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Telecommunications Signals 
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University Level Experiments in
• Wireless Communications  • IoT • 3G • 4G • 5G • SDR 
• Wi-Fi • Spread Spectrum • Signals & Systems  • Fiber Optics 

EXPERIMENT CAPABILITIES

CURRICULUM : UNDERGRAD/POST

TIMS LAB EQUIPMENT

WHITE PAPER : TIMS and 5G



TIMS IMPLEMENTS ALL OF THIS AND MORE
Se l e c t  y o u r  c u r r i c u l um  f r om  t h e  e xpe r imen t  l i s t  b e l ow .

TIMS DOCUMENTED EXPERIMENTS:
❒  Adaptive Delta Modulation
❒  AM - Amplitude Modulation
❒  Amplifier Overload
❒  Armstrong's Phase Modulator
❒  ASK - Modulation & Demodulation

❒  Baseline Wander and Line Coding
❒  BER Instrumentation & measurement
❒  Bit Clock Regeneration
❒  Block Coding and Decoding
❒  Block Coding Gain
❒  Block Coding - error correcting
❒  BPSK - Introduction
❒  BPSK and BER
❒  Broadcasting - AM and FM

❒  Carrier Acquisition - PLL
❒  CDMA - 2 Channel
❒  CDMA - Introduction
❒  CDMA - Multichannel
❒  CDMA - Processing Gain
❒  CDMA at Carrier Frequencies
❒  Complex Analog Messages
❒  Convolutional Coding 
❒  Costas Loop

❒  Delta Demodulation
❒  Delta Modulation
❒  Delta-sigma Modulation
❒  Digital Signal Recovery
❒  Digital Noise in Baseband & Block

Coded Channels
❒  DPSK and BER
❒  DPSK and Carrier Acquisition
❒  DSP Intro and Applications
❒  DSBSC - Generation & Demodulation
❒  DSSS - Spread Spectrum 

❒  Envelopes and Envelope  Detection
❒  Equalization for ISI
❒  Eye Patterns & BER

❒  Fading, Multi-path Channel
❒  FDM - Frequency Division Multiplex
❒  FHSS: Fast & Slow Hopping
❒  FHSS and Bit Error Rate Performance
❒  FHSS: Hybrid DSSS/FHSS System

❒  Fiber Optic Transmission, Splitting and
Combining

❒  Fiber Optic - Bidirectional Transmission
❒  Fiber Optic - WDM Transmission

❒  FM - Demodulation by PLL
❒  FM - Demodulation by 

Zero Crossing Counting
❒  FM - Deviation Multiplication 
❒  FM, Wideband - Generation by VCO
❒  FM - Synchronous Demodulation
❒  FM and Bessel Zeros 
❒  Frequency Synthesis with the PLL
❒  FSK - Generation & Envelope

Demodulation
❒  BFSK - coherent signalling & BER
❒  BFSK - non-coherent signalling & BER
❒  GFSK - Gaussian FSK

❒  IoT - ASK+DSSS Physical Layer
❒  IoT - Chirp Spread Spectrum Application
❒  IoT - Ultra Wide Band Application

❒  ISB - Independent Sideband
❒  ISI: PAM & ASK in band-limited channel

❒  Line-Coding & Decoding

❒  Matched Filter Detection
❒  MSK, OQPSK, π/4-QPSK,π/4-DQPSK
❒  Modeling Equations
❒  Modem: Binary Data via Voiceband
❒  Modem: Multi-Level Data via Voiceband
❒  Modem: Data Rates & Voiceband

Modems
❒  Multi-channel Digital Fiber Link
❒  Multi-level QAM & PSK
❒  Multi-path - Time-invariant fading

channel characteristics
❒  Multi-path - ISI rejection in DS SS

❒  Noisy Channel
❒  Noise Generation - Binary Sequences

❒  OFDM Principles - Introduction
❒  OFDM, Cyclic Prefix & PAPR
❒  OFDM & Channel Equalisation with

