litucl error out
ampitude error out phase

phase

errar in (no error)
sampling info
duty cycle (%

error in (no error)
sampling info

Generates a waveform containing a sine wave. Generates a waveform containing a square wave,

Functions (=] Functions ]|
(& Search I 2, Customize™ I -l | (&, Search I 2, Customize® I ! |
* Programming * Programming
L Waveform L Waveform
Lﬁmalug Wawveform LAnaIng Waveform
L Waveform Generatio L Waveform Generation
—
| Bl B = o] | ] B ] = ] B ] ] ([l (= (= B | B B
== =l ENENEIEE 2 B || B || B || B ||| p=
| [ e e | e ] = =] =] o P ol
EEh | (24 | [{Sine Waveform.vil IE1r r' Y sk | (B | 1B |[Square Waveform.vi FEI Fhll,‘_l
TT TT T poiszon| L T1 11 L | S1F20Nn
=] (= B I =T _ﬂ| Py [ £ ey
) 1
| [ | [ead | ]| £ ||

cll
3]

=1
=
S\ Ln
=5

|
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THE UNIVERSITY o .
NEW MEXICO Merge Signals VI

Functions (]

Q, Search I 2}, Customize™ I —H I

P Programming

P Measurement /O
¥ Instrument I/O Merge Signals
P Mathematics .
: : signal 1 _ _
P Signal Processing signal 2 =¥ combined signal
P Data Communication signal 3
P Connectivity
b SignalExpress Merges two or more 5.ig.r13|5. into a ;ingle
- output. Resize the function to add inputs.

Express This function appears on the block diagram

L ¢ . . ; . .
\ ST sl automatically when you wire a signal cutput

I-.! ] Eﬁy |ﬂ1\“!_" to the wire branch of another signal.
IF [ [l ||| 15
= T
2 o
=) — =x=
T z
(AR &=
P Addons
Select a VI...

T

i
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THE UNIVERSITYof  Basic Level Trigger
NEW MEXICO Detection VI

Basic Level Trigger Detection.vi
¥ Programming bl signal |r1J |r'""'-f? : tr!ggerlncatlnn
L level T “trigger detected?
El'r“Efmm hysteresis J oo rror out
Analog Waveform location mode
L Waveform Measurements error in (no error) ===
L Waveform Monitoring trigger slope
== == =) =L [E Finds the first level-crossing location in a waveform. You can
I Il | Bk retrieve the trigger location as an index or as a time. The trigger
Limit Create Flx] detect ||| Trigger " - .
—_— conditions are specified in terms of threshold level, slope, and
v % [Basic Level Trigger Detection. hysteresis. Wire data to the signal in input to determine the
+ Tl polymorphic instance to use or manually select the instance.

t
)

=1
paw /=

{13
paa \5
=l
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THE UNIVERSITYof  Basic Level Trigger
NEW MEXICO Interface

reset specifies whether the history, or internal state, of the VI has to be reset. The default is FALSE. The internal state contains the final state of the
input signal. The VI uses this as the initial state the next time LabVIEW calls the VI.

signal in contains the signal in which to detect a trigger.

level specifies the threshold value signal in must cross before a trigger is detected. The default is 0.

hysteresis specifies the amount above or below lewvel through which signal in must pass before a trigger level crossing is detected. The default is 0.
Trigger hysteresiz i= used to prevent noise from causing a false trigger. For a rising edge trigger slope, the signal must pass below level - hysteresis
before a trigger level crossing is detected. For a falling edoe trigger slope, the signal must pass above level + hysteresis before a trigoger level
crossing is detected.

location mode specifies whether you want to retrieve the trigger location as an index into the ¥-array of the waveform or as a point in time in =econds.
0| Index (default)—Retrieves the trigger location in terms of an array index.

1| Time—Retrieves the trigger location in terms of time in seconds. Time is computed by the following egquation: time = t0 + {index*dt), where t0 and dt
are contained in signal in. Use the To Time Stamp Function to conwvert this number to a time stamp data type with a time and date format.
error in describes error conditions that occcur before this node runs. This input provides standard error in functionality.
trigger slope specifies whether a trigger is detected as signal in crosses lewel on a rising edage or a falling edoge

0|Falling Edge—The VI detects a trigger on the falling edae, or negative slope.

[

Rising Edge (default)l—The VI detects a trigger on the rising edae, or positive slope.

trigger location contains the index or time, depending on the location mode setting, of the detected trigger. If the location mode is in Time mode
and vou do not want the trigger location value to appear in seconds on the front panel, wire the trigger location to a time stamp.

trigger detected? indicates whether the VI detects a valid trigger. If trioger detected? is TRUE, the VI detects a valid trigger.

HE &

error out contains error information. This output provides standard error out functionality.

t
)

=1
baw =

{13
paa \5
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Functions

O% Search I £}, Customize™ l ! |

* Programming

L Tirning

L [ TEF]
*

H
=, :10:21 FH

|Gl

P Measurement ITime Delay|

P Instrument /O
P Mathematics

[ETE
|1A07 4

—_—

1. Select, hold and drop VI

gl
3]
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THE UNIVERSITY of
NEW MEXICO

Time Delay VI

Time Delay
Delay Time (s) E
error in (no error) error out

Inserts a time delay into the calling VI

This Express VI is configured as follows:

Delay Time: 002 s

{3 Ceonfigure Time Delay [Time Delay2]

Time delay (seconds)
0.020 =

| ok || cancea | |

Help

© 2014, Anees Abrol and Eric Hamke 135
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By THE UNIVERSITY of
L8 NEW MEXICO

Random Process, Crosscorrelation
and Power Spectral Density

What you need to know to do the

Lab ...
e G
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THE UNIVERSITY of ]
"W NEW MEXICO  Crosscorrelation

Cross-correlation is a measure of similarity of two waveforms (pulse and return signal) as a function
of time-lags. Given two real-valued sequences p[n] and r[n] of finite energy, the cross-correlation

of p[n] and r[n] is a sequence 7, (1) defined as

Tor (D) = E p*lnlr[n+1] (1)
n=-—oo
Observed value is 0.13273 sec

Cross Correlation (Sim)

Amplitude
/" . AN ...""-. e,
oL ™
A b Y
A L: T b Y
W = B
y - |
L=
[ ]
=
(4]
1
o B

1 1 1 1 1 1 1 1 1 1
-1.000 -0.800 -0600 -0400 -0.200 0000 0200 0400 0600 0800 1.000 '5' 13271
— Return Time (sec]
+Hi@wm | (Sim)

The propagation delay of the echo (t) is T = 2r/c where, cis the speed

== of light (2.98 x 10%m/sec)

EH";"?[JE ®
Global Innovation Network for
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THE UNIVERSITY of
NEW MEXICO

The Power Spectral Density can also be used to estimate the distance. In this approach the
return signal and the pulse signal are multiplied together. The product contains the sum and
difference frequencies. The sum of frequencies is approximately 2f.. This frequency is beyond
the frequencies the electronics can respond to. Only the terms related to the difference
frequencies are retained (1).

ey,
—~

Power Spectral Density

m(t) = az cos[¢(t) — ¢p(t — 7)]

nB (1)
= a3 coS | 2mfppqr t + 2feT — 7T
T
Beat Frequency (Sim) -

7 S -
T moom T 12 TN
[ f-e0om 1474

E | ] N |
- | |ma00m ) 162
g o . ‘/'2’6'0':\ 18 0 J

L l\'\ : J, l ~\ : ,-"":.I

a\\\. ) _:G 2‘_..___‘ /

4 e
1 ) 0.307
L o e I N R o e e e L ’
0.0000 0.2000 0.4000 0.6000 0.8000 1.0000 1.2000 1.4000 1.6119 Beat Frequency (kHz)
Frequency (Hz) (Sim)
HEw |
e 15 by
T == (fyea: — 0.0416) i
151R - GINET
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THE UNIVERSITY of
NEW MEXICO LAB Tasks

ey,
—~

* Build Beat Frequency analysis subVI.
e Build Cross Correlation analysis subVI.

* Wire your Vls into the J2 V2 RADAR VI.

e Basic procedure
— You have been supplied with a set of templates and supporting Vls
— Build both VIs and wire them in.

