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Spring, 2020
*** IMPORTANT *** 

All lectures have been "zoomed" 

Lab 4,5 and the project will require an amateur radio license.

You can get one on your own, or take a licensing exam that we will organize mid 
semester. 

If you wish to earn credit for ham radio licensing, consider taking EE194, Hands on 
ham radio

Course Description:

Catalog Description: (4 units) Discrete time signals and systems: Fourier and Z transforms, DFT, 2-dimensional 

versions. Digital signal processing topics: flow graphs, realizations, FFT, quantization effects, linear prediction. 

Digital filter design methods: windowing, frequency sampling, S-to-Z methods, frequency-transformation 

methods, optimization methods, 2-dimensional filter design.

Prerequisites: EECS 120, or instructor permission.

Course objectives: To develop skills for analyzing and synthesizing algorithms and systems that process discrete 

time signals, with emphasis on realization and implementation.

Why should you care? Digital signal processing is one of the most important and useful tools an electrical engineer 

could have. It impacts all modern aspects of life and sciences; from communication, entertainment to health and 

economics.
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Instructor:

Michael (Miki Lustig)
506 Cory Hall
(510)643-9338
mlustig@eecs.berkeley.edu

Office Hours
506 Cory Hall
W 4:20pm-5:20pm 

GSIs: 

Josh Sanz
Office Hours: Thursdays 3:30pm-6:30pm, 400 Cory
jsanz@berkeley.edu

Alan Dong
Office Hours: Thursdays 3:30pm-6:30pm, 400 Cory
alan_dong@berkeley.edu

Gautam Gunjala
Office Hours: Thursdays 3:30pm-6:30pm, 400 Cory
gautam.gunjala@berkeley.edu

Lab Assistants

Rafael Calleja
Lab Office Hours: Monday 11:00am-1:00pm, 105 Cory

Shivin Devgon
Lab Office Hours: Monday 11:00am-1:00pm, 105 Cory

Class Time and Location:

MW 2pm-4pm, 141 McCone  (webcasted)

GSI Section:

W 3pm-4pm, 141 McCone, but can vary on some weeks. 

Labs:

M 10am-11am, 105 Cory

W 10am-11am, 105 Cory

W 11am-12pm, 105 Cory
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Summary of weekly schedule for EE123

Week schedule Sp20 : Week schedule
Monday Tuesday Wednesday Thursday

10am – 11am Lab-1 Lab-2

11am – 12pm
Lab Office Hour /
GSI Office Hour

Cory 105
Lab-3

12pm – 1pm Lab Office Hour
Cory 105

1pm – 2pm
2pm – 3pm Lecture Lecture
3pm – 4pm Lecture Lecture/Discussion Starts 3:30
4pm – 5pm Miki Office Hours GSI Office Hours
5pm – 6pm 4:20-5:20, 506 Cory Cory 400
6pm – 7pm Ends 6:30
7pm – 8pm

Week scheduleWeek schedule Sp20
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Text:

″Discrete Time Signal Processing,″ by A.V. Oppenheim and R.W. Schafer, Prentice Hall, Third Edition. Book Store Link 

Additional Material:

 “Wavelets and Subband Coding” By Martin Vetterli and Jelena Kovacevic. Freely available here.

 “Foundation of Signal Processing” and “Fourier and Wavelet Signal Processing” By Martin Vetterli, Jelena Kovacevic 

and Vivek Goyal version freely available Here

Technician Ham Radio License Manual 21$ Amazon  (make sure it's 2018-2021 !)
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 HAM radio and Software Defined Radio Labs and Project

It was discovered by Eric Fry that DVB-T dongles based on the Realtek RTL2832U can be used as cheap Software 

Defined Radios (SDR). Basically the chip allows the transfer of raw samples to a host computer. The samples can then 

be used to digitally demodulate and process almost anything that is transmitted between 27-1700Mhz!

Several homeworks/Labs will use the SDR. Each student in the class will receive a dongle and will be able to 

experiment with its capabilities. The final project will also be based on SDR. Several possibilities are writing an FM 

receiver, digital radio receiver, Police scanner, GPS receiver, NOAA weather alert receiver or satelite imagery and 

more.

In addition, each student will get a Baofeng UV-5r hand held radio. This will be used in Labs and the final project in 

the class. Every student in the class will take a HAM radio licensing exam, and be licensed by the FCC to operate the 

radios.

If you wish to earn credit for ham radio licensing, consider taking EE194

Resources:

Articles and Links:

Fast Convolution 

Covers various implementations of linear convolution using the DFT, including Overlap-Add and Overlap-Save.

