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Summary of Course Info

ECE 30100 (PHYS 114, TR 4:30-5:45, Section 002, CRN 17727)
Fall 2021

General Information

Prerequisites: (ECE 20200 or ECE 20002, minimum grade of ‘C’ or BME 30500) and (MA 26200 or MA
36600 or MA 26600).

Sta�:

job name o�ce phone email
lecturer James V. Krogmeier MSEE 274 43530 jvk at purdue dot edu
TA Azwar Abdulsalam online abdulsal at purdue dot edu

O�ce Hours for A. Abdulsalam: To be determined. A. Abdulsalam’s o�ce hours will be held
via zoom.

O�ce Hours for J. V. Krogmeier: Monday/Wednesday 8:00 am to 9:00 am or by email ap-
pointment. Held via zoom. Changes to the times of o�ce hours will be announced via email.

Text: A. V. Oppenheim and A. S. Willsky, Signals and Systems, 2nd edition, Prentice-Hall, 1997.

Web site: https://engineering.purdue.edu/�jvk/301/fall21.html

Homework: • Every week or two depending on lecture progress and the examination schedule.

• Turn in via Gradescope by the time and date indicated on each assignment.

• Questions posted on the web.

• Solutions posted on the web.

• Grading: some problems will be graded in detail and the others will be checked o� as
having been attempted.

• Rules: The only rule is that you cannot use an exact copy of another person’s solution.
So working in groups, using references, etc., are all fine. For your own benefit, please
attempt the problems yourself. Otherwise the exams will appear impossibly di�cult!

Exams: • Three 75 minute exams in class:

– Exam 1: Thursday September 23.

– Exam 2: Thursday October 21.

– Exam 3: Thursday November 18.

• A two-hour final during finals week.

• All exams will be closed book and no calculator. Typically some tables will be provided
on the exam itself.

• The exact material to be covered will be announced about one week before the exam.

• No makeup exams will be given and it will not be possible to take an exam early. A
student wishing to miss a 75-minute exam must request permission in advance. Such
requests will be considered on a case by case basis. See the grading policy described
below.

• Procedures: The School is very concerned about cheating and individual students have
also expressed concern. Therefore, I want to try to structure the exams in a way that
minimizes the temptation to cheat:

– Assigned seating.

– When time is called you must stop writing at once. Names should have already been
written on the pages.
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– During the last 10 minutes of any exam students must remain seated until the time
is up and I have walked down the aisle picking up exams already passed to the end
of each row.

– Once all the exams have been turned in, students will be free to leave.

Regrades: Regrade requests on any graded exercise must be submitted in writing within one week of the
date when the material was returned to you. Regrade requests cut both ways–if the sta� made
a mistake in your favor they can take back the points.

Grades: An overall score will be computed using the algorithm below.

(a) All 75-minute exams that you did not take are replaced by the final exam after mean and
variance normalization (assuming permission has been granted in advance).

(b) Then the overall score is computed as:

overall score = .10 � homework + .50 � average of hour exams + .40 � final exam

The course will not use the plus-minus grading system. Your final letter grade will be deter-
mined by rank ordering according to the overall score and applying a letter grade curve.

In the event of a major campus emergency, course requirements, deadlines, and grading per-
centages are subject to changes that may be necessitated by a revised semester calendar or
other circumstances.

Cheating: Most of the following is nearly verbatim from the School of ECE statement on academic
dishonesty, which was sent to the faculty in January 1999.

The Purdue community expects every member of the community to practice honorable and
ethical behavior both inside and outside the classroom. Any actions that might unfairly
improve a student’s score on homework, quizzes, examinations, or labs will be considered
cheating and will not be tolerated. Examples of cheating include (but are not limited to):

Homework: The only requirement is that whatever you turn in is something that you wrote
up (by hand or by computer) yourself. Working in groups is fine. There are lots of
solutions around. However, if you can’t work these problems by yourself then you will
find that the exams are very hard. Furthermore, the only way to make sure that you can
work them by yourself is to actually work them by yourself. This is a variation on the
addage: “no pain, no gain”! If you have questions please ask.

Exams: The list of things not to do includes, but is not limited to:

(a) Share results or other information during an exam.

(b) Bring forbidden notes or devices (e.g., calculators) to an exam.

(c) Work on an exam before or after the o�cial time.

(d) Share questions, results, answers, or other information with someone who has not yet
taken the exam.

(e) Request a regrade of work that has been altered.

If you have questions please ask.

At the instructor’s discretion, cheating on an assignment or examination will result in a reduced
score, a zero score, or a failing grade for the course. All occurrences of academic dishonesty
will be reported to the Dean of Students and copied to the ECE Associate Head for Education.
If there is any question as to whether a given action might be construed as cheating, please
see the instructor or the teaching assistant before you engage in any such action.