— Debugging strategy
e Use simulation page in J2 V2 RADAR VI.
e Test case for 20,000 km

Table | - 20,000km Test Case Reference
Simulated Return Signal Ramp Return Time (Sec) Beat Frequency (Hz)
Distanceto | Reset Time (Sec)
Target. (km)

20000 0.86728 (see Fig. 19) 0.13272 (see Fig. 20) | 0.337 (see Fig. 21)
I * Please refer to debugging presentation for tools and techniques KIS
[l il
s
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THE UNIVERSITY o
NEW MEXICO Beat Frequency SubVI

1
—~

These are provided These are n.ew blocks These are blocks you have Input Controls
in the template to be used in the lab used in previous labs
- TX FM Modulated Waveform
- ] FFT
| * R
Envelope Fix}
Detector.vi

R FM Modulated Waveform

MR AN

Find Index of Maximurm Q_‘ Output Indicators
zcale for displa
2 B Low Fre
Mesxt P-:n.!w.rer of @ @ ﬁ
2 Pod e

Beat Frequency (Hz)  Beat Frequency

Block Diagram with blocks

E Disabled 't
""" :
TXFM I?’Iodulate =7
Fi) .
LA ~ 7
> BI 5 !
RX FM Modulated

gl
3

=
U:;d-.
N\
=55

=t
5
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THE UNIVERSITY of
NEW MEXICO The FFT Block

FFT VI (Fast Fourier Transform)

* Signal Processing

L Transforms
= = = = = = 5 =2 FFT {x}
shiftz "
Fin) Hilbert Hartley ‘-'1.,(“ Ml SR FET size Fin arrar
FET Fast Hilbert FHT WyltDaubchi... Walsh Hadm... DCT
= (=3 =2 (=3 =3 =2
'\Jh' GJ ’X'E‘S Til-l} Hilbiert Harlzle-g1
DsT Chirp Z Laplace Inverse FFT  Inv Fast Hilb...  Inverse FHT
= = = = =
-—'1.,1'“-1 i 7.43,‘:." e ! & -1

Inv WwltDbe... InvWalshHd... Inwverse DCT  Inverse DST  Inwerse Chirp...

Computes the fast Fourier transform (FFT) of the input sequence X.

o
3l
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* Programming

THE UNIVERSITY o .
NEW MEXICO Array Data Processing

L Array
3 [P
-t =
Array Size Index Array  Repl
B
:-;l!‘
Build Array  Array Subset
+B
fy [
Split1D A
B
~EE
o]

Decimate 10... Transpose 2...

Matrix to Array

cll
3]

=
b /et
=]

|
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Array Consta...

B8

i
[+

. Insert Into Ar...

ol

-

Reshape Array

o

« Interpolatel..

H 3

H
wi EH

Delete From ...

&

e

Initialize Array

Sort1D Array  Search 1D Ar...
e, =2 E
£, e E
Thresheold 1. Interleave 10...

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

© 2014, Anees Abrol and Eric Hamke

Array Size Function

R

Returns the number of elements
in each dimension of array.

zizels]

amray

Array Max & Min Function

ma valle
max index(es)
i walue
min indesxes)

=]
array @ E'

Returns the maximum and
minimum values found in
array, along with the indexes
for each value.
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These are new blocks
to be used in the lab

7=
.

algerithm

[# samples|

L3
v normalization
L3
L3

Error

¥

Find Index of Maxmum

scale for display

Performs
Cross Correlation

83

THE UNIVERSITY of  Cross Correlation and

NEW MEXICO  peturn Time Analyzer

These are blocks you be

used in previous labs

> B

Input Controls

Samples

dt Rx FM Modulated Waveform

 [FE

R Waveform

-

|: Disabled 't

"

mhéﬁdjﬁi Samples
?stec Pri on
boro Aefica'Sclance & 9/1/2014 © 2014, Anees Abrol and Eric Hamke
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TX Waveform

dt B FM Modulated Waveform

DE:

Mz

R Waveform

Output Indicators

Return Time

(Sec)

143
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THE UNIVERSITY of _
NEW MEXICO  Cross Correlation

¥ Signal Processing

L Signal Operation CrossCorrelation VI

o = : o
Convolution  Deconvo . ‘r’[imn] algorith; srrar

Too [T=o] == notmalization

i B = =
Zero Padder  Unwrap Phase Digital Rever.. Decimate (sgl) Decimate (c... Upsample . .

= = = - - Computes the cross correlation of the input
Rational Ilies... Resample (c-... Resample (c-... Unit Vector Scale Quick Scale Seq uences X and Y. Wire data to the X and Y

T
inputs to determine the polymorphic instance

to use or manually select the instance.
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THE UNIVERSITY of
NEW MEXICO
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Sub VIs Provided
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THE UNIVERSITY o
NEW MEXICO Demodulate SubVi

* RF Communications

RX FM modulated waveform MNormalized Waveform L Modulati
odulation
o 10 Yo L
0.0000 00:00:00 PM 0 Analog
MM/DD/YYYY |~ L .
!\‘“ o Dermodulation
|1.ooE+o 0
- 1.000000 m— —

L) L)

1 1
., : ; Ty N R
Ao I’;’J|o.000 0,000 i AT D YT

MT Demodu...] MT Demodu... MT Demodu...

I I

Y MT Demodulate FM VI
DDW”CD”"-"E”: rESEt? |:F:| ..........................
Ftd modulated waveform T, Fid demodulated wawveform
Fi deviation (Hz) — ] v”ﬂ = carrier offset (Hz)
carrier correction? (F) bees error outk

errorin (no error)
rermove transient when reset,,, oo

Mormalized Waveform

[
Ez\.\.I
i“ Luwﬁass "l i

[Performs Fast Fourier Transform|

R FM medulated waveform =] i f

r= : = GRS

"l":l)"i'k,'-i- =
1000 " @IF‘”F‘“

MAK Power

<l
3]

=
b /et
=]
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THE UNIVERSITY of AM Envelope

NEW MEXICO Detector

[Envelope Detector]

Y Filtered X Y Filtered X
3 n T .. ..... 3 — -. .- .. T | i 1L ==
g0 o o oo i

i

9
5] .
B h
Murneric e e B [F]

gy E

Should look familiar since you designed one on the AM Lab

MK
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Mumeric in

T

7
il Iﬁ}
I{':'z':’z

z
et
s

1

2

[Use number of points (power of 2)|

Logarithm Base 2 Function

1
0f{o

* I{':'zfu

log2[x]

3|
il

m
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THE UNIVERSITY of
NEW MEXICO

Mumeric out

Next Power of 2

Round Toward +Infinity Function

—

ceillx]: smallest ink =«

Rounds the input to the next highest
integer.

For example, if the input is 3.1, the
result is 4. If the input is =3.1, the
result is —3. The connector pane
displays the default data types for this
polymorphic function.

© 2014, Anees Abrol and Eric Hamke
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MY THE UNIVERSITY of
L8 NEW MEXICO

Amplitude Modulation with
Additive Gaussian White Noise

What you need to know to do the Lab...
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THE UNIVERSITY of .
NEW MEXICO Noise Floor

The Noise Floor reflects the effect of random processes that are the result of many
natural sources, such as:

Thermal noise is the result of vibrations of atoms in conductors resulting thermal
energy;

Shot noise is the result of random fluctuations in the movement of current in discrete
electric charge quanta or electrons.

Electromagnetic radiation emitted by the sun, earth and other large masses in thermal
equilibrium.

In the case of this lab, the distance between the transmitter and receiver, and
background radiation from other nearby transmitters.

Power Spectral Denisty

0,05
= 004" Noise Floor
o d
2 :
S 003] at 0.005 Cme
B 0027 iﬁ ;
i 3 | L
& 0017 :

0 :..J.LIL-uIL .;I....-I..a.....ILI..L .IH..IJ.JTII;_._J..I..u.I_.I..n Lljh..l:-...l.ll_.ull...n..l.ﬁ.; Lf"": L.LIL..I.lL.][ I...III..J Ll.ll.nf.l-l.nli.ull. IJT.u. :lu_ln_.ll...nll..Al Jlla..h...a. !L.I.I.._IlnluTn. uIJ.I_hJi-L.:..L.II..L:
0 0.05 01 015 0.2 0.25 03 0.35 04 045 0.4999
Time
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THE UNIVERSITY of  Changing the Noise
NEW MEXICO Floor Using AGWN

|

* Additive white Gaussian noise (AWGN) is used to simulate

the effect of many random processes too complicated to
model explicitly.

— The model is assumed to be linear so that the noise can be
super imposed or added to the message or modulated signal.

— A white noise process is assumed to uniformly affect all
frequencies in the signal’s spectrum.