BER Measurement
❒  OFDM in band limited, multipath,

time-invariant channel with BER
measurements

❒  OFDM - IDFT, Complex Exponent &
Complex Quad Signals

❒  PAM & TDM
❒  Parseval’s Theorem: Harmonic & Non-

harmonic Signals
❒  PCM & Bit Clock Regeneration
❒  PCM Encoding &Decoding
❒  PCM TDM
❒  PCM-TDM 'T1' Implementation
❒  PDM - Phase Division Multiplex
❒  PLL - Phase Lock Loop
❒  Power Measurements
❒  PPM - Pulse Position Modulation
❒  PRBS Messages & Sequence

Synchronization
❒  Product Demodulation
❒  Pulse Shaping - Introduction
❒  Pulse shaping for band-limited channels
❒  PWM - Pulse Width Modulation

❒  Random Variables & AWGN
❒  Radar signals: 

Constant-frequency pulse
Linear-frequency modulated pulse
Coherent train of LFM pulses
Phase-coded pulse
Coherent train of identical
Unmodulated pulses
Stepped-frequency pulse

❒  QAM - Generation &Demodulation
❒  QAM and 4-PSK
❒  QASK - Modulation & Demodulation
❒  QPSK - Modulation & Demodulation
❒  QPSK - BER of Coherent QPSK in

distortionless channel

❒  Sampling & Reconstruction
❒  Sampling with Sample-&-Hold
❒  Signal Analysis: relationship between

time and frequency domains
❒  SDR - Software Defined Radio
❒  Signal Constellations 4/8/16QAM and

4/8/16PSK
❒  SNR in AM Demodulated Signals
❒  SNR performance of SSB and DSBSC
❒  SONET - TDM and Byte Interleave Mux
❒  SONET Data Frame
❒  SONET transmission via an optical link
❒  Spread Spectrum Principles
❒  Spread Spectrum:

Direct Sequence, Frequency Hop, Time
Hop Hybrid FH-DS, FH-CDMA,

❒  Speech in Telecommunications
❒  SSB Generation and Demodulation
❒  SSB Linear Amplifier Measurements
❒  Superheterodyne
❒  System fault finding

❒  TCM - Coding Gain
❒  TCM - Trellis Coding
❒  TDM
❒  Timing jitter in Band Limited Channels
❒  UWB - Pulse Shapes & Spectra 
❒  UWB - with BER 
❒  UWB - Multiband Modulation 
❒  UWB - Multiple Access Orthogonal Pulse

Modulation with MHP 
❒  UWB - OOK, PPM, BPM & OPM 

❒  Wave Analyzer - Spectrum Analysis
❒  Weaver's SSB Mod and Demodulator

SIGNALS & SYSTEMS EXPERIMENTS
MANUALS:

❒  Special Signals - characteristics and
applications

❒  Modeling Linear and Non-linear Systems
❒  Unraveling Convolution
❒  Integration, correlation & matched

filters
❒  Exploring complex numbers and

exponentials
❒  Comparing Responses in the Time and

Frequency Domains
❒  A Fourier Series Analyzer
❒  Spectrum Analysis of Various Signals
❒  Poles and Zeros in the Laplace Domain
❒  Sampling and Aliasing
❒  Analog-Digital Conversion
❒  Discrete-Time Filters - Finite Impulse

Response
❒  Poles and Zeros in the z plane: Discrete-

time Filters
❒  Discrete-time Filters - Practical 

STUDENT PROJECT CAPABILITIES:
❒  Building electronic circuits with the 

TIMS-820 Wire-wrapping Project Module
❒  Solderless breadboarding of electronic

circuits with the TIMS-840 Experimenter 
❒  Programming DSP implementation with

the TIMS-DSP-6713 Module
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CURRICULUM FOR UNDERGRADUATE & POSTGRAD COURSES

