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Hands-on hardware experiments teaching complex math
concepts easily with real signals in real time

HARDWARE EXPERIMENTS EXPLORE

+ Both Continuous-time and Discrete-time systems
+ And key topics covering:

Linearity - Convolution - Correlation - Fourier - Laplace - z-Transforms

EMONA INSTRUMENTS

www.emoha-tims.com




Signals & Systems Lab Program

Signals and Systems is a fundamental course for engineers and scientists which introduces
students to analog and digital signal processing, a topic that forms an integral part of
engineering systems across many diverse disciplines, including communications, image
processing, speech processing, seismic data processing, defense electronics, consumer
electronics, biomedical engineering and consumer products.

The Emona TIMS Signals & Systems Lab Manual will facilitate student understanding in:

+ The terminology of signals and basic engineering
systems.

+ Signal representation techniques and signal
characteristics.

+ The difference and the applications of analog
versus discrete signals and the conversion between
them.

+ The process of sampling and the effects of
undersampling.

+ Convolution, Complex Numbers, Correlation,
Fourier, Laplace and z-plane poles & zeros.

+ The application of transforms in signals and
systems analysis, characterization, and
manipulation.

+ The math behind Fourier, Laplace and
ztransforms through hands-on experience.

TIMS Signals & Systems Lab Manuadl

The TIMS Signals & Systems lab manual is designed to provide a practical “hands-on”,
experiential, lab-based component to the theoretical work presented in lectures on the topics
typically covered in introductory signals courses for engineering students.

Students take responsibility for the construction of the experiments and “learning by doing” to
consolidate their knowledge of the underpinning theory, which at times is particularly abstract and hard
to grasp for these early engineering students. They are not constrained by the software and need to be
systematic in debugging their own systems when results do not meet their expectations.

TIMS Signals & Systems Experiment Topics

Lab 1: Introduction to TIMS S&S modules Lab 9: Poles and zeros in Laplace

Lab 2: Special signals — characteristics domain
and applications Lab 10: Sampling and Aliasing
Lab 3: Systems: Linear and noninear ~ Lab 11: Getting started with analog-to-
Lab 4: Unraveling convolution digital conversion
Lab 5: Integration, convolution, Lab 12: Discrete-time filters — FIR
correlation & matched filters Lab 13: Poles and zeros in the z-plane:
Lab 6: Exploring complex numbers and IR forms

exponentials
Lab 7: Build a Fourier series analyzer ~ Appendix: TIMS Lab Manual to Textbook
Lab 8: Spectrum analysis of signals chapter comparison table

2 o EMONA TIMS S&S experiments ® www.emona-tims.com
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gnals & Systems Hardware Experiments

TIMS Signals & Systems experiments implement the math and theory taught in lectures.

Each TIMS experiment is built, step-by-step. Nothing is “pre-wired”. This TIMS experimental process opens
the opportunity for the student to gain insight and familiarity with the key course concepts.

THEORY

Each chapter of the lab manual
presents the theory as math and
block diagrams, exactly as is
given in lectures and in signals
& systems textbooks.

+ HANDS-ON

The experiment is then patched
together, following the block
diagrams presented in the
theory.

Each chapter provides clear
guidance to students on how to
patch together and control the
experiment parameters.

+ INVESTIGATION

Students investigate, varying
physical parameters and
observing results, enabling them
to contrast theory with real-world
measurements.

Virtual instrumentation provides
immediate time and frequency
domain displays.

Students are empowered to try
“what-if” scenarios to
consolidate their understanding.

Custom experiment

instrumentation is selected

via each TAB

Experiments start at the block diagram -
in this example, an 2nd-order Direct-form IIR filter

SEQUENCE

DIGITAL E
GENERATOR

TUNEABLE
UTILITIES LPF

MASTER
SIGNALS
100kHz TTL

Hardware patching diagram

Virtual instrumentation display window, with Soft Front
Panel for setting of hardware coefficient parameters

AN
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Adjustable gains of the
hardware ADDERS for
coefficient setting

Virtual Instrumentation
provides realtime oscilloscope
and spectrum displays
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This table aims to direct users to sections of commonly available text books which contain theory and exercises related to

ts currently documented and implemented with the TIMS Lab Manual.

experimen

DI|DYSNY Ul PajuLld “@d10U noyiim aBupypd o joalgns 1o suoypoydadg (' gARY ZA-SES-SWIL PH Ald siuswnysul buow3 9| 0g #yB1iAdod (o)

ubisap Jayj1y
(411) asuodsay as{ndw] ayunyu] -4

Jo[d o18z-8jod ay} wo.y wiojsuniy
1311004 84 JO *|DA3 JLJ3W0Y §°()|

s1ay
[onbip pun asuodsal Auanbaiy 7|

suraysAs Y| yum
aund z ay} u 019z pun sajod ¢ | qo]

SR Al S

s1ay)1y [oubip (y)4) asuodsal
as|ndw uoiyninp-apulj Jo ubiisaq ¢-4

SJaJ]1} AAISIMAIUOU
awi-ajansip Jo sajdwinxg 7°7°9
SwajsAs awiy ajansip
13i0-pU0IaS pub JaPI0-ISif 9°9

uoymo|

01az-3j0d woyj asuodsal bayy 77|
‘swayshs aw-ajansip Jo asuodsal
baig |7 ‘wiojsunay-z ayy Buisn

sishoup wiaysAs awij-aje.siq | |

swajsAs
14 YHm S1ay1} auil-ajasiQ < | 407

UOISI3AUO) SnONUI}U0) O} BJBISIQ '