The Scientist and Engineer's Guide to Digital Signal Processing

A great practical introduction to DSP. (Free to download)

Upsampling vs. Oversampling for Digital Audio 

An article about the benefits of these techniques.

Quantization Errors

Information on Gibbs Phenomenon (WikiPedia)

Tentative Course outline:

A list of the topics that will be covered is given Here, in the order that they will be covered This may change based on
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A list of the topics that will be covered is given Here, in the order that they will be covered This may change based on 

time.

Review of discrete-time signals and systems, Discrete-Time Fourier Transform (DTFT), z-Transform (Chapters 2  

and 3); digital filter structures (Chapter 6)

Discrete Fourier Transform (DFT) and Fast Fourier Transform (FFT) (Chapters 8 and 9)

Wavelets

Sampling and quantization, finite word length effects (Chapters 4 and 6)

Frequency response of LTI systems (Chapter 5) and filter design techniques (Chapter 7)

2D signal processing – Tomography

Compressive Sampling

Approximate Grading distribution:

Homework (Weekly): 10%

Labs: 15%

Midterm 1 (March 4th, in class + section): 30%

Midterm 2 (April 15th, in class + section): 30%

Project: 15%

Homework Instruction:

Weekly assignments consist of problem sets. In addition there will be about 4-6 laboratories consisting of 

programming using Jupyter (iPython) notebook.

Homework will be assigned each Monday and due the next Monday 11:59pm.

Homework submission will be in digital form through Gradescope. Here's a LaTeX template 

Miki_Lustig_hw01_sol.tex that produces this output after compilation. If you don't want to typeset, scanners are 

available in the instructional lab, or you can use a document scanning app for your smartphone.

No late hw without prior consent from the instructor. Submission is time-stamped!

Homework will be self graded. Self grading is usually part of the following homework which will be due at the 

same time as the following homework. For example, HW1 self-grading will due at the due date of HW2. If the self-

grading due date is different from the following homework, we will announce it.

Homework slip policy: the homework with the lowest grade will be dropped.

Homework:

Homework 1 PDF, due Monday, February 3rd

Homework 2 PDF, due Monday, February 10th

Homework 3 PDF, due Tuesday, February 18th

Homework 4 PDF, due Monday, February 24th

Homework 5 PDF due Monday March 2nd

EE123: Digital Signal Processing Home Labs Project Ham Python RTL-SDR

http://www.google.com/url?q=http%3A%2F%2Fipython.org%2Fnotebook.html&sa=D&sntz=1&usg=AFQjCNHHUz_V6ZFC07ciiGJ2D6ss-e4xDg
https://drive.google.com/a/berkeley.edu/file/d/101uArM1ZRjVdC3xQKKt_YojIbnyw77vq/view?usp=sharing
https://drive.google.com/a/berkeley.edu/file/d/10Bn0mMuWebzRAAsHF3YAk7b1caVj3tuD/view?usp=sharing
https://drive.google.com/open?id=1u8RSolPNyM5UnNOTtb4_bstyqyxqAi1G
https://drive.google.com/open?id=1vWorEutjJJ1OGxuG1r0JEaMzV02ILr1q
https://drive.google.com/a/berkeley.edu/file/d/1wqxOwILdicuyO305m2iUJ4YoqU8cCbli/view?usp=sharing
https://drive.google.com/a/berkeley.edu/file/d/1WLaRJcpJOTKKVA9aBZ2xuQQjzNjCZ3Ax/view?usp=sharing
https://drive.google.com/a/berkeley.edu/file/d/1kXJF82x_cA0ILOhd8baL_Y6ywRY62wjx/view?usp=sharing
https://sites.google.com/berkeley.edu/ee123-sp20/home?authuser=0
https://sites.google.com/berkeley.edu/ee123-sp20/home?authuser=0
https://sites.google.com/berkeley.edu/ee123-sp20/labs?authuser=0
https://sites.google.com/berkeley.edu/ee123-sp20/project?authuser=0
https://sites.google.com/berkeley.edu/ee123-sp20/ham?authuser=0
https://sites.google.com/berkeley.edu/ee123-sp20/python?authuser=0
https://sites.google.com/berkeley.edu/ee123-sp20/rtl-sdr?authuser=0


11/1/2020 EE123: Digital Signal Processing

https://sites.google.com/berkeley.edu/ee123-sp20/home 13/14

Homework 5 PDF, due Monday, March 2nd

Homework 6 PDF, due Monday, March 9th

Homework 7 PDF, due Monday, March 16th

Homework 8 PDF, due Monday, March 30th

Homework 9 PDF, due Monday, April 6th

Homework 10 PDF, due Monday, April 13th

[Optional] Homework 11: Compressed Sensing ZIP, due Monday, May 4th

Lecture Notes:

All lectures will be "zoomed" at https://berkeley.zoom.us/j/578929564 . Here's a LINK to the calendar file.