— A mean of zero is used since the process is not expected add a
DC bias.

e The AGWN is simulated using a pseudorandom number

ster oo
Ibe merican Science & 151
Ted cation Consortium

generator whose statistical profile is a normal distribution
with zero-mean and a standard variance (c?). The variance
represents the power in the noise signal.
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THE UNIVERSITY of Amplitude Modulation:
NEW MEXICO MathScript Node

Functions @
|_Q% Search l ). Customize™ I ! I MathScript Node
¥ Programming
L Structures input v ariable Sumd = evelzize(A)):
[optional) 2 fori=1mn
B = T I input wariable “@  Sumd = Sumd + A% Factoral(); output vatisble
. [optional) < (optional
F % D O 5 Delta = Sumd - exprials);
BHOL N = = BHTOF ouk

For Loop While Loop  Timed Struct... Event Struct...

ey — 0
.:]—EI'. ' [ Executes LabVIEW MathScripts and your other text-based scripts using the
it : MathScript BT Module engine. You can use the MathScript Mode to
InPlaceEle... Flat Sequence Stacked Seq... MathScript | Diagram Dis... evaluate scripts that you create in the LabVIEW MathScript Window.

I_i—l H@m _,!:5 IEI If a MathScript Mode contains a warning glyph, LabVIEW operates with

slower run-time performance for the node. You can modify your script to
Conditional ... Fermula Mode Shared Varia... Local Variable Global Varia... remove the warning glyph from the MathScript Mode and improve run-

RN time performance,
]

Decorations Feedback Mo...

bl

i

P Measurement /O
P Instrument /0
P Visicn and Maotion

“Equations” “Text-based scripts”

a = 2b — max(d) a =2%*b —max (d); q
p = alog(a) p = log(a)*a; -
= q e2™PJ s=a*exp(2*pi*p*));  (SINIET
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v Signal Processing

HE]E

THE UNIVERSITY of
NEW MEXICO

L Waveform Generation

White Gaussian Noise

Generation

&

standard deviation [ o signal out

&

seed - ry

error in (no error) ==+
sampling info

J
ll

.
el

mE=m

g

=

'stec Printed on
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=5
25

Gaussian White Noise Waveform.vi

error out

Generates a Gaussian distributed pseudorandom

Gaussian WhitevNo'ise Waveform.vil pattern whose statistical profile is (0,5), where s is
— the absolute value of the specified standard

deviation.
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THE UNIVERSITY of

NEW MEXICO Boolean Switch

and LED

431 Controls Q Search‘
Moderm ’ standard deviation Moise ON
7 ’| r 4 abe] M j
= rf 1.00
-1 Boolean (10 [Fath] .
Boolean String & Path ‘Start-"Stup
> ) Q ﬁ; ’ SINAD (dB) J Moise
Push Button Rocker Vert Rocker  List, Table & ... Graph 1.76081 -
. Y = '
o | » | 1§ @
Round LED  fHerizontal T..] Wertical Tog... Containers o
: : o7y g
e s L] = @

Square LED Shide Switch ~ Vertical Slide... | Decorations Refrnum

2) Arrange the LED and switch on the

.3
> front panel
OK Button  Cancel Button  Stop Button »
'
Radio Buttons ’ Start,-"stup
| Arduino N Moise Moise OMN

RF Communications r
W .. ........ .?.... ans '. ﬂ
TF

1) Select [Switch] and Round LED |

from Front Panel Controls Menu

mem 3) Arrange the LED and switch in the
R block diagram

L — GINET
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THE UNIVERSITY of

NEW MEXICO Signal to Noise &

Distortion Ratio
b Analysis

Waveform

L Analog Waveform

L Waveform Measurements

@ % SINAD Analyzer.vi

Basic DC-RMS Avg DC-RMS Cyc Avg & R... Wfm Monito...

w "‘ "‘ =7 rmmexported signals
: signal in m% - detected fundamental frequency

Transition M... Pulse Meas qpod mode /2 | SINAD (dB) .
error in (no error) === — THD Plus Noise
E advanced search s=—mmm—m: e er1Or QUL

measurement info

Extract Tones Harmonic Dist
fmzl E'm: Takes a signal in and performs a full Signal in Noise and Distortion (SINAD)
£t et analysis, including measuring the fundamental frequency tone and returning the
FFT Mag Pha... FFT Reallmag FRF Ma fundamental frequency and SINAD level in dB. Wire data to the signal in input to

R - determine the polymorphic instance to use or manually select the instance.
s (TR t
Ceress Ceess 2,
Cross Mag P... Cross Real L. Spectral 2 Chan Spect...
+
Distortion Tone Timing-Trans Amp & Level

MK
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THE UNIVERSITY of  Find Point by Point
NEW MEXICO Me anv

¥ Signal Processing

L point By Point
L probability & Statistics PtByPt Mean PtByPt.vi
N\ /\.:- N\ initia"ze ey
o, a; %5 '
X [Ace mean
Std Deviation Variance  Sample Varia... MEAN
e = — sample length —— error
MSE oy é--'

Computes the mean, or average, of the values
in the set of input data points specified by

A.-Q . —-p e
& E‘ sample length.
Histogram  Gen. Histogr...

MSE Moment abo... Median

)
3

=

{1 [
e
=5
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THE UNIVERSITY of Plot Power
NEW MEXICO Spectrum

v p i ”
L’°9‘°'“m'“9 : FFT Power Spectrum and PSD.vi
Waveform
L Analog Waveform Gt export.mo(d’;
L restart averaging
Waveform Measurements time signal s Power Spectrum / PSD

- - averaging done
averages completed
w=wem er7Or OUL

window
dB On (F)

error in (NO error) ===+

=R % )'I 2
DC/RMS m ﬂm
E‘- ? % E . averaging parameters
B = window parameter -
Gude) | Gud: . ||FFT Power Spectrum and PSD.vi
o jLm jLn Computes the averaged auto power spectrum of time signal. Wire

i Towm|f ﬁﬁﬁ v data to the time signal input to determine the polymorphic instance
L | e | [7.Y99 | [AVAN LEL—“ EEEE to use or manually select the instance.
T
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THE UNIVERSITY of . .
NEW MEXI[CO RX Flltcle_r Sglectlon
ogic

Switch and LED Settings
Switches Indicator LEDs
LPF Filter Selector LPF Chebyshev Butterworth
Off Chebyshev Off On Off
Off Butterworth Ooff Off On
On Chebyshev On On Off
On Butterworth On Off On
e A

fster oo G| NET
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Iénnw S Butterwaorth
4 ® SINAD (dE)
‘ t] 174826 |
>
Chebychev
Low Pass
On
l“ < Rl J;o
LIY? I.I‘VT‘.
Ch?b)trew
L i d B -
8upenhonh
S
Ai . Y ¢ 0
JYvL) Y7Ll

{ster

Ibero-American Science &
Technology Education Consortium

To inside case
statement
To outside case
statement

Printed on

9/1/2014

THE UNIVERSITY of
NEW MEXICO

Rx Filter Selection

Logic (contd.)

<21 Functions QSearcH
Programming *
4 M
[E]
- 2y
Structures Array Cluster, Clas...
=" v [ ]
[:'/‘-’ -1 Boolean
Mumeric Boolean
4 4
o O 2
Comparison Timing And Or
14 4
i I
File /'O Waveform Mot And Mot Or
4 4
He & [ B
- J
Synchronizat... Graphics & 5. And Array El...  Or Array Ele...
Measurement I/0 &
Instrument I/ O

Mathematics

Signal Processing

Data Communication

Connectivity
Express
Addons
Select a V1...
Arduino

RF Communications

u

True Constant False Constant

o

Exclusive Or

1o

Mot Exclusiv...

Mum to Array  Array to Num

d T+
al}, =
1~
q 1
Mot Compound ...
Implies
Bool to (0,1)

* ¥ ¥ ¥

© 2014, Anees Abrol and Eric Hamke
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THE UNIVERSITY of

NEW MEXICO Rx Filter Selection

Logic (contd.)