Buipojua puo Buizyunn Z-g

(W)d) =o__=.w%o=_ %S.omé pun
(Wvd) apnujduy-asind [ouDI] £'9°

(WDd UounjnpoLu 3po> asjng) LuJoaly
buydwns ay4 jo suoyoddy ¢-[°g

UOISIAAUO) rc_.m__y
-Bojoun yym papinjs Buag :| | oy

Buisoio puo Buyjdwog

[apow Bujjdwos uiny-asndw) Z-
Butidwog 7-g

Buydwng /

Busoin pun prosnuts
auwny-snonuiyuod buidwng ¢°g
funjdwog ¢

Buisoiy pup Buidwng :0| qo7

suoluNy Jajsuni] -9

Jojd 01az-8jod 8y} woyy “suny Jauno4
3yl J0 UONDA|DAQ JLIIBWI03] §'f
wioysuni} axnjdo ay) 4

wiojsunyy )ojdo7 ayy Buisn
sish[oun wiaysAs awij-snonuiuo) 9

urowop a)n[do
al)} Ul S043Z puD $9|04 160 0]

uoypjuasaidal wnipads ¢

SWa103Y} W0JSUDL} J3LIN0J G

SuwojsunJ} Jalinoy
aw|-snonuyuo) Jo sejdwnx3 ¢ [y

Wwiojsuny} Jalinoj
oy :sishjoun [pufiis auny-snonuijuo) 4

sadj [pubis
snoLIDA Jo sisk|pun wnipad :g( qo7

m_m>_c=c SalIas J13uno{ |y

5aL1as
JaunoJ [oijuauodxa xe|dwo) ay y-¢
sjoubiis J1poviad 1o} suoyjuasaidal
sa119s 1311n04 Ju1jawouohi) ¢-¢

s|oubis aipouiad awuij-snonuijuod
J0 uoynjuasaidal salas jaunoy ¢°¢

saL1as JaLinoj Jujawiouohiul) ¢

JozAjoun sases 1aunoy b pjing :/0 4o

s1osnyd
puo sjoyuauodxs xa|dwo) ¢

nipads pun spubis 1osoyg ¢-|

s|opiosnuis pun sjolyuauodxq ¢°|
MaIAaJ Yoy swajsAs pup [oubig |

plosnuis Buikion Aypyuauodxa ayj 7-€°q
s|ouauodxa Juojouoyy |-¢°g
siaquinu xa_nES 'g

s|oyuauodxa pun
siaquinu xajdwod Butojdx3 :9 o7

SwajsAs |17 pun UoyN[oAUO) 9°G

=o_==£ S_E__mtee_s
pun Apsuap [oipads ABiaug 9-0 |

‘swajsAs junupAuI-awy 103U 7
[paBajur uoynjoAuod
ay] :swiajsAs []7 awj-snonuijuo) 7'z

__o__c%:s “=8_§_Es_==m_m~m
[01Bajur uolN[0AU0) 3Y)] |-p'T

$19J[1} PaLpIOW 3 UOND|3.1i0)
‘uolyn|oauo) ‘oynifiaju) :go qo7

SI9J|1J Y|4 pup uolnjoAu0) £°¢°q

L0I{N|0ALO) 9-()| -LOIIN|OALIO) BJaNSI(
71-8 jdwinx ‘swiajsAs awn-ajansip
pup suoiyonba auasali] -8

NS UOIYN|0ALO)
oy :swiajshs || awnt-agansiq |

wns UolN[oAUO)
ayy Joj anparoid |miydoig |-pp

uolyn|oAu0d Buijaanaup 0 qo7

swid)sAs junpnAL-aLUl} 03T 7

swajsAs ynog Bunjuiy) g swajsAs Jo saisadoiq -7 suayshs pu soubl | swajsAg pun sjpubig of uoyanposuy | | 0aul-uou pup Joaur] :swajsAs :¢( qo]
asuodsal anjs-019z :jndul
s|oufiis [pusayxa o} asuodsal wiaysAS g suoyndyjddn pun SHusLEPIDY

10 uolynjuasaidal [ooyowayOY |

s|apouw |oubis ¢-|

swajsAg puo s[pubig |

SpiosnuiS 7°g
swiaysAg pun sjubig o uoipnposu| |

— s|oubis jonads -z qo7

[IPH 8dnualg
A5 dsa,
“V'Wspox
“MY R4S HrunjRW

UOHIPa Ui ‘|JoH Hua1g
! ,813siq 3 snonuljuo)
: swayshg 3 spubis,,
WD H RN Ty oo

uolIpa pug ‘||oH duualyd
! swajsAs 3 spoubig,,
gy Ayspm A"y wiayuaddg

ssalg AjissoAmuq piojxo
+ swiashg maurn
3 buissarouq jpubis,,
R

sjuamiadxy
[Phubly 407 SWIL

ERRORS and OMISSIONS EXCEPTED. The above comparison table is intended as an approximate guide and does not imply endorsement of the authors or publishers.

Emona Instruments Pty Ltd

78 Parramatta Road

Camperdown NSW 2050 AUSTRALIA

Tel

+61-2-9519-3933 Fax: +61-2-9550-1378

www.emona-tims.com

URL

sales@emona-tims.com

Email

TIMS logo is a trade mark of Emona TIMS Pty Ltd

Specifications & features subject to change without notice. E&OE