01/22/2020 Lecture 1B Intro PDF,   Lecture 1C Discrete Signals PDF, webcast recording (link)

01/27/2020 Lecture 2A Discrete Time Fourier Transform PDF, webcast recording (link)

01/29/2020 Lecture 2B The z-Transform PDF, and Lecture 2C DFT  PDF, webcast recording (link)

02/03/2020 Lectures 3A+3B DFT Properties and Fast Convolutions PDF, webcast recording (link)

02/05/2020 Lecture 3C the FFT PDF, webcast recording (link)

02/10/2020 Lecture 4A FFT continued and Lab I PDF,  Lecture 4B Spectral Analysis using DFT PDF, webcast 

recording (link)

02/12/2020 Lecture 4C Spectral Analysis using the DFT cont. PDF, webcast recording (link)

02/19/2020 Lectures 5B Short Time Fourier Transform PDF, and Lecture 5C Introduction to Wavelets PDF, 

webcast recording (link)

02/24/2020 Lectures 6A+6B Orthogonal Wavelets and the Discrete Wavelet Transform PDF, webcast recording 

(link). Notes on time-frequency tiling by Prof. Gastpar PDF

02/26/2020 Lecture 6C Lab 2 PDF, and Wavelet Denoising PDF, webcast recording (link)

03/02/2020 Lecture 7A + 7B Sampling and Reconstruction PDF, webcast recording (link)

03/04/2020 Midterm -- no lecture

03/09/2020 Lectures 8A + 8B, Resampling and Lab 3 PDF, webcast recording (link)

03/11/2020 Lecture 8C, Filter Design, part I PDF, webcast recording (link)

03/16/2020 Lecture 9A + 9B, Polyphase decomposition and Filter Banks PDF, zoom recording (link)

03/18/2020 Lecture 9C. Perfect Reconstruction Filter Banks,  PDF, zoom recording (link)

03/30/2020 Lecture 11A PDF + 11B PDF Transform Analysis of LTI systems + AllPass, Minimum Phase and 

General Linear Phase Systems, zoom recording (link)

04/01/2020 Lecture 11C Lab 4 PDF, zoom recording (link)

04/06/2020 Lecture 12A PDF + 12B PDF, Linear Phase systems, optimal filter design, zoom recording (link) 