Outer Case Structure is TRUE

Outer Case Structure is FALSE

To inside case
. W[ Fals= ~bf statement
To outside case —
statement s To outside case o <H
é Filtered | statement By F
From Bandpass Signal —_— ;{}E’ [ Filtered
From Bandpass Signal
From Sample Info §
From Sample Info [J=H (o]
o™ ripplela8)
-1 Functions QSEarchi
Programming L4
e e B Inner Case Structure is FALSE
== 1 Structures .
Structur'es = Case Structure - (Ch e bysh ev FI Ite r)
ESN R W
Mumeric For Loop While Loop  Timed Struct... T ) 'd O t C St t . TR U E
: s o inside case
@@ e ] uter Lase ructure 1s
Comparison | Case Structure  Event Struct...  In Place Ele... Statement
SN . e
File 'O Flat Sequence Stacked Seq... TO OUtSIde case True ~
e ﬂ Iﬂ s statement é Filtered
Synchronizat.., Diagram Dis... Conditional ... Formula Node L .
From Bandpass Signal
= 2 i — °
Mathematics | >hared Varia.. Local Variable Global Varia... F S I I f 1 e
Signal Processil EEI. rom amp einrto L‘;’;‘;:c;‘l't‘:‘ﬁ o
B E Decorations Feedback Mo... order
Connectivity .
Express L4 o
Addons L4 oy
Selecta U . Inner Case Structure is TRUE
il RF Communications Pr|nted on g (Butte rWO rth Fi Ite r) ' 3 | N E I
e 971712012 © 2014, Anees Abrol and Eric Hamke 160
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THE UNIVERSITY of . -
NEW MEXICO Demodulation: Filters

1
~=

¥ Signal Processing
L Filters
[ B,
- % £ k “ . ”
Butterwarth | | Ch Inv Chebyshev  Elliptic Bessel Equi-Ripple LP  Equi-Ripple .. Set f[/ter parameters as constants
" s s
A | 0 =0 BE mm
Equi-Ripple BP Equi-Ripple B5  Inversef Zero Phase  FIR Win Filter  Median Filter Savitzky-Golay
LI L1’
IR FIR
Mathematic... AdvancedIIR  Advanced FIR

“Chebyshev clears noise around carrier frequency”
“Butterworth implemented after full wave rectification to complete envelope detection”

Chebyshev Filter.vi Butterworth Filter.vi
filter type ——— flter type ———
X [ Filtered ¥ ¥ Filtered ¥

sampling freq: fs

error

=

hiah cutoff frea: fh sampling freg: fs error
|g CLTo req: . I
low cutoff freg; I high cutoff freq; fh
ripple(dB) low cutoff freg; fl
order aorder
init/cont (InitF) o iRt/ CONE (NitsF) o
Generates a digital Chebyshev filter by calling the Chebyshev Generates a digital Butterworth filter by calling the Butterworth

Coefficients VI, Wire data to the X input to determine the

TV . Coefficients V1. Wire data to the X input to determine the
polymerphic instance to use or manually select the instance,

polymorphic instance to use or manually select the instance,

cll
3]

=
b /et
=]

fster i GINET
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THE UNIVERSITY of Setting Filter
NEW MEXICO
Parameters/

Specifications

Visible Iterms »

1) Place cursor on Help
terminal (terminal 'f— Examples

- D ipti d Tip...
label will appear) ssenpmen and He

Breakpoint [ 3
\ Filters Palette >
Mumeric Palette »
Constant
I Low Cutoff Frequency fl I Replace >
Indicator
. . Select Type »
2) Right Click and menu
willappear SubVI Mode Setup...
Butterworth/|
SRVLACTWWORTER] ]
Find All Instances
low cutoff Open Front Panel
order freq: fl Open Polymorphic VI
;—) S :)5000000 Show VI Hierarchy
W View As Icon
C hev! Properties
low cutoff
order 2 rnpple{(dB) freq: fl
gs go.ao £3/5000.000
=\
[mssml

th?ﬁ 3) Control on the front panel

fster oo . GINET
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MY THE UNIVERSITY of
L8 NEW MEXICO

Frequency Modulation with
Additive Gaussian White Noise

What you need to know to do the Lab...

7
el

Printed on 163 Gl NET
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THE UNIVERSITY of . . i
NEW MEXICO White Gaussian Noise

Generation

v Signal Processing
L Waveform Generation Gaussian White Noise Waveform.vi

E' standard deviation ?“F’"ﬂ———- signal out
seed - ry
error out

error in (no error) ==+
sampling info

| - — . Generates a Gaussian distributed pseudorandom
d aussian 'tevN°'"e Waveform.vil pattern whose statistical profile is (0,5), where s is
— the absolute value of the specified standard

,é ﬁ /g deviation.
s ‘.

Istec oo GINET
© 2014, Anees Abrol and Eric Hamke 164

Ibero-American Science & 9/ 1/2 O 1 4 Global Innovation Network for

Technology Education Consortium Entrepreneurship and Technology

L
0
Xh
=l

J
ll

.
el

=5
25



THE UNIVERSITY of
NEW MEXICO

41 Controls Q, Search |
Modern ’
'_!_’l r * abe] M
<] Boolean QD [Fath|
Boolean String & Path
L4 = L4
@ o« @ S
Push Button Rocker Vert Rocker List, Table & ... Graph
. 3. =,
. s 4 R
Round LED  fHerizontal T.| Vertical Teg... Containers Yo
M M
& | DA
= Y oo [#
Square LED Slide Switch  Vertical Slide... | Decorations Refnum
'
k
OK Button  Cancel Button  Stop Button »
‘
3
Radio Buttons
Arduino L4
RF Communications ’

1) Select [Switch] and Round CED |

from Front Panel Controls Menu

J
|

5
3

mE=m

4

R

=l

Printed on
9/1/2014

|

Ibero-American Science &
Technology Education Consortium

ot

er

Switch and LED

standard deviation Noise ON
g1 ?

SINAD (dB)
1.76081

Start/Stop

J Moise

© 2014, Anees Abrol and Eric Hamke 165

2) Arrange the LED and switch on the
front panel

Start/Stop

Moise Moise OM

TF

To Case Statement

3) Arrange the LED and switch in the
block diagram

GINET
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TNHE\%/NII\X]E%S(IITGE Signal to Noise &

Distortion Ratio
¢ o Analysis

Waveform

L Analog Waveform

L Waveform Measurements

@ % SINAD Analyzer.vi

Basic DC-RMS Avg DC-RMS Cyc Avg & R... Wfm Monito...

w "‘ "‘ =7 rmmexported signals
: signal in m% - detected fundamental frequency

Transition M... Pulse Meas qpod mode /2 | SINAD (dB) .
error in (no error) === — THD Plus Noise
E advanced search s=—mmm—m: e er1Or QUL

measurement info

Extract Tones Harmonic Dist
fmzl E'm: Takes a signal in and performs a full Signal in Noise and Distortion (SINAD)
£t et analysis, including measuring the fundamental frequency tone and returning the
FFT Mag Pha... FFT Reallmag FRF Ma fundamental frequency and SINAD level in dB. Wire data to the signal in input to

R - determine the polymorphic instance to use or manually select the instance.
s (TR t
Ceress Ceess 2,
Cross Mag P... Cross Real L. Spectral 2 Chan Spect...
+
Distortion Tone Timing-Trans Amp & Level

MK
Istec roeoo GINET
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THE UNIVERSITY of

NEW MEXICO Find Point by Point
Mean

¥ Signal Processing

L point By Point
L probability & Statistics PtByPt Mean PtByPt.vi
N\ /\.:- N\ initia"ze ey
o, a; %5 '
X [Ace mean
Std Deviation Variance  Sample Varia... MEAN
e = — sample length —— error
MSE oy é--'

Computes the mean, or average, of the values
in the set of input data points specified by

A.-Q . —-p e
& E‘ sample length.
Histogram  Gen. Histogr...

MSE Moment abo... Median

gl
3

=

{1 [
e
=5
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TNHE&NII\X%%S(IIT&BF Plot Power Spectrum

¥ Programming N

FFT Power Spectrum and PSD.vi
L Waveform
L Analog Waveform Gt export.mo(d’;
L restart averaging
Waveform Measurements time signal s Power Spectrum / PSD

window
dB On (F)

error in (NO error) ===+

PR |

DC/RMS m ﬂm

fli; ? % E : averaging parameters
window parameter

Gude) | Gud: . ||FFT Power Spectrum and PSD.vi
A Computes the averaged auto power spectrum of time signal. Wire

- - averaging done
averages completed
Swwwm gr7Or OUL

i Towm|f ﬁﬁﬁ v data to the time signal input to determine the polymorphic instance
L | e | [7.Y99 | [AVAN LEL—“ EEEE to use or manually select the instance.
T

el
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THE UNIVERSITY of .. .
NEW MEXICO NIUSRP Write Tx Data VI

ey,
—~

“Buffer to transmit data to receiver”

e
)l

CDB Cluster """

nillSRP Write Tx Data (poly).vi

channel list

session handle

data

timeout

end of data?

error in (no error) :

use waveform dt for IQ) rate? -

session handle out

error out

Writes data to the specified channel list.

istec Printed on Gl T
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THE UNIVERSITY of NiIUSRP Fetch Rx
NEW MEXICO Data VI

“Buffer to receive data from transmitter”

|n' -
Rty

COEWDT -

niUSRP Fetch Rx Data (poly).vi

channel list
session handle%s.emnn handle out
number of samples T ey data

timeout == fimestamp
error in (no error) == e grror out

Fetches data from the specified channel list.

i
I

i Printed on T
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THE UNIVERSITY of

NEW MEXICO |
Get Angle (Phase) component by converting

from Complex to Polar form

ey,
—~

¥ Mathematics
L Mumeric
L -
Complex Complex To Polar Function

[& [@’ 1 * e”[i*theta)

Complex Co..  Polar To Co.. | ComplexTo ..] Re/Im Te Co..

