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Abstract 
 
An innovative way is presented in this paper for teaching digital communication courses. 
A project SAM, soft acoustic modem, is integrated into the courses to give students 
experience on the design of practical systems and on the setup of technical standards. In 
addition, students form technical groups to compete with each other in developing the 
SAM and the corresponding standard.  
 
The modem in the SAM project is implemented by software in the MATLAB 
environment. However, because of the manipulation of hardware, students need to 
consider many practical problems encountered in real systems. A standard for SAM is 
drafted so that the designs of all groups are inter-operable. The project is divided into 
three phases according to the progress of class lectures. This innovative way not only 
stimulates students’ interest in digital communications, but also helps them understand 
both the course material and the practical system design. 
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1. Introduction 
 
 
With the fast development of data communications, more and more students become 
interested in the digital communication courses. In the Department of Electrical and 
Computer Engineering at the State University of New York at Binghamton, there are 
three communication courses in sequence, i.e., a co-level course Communication Systems, 
and two graduate level courses Digital Communications and Wireless Communications, 
which are taught by the author of this paper.  
 
Many students find digital communication courses tough because of the intensive 
involvement of mathematics. In addition, today’s communication systems are complex 
with various theories and techniques, such as modulation/demodulation, channel 
coding/decoding, signal detection, synchronization, to name a few. Students often get lost 
in their mathematical details. In other words, when they focus on one specific topic, e.g., 
channel coding, they usually forget the systematic view of communications. Then it is 
hard for them to understand the application of such a technique. Therefore it is useful to 
emphasize the systematic view of the communications during teaching. There are some 
textbooks good at this aspect, such as the book of B. Skalar 1, which is thus chosen as the 
text book in our digital communication class.  
 
It is popular to provide some MATLAB 4 projects or homeworks for students. However, 
the MATLAB projects are not helpful for strengthening the systematic view if they are 
not system design projects. Unfortunately, many of such MATLAB experiments simply 
implement or simulate some separate parts of the system, such as the wireless channel 
models 3, the QPSK modulated waveform or the convolutional decoder 2. Although they 
are good for students to understand the specific techniques, they are less helpful for 
students to develop a systematic view of communications. Therefore, one objective of 
this paper is to present a way to strengthen the systematic view through practical system 
design projects. 
 
In addition, the traditional projects in MATLAB are usually ideal and thus are different 
from the practical system design. For example, noise and synchronization are usually not 
given much consideration in the MATLAB-only simulations. In fact, they are usually 
either omitted or treated as unimportant in digital communication courses, especially the 
synchronization issues. However, they are critical in the practical system designs.  
 
Ideal and thus not so challenging simulations are also less interesting to students. Better 
projects may involve software, hardware, as well as more practical system designs. 
However, hardware equipment may be too expensive for a course project. Therefore, 
another objective of this paper is to design a practical project which involves both 
hardware and software, but in a cheap and convenient way. 
 
Many students are still confused about the techniques applied in practical systems 
although they have taken several communication courses. Practical system design 
projects can solve a part of this problem. But a more direct way to answer their questions 
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might be the technical standards. In industry, standards are necessary for multiple 
companies and users to develop or use the same products 5. It is a plus for students to get 
into the industry as well as the academia if they have some knowledge and experience in 
drafting technical standards. Hence we propose that students try to set up a standard for 
the project so that their designs are inter-operable. In addition, the procedure of setting up 
standards involves intensive team-work, discussion, and competition. It is not only 
helpful for students to practice co-operation, but also effective for them to find the project 
interesting.  
 
This paper is organized as follows. In Section 2, we describe the details of the way we are 
using in the digital communication education. In Section 3, we describe the technical 
standard activities. Then in Section 4 some summaries about the new approach are 
presented. Finally, conclusions are given in Section 5.  
 
 
 
2. SAM project: a practical modem design 
 
 
In order to help students develop a systematic view about communications and obtain 
experience in practical system design, we design a project for students to develop a 
practical system utilizing the knowledge they learn in the courses. The project is called 
SAM, which stands for soft-acoustic modem. To reduce the cost, we do not require extra 
hardware equipment except computers. The modem is implemented completely by 
software, i.e., implemented in the MATLAB environment. However, we emphasize 
during the class that the modem is practical because it provides a way to transfer data in a 
wireless manner among computers. The most important aspect is that it involves many 
practical problems that students need to solve during the implementations. 
 