Undergraduate Courses
Subject:
Analog & Digital Signal Processing I:
BLOCK1: Classification of signals

suggested experiments:
Special signals - characteristics and applications

SS1-02, TIMS Signals & Systems V2 Experiment Manual

Characteristics and parameters of signals
suggested experiments:

Power measurements
A1-12, Volume A1 Fundamental Analog Experiments

Unravelling convolution
SS1-04, TIMS Signals & Systems V2 Experiment Manual

Integration, correlation & matched filters
SS1-05, TIMS Signals & Systems V2 Experiment Manual

BLOCK2: Fourier series representation of continuous - time periodic signals
suggested experiments:

Exploring complex numbers and complex exponentials
SS1-06, TIMS Signals & Systems V2 Experiment Manual

Complex exponentials, complex quadrature signals 
D10-02B, Volume D10 OFDM Experiments

Build a Fourier series analyzer
SS1-07, TIMS Signals & Systems V2 Experiment Manual

Spectrum analysis of various signal types
SS1-08, TIMS Signals & Systems V2 Experiment Manual

Fourier transform
suggested experiments: 

Parseval's theorem - relationship between time & frequency domain
S1-12, TIMS Signals & Systems Experiment Manual

Comparing responses in the time and frequency domain
S1-04, TIMS Signals & Systems Experiment Manual

The discrete-time Fourier transform
suggested experiments:

IDFT
D10-02B, Volume D10 OFDM Experiments

Laplace transform
suggested experiments:

Poles and zeros in the Laplace domain
SS1-09, TIMS Signals & Systems V2 Experiment Manual
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BLOCK3: Systems
suggested experiments:

Systems: linear and non-linear
SS1-03, TIMS Signals & Systems V2 Experiment Manual

BLOCK4: Sampling & A/D conversion
suggested experiments:

The sampling theorem
A1-11, Volume A1 Fundamental Analog Experiments

Sampling and aliasing
SS1-10, TIMS Signals & Systems V2 Experiment Manual

Getting started with analog-digital conversion
SS1-11, TIMS Signals & Systems V2 Experiment Manual

Sampling with SAMPLE & HOLD
D1-10, Volume D1 Fundamental Digital Experiments

PCM encoding
D1-11, Volume D1 Fundamental Digital Experiments

PCM decoding
D1-12, Volume D1 Fundamental Digital Experiments

Delta modulation
D1-13, Volume D1 Fundamental Digital Experiments

Delta demodulation
D1-14, Volume D1 Fundamental Digital Experiments

Adaptive delta modulation
D1-15, Volume D1 Fundamental Digital Experiments

Delta-sigma modulation
D1-16, Volume D1 Fundamental Digital Experiments

BLOCK5: Analog modulation
suggested experiments:

DSBSC generation
A1-03, Volume A1 Fundamental Analog Experiments

Amplitude modulation
A1-04, Volume A1 Fundamental Analog Experiments

Envelopes
A1-05, Volume A1 Fundamental Analog Experiments

Envelope recovery
A1-06, Volume A1 Fundamental Analog Experiments

SSB generation - the phasing method
A1-07, Volume A1 Fundamental Analog Experiments
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Product demodulation - synch. & asynchronous
A1-08, Volume A1 Fundamental Analog Experiments

SSB demodulation - the phasing method
A1-09, Volume A1 Fundamental Analog Experiments

Amplitude modulation - method 2
A2-01, Volume A2 Further & Advanced Analog Experiments

Carrier acquisition and the PLL
A2-02, Volume A2 Further & Advanced Analog Experiments

Introduction to FM using a VCO
A2-10, Volume A2 Further & Advanced Analog Experiments

Analysis of the FM spectrum
A2-09, Volume A2 Further & Advanced Analog Experiments

FM and the synchronous demodulator
A2-11, Volume A2 Further & Advanced Analog Experiments

Armstrong's phase modulator
A2-12, Volume A2 Further & Advanced Analog Experiments

FM deviation multiplication
A2-13, Volume A2 Further & Advanced Analog Experiments