Fe [T
im & im

Complex To .. Refllm Te Pol.. Polar To Refl.

I
theta

Istec roreoor GINET
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TNPE\)L\I/N&/V[%%S(IIT&BF Unwrap the Phase

Angle

¥ Signal Processing

L Signal Operation

Too Too T Too
e S il il
Convolution Deconvolution AutoCorrelat.. crossCorrelat... UI'IWI'BI] Phase VI
T2 | Toe Too Phase Unwrapped Phase
ﬁ[,i..im m Lo phase unit ‘.]I.l:‘:.v i
errar
AutoCorrelat..  Y[i]=X[i-n] Zero Padder
Too Too Too
= e =
Digital Rever... Decimate (sgl) Decimate (c...
Too Too Too
L i3, by
WM, + 10 +
Rational Res... Resample (c-... Resample (c-...  Unit Vector
T T Too Too
Scale Quick Scale Mormalize  Y[i]=Clip{X[i]}
Too Tos Too Too
(N 7 R v (R 7

Riffle AC/DC Estim... Peak Detector Threshold D...

Conv & Corr  Scale & Map  Z-Transform...

fstec . GINET

boro Aefica'Sclance & 9/1/2014 © 2014, Anees Abrol and Eric Hamke
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THE UNIVERSITY of
NEW MEXICO

Implement Difference

Equation

¥ Signal Processing

L Filters

L Advanced FIR Filtering FIR Filter with I.C. VI
B B YL = X B Fitered %
it FM i 53 FIR. Cogfficients o ——
FIR Win Coef  Parks-McCle... S-G Filter CJ&F  FIR NarrowB... Initial ¥ Canditions Final & Canditions
[T B, B, B,
H-.,;ilv FIF; FED_ _:L_
Convelution FIR. Filter FIR. with LC. | FIR MarrowB...

FIR Co-efficients

—0[n— 1] l'

T 1 1
(-7

O|n]

T 0
Eﬁ;“
iVl
Istec oo G| N ET
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TNHEVL\I/N&/V[%%S(IIT&(& FIR Coefficients Array

Functions (=]

| <, Search l ., Customize™ l —H I

* Programming

- Aray Build Array 1 1
] array’ _— ——
Array Size Index Array Replacebs... Insert IrﬂgJ Ar... EIEmEnt EppEﬂdEd Erra}" T ’ T
g elernent
' elernent

Concatenates multiple arrays or appends

Rotate 1D Ar...
elements to an n-dimensional array.

Interpolatel... Threshold1... Interleave 1D... DecimatelD... Transpose 2...

Functions =

| 2, Search I “, Customize™ l —H I

¥ Programming

L MNurmeric

[=

v
v
7
&
.
N

Add Subtract Multiply Divide Quotient & ...
' [ b = = Megates the input value
g p .
Conversion Increment Decrement  Add Array EL.. Multiply Arra...

[t

14
v

Compound ... Jf Data Manipu.. #/ Absclute Val...

i

Round Towa... Scale By Pow...

[

o
F}

Reciprocal

o lb 1/

Divides 1 by the input

=
v
z

m

Y

Megate Reciprocal
[EXFE] value,
Enum Const... Ring Constant Randorm Mu... Expression M...
1 Eekinted o [l G | N ET
| e +Ig/1/2014_1mc e Matf‘@oﬂ@l[‘., Anees /Xbr0| and Eric Hamke 174 Global Innovation Network for
Entrepreneurship and Technology
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THE UNIVERSITY of : . .
NEW MEXICO Rx Filter Selection Logic

Switch and LED Settings
Switches Indicator LEDs
LPF Filter Selector LPF Chebyshev Butterworth
Ooff Chebyshev Off On Off
Ooff Butterworth Ooff Off On
On Chebyshev On On Off
On Butterworth On Off On
e iz

fster oo GINET
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TNHEVL\I/N&X%%S(IIT(EE Rx Filter Selection

Logic (contd.)

:'jnw Pass Butterworth <21 Functions O%Search|
0 . Programming *
< SINAD (dB) - — =
1z
3 t] 174826 | = o
. Structures Array Cluster, Clas...
J ¢ ; d
Chebychev |} 4] Boolean
Mumeric Boolean
|}.. 4 M .=
> O T2 o> b Hit
Comparison Timing And Or Exclusive Or Mot Compound ...
Low Pass v 3
On UL E‘D’ E E>
t‘ ° Py {( o File /O Waveform Mot And Mot Or Mot Exclusiv... Implies
| 4 4
LIY? Lyn @ ~
Chsb?'ctlf'.' _._} & J Ib Ii:}
[: ° @ ,& o Synchronizat.. Graphics & 5. And Array EL..  Or Array Ele..  MNum to Array  Array to Num Bool te (0,1)
Ly Measurement I/'O &)
Bl’!temonh Instrument I/ O
I { - True Constant False Constant
4 @ o Mathematics
YL} Yru Signal Processing 3
Data Communication L4
To inside case LETTEEELT ’
Express »
statement Addons R
) To outside case Select a VL.
| Ardui y
Ml statement remine
stec Printed on RF Communications »
e — 9/1/2014 © 2014, Anees Abroland Eric Hamke 176
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THE UNIVERSITY of
NEW MEXICO

Outer Case Structure is FALSE

Rx Filter Selection

Logic (contd.)

To inside case

Outer Case Structure is TRUE

. P Faise P statement
To outside case —
statement To outside case Wi <H]
é Filtered statement b =
From Bandpass Signal —_— > ;{} §; == Filtered
From Bandpass Signal
From Sample Info A R p—
From Sample Info [ IR (o]
}::l:;:r.f!.lﬂufr rli:q.:'ald.s:l order 2
=] Functions Q Search i
Programming » .
=0 el EEg Inner Case Structure is FALSE
== =1 Structures .
Struitures Case Structure (Chebysh eV FI Iter)
[ [=1 14
e d AP
Mumeric For Loop While Loop  Timed Struct

G|

[a]
o
El
o
o
in

=

)
m
=
[s]

|G
@v
i

Synchronizat...
Measurement I

Instrument V'O

Mathematics

[Ny

Signal Processit

(]
O

Data Communi

Decorations

Connectivity

on | Case Structure Event Struct...

Diagram Dis...

Shared Varia...

Conditional ... Formula Node
[#]

Local Variable Global Varia...

Feedback No...

i

Express

Addons

Select a VI...
Arduino

RF Communications

¥

»
»

»
»

\

i; B Bl
Ibero-American Science &

Technology Education Consortium

Deiotad oo
TTmTretC O UTT

9/1/2014

To inside case
statement

© 2014, Anees Abrol and Eric Hamke

From Sample Info

Outer Case Structure is TRUE

freq: fl

M True 't
To outside case W[ ~H
statement 3 Filtered
From Bandpass Signal

Inner Case Structure is TRUE
(Butterworth Filter)
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THE UNIVERSITY of
NEW MEXICO

1
~=

Demodulation: Filters

¥ Signal Processing

L Filters
B, [
B N
Butterworth Chebyshev | Inv Chebyshev Elliptic Bessel Equi-Ripple LP  Equi-Ripple ... .
= i - = T “Set filter parameters as constants”
D=0 = s

Equi-Ripple BP Equi-Ripple B Inversef Zero Phase  FIR Win Filter  Median Filter  Savitzky-Gelay

» 4
i LLT LJ
Jiminil 115 FIR

Mathematic... AdvancedIR Advanced FIR

. “Butterworth implemented after full
“Chebyshev clears noise around . P fter |
. ” wave rectification to complete
carrier frequency .
envelope detection

¥ Signal Processing

: Chebyshev Filter.vi
"Fitas i ¥ Signal Proggfsing Butterworth Filter.vi
&, &, filter type L iters .
B B, X Filtered X — filter type
Butterwo Inv Chebyshev Elliptic ) sampling freq: s error @ @ @ X Filtered X
e high cutoff freq: fh L sampling freq: s error
b, . . low cutoff freg: fl Butterworth N Chebyshev  Inv Chebyshev  Elliptic high cutoff freq: fh
Bessel  EquiRipplelP Equi-Ripple... Equi-Rippl nppletiB] : E [ ] low cutoff freq: f
= - =] init/cont (ii:t ;']r k order :
- = = y ) s N o E
Q‘ ®=0 & Bessel  Equi-Ripple P Equi-Ripple .. Equi-Ripple BP init/cont (i) -t
Equi-Ripple BS  Inversef Zero Phase  FIR Win Filter Generates a digital Chebyshev filter by calling the Chebyshev B, B, [ | - . .
By By nmy Coefficients V1. Wire data to the X input to determine the Kf“ =) &‘L Generlatlesa d|g|ta.| Butterworth fllt.er b)rcalllngthelButtenNDrth
B Foe i polymarphic instance to use or manually select the instance, ) — Coefficients VI, Wire data to the X input to determine the
Equi-RippleBS  Inversef  ZeroPhase  FRWinfikler | oty morphic instance to use or manually select the instance.
e