The basic idea of SAM is to transfer data via the sound cards of two computers. Because 
students have little knowledge about system simulation beforehand and are new to the 
digital communications, the SAM project is separated into three phases corresponding to 
the course material instructions. In each phase, students need to do some designs, 
implementations, and a presentation during which other students may challenge and 
compete with their designs. 
 
 
2.1 SAM Phase I: baseband system design 
 
 
Since digital communication courses begin with the baseband modulation/demodulation1, 
the first phase of the project is the baseband system design. In this phase, students do not 
have to worry about carrier or frequency shifting. However, they need to consider timing 
synchronization, i.e., determining the optimal sampling time instant. In addition, this 
phase involves course materials about binary, M-ary signaling, optimal signal detection, 
inter-symbol interference (ISI), pulse shaping, etc. Most important of all, because 



Proceedings of the 2002 American Society for Engineering Education Zone I Conference 
United States Military Academy, West Point, New York 

students have little idea in the beginning about digital simulations, they are instructed 
how to determine the sampling frequency and how to represent the analog waveform in 
the digital computers. During the beginning of this project, students usually show a slow 
progress. 
 

 
Figure 1. Connect the input/output ports of the sound card. 

 
As shown in Figure 1, students simply connect the line-out (or speaker) port with the line-
in (or MIC) port of the sound card in the same computer to do this project. The data are 
transmitted as a voice signal through the line-out (or speaker) port, and then recorded 
from the line-in (or MIC) port. All the system implementation work is thus performed in 
the MATLAB. The two critical MATLAB commands used to finish this task are  
wavplay() with parameter ‘async’, and wavrecord(), see Figure 2. 
 

 
Figure 2. MATLAB Command in SAM Phase I 

 
Besides getting familiar with the hardware wiring and MATLAB programming, students 
in this phase need also consider the problems like data packet design, pulse shaping filter 
design, timing and synchronizations. However, noise is not considered in this phase 
because by connecting the output directly with the input, the received signal contains 
little noise. Hence the transmitted signal can be recovered successfully. 
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A special problem raised in Phase I is that the sound card does not transmit DC or very 
low frequency signals, while the baseband signal may contain rich lowpass or even near 
DC contents. After extensive discussion in class, this problem is solved by applying the 
Manchester encoding technique 1. In addition, the packet synchronization problem is also 
successfully resolved by incorporating a Barker sequence 1. Note that these practical 
techniques are hardly covered in the digital communication textbooks. 
 
 
2.2 SAM Phase II: passband system design without noise 
 
 
After the Phase I, students are generally familiar with the simulations in MATLAB. 
Therefore in Phase II they can focus on the more challenging problem of passband 
modulation, demodulation and synchronization. In order not to consider the difficult 
problem of noise, computers are connected by cables again, which is illustrated in Figure 
3 where the line-out port of one computer is connected with the line-in port of the other 
computer. On the other hand, it can also be performed on the same computer just as in 
Phase I. 
 

 
Figure 3. Connect two computers in Phase II. 

 
The software is still completely implemented in MATLAB. But students need to write 
two separate programs, one for transmitting data packets, the other for receiving the data 
packets. The receiving one runs first. If running them both in the same computer, users 
can simply open two different MATLAB windows. 
 
During this phase, students need to implement passband BPSK modulation, 
demodulation, in addition to all the baseband processing procedures which they have 
implemented in Phase I. New problems raised in this phase include the energy detector 
for detecting whether there is effective signal transmitted. This problem is resolved by 
students through either signal magnitude or correlations. Frequency synchronization is 
also a very difficult task in this phase, which is addressed in students’ work satisfactorily. 
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2.3  SAM Phase III. passband wireless modem 
 
 
This is the last phase of the project. From the previous two phases, students have already 
got much experience in system design. Therefore, wireless transmitter and receiver are 
designed in this phase with the consideration of noise. The hardware is shown in Figure 
4, where signals are transmitted via the speaker and received via the microphone.  
 

 
Figure 4. Wireless modem in SAM Phase III. 