04/08/2020 Lecture 12C, Practical ADC/DAC PDF, zoom recording (link)
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https://drive.google.com/a/berkeley.edu/file/d/1b6uAXi3MePJa6fYZUnzHsti_w0RuyVq8/view?usp=sharing
https://www.youtube.com/watch?v=ZMIOho7Xdgw
https://drive.google.com/a/berkeley.edu/file/d/1bflzW_CPHmSeg8Inu0IFQJPi0o7Ucscx/view?usp=sharing
https://drive.google.com/a/berkeley.edu/file/d/1baHKQhQbWEBWssHHkfk5AIxZ6MdKPYXp/view?usp=sharing
https://www.youtube.com/watch?v=DO2VG-B-6gc
https://drive.google.com/a/berkeley.edu/file/d/1cVDhM0U4opX8QLbdXV0U9fQqr53muUcL/view?usp=sharing
https://www.youtube.com/watch?v=LtLrFH7GS0o
https://drive.google.com/a/berkeley.edu/file/d/1vcLtgUcAogvujJpiv3MBZ7NcK5tiXE-D/view?usp=sharing
https://drive.google.com/open?id=1rO3Qk8hl0HYurdtVsBjCIRPfxfz0_7Pb
https://drive.google.com/a/berkeley.edu/file/d/182EjKpQF4MBn1Rta4gGceTJBKbfZfBpW/view?usp=sharing
https://www.youtube.com/watch?v=ZUWGobZluPY
https://drive.google.com/a/berkeley.edu/file/d/1T-3buHBa8kF2iUwQsmqL_AErmt0kMxSZ/view?usp=sharing
https://www.youtube.com/watch?v=eNB0foSFnFQ
https://drive.google.com/a/berkeley.edu/file/d/1rLjFGm2P4O2FDIG7JjGWY5sAF6rGi07c/view?usp=sharing
https://www.youtube.com/watch?v=t-1y3Dhy7XQ
https://drive.google.com/a/berkeley.edu/file/d/1rTa7vzPn-MY2uln5X1dUupolNhRirYAi/view?usp=sharing
https://www.youtube.com/watch?v=QA--tAFMfZo
https://drive.google.com/a/berkeley.edu/file/d/1rgy4rwJTG92E8xkm5SRyEX1hN1bkT3dI/view?usp=sharing
https://drive.google.com/open?id=1rMoD8MwCHVdKMXvrnJb9HnQ54efuX6Gc
https://drive.google.com/a/berkeley.edu/file/d/1rzuzJ9pA-9mp1OXVP0uoaD3WQEqpBFP4/view?usp=sharing
https://drive.google.com/open?id=1F4JsRsl0Zx4MUBXi7YW8cc_R9bcSjJro
https://drive.google.com/a/berkeley.edu/file/d/1tTgZ4QQ3-RwumrgfyDD4l-JU8kncCSt4/view?usp=sharing
https://drive.google.com/a/berkeley.edu/file/d/1tVm-PFNfV-6oMiLSM7ZF6KNcvfLK2TCd/view?usp=sharing
https://drive.google.com/open?id=1sQfht2MdY_8Pxrqep7sryDl_fSYdbktK
https://drive.google.com/a/berkeley.edu/file/d/1tXAB8DArvD9dDlPbv0Aeql8QKgIHd01z/view?usp=sharing
https://drive.google.com/open?id=1t_odQlAC65tDv52J5LbzHm7RGowSjIeT
https://drive.google.com/a/berkeley.edu/file/d/1N1zVIQUKtkvE3itGaf6z299T41v6MaL-/view?usp=sharing
https://drive.google.com/a/berkeley.edu/file/d/1N5sCerrq_8C1K9AHxKxZ-AxxPId5Z6mZ/view?usp=sharing
https://drive.google.com/open?id=1bSLKcUTcdjB8hD8aKU-Muoi30DfHBHcO
https://drive.google.com/a/berkeley.edu/file/d/1NaKIW_kY2NPi_ap2bn1HQrXKsEK7Cx3l/view?usp=sharing
https://drive.google.com/open?id=1KA3Htzl-zDkzCqpXSDNELxe1fCjQ66Ao
https://sites.google.com/berkeley.edu/ee123-sp20/home?authuser=0
https://sites.google.com/berkeley.edu/ee123-sp20/home?authuser=0
https://sites.google.com/berkeley.edu/ee123-sp20/labs?authuser=0
https://sites.google.com/berkeley.edu/ee123-sp20/project?authuser=0
https://sites.google.com/berkeley.edu/ee123-sp20/ham?authuser=0
https://sites.google.com/berkeley.edu/ee123-sp20/python?authuser=0
https://sites.google.com/berkeley.edu/ee123-sp20/rtl-sdr?authuser=0
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04/13/2020 Lectures 13A+B, Practical DAC + Image compression PDF, zoom recording (link)

04/22/2020 Lectures 14C, Compressive Sensing PDF, zoom recording (link)

04/27/2020 Lectures 15A- Lab Project PDF, and 2D signals and Fourier Transforms PDF, zoom recording (link)

04/29/2020 Lectures 15C, Tomography PDF, zoom recording (link)

Section Notes:

01/27/2020 Section 1 LTI Systems and Linear Regression: Worksheet, Slides, webcast recording (link)

02/05/2020 Section 2 z-Transform and DFT: Worksheet, Slides, webcast recording (link)

02/12/2020 Section 3 DFT and DCT: Worksheet, Slides, Demo, webcast recording (link)

02/26/2020 Section 4 Discrete wavelet transform: Worksheet, Slides, webcast recording (link)

03/11/2020 Section 5 Sampling: Worksheet, Slides, Notebook, webcast recording (link)

03/18/2020 Section 6 Resampling: Slides, zoom recording (link)

04/01/2020 Section 7 Optimal filtering and polyphase decomposition: Slides, zoom recording (link) 

04/08/2020 Section 8 z-Transform Analysis of LTI Systems, Including (MP, AP, GLP): Slides, zoom recording (link) 

04/15/2020 Section 9 Midterm 2 Review: Slides, zoom recording (link)