4 ®
istec Printed on G | T
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THE UNIVERSITY of Setting Filter
NEW MEXICO
Parameters/

Specifications

Visible termns [ 3

1) Place cursor on Help

terminal (terminal i &... -f— Examples

(D] ti d Tip...
label will appear) seenpren and TP

Breakpoint >
Filters Palette >
Murmeric Palette >
| Low Cutoff Frequency fl | Replace >
Indicator
. R Select Type >
2) Right Click and menu
will appear SubVI Maode Setup...
Butterworth/
AT OWOREER] .
Find All Instances
low cutoff Open Front Panel
order freq: fl Open Polymorphic VI
s ",)5000000 Show VI Hierarchy
o View A= Icon
Chebychev! Properties
low cutoff
order 2 rnipple{dB) freq: fl
s go.10 £} 5000.000
e —
I'ri"l',:uc\lfn'l

3) Control on the front panel

fgter oo | GINET
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THE UNIVERSITY of
NEW MEXICO

Functions

€, Customize~

Qbﬂearch
¥ Programming
LWavEfnrm
o .
Get Wfm Co...|_Build Wavef.,
vy oy
a '::I" ll\:iﬂ
Set Attribute  Get Attribute
P UL P UL
Ln Ly e
Analeg to Di..  Digital te An..

o
)

=
baw =

Printed on

Technology Education Consortium

ot

Build Waveform VI

Build Waveform
waveform =] s,
ngeomenen ywiavef orm
Ta

e
waveform compenent —
Builds an analog waveform or modifies an existing waveform.
If you do not wire the waveform input, the function creates a
new waveform based on the compenents you wire, If you
wire the waveform input, the function modifies the
waveform based on the components you wire,

180
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THE UNIVERSITY of
NEW MEXICO

ey,
—~-

Frequency Domain Multiplexing

What you need to know to do the

Lab
9
NI
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THE UNIVERSITY of  Allocating Spectrum to
NEW MEXICO Subchannels

subchannel 2
subchannel 1

Guard
Band

subchannel 4
subchannel 3

Guard Guard
Band Band

Guard
Band

Guard
Band

Guard
Band

Conventional Multicarrier
Modulation (FMDA)

'Allocated'Spectrum > Frequency

N
v

Orthogonal Frequency
Division Multiplexing
°ee (OFDM)

' ' ' Allodated Spectrum

> Frequency

v

=\= ®
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THE UNIVERSITY of
NEW MEXICO FDM Concepts

Consecutive OFDM Subcarriers in Time domain

2 o~ o o~ In this experiment you will be
O Py P . .
R AR AR using two frequencies or sub
1.8 i ! L H R 1 .
I A carriers.
ool Pooug
16~ |i ! \ i : !
o | \ il \ sub-carrier 1 . . .
E : ! - ; ! 1| cubcarior 2| YOU Will build a transmitter and
= , S N —— _carri . . .
E L4 i ; - sub-camer3 | racejver VI and will examine the

\ H \
% ¢ ; e . .
A % "\\ /,b\ / v affects of inter-carrier or
L2 B F A S B A BT .
fiA\N /) Aoy i W [ i ) subchannel interference.
RNV T AV BT F R RV AR AV A
1 ::: ) «'l "._,.: ‘\: 1 ' ) q" K ,.: \‘\,'

0.8° -
(0] 1 2 3 4 5 6 7 8
Subcarrier index
=\
m=ml
£

Ml
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THE UNIVERSITY of
NEW MEXICO PRE-LAB Tasks

* A template for the transmitter has been provided in
the file FDM_Tx_Template.vi. To complete the
transmitter you will be asked to perform two tasks:

— Create a sub-vi that modulates a message using Amplitude
Modulation.

— Update the transmitter template to combine the
modulated messages to form the OFDM signal.
 Atemplate for the receiver is also provided,
FDM_Rx_Template.vi. To complete the lab, you will
need to

— Design a band pass filter to isolate each message signal.

— Create an envelope detector similar to the one designed in
Amplitude Modulation Lab.

ey,
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AM_on_Sub-carrier subVI

(AM modulation Review)
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Modulation:
MathScript Node

Functions

|_Q% Search l ). Customize™ I —H I

¥ Programming

L Structures

For Loop While Loop  Timed Struct... Event Struct...
= I [ N
InPlace Ele... Flat Sequence Stacked Seq.. | MathScript | Diagram Dis...

o]

I R P

Conditional ... Formula Mode Shared Yaria... Local Variable Global Varia...
oy =
Q]

Decorations Feedback Mo...

P Measurement /O
P Instrument /0
P Visicn and Maotion

“Equations”
a = 2b — max(d)
p = alog(a)

t
)

=1
baw =

{13
paa \5
=l

— 2Tpj
?stec Printedon S = A € bJ
Ibero-American Science & 9/1/2014 © 2014,

Technology Education Consortium
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MathScript Node

Sumb = eyvelsizelA]);

input v ariable

[optional) 2 fori=1mn
input wariable @ SumA = Sumd + A" iFactonal ) output watiable
[aptional) 4 end [mptianal)
5 Delka = Suméd - exproz);
BITOF i = oo 2FFOF OUk

Executes LabVIEW MathScripts and your other text-based scripts using the
MathScript BT Module engine. You can use the MathScript Mode to
evaluate scripts that you create in the LabVIEW MathScript Window.

If a MathScript Mode contains a warning glyph, LabVIEW cperates with
slower run-time performance for the node. You can modify your script to
remove the warning glyph from the MathScript Mode and improve run-
time performance,

“Text-based scripts”
a=2*b—max (d);
p =log(a)*a;

s = a*exp(2*pi*p*j);
186
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Inputs

THE UNIVERSITY of
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m(t)

m, (t) =

-

Message waveform in

~

B3

= [

odulation index
DB

—

Carnier Level
DBL k

g

LA

ubcarrier frequency

max (|m(t)))

m(t)

Al L1+ —2

pd "

Outputs

Output array
FDEL]

L

ampling info for subcarrier

@

£

\ J

J
|

]
3

=
l::‘:\ll'l'l
ﬂ u
Ibero-American Science &
Technology Education Consortium

=l

Generate sub-carrier
sin(@+90°) = cos( &)

Printed on
9/1/2014

© 2014, Ane¥SABrol iTd'ETHY Harmke Sig

Output

FDEL]

¥ Signal Processing

L Waveform Generation

Ed % Fig Ed Ed
Basic FuncGen Tones & Noise Formula Wfm Square Wfm  Triangle Wfm
= = = =
%4 =] Pk iry
Sawtooth Wf... Basic Multito... Multi with A... Multitene Gen  Uniform Wfm  Gaussian Wfm
[T ] =T =T ] [T ] =T ] =
i ] ry J;E g
T ¥ r poizzon| o [

PRN Wfm Inv f WEm

IS
" MLS

L4

187

Gamma Wfm  Poisson Wfm  Binomial Wfm  Bernoulli Wfm

SubVI Overview
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NEW MEXICO

Functions (=]
|_Q\\, Search I 2l Customize™ I ! I
¥ Programming -
L Array
B+ - 0 H _
-t 0 5 Array Max 8 Min
Array Size Index Array  Replace Subs... InsertInto Ar.. max value
E‘*{ = array rax index(es)
& min value

Initialize Array  Build Array Array Subset min index(es]

B~ nq;;m Returns the maximum and minimum
= * o values found in array, along with the

Reshape Array  Sort1D Array  Search 1D Ar... indexes for each value.

i

Split1D Array ReverselD A... Rotate1D Ar.. Interpolatel..
L = E E “m

g el | Xii X

-t

Threshold1... Interleave 1D.. DecimatelD.. Transpose 2.

t
)

=1
baw =

{13
paa \5
=l

L — GINET
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Get Waveform Components

0 waveform component
waveform "
N
L waveform component

Returns the analog waveform you specify. You specify
components by clicking on the center of the cutput
terminal and selecting the component you want.