FM and Bessel zeros
A2-14, Volume A2 Further & Advanced Analog Experiments

FM demodulation with the PLL
A2-15, Volume A2 Further & Advanced Analog Experiments

The Costas loop
A2-16, Volume A2 Further & Advanced Analog Experiments

Analog & Digital Signal Processing II:
BLOCK1: The z-Transform

suggested experiments:
Using poles and zeros in the z plane: discrete-time filters

S1-11, TIMS Signals & Systems Experiment Manual

Poles and zeros in the z plane with IIR systems
SS1-13, TIMS Signals & Systems V2 Experiment Manual

BLOCK2: The discrete time structures
suggested experiments:

Discrete-time filters - Finite Impulse Response
S1-10, TIMS Signals & Systems Experiment Manual

Discrete-time filters - practical applications
S1-12, TIMS Signals & Systems Experiment Manual
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The discrete time structures: FIR
SS1-12, TIMS Signals & Systems V2 Experiment Manual

Poles and zeros in the z plane with IIR systems
SS1-13, TIMS Signals & Systems V2 Experiment Manual

Digital Communications I:
BLOCK1: Linear modulations

suggested experiments:
Line coding

D1-05, Volume D1 Fundamental Digital Experiments

ASK - amplitude shift keying
D1-06, Volume D1 Fundamental Digital Experiments

FSK - frequency shift keying
D1-07, Volume D1 Fundamental Digital Experiments

FSK - asynchronous single branch detection
D1-17, Volume D1 Fundamental Digital Experiments

PPM and PWM
D2-11, Volume D2 Further and Advanced Digital Experiments

Base-line wander and line coding
D3-04, Volume D3 Advanced Digital Experiments

BLOCK2: Noise in communication systems and band limited channel
suggested experiments:

Random signal analysis AWGN and erfc
S1-14, TIMS Signals & Systems Experiment Manual

Eye patterns
D1-02, Volume D1 Fundamental Digital Experiments

The noisy channel model
D1-03, Volume D1 Fundamental Digital Experiments

ISI: PAM & ASK over band-limited channels
D3-01, Volume D3 Advanced Digital Experiments

Equalisation for ISI
D3-02, Volume D3 Advanced Digital Experiments

Pulse shaping for band limited channels
D3-03, Volume D3 Advanced Digital Experiments

Additive noise in digital baseband channel
D3-07, Volume D3 Advanced Digital Experiments

Additive noise in block coded channel
D3-08, Volume D3 Advanced Digital Experiments
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Timing jitter in band limited channels
D3-05, Volume D3 Advanced Digital Experiments

BLOCK3: Receivers for digital communications
suggested experiments:

Detection with the DECISION MAKER
D1-04, Volume D1 Fundamental Digital Experiments

BER measurement in the noisy channel
D2-01, Volume D2 Further and Advanced Digital Experiments

BER instrumentation macro model
D2-02, Volume D2 Further and Advanced Digital Experiments

BER measurement of unipolar NRZ signals in a baseband distortion less channel
D4-01, Volume D4 Further and Advanced Digital Experiments

BER measurement of bipolar NRZ signals in a baseband distortion less channel
D4-02, Volume D4 Further and Advanced Digital Experiments

BLOCK4: Channel coding
suggested experiments:

Block coding & decoding
D2-07, Volume D2 Further and Advanced Digital Experiments

Block coding and coding gain
D2-08, Volume D2 Further and Advanced Digital Experiments

Digital Communications II:
BLOCK1: Digital modulations

suggested experiments:
BPSK - binary phase shift keying

D1-08, Volume D1 Fundamental Digital Experiments

DBPSK - carrier acquisition and BER
D2-04, Volume D2 Further and Advanced Digital Experiments

QAM and 4-PSK
D2-12, Volume D2 Further and Advanced Digital Experiments

Multi-level QAM & PSK
D2-13, Volume D2 Further and Advanced Digital Experiments

Signal constellations
D1-09, Volume D1 Fundamental Digital Experiments

MSK in a pass band channel, with BER vs SNR
D4-04, Volume D4 Further and Advanced Digital Experiments