 
Because of the strong noise encountered in the voice transmission, students are asked to 
implement a convolutional encoder and the corresponding Viterbi decoder 1. Although it 
is complex, students can still finish this task quickly thanks to the experience they 
obtained during the previous two phases. In addition, they also compare the received bit 
error rate under the circumstances with/without the channel encoder/decoder.  
 
In noisy case, a special problem is the energy detector or the way to determine whether a 
signal is transmitted or not. Multiple ways are tried by students, for example, 
investigating the spectrum via FFT, or calculating the correlations.  
 
The entire block diagram of this project implemented by one of the student groups is 
shown in Figure 5 and Figure 6. Figure 5 shows the transmitter, whereas Figure 6 
illustrates the receiver. The receiving program runs first, and keeps searching for the 
transmitted signal. When the transmitting program runs, the transmitted signal can then 
be received and demodulated. 
 

 
Figure 5. SAM transmitter block diagram. 
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Figure 6. SAM receiver block diagram. 

 
Students’ work sample about the comparison of receiving errors with channel coding and 
without channel coding is shown in Figure 7. From this project, students have better 
understanding of the signal to noise ratio, signal detection, and the effect of channel 
coding, etc. 
 

 
Figure 7. Receiving error comparison 

 
 
3. Activities in drafting the technical standard 
 
 
In order to provide students an opportunity to learn how to set up a technical standard, we 
ask students to draft a standard for the SAM project. When the project is assigned, we do 
not limit the applicable techniques. Instead, only an objective for the project is stated, i.e., 
implementing wireless data transfer between two computers via the sound card. Students 
are free to consider various applicable techniques. 
 
However, since one of the objectives about drafting technical standard is to provide 
certain inter-operability, we do not allow too much difference among the group designs. 
Therefore, during each of the three phases, in-class discussions are held, and the best 
design prototype is recommended. In the SAM project, the inter-operability can be 
achieved simply by determining some parameters, such as data rate and data packet, 
which means that students still have much freedom to consider different designs. 
 
In the Phase I, the important parameters that should be included in the standard are the 
symbol rate, the format of the data packet, the pulse shaping function, etc. After these 
parameters are determined, students can design their systems with preserved inter-
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operability. In the Phase II, the important parameters include the carrier frequency. The 
same channel encoder is defined in the third phase.  
 
The most interesting thing for students is that they can discuss and argue the problems 
encountered in the design procedures, find their solutions, and compete with each other. 
For example, problems addressed include the synchronization methods, sampling time 
determinations, etc.  
 
After the Phase III, each group needs to write a technical standard proposal for the 
design. In this way, they gain some experience in drafting industry standards and know 
the procedure of setting up such standards.  
 
 
4. Experience obtained from the SAM project 
 
 
It is shown in practice that the SAM project in digital communications is one of the most 
interesting projects for students in our department. There are many reasons, some of 
which are listed in the following. 
 

• It is a practical system design project instead of a theoretical and thus idealized 
one. During the design procedures, students need to consider many practical 
problems, some of which are hardly addressed in the textbooks. 

 
• The project involves not only software, but also hardware. Therefore, students can 

obtain hands-on experience on real system designs. 
 

• The equipment is so simple that it is under the control of each student. It is not 
like other lab equipment to which students have to apply for access. Instead, since 
the required equipment is only computers and the MATLAB software, students 
can do the project anywhere, any time. It is much more convenient for students. 

 
• The competition among student groups makes the project challenging. Since 

students have different approaches for the system design, they can compare and 
learn from each other so as to improve their own designs in the next phase. 

 
• There are some uncertainties about the project. We avoid the attitude of knowing 

everything. Instead, we present many difficult problems relative to the SAM 
project to students, and ask them to find solutions since many students like to 
solve challenging problems. 

 
• The standard drafting activities are interesting because they are new to students 

yet similar to the procedures of setting up practical technical standards. 
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5. Conclusions 
 
 
In this paper, we present an innovative approach in offering digital communication 
courses. We integrate a practical project, SAM, and the corresponding standard with the 
instruction of theory knowledge. By designing the SAM, students obtain a systematic 
view about communications, have hands-on experience for system design, and develop 
experience of drafting technical standard. This approach stimulates students’ interest in 
digital communications and help students understand digital communications better. 
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