EE123: Digital Signal Processing Home Labs Project Ham Python RTL-SDR

https://drive.google.com/a/berkeley.edu/file/d/1ORIMXxYqQ80ZD7QT5yr58O-BIp1yzfNs/view?usp=sharing
https://drive.google.com/open?id=1ZOqRvkQibPAicVgkOfgsbYPAJYAm1GIz
https://drive.google.com/a/berkeley.edu/file/d/1lyv9Utfo5x-s4NzDN2ySfySNSDpPojWe/view?usp=sharing
https://drive.google.com/open?id=1vPDoQwoq9RPVkdlmfMG5moXJPCBqKDD-
https://drive.google.com/a/berkeley.edu/file/d/1mJSxaidq58kA2tB-6EOFQAWfmVQ-Js5y/view?usp=sharing
https://drive.google.com/a/berkeley.edu/file/d/1mP34Fv9xlW0HHPKlZetw29p5T5cMjmVd/view?usp=sharing
https://drive.google.com/open?id=1cOJGz16awni40yn7idEYeamthctlY9yR
https://drive.google.com/a/berkeley.edu/file/d/1mnZ5ibVgBxmyNm1uITnJKz-2OcLD0LtL/view?usp=sharing
https://drive.google.com/open?id=12voHjqzgM8EbWGgj4abPltHU9C58XmRB
https://drive.google.com/open?id=1YDQxNyuCVGIsKG0HDFVkF95z0wW4B8EY
https://drive.google.com/open?id=1ixY8AeL_Ep_UeQYnxeludYmg2KrpTu9U
https://www.youtube.com/watch?v=3rLXS-RG_1g
https://drive.google.com/open?id=1DAJEs6TpggizKrRoQDkoYdY-Yd2oLsYX
https://drive.google.com/open?id=1s7zs7cOX828PRRYz5yj_aVTsAcC46s59
https://youtu.be/CtK7cefdUSI?t=3766
https://drive.google.com/a/berkeley.edu/file/d/1Mh1JVB6mNBXIXZMV-E-3hDXpcX94h-HG/view?usp=sharing
https://drive.google.com/a/berkeley.edu/file/d/1Jw-CBjmu5EaZGtXCj_UVuUPenrxX39We/view?usp=sharing
https://drive.google.com/open?id=1ZgM7O09gDJlW4Sd36jgs4WLPrV4WYz_A
https://www.youtube.com/watch?v=ZMIOho7Xdgw
https://drive.google.com/a/berkeley.edu/file/d/1PtMCrXPoTnjoPsYJMj6RQoygeFzCb7WG/view?usp=sharing
https://drive.google.com/a/berkeley.edu/file/d/1kCKUvot9K4_nVxWjsnLDE4jTQhQStaug/view?usp=sharing
https://youtu.be/ZUWGobZluPY?t=4190
https://drive.google.com/a/berkeley.edu/file/d/19pYBQu1jL4oDfRs9V-FoWkJKynrtzYI5/view?usp=sharing
https://drive.google.com/a/berkeley.edu/file/d/1z0G1fv4Kj9Wb1uBHrBIhrzQb3RexJHH1/view?usp=sharing
https://drive.google.com/a/berkeley.edu/file/d/19OVReLbZkbnQwZxB5xS1v9-_115TBYOQ/view?usp=sharing
https://drive.google.com/open?id=1ldFYS66ycXwyxx-6Qf0AWQAQTblYifqV
https://drive.google.com/a/berkeley.edu/file/d/1fLm-XebsFDnnIzvZsxPbphOH4qbAhVKq/view?usp=sharing
https://drive.google.com/open?id=1F4JsRsl0Zx4MUBXi7YW8cc_R9bcSjJro
https://drive.google.com/a/berkeley.edu/file/d/1guuA8G79N-b_iSk1EAOUh7eeZU0gmhB5/view?usp=sharing
https://drive.google.com/open?id=1C9i1r3wsXfMDOvddO5yj5P2ITWPhu6ya
https://drive.google.com/a/berkeley.edu/file/d/1IuVoh7FJh3CvlCvdLMlfKq_B0mXB9i6-/view?usp=sharing
https://drive.google.com/open?id=1295xft5_ydliBnfQIX8N0s2ikD5gBA5C
https://drive.google.com/a/berkeley.edu/file/d/1FdfGh0dkg08vg2TtuCEQpvSJkLU3IlI5/view?usp=sharing
https://drive.google.com/open?id=1znEUL_aeDWmoNVBiJVCw3EVVQgjAooP5
https://sites.google.com/berkeley.edu/ee123-sp20/home?authuser=0
https://sites.google.com/berkeley.edu/ee123-sp20/home?authuser=0
https://sites.google.com/berkeley.edu/ee123-sp20/labs?authuser=0
https://sites.google.com/berkeley.edu/ee123-sp20/project?authuser=0
https://sites.google.com/berkeley.edu/ee123-sp20/ham?authuser=0
https://sites.google.com/berkeley.edu/ee123-sp20/python?authuser=0
https://sites.google.com/berkeley.edu/ee123-sp20/rtl-sdr?authuser=0