Covid: Students are expected to attend all classes in-person unless they are ill or otherwise unable to
attend class. If they feel ill, have any symptoms associated with COVID-19, or suspect they
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Signals and Examples (OW pp. 1-38)
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Signals – Time Domain 

q  Voltage across a capacitor in an amplifier circuit 
q  Image of a scene formed on the retina of the 

eye (formed on CCD array of a camera) 
q Magnitude of the electric field of a propagating 

wave measured at a fixed point in space as a 
function of time 

q  Temperature measured by a thermocouple in a 
sensor 

Such signals carry information that one wishes to 
extract – or transform – or transmit – or encode. 



A signal is a function from a domain 
(e.g., time – a continuous variable) to a 
range (e.g., a subset of the real 
numbers, the complex numbers, etc.) 

q  Exponential 

q  Sinusoidal 

q  Complex sinusoidal 

x : R � C
t �� x(t)



Generic CT Exponential Signals 





Time Domain Signal: Current vs. Time in 
TI CC2540 Bluetooth Low Energy IC 
During Transition from Standby to 
Connection State 

2013 ASABE Annual International Meeting Paper Page 10 

 
Figure 6: Various selected current profiles from a CC2540 during the advertising state. The profiles were captured by triggering 

on a current rush caused by the transition from standby state. The CC2540 transmit power was sent to 0 dBm. 

 

 
Figure 7: Various selected current profiles from a CC2540 during the connection state. The profiles were captured by triggering 

on a current rush caused by the transition from standby state. The CC2540 transmit power was sent to 0 dBm. 

To calculate the average current, there needs to be an assumption on the sensor�s usage. Here we define a 



Yield Map for a Portion 
of a Corn Field in 
Central Indiana 

y(x, y) for
x � R (easting)
y � R (northing)



Vehicle Body 
Acceleration Meas. 

RS232 : 1Hz 

USB : 200 Hz RS232 : 
5Hz 

A/D card 

Accelerometer GPS   Wheel Encoder 

System Monitoring and Data Logging Software 

DMI 

ax(t)
ay(t)
az(t)

for t � R



Mag. Sensor Signatures from 
the same truck 



Systems (OW pp. 38-43)
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Example: Charging an RC Circuit
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Sensor Systems or Sensor Networking 
Systems 

q  A pressure sensor with wireless 
connectivity 

 
q  As part of a time domain 

reflectometer used to measure 
soil density and water content 

 
q  In a generic data logger 



Communication Systems 

q  Software defined radio 
 
 
q  Early experimental transmit 

diversity scheme 
 
q Modern smart phones 

q  Spectrum sensing for WiFi 
interference classification 

Figure 2: 2.4GHz Microwave Frequency Spectrum and Spectrogram with Normal Mode on MSEE 333.

Figure 3: 2.4GHz Microwave Frequency Spectrum and Spectrogram with Defrost Mode on MSEE 333.

Each channel frequency spectrum can show on the figure 5 and 6. Based on those figures, it is obvious
that there is a significant high magnitude peak going on around 2.45 2.47GHz. Especially, the left plots of
figure 5 and 6 show exactly the huge peaks on the 2.457GHz and 2.467GHz. All 4 plots are averaged out,
but when I looked at FFT-normalized data, these huge peak RSSI magnitudes were acutally around -20dBm
and 0 dBm which was noticably higher than other channel band.
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Transportation Systems 

q  Traffic signal control and 
coordination 

q  Inductive loop sensor 
systems and vehicle 
signature loggers 

 
q Magnetic perturbation 

sensor systems 



Systems In Agricultural 
Engineering 

q High precision GPS and 
autosteer machines 

 
q  CANBus sensors and inertial 

navigation 

q  IsoBlue (http://isoblue.org/) 



Systems In Consumer 
Goods 

q  Automobiles 
q  Toys 
q  Televisions 
q Washer/dryer 
q Ovens 



What Considerations Come Up in System 
Design? 

q  Real time performance (as opposed to average 
performance) ... i.e., considerations of worst 
case in order to meet time constraints 

q  Power/energy consumption 
q  Cost 
q Often simultaneously design hardware and 

software 



A Generic Embedded System 
Architecture 

ADC

DAC

Amp

Amp

Power Management

Clocks /
Timing

Interfaces

Logic

Wireless

Embedded Processor

Real world:

temperature
pressure
position
speed

acceleration
force
etc.



This course IS 
about ... Signal 
Processing 

q  Review of Continuous-Time (CT) Signal Processing 
•  Time and frequency domains 
•  LTI filtering 
•  Deterministic and random signals 

q  Introduction to Discrete-Time (DT) Signal Processing 
q  The Sampling Theorem 
q  Use of DT Methods to Effect CT Signal Processing 
q  Practical and Non-Ideal Considerations 

•  ADCs, DACs, and finite precision 
•  Serial communications, PWM 
•  Timing jitter 

ADC

DAC

Amp

Amp

Power Management

Clocks /
Timing

Interfaces

Logic

Wireless

Embedded Processor

Real world:

temperature
pressure
position
speed

acceleration
force
etc.



Simple Example: Matrix-Vector Multiplication
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This System is Linear:
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Useful Property of Linearity
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