¥ Programming

L Waveform
g g

R g g o
Get Wfn Co.. Build Wavef...  Set Attribute  Get Attribute

A T P TIL A TIL A TIL

Lnn b
Analog to Di.. Digital to An... Idx Wfm Array  Copy Wm dt

A T A TIL A T A TIL
Align Times  Get Wfm Su..  Get Final Time 'Wfm Duration

A T A TIL A TIL

al i \L{[’t‘]\ L}[T_]

ScaleDeltat  Get XY Value Get Time Arr..  Analog Wfm

w2

Digital Wfm  Wfm File YO

istec Printed on
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THE UNIVERSITYof Get Waveform

~® NEW MEXICO 5 mponents Vi

“Waveform attribute selection”

1. Select, hold and drop VI

%

2. Click on bottom line, hold
and extend

© 2014, Anees Abrol and Eric Hamke

3. Right-click on attributes, scroll to
“Select Item” and pick the
attribute.

attributer
Visible Items »

Help

Description and Tip...

Breakpoint 4
Select ltem 4

Add Element
Remove Element
Waveform Palette 3

Variant Palette 3
Create 3
Replace 4
Hide Full Mames
Properties
&
189
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Combine the Modulated
Messages

=
el

3
>
3
]
8 W~ B
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NEW MEXICO Superposition

AM_on_Sub-carrier subVI

=== === 1
| |
I cos(2mf,t) :
|
| |
| |
amplitude ————— ml(t) . ;
I’ESEt s“;nal ............................. I I
#rones | [ \
skark frequency =T signal ouk I Scale signal
seed Efed L crest Factar : I & §(t)
delta f j L‘:ﬂactual tone frequengies | for —>
error in (no errar) error auk [ Modulation
sampling info e |
CORFCE frequencies? ............................. I /

Baseband Signal

Lc_os;(%at_fzf)_I of g(t) \ : / sequence

g(t) - [z 900

|
|
phase relationship ———— mz(t) : y
| |
: : Scale the Magnitude Form complex
| |

i

Determine the W Initialize a
size of 900 vector of zezae

o
)

=1
baw =

{13
paa \5
=l
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NEW MEXICO Demodulation: Filters

1
~=

¥ Signal Processing
L Filters
[ B,
- % £ k “ . ”
Butterwarth | | Ch Inv Chebyshev  Elliptic Bessel Equi-Ripple LP  Equi-Ripple .. Set f[/ter parameters as constants
" s s
A | 0 =0 BE mm
Equi-Ripple BP Equi-Ripple B5  Inversef Zero Phase  FIR Win Filter  Median Filter Savitzky-Golay
LI L1’
IR FIR
Mathematic... AdvancedIIR  Advanced FIR

“Chebyshev clears noise around carrier frequency”
“Butterworth implemented after full wave rectification to complete envelope detection”

Chebyshev Filter.vi Butterworth Filter.vi
filter type ——— flter type ———
X [ Filtered ¥ ¥ Filtered ¥

sampling freq: fs

error

=

hiah cutoff frea: fh sampling freg: fs error
|g CLTo req: . I
low cutoff freg; I high cutoff freq; fh
ripple(dB) low cutoff freg; fl
order aorder
init/cont (InitF) o iRt/ CONE (NitsF) o
Generates a digital Chebyshev filter by calling the Chebyshev Generates a digital Butterworth filter by calling the Butterworth

Coefficients VI, Wire data to the X input to determine the

TV . Coefficients V1. Wire data to the X input to determine the
polymerphic instance to use or manually select the instance,

polymorphic instance to use or manually select the instance,

cll
3]

=
b /et
=]
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Functions

|_C{) Search l €}, Customize™ I ~H |

} Programming
b Measurement I/O
b Instrument /O
P Vision and Motion
¥ Mathematics

L Murmeric

L Complex

> [ B

Complex Co...] Polar To Co...

b

Lol
B imn

Polar To Re/d..

ist Printed on
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Re/lm Te Co.. Complex To .

/

Complex To ..

o ¥
a8

Fe
im &

Re/Im To Pol...

TT{EEIJPJTVIHKSITﬁYQf
NEW MEXICO <Semplexto

Real/Imaginary

“Extract real part from
complex data values”

Complex To Re/Im
iy —u|
Y

Breaks a complex number into its
rectangular components.

-
®

GINET

© 2014, Anees Abrol and Eric Hamke 193 Giabal Innovation Network for

Entrepreneurship and Technology



THE UNIVERSITY of
NEW MEXICO Absolute Value VI

Functions

| QSearchl %Custumize'l =H I

*  Programming

Measurement I/0 I/FUII_ Wa Ve Rect’:fier,’

Instrument I/'O

Wizion and Motion

4|« = -

Mathematics

L Murmeric

- Absolute Value

v
N/
E

B

[

Subtract Multiply Divide Quu:utlen

.. Cc-n*-:.rSLDH » li]:} absix)
Iﬁ:} 3 1= 1]

Increment Decrement  Add Array El... Multiply Arra... Compound ... Data Manipu...

i = Returns the absolute value of the input.

=3

W E W
7
V

FIIT]

v
7
7

Round To N... Round Towa... Round Towa... Scale By Pow... Complex
L
b [&> |EI> @ E‘> mitb
ey
Square Root Square Megate Reciprocal Sign Scaling
T ¥
EE [E=Fa]] EAE)
Murneric Co... Enum Const... Ring Constant Random Mu... Expression M...  Fixed-Point
o] M
DBL Mumeri... +Inf -Inf Machine Eps... Math Consta...
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Functions

€, Customize~

Qbﬂearch
¥ Programming
LWavEfnrm
o .
Get Wfm Co...|_Build Wavef.,
vy oy
a '::I" ll\:iﬂ
Set Attribute  Get Attribute
P UL P UL
Ln Ly e
Analeg to Di..  Digital te An..

i
? MR

Printed on
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Build Waveform VI

Build Waveform
waveform =] s,
ngeomenen ywiavef orm
Ta

e
waveform compenent —
Builds an analog waveform or modifies an existing waveform.
If you do not wire the waveform input, the function creates a
new waveform based on the compenents you wire, If you
wire the waveform input, the function modifies the
waveform based on the components you wire,

”

“Waveform attribute selection”
Same as “Get Waveform Components

195
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Entropy and Coding Efficiency

What you need to know to do the
Lab...

stec Printed on Gl N ET
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THE UNIVERSITY of Digital Communication
NEW MEXICO Block Diagram

The source encoder
converts the source to a
binary sequence

The channel encoder (often Source Channel
called includes the —> Encoder > Encoder
modulator and redundancy

coding) . It processes the

binary sequence for

transmission over the

channel.

[
C
C
©
<
o

The channel decoder

(demodulator) recreates the \

. . . Source Channel
incoming binary sequence €—— €
g ¥y S€q Decoder Decoder

The source decoder
recreates the source output.
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English Language
Statistics

THE UNIVERSITY of
NEW MEXICO

A typical example of the number of
times (relative frequency) we would
expect to see the letters (symbols)
appear in a random piece of English
text consisting of 40,000 letters..

Relative Frequency of Letters in the English Language

A typical Huffman code generated for this
sample of text. The average number of bits
used to transmit the symbols in the text is

approximately 4.25 bits/symbol

Huffman Code Letters in the English Language

e | ot T e | gt T e | ot ] [wr [ PG T wer [ PG00 [ er [ 00
A 3256 1 60 . 2524 e 100 d 11111 p 110001
b 596 K 308 R 3612 t 000 I 11110 b 110000
c 1108 | 1604 u 1100 a 1110 c 01001 v 001000
d 1696 m 960 v 392 o 1101 u 01000 k 0010011
e 5184 n 2692 w 940 i 1011 m 00111 j 001001011
f 888 0 2992 X 60 n 1010 w 00110 X 001001010
g 804 p 768 y 788 s 0111 f 00101 q 001001001
h 2432 q 36 z 28 h 0110 g 110011 z 001001000
i 2780 r 2388 r 0101 v 110010
=\r= I
m&‘rm !
s
iStEl: Printed on . Gl N ET
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Pulling the Data

Together

Table XLII -Relative Frequency of Letters in the English Language

Relative Relative Relative
Letter Length Letter Length Letter Length
Frequency Frequency Frequency
a 0.0814 i 9 0.0401 s 4 0.0275
b 0.0149 k 7 0.0240 t 3 0.0098
c 0.0277 | 5 0.0673 u 5 0.0235
d 0.0424 m 5 0.0748 v 6 0.0015
e 0.1296 n 4 0.0192 w 5 0.0197
f 0.0222 o 4 0.0009 X 9 0.0007
g 0.0201 P 6 0.0597 y 6 0.02750
h 0.0608 q 9 0.0401 z 9 0.0098
i 0.0695 r 4 0.0240 - - -
T
r_,ﬁm
Ml
iStEC Printed on
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THE UNIVERSITY of o
NEW MEXICO Efficiency

The Entropy is essentially the measure of uncertainity of a random variable with an associated probability
set, p(x;).

