
ECE 5675/4675 Phase-Locked Loops and 
Digital Communication Synchronization

Fall Semester 2020

Instructor: Dr. Mark Wickert Office: EN-292 Phone: 255-3500
mwickert@uccs.edu Fax: 255-3589
http://www.eas.uccs.edu/~mwickert/ece5675

Office Hrs: Monday 8:00 – 10:40 am and after class as needed, others by appointment.
Note: These hours may be adjusted if needed.

Required 
Texts:

F. Ling, Synchronization in Digital Communication Systems, Cambridge Uni-
versity Press, 2017. (ISBN: 978-1-107-11473-9 hardback; e-book available)

Optional 
Texts:

M. Rice, Digital Communications A Discrete-Time Approach, Prentice Hall,
New Jersey, 2009. (ISBN: 978-0-13-030497-1)
F. M. Gardner, Phaselock Techniques, third edition, John Wiley, New York,
2005. (ISBN: 0-471-43063-3)

Required 
Software:

Open source Python 3.6 using the Jupyter Notebook (Lab when available). I
suggest Anaconda (https://www.anaconda.com/distribution/) then install the
package scikit-dsp-comm using pip or conda see https://github.com/mwickert/
SP-Comm-Tutorial-using-scikit-dsp-comm. 

Grading: 1.) Graded homework assignments including computer tools totaling 40%.
2.)  Mid-term Exam worth 25%.
3.) Analog and/or DSP-based PLL Laboratory 10%.
4.) Final Project/Exam worth 25%.

Requirements: A background in basic communication theory, probability and random variables, and basic digital
signal processing, i.e. sampling theory is desired. Please contact Dr. Wickert if you are considering this course, but
are in doubt as to whether you have adequate background. Items with * will be selected by class interest.

SDR Hardware Thoughts: I am considering requiring hardware purchase of the ADALM Pluto SDR. With this
device you can use GNU radio/MATLAB/Python to both transmit and receive RF signals and apply DSP algorithms
to the captured or live signals sent from the Tx and Rx sides of the SDR. We will discuss on the first day of class.

Topics Text Chapters
and Notes

Session 
(weeks)

1. Introduction/Overview 1 & notes 1.5

2. Initial acquisition and frame synchronization 2 & 3 & notes 1.5

3. Phase-locked loop fundamentals; analog & digital 4 & notes 3.0

4. Analog PLL lab experiment* Handout 1.5

5. PLL tracking performance in noise & phase noise 4 & notes 2.0

6. Unaided and aided acquisition Notes 1.0

7. Carrier synchronization
8. Timing synchronization
9. Timing control with digital resampling

5 & notes
6 & notes
7 & notes

1.0
0.5
1.0

10. RTL-SDR DSP-based PLL/synchronization experiment* Handout 2.0
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Installing  
Python & 
scikit-dsp-
comm

Download and Install the Anaconda Python 3.7+ Distribution: https://
www.anaconda.com/distribution/. I recommend you have Anaconda con-
figure paths to the tools. This is not the default. Jupyter Notebook, QT Con-
sole, and Jupyter Lab will be installed with the Anaconda distribution. Finish
installation on Windows in Powershell by typing: conda init powershell. Fol-
low the Jupyter Lab link for more steps on getting this up. Finally, a very good
alternative to the full Anaconda is miniconda and the use virtual environ-
ments. We will talk about this in class, as it can save disk space and make
reconfiguration easier.
Download and Install the distributed version control application git: https://
git-scm.com/ on Windows systems (included on macOS and Linux). 
Optionally Download and Install a code development environment that also
integrates git version control such as Visual Studio Code (VS Code): https://
code.visualstudio.com/ or PyCharm Community Edition IDE for Python:
https://www.jetbrains.com/pycharm/. 
Clone and Install the package scikit-dsp-comm by following the GitHub
README page at: https://github.com/mwickert/scikit-dsp-comm. 
Maintain scikit-dsp-comm using git pull origin master (see the informa-
tion in the GitHub link). 

Optional 
Jupyter 
Notebook 
to PDF 
Conversion

The Jupyter notebook is the perfect place to write code, document code, write
text using markdown, import figures, and typeset math equations using
LaTeX syntax. To render a Jupyter notebook as a PDF document a few more
open source software components are needed:

• Install Pandoc for file conversion to LaTeX and other formats: https://
pandoc.org/index.html

• Install MikTeX for converting LaTeX documents to PDF on Windows:
https://miktex.org/

• When installing MikTeX be sure to choose the option to automatically
download needed LaTeX packages on-the-fly

• Install TeXLive for converting LaTeX documents to PDF on macOS and
Linux: https://www.tug.org/texlive/

• Install Inkscape for converting embedded SVG graphics in Jupyter note-
books via Pandoc to LaTeX and then PDF: https://inkscape.org/en/
release/0.92.2/. This gives you the ability to have nice looking graphics in
the notebook and easily convert to a PDF, using just the File: Download
Notebook menu item. On macOS you just install Inkscape. On Windows
you may have to manually tweak the registry to get Inkscape to properly
convert SVG graphics to PDF in the notebook conversion process. When
this is finally set up it is great.

Install Typora: As an alternative to installing LaTeX (MikTeX or TeXLive), install the mark-
down editor Typora: https://typora.io/. Now you can export as *.md and then open the file in
Typora and save to PDF directly. You can also do some nice file editing if need be.
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