OQPSK in a pass band channel, with BER vs SNR
D4-05, Volume D4 Further and Advanced Digital Experiments

PI/4-DQPSK, PI/4-QPSK, OQPSK & MKS: spectra and constellations
D4-06, Volume D4 Further and Advanced Digital Experiments
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GFSK - Gaussian minimum shift keying
D3-18, Volume D3 Advanced Digital Experiments

BLOCK2: PN sequences and multiple access techniques
suggested experiments:

PRBS generation
D1-01, Volume D1 Fundamental Digital Experiments

PCM TDM
D2-06, Volume D2 Further and Advanced Digital Experiments

Introduction to OFDM principles
D3-06, Volume D3 Advanced Digital Experiments

Spread spectrum - DSSS and CDMA
D2-14, Volume D2 Further and Advanced Digital Experiments

Introduction to FHSS using FSK
D3-09, Volume D3 Advanced Digital Experiments

FHSS: fast and slow hopping
D3-10, Volume D3 Advanced Digital Experiments

FHSS and bit error rate performance
D3-11, Volume D3 Advanced Digital Experiments

FHSS: hop pattern diversity correlation
D3-12, Volume D3 Advanced Digital Experiments

Multiple-access UWB using orthogonal pulse modulation with modified Hermite
pulses (MHP)

D4-10, Volume D4 Further and Advanced Digital Experiments

UWB - multiple-access techniques: TDMA, DS-CDMA, OPM-MA
D4-13, Volume D4 Further and Advanced Digital Experiments

BLOCK3: Channel coding
suggested experiments:

Convolutional coding
D2-09, Volume D2 Further and Advanced Digital Experiments

TCM - trellis coding
D2-10, Volume D2 Further and Advanced Digital Experiments

BLOCK4: Short range communication systems
suggested experiments:

Introduction to UWB pulse shape and spectra
D4-08, Volume D4 Further and Advanced Digital Experiments

UWB modulation & detection: OOK, PPM, BPM & OPM
D4-09, Volume D4 Further and Advanced Digital Experiments

Multiband UWB modulation
D4-11, Volume D4 Further and Advanced Digital Experiments
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Postgraduate Courses
Subject:
Mobile Communications I:
BLOCK1: Digital modulations

suggested experiments:
BER measurement of noncoherent BFSK signaling in an ideal distortion less 

channel
D7-01, Volume D7 Advanced BER Experiments

BER measurement of coherent BFSK signaling in an ideal distortion less channel
D7-02, Volume D7 Advanced BER Experiments

BER measurement of DBPSK signaling in an ideal distortion less channel
D7-03, Volume D7 Advanced BER Experiments

BER measurement of QPSK signaling in an ideal distortion less channel
D7-04, Volume D7 Advanced BER Experiments

BLOCK2: Spread spectrum systems
suggested experiments:

Spread spectrum - Analysis of direct sequence spread spectrum system
D5-01, Volume D5 Basic Spread Spectrum Techniques

Spread spectrum - Analysis of frequency hop spread spectrum system
D5-02, Volume D5 Basic Spread Spectrum Techniques

Spread spectrum - Analysis of time hop spread spectrum system
D5-03, Volume D5 Basic Spread Spectrum Techniques

Spread spectrum - Analysis of hybrid FH-DS spread spectrum system
D5-04, Volume D5 Basic Spread Spectrum Techniques

DS SS baseband system - processing gain measurement
D6-02, Volume D6 Advanced Spread Spectrum Experiments

BLOCK3: Multiple access systems
suggested experiments:

CDMA - DSSS 3 channel basic system
D6-01, Volume D6 Advanced Spread Spectrum Experiments