In the following sections of the lab, you will be asked to determine the average word length Error! Reference source not
found. and efficiency of the code Error! Reference source not found. given by

Average length = L = E{£} = z p(x;) ;
i=1
and,

Efficency = H(x)/L

where p(x;) is the probability set of the random variable, #; is the length of i word, and H(x) is the entropy of the
source.

Using the frequency table and the Huffman code along with the equations, the average word length is 4.2015 average
bits and the entropy is 4.1722 average bits. So the code’s efficiency is 0.9930.

J
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5
3

mEm

4

h ©
Ec Printed on Gl NET

9/1/2014 © 2014’ Anees Abro' and Eric Hamke 200 Global Innovation Network for

=l

|

Ibero-American Science &
Tachnology Echication Consortium Entrepreneurship and Technology

ot



THE UNIVERSITY of ]
NEW MEXICO Image Compression

ey,
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Complete the table by counting the number of squares with the color code. This is the
data you will need to perform the experimental procedure. Note there are 4 color codes

SO N equals 4 Image Frequency Counts
Color Relative Frequency
(Node Number) (Count)
0
1
2
3

Wlwlw|lw|lw]|w
Wlwlw|lw|lw|w
R R | R, |lw|w
NIN|IN|IR|w|lw
NIN|IN|IRr|lw|lw
OIN|IN|FR|lWw|w

&
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NEW MEXICO

Node 6:
O New Node C=34
0 Child 1 Child

-

Input Node |
Node 5: Node: 3
C=16 C=18
0 Child 1 Child
Node 4: Node: 2
C=8 C=8
0 Child 1 Child
Node: 0 Node: 1
Cc=1 c=7
3
=\=
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Asynchronous Serial
Communication

What you need to know to do the

Lab
Tl
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THE UNIVERSITY of _
NEW MEXICO What You Are Doing

* You will be responsible for building the receiver portion of
the UART for this lab.

— This lab addresses the link between source coding/decoding and

Ibero-American Science &
ion Consortium

channel encoding/decoding.

Starts with a text string already encoded using the American
Standard Code for Information Interchange (ASCII).

Additional 3 copies of each bit are used as the channel
encoding.

The link is a serial interface that uses an UART to convert the
encoded text into a sequence or stream.

To simplify the lab, the transmitted bit stream is passed directly
to a UART receiver that reconverts the stream into the ASCII
codes.
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NEW MEXICO backet

Least Significant Bit
(LSB)

Start Bit / Stop Bit
K_H K_H

0O |0/0j1|1(0|0|1(1| 1

- _J

Data Bits in Reverse Order

t > | by [>T
Received Signal Stirt Bit 0 0 1 1 2 3 1 1 stop Bit
r N\ N Y4 A4 Y A'4 Y Y hY

T]M1TTTTTTT

Sampling Timing

Bit time Interval

== determined by baud 3 c->
i rate
s
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THE UNIVERSITYof  Redundancy Bits
NEW MEXICO Added

StartBit 0 0 1 1 0 0 1 1 Stop Bit
A A A A

A A A
r Y4 Y4 h'4 N\ Y A4 X \'4 A\

T\ L [
Pttt

Received Signal

Sampling Timing it time Interval
determined by
baud rate
Start Bit 0 1 Stop Bit

Received Signal ,_H r—H r—’% r—H ,_H r—)ﬁ ,_H ,_H —r

TTHIMITTTTHTTTTTTTTTTTTTTTTTTTTTTTTT

|—>

Sampling Timing

Bit time Interval Bit time Interval
@gﬁ determined by baud  determined by baud
< rate rate
s

dll
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THE UNIVERSITY of

Receiver State

NEW MEXICO

Received 4 Start Bit Samples

/\

IDLE

READ

Printed on
9/1/2014
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Received 8 Data Bits (32 Bit Samples)
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[Process each incoming sarmple ane at a tirme]

<

Case Statement (cases match

enumerated type)

(]
inputSignal

nglesperﬂit

Enumerated Type
(Defines State Labels)

N

)
3

=
{1

e

=5

' Printed on
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[Build your state machipehee]

’d

 "IDLE", Default

this section, build your logic for the IDLE state, in which you will search for the
beginning of a packet

Shift Register with State Selection

Mechanism
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Case Statement (cases match

|Process each incoming sample one at a time) enume rate d ty p e )
[~
inputSignal [Build your state machine here|
; 8 “READ" v
In this section, build your logic for the RERDITITE ToUEST T Zamples from the
current packet.
samplesPerBit
OutputBytes
«IDLE +
I" IDLE 3 2
@ READ ¥
Shift Register with State
7

Selection Mechanism

Istec roeoo GINET
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Counter start

pulse is sent at t,.

THE UNIVERSITY of
NEW MEXICO Data Latching & Counters

Latch Sets at t,.

? ec Printed on
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Counter Counter outputs

fizs) sequence 1,2,3

= repeatedly.
to |t [t |t ]ty ts
oO|l0|1(2]3]1

© 2014, Anees Abrol and Eric Hamke

GINET

Global Innovation Network for
Entrepreneurship and Technology




5l

=

(14
e
=5

istec

Ibero-American Science &
Technology Education Consortium

THE UNIVERSITY of
NEW MEXICO

Functions

E]

_Q\ Search || 2%, Customize™ l

| »  Programming

-

| » Measurement /O

| ® Instrument /O

[* Mathematics
L Mumeric

L .
Conversion

FzZp) 1164 [132)

I3z ui6) | JUB)

Context Help =]

»

To Unsigned Byte Integer

number unsigned 8bit integer

m

Converts a number to an 8-bit unsigned integer
in the range 0 to 255,

Detailed help

GRER :

Printed on
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IGX]To Unsigned Byte Integer|
I
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,

£ Clean Up Wire
F‘.esetta_ ble_Cou Create Wire Branch
nter_Bit Detect Delete Wire Branch

arvi
- Visible Items »
. Insert [ 3
3 Probe Watch Window N Boolean Palette 2

2 et > robe Display
1 | Probe(s) Value _

=  UART_Receiver ustom Probe Samples Per Bit

i [
[1] Probe Mot Executed Breakpoint 3 Q

I [2] Samples
| Description and Tip...

-’=\\l',£l-'

g

R
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g

2

Resettable_Cou
nter_Bit_Detect
orvi

2

i
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=
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Visible Items
Help
Exarmnples

Breakpoint

Replace

Breakpoint Manager

Relink To SubWI

SubVI Node Setup...
Enable Database Access

Call Setup...
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L

il
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Binary Phase Shift Keying
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In PSK (Phase Shift Keying), the phase of a carrier is changed between two
values according to the binary signal levell3l, The information about the bit
stream is contained in the phase changes of the transmitted signal.

lll
Character: 0x31
r A
ASCII Code: 4
Start 3 1 Stop
. A N .
Bit ~N ~ Bt
Sourcey Binary Code: | 0 0 0 1 1 0 0 0 1 I 1
Encoder I
o 1 sl T T T T 1 |
BmaryS|gnaI I I I I I I I I I I
s(t
| oW S e e T T R
| | | | [ | | | | |

I
I
I
I
Channel | BpPSK Signal: |
Encoder ¢(t) | | I
I
I
I
I

/I\
°Sle SN TC | cNle TC | TC | TC\I/ Ry AN | TC
1 1 1 I I I I K o~ .
Transmissi ¥
= T = f
R Iﬂjﬁ on Frame N3 Nesamples, . yt.

Ister oo GINET

boro Aefica'Sclance & 9/1/2014 © 2014, Anees Abrol and Eric Hamke

Global Innovation Network for
Technology Education Consortium

Entrepreneurship and Technology



THE UNIVERSITY of .
NEW MEXICO Implementation

-
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L waveform
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Basic Level Trigger Detection.vi

reset -

signal in
level -

hysteresis —
location mode
error in (no error)
trigger slope

— trigger location
“ trigger detected?
ermor out

Finds the first level-crossing lecation in 2 waveform. You can retrieve

the trigger location as an index or as a time. The trigger conditions are
specified in terms of threshold level, slope, and hysteresis. Wire data
to the signal in input to determine the polymerphic instance to use or

manually select the instance.
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* Programming Basic Level Trigger Detection.vi
L Waveform L —
L Analog Waveform signal in |r':'U'A — trigger location
L level - = “ trigger detected?
Waveform Measuren ) Trigger
L hysteresis J & grror out
Waveform Maonitor location mode
=T &= =T =) error in (no error)
Limit Create Flx] dl:::::t t”gger SleE
ﬂ “ - Finds the first level-crossing location in a waveform. You can retrieve
T + % the trigger location as an index or as a time. The trigger conditions are
specified in terms of threshold level, slope, and hysteresis. Wire data
¥ Measurement /O to the signal in input to determine the polymorphic instance to use or
¥ Instrument VO manually select the instance,
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