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INTRODUCTION 
 
Some students are confused with the signal transformation 
problems of the signals and systems, because they have to 
remember the computing sequence of signal shift, time scale 
and time reversal with the corresponding sign and coefficients 
in the signal notations. Therefore, some students usually make 
numerous mistakes in the complex computing procedures.  
 
The study presented in this article introduces another mapping 
method to help students handle the above-mentioned problems 
without the need for memorising computing procedures. 
 
METHODS 
 
The general form of the time scaling system can be written as 
follows: 
 

)()( batxty +=    (1) 
 
where a is the scaling factor, and b is the shifting factor.  
 
That is, if a>1, then y(t) is the time-compressed (by a factor of 
a) version of x(t). If 0<a<1, then y(t) is the time-extended 
version of x(t). If a>0, the polarity of time scale is unchanged. 
If a<0, the time scale is reversal. The output will be shifted by 
b, the shifting factor, with the new scale.  
 
The computing procedures are scaling, shifting and reversal, 
corresponding to the value of a, value of b, and sign of a [1]. 
However, some students do not operate this sequence in order, 
they shift with the new scale and, shift in the correct direction 
to make mistakes in calculations. Therefore, the mapping 
method shown below is introduced in order to reduce the 
mistakes in the calculations [2]. 

Assuming that x(t) is shown in Figure 1a. Let c=at+b . Then 
y(t)=x(c), where x(c) is in the same form as x(t), as shown in 
Figure 1b.  
 
If c=t1, then 
 

t1’=(t1-b)/a   (2) 
 
And if c=t2, then  
 

t2’=(t2-b)/a       (3) 
 
Therefore, y(t) can be determined, as shown in Figure 1c. 
 
RESULTS 
 
For example, consider a signal shown below: 
 

))1(2()22()( +−=−−= txtxty   (4) 
 
If: 
 

)2()1()(2)( −−−−= tutututx     (5) 
 
Please find y(t). 
 
The first solution to this is the traditional method included in 
traditional textbooks, as shown in Figures 2a-2b. The figures 
are listed, respectively, as follows: 
 
• x(t); 
• Time scaling (the 2 is presented as the half of old scale); 
• Forward shifting with two steps in new scale; 
• Reversal.  
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Figure 1: The mapping method to solve the signal transformation problems. 
 

 
 

Figure 2a: The traditional method in textbooks: x(t). 
 

 
 
Figure 2b: The traditional method in textbooks: time scaling 
(the 2 is presented as the half of old scale).  
 

 
 
Figure 2c: The traditional method in textbooks: forward 
shifting with two steps in the new scale.  
 

 
 

Figure 2d: The traditional method in textbooks: reversal. 
 
Most students make some mistakes in the following areas: 
 
• The sequences of computing procedure; 
• The shifting steps with new scale; 

• The shifting direction corresponding to the sign of shift 
factor. 

 
Solution 2 is the mapping method, which is illustrated in  
Figures 3a-3d.  
 

 
 

Figure 3a: Solution 2 of the mapping method: x(t). 
 

 
 

Figure 3b: Solution 2 of the mapping method: x(c). 
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Figure 3c: Solution 2 of the mapping method: the formula. 

 

 
 

Figure 3d: Solution 2 of the mapping method: y(t). 
 
The linear transformation for Figures 3a-3b is presented by the 
following equation: 
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22 −−= tc     (6) 
 
Let t’ replace t 
 

t’=-(c+2)/2   (7) 
 
Therefore, Figure 3b is presented as x(c). By taking c into 
Equation 7, the results are as follows: 
 

t’=-1.0 at x(c=0) = 2 (8) 
t’=-1.5 at x(c=1) = 1 (9) 
t’=-2.0 at x(c=2) = 0 (10) 

 
Then, y(t) can be generated as shown in Figure 3d. 
 
Classroom Application  
 
This method has been introduced to students engaged in the two-
year technological and vocational college/university programme 
in the Department of Electronic Engineering at Tung-Nan 
Institute of Technology (TNIT) in Taipei, Taiwan. One class 
has been organised for full-time students, and another class for 
part-time students. Students in both classes have been taught to 
solve signal transformation problems by utilising this method. 
Most students have given positive responses in both classes.  
 
DISCUSSION 
 
This mapping method not only reduces the computing 
procedures, but also avoids mistakes. Additionally, it  
 

simplifies the algorithm for programming. The key 
transformation is the Equation 2 in a loop without any branch 
instructions, such as if, switch, and case, etc, to speed up the 
process. 
 
CONCLUSION 
 
This mapping method is easy to use with paper and pencil 
calculations and for computer programming in order to solve 
signal transformation problems in a course focusing on signals 
and systems. It is highly recommended that this simple method 
be widely applied to engineering fields. 
 
ACKNOWLEDGEMENTS 
 
The authors would like to thank the support of the Curriculum 
Simulation Projects at Tung-Nan Institute of Technology for 
the School System Links of the Technological and Vocational 
Education in 2002, the Ministry of Education, and project 
number NSC 92-2218-E-236-001 of the National Science 
Council, Taipei, Taiwan. 
 
REFERENCES 
 
1. Oppenheim, A.V., Willsky, A.S. and Hamid Nawab, S., 

Signals and Systems (2nd edn). Englewood Cliffs: Prentice 
Hall (1997). 

2. Phillips, C.L. and Parr, J.M., Signals, Systems and 
Transforms (2nd edn). Englewood Cliffs: Prentice Hall 
(1999). 

 



  

 140 

 

 
 
 
 

World Transactions on World Transactions on World Transactions on World Transactions on     
Engineering and Technology EducationEngineering and Technology EducationEngineering and Technology EducationEngineering and Technology Education    

 
 

A Call for PapersA Call for PapersA Call for PapersA Call for Papers 
 
 
Current events have impacted upon the arena of international conferences and academic travel, impinging 
on the freedom of intellectual movement to conferences and the like that are so important for the 
advancement of engineering education internationally and regionally and, indeed, the development of 
humankind now and into the future. To this end, the UNESCO International Centre for Engineering 
Education (UICEE) has established the World Transactions on Engineering and Technology Education 
(WTE&TE), which is open to everyone around the world who is interested in the progression of 
engineering and technology education. The World Transactions offers a safer and cost-effective 
alternative to conference participation. 
 
So far, the first three volumes of the WTE&TE presented a range of papers from across the spectrum of 
engineering education and from around the world, including just over 200 very interesting and insightful 
representations from many countries worldwide. From this, it can be seen that the WTE&TE contribute 
strongly to the publication of engineering and technology education papers globally. 
 
Therefore, a call for papers is made for the next issue of the WTE&TE, Vol.4, No.2. The very nature of 
the World Transactions is open to every facet of engineering and technology education and is not 
confined to traditional views about science, engineering and technology. As such, there are no overriding 
engineering or technology themes, but rather the overarching principle of the globalised expansion of 
engineering and technology education that is not confined to borders or regions; instead the WTE&TE 
seeks to benefit all those involved in the engineering and technology through the wider dissemination of 
knowledge. 
 
The deadline for this issue is 30 September 2005. Authors should indicate their interest as soon as 
possible. Additional information can be found at the UICEE’s homepage under World Transactions at 
http://www.eng.monash.edu.au/uicee/ 
 
Interested persons should submit their original, previously unpublished papers to the UICEE for 
consideration to be included in the WTE&TE. Authors should be aware of the standard formatting 
structure, which will essentially be the same as for other UICEE publications. Papers are to be submitted 
in MS Word format in 10pt font, single-spaced, double column, and a maximum of 4 pages in total, 
including abstract and figures (additional fees will apply for extra pages). Fees are based on cost recovery 
for editorial and publishing work, and every submitted paper will cost $A450. Also, within the cost 
structure is the delivery of one copy of the WTE&TE per paper submission by airmail postage to 
anywhere in the world. Please note that all Australian submissions are subject to 10% GST. 
 
The electronic kit for authors, incorporating standard formatting details and submission forms, covering 
copyright, will be supplied on request. Potential authors should notify their intention of submitting a 
paper at their earliest convenience and earlier submissions than 30 September 2005 will be particularly 
welcome. Further correspondence via e-mail should be directed to Mr Marc Riemer on 
marc.riemer@eng.monash.edu.au 
 

 