FH-CDMA/BFSK
D6-03, Volume D6 Advanced Spread Spectrum Experiments

The SONET PCM data frame
D3-13, Volume D3 Advanced Digital Experiments

SONET STS-1 demultiplexing
D3-14, Volume D3 Advanced Digital Experiments

SONET STS-1 transmission via optical link with bit clock recovery
D3-15, Volume D3 Advanced Digital Experiments
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SONET STS-3 multiplexing
D3-16, Volume D3 Advanced Digital Experiments

Mobile Communications II:
BLOCK1: OFDM

suggested experiments:
Introduction to OFDM principles using discrete TIMS modules

D10-01, Volume D10 OFDM Experiments

OFDM - Theory
D10-02A, Volume D10 OFDM Experiments

OFDM - Experiments
D10-02B, Volume D10 OFDM Experiments

BLOCK2: Fading channels
suggested experiments:

Time-invariant fading channel characteristics
D8-01, Multipath Experiments

ISI rejection in DS SS
D8-02, Multipath Experiments

BLOCK3: High frequency systems
suggested experiments:

UWB - detailed experiments in UWB communications systems
D4-12, Volume D4 Further and Advanced Digital Experiments

UWB - BER using BPM and OOK signaling
D4-14, Volume D4 Further and Advanced Digital Experiments

UWB - processing gain and UWB operating bellow the noise level
D4-15, Volume D4 Further and Advanced Digital Experiments

Radar signals
D9-01, Volume D9 RADAR Signals Experiments
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THE BEST LAB SOLUTION
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TIMS, Telecommunications Instructional Modeling System, is laboratory
teaching equipment for EE and EET students in wireless, telecommunications
and signal processing courses.

TIMS is a hardware engineering modelling system that can implement
practically any form of modulation or coding - keeping pace with the rapid
development of telecommunications theory. 

• OPEN ENDED & EXPANDABLE ARCHITECTURE
TIMS can implement from basic to advanced communications
experiments.

• SELF CONTAINED
TIMS is self contained includes in-built PC-based multi-instrument. 

• PC-INTERFACE - INSTRUMENTATION
Oscilloscope, spectrum and meter display plus LabVIEW™ &
MATLAB™ interfaces. 

• STUDENT PROJECTS
TIMS is the ideal system to allow students to conveniently develop, build
and analyse the performance of their thesis projects.

TIMS is laboratory hardware & software for
analog & digital communications experiments.

TIMS is a ‘hands-on’ lab systemwhere engineering
students learn mathematics “by-doing”

through practical experience.

ACTUAL TIMS WAVEFORMS
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START WITH MATH OR THEORY . . . . .

STUDENTS BUILD IT USING TIMS MODULES 

REPRESENT IT AS A BLOCK DIAGRAM 

QPSK

xp (t).cos ωc t + xq (t).sin ωc t = QPSK

where xp (t) and xq (t) are alternate elements of a
digital sequence.

Each block is a
TIMS module

Patching of modules is
exactly as per the
BLOCK diagram

ONE MODULE FOR EACH BLOCK

60+ Functional blocks to choose from

TELECOMS BLOCK DIAGRAMS COME TO LIFE
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TIMS-301C
A true hardware modeling system for telecoms theory, signals
& systems and DSP courses.

ETT-101 “BiSKIT”
Over 49 modern, introductory telecomm’s experiments in a
compact, single board experimenter.

TutorTIMS Simulator
Student pre-lab preparation at home. 

net*TIMS Remote Lab
Distance and remote lab experiments. Real hardware telecoms
experiments, controlled across the LAN and internet.

EMONA TIMS

• Hardware

• Software

• SDR

• Remote Control

SOLUTIONS

Emona Instruments Pty Ltd
78 Parramatta Road 
Camperdown NSW 2050 AUSTRALIA
Tel: +61-2-9519-3933    Fax: +61-2-9550-1378
URL: www.emona-tims.com 
Video: youtube.com/emonaTIMS
Email: sales@emona-tims.com is a registered trade mark of Emona TIMS Pty Ltd 

Distributor:


