
Please tell us about yourself and your 
educational background.
I was born in Taiping, Perak in a family of 7 
brothers and sisters of which I am number 
three. I have both a bachelors degree in 
electrical (control & instrumentation) in 2003 
and my masters degree in electrical (research 
mode) in 2005 from UTM, Skudai.

As deputy dean, what are the di�erences in 
time management, compared to being a 
lecturer?
Time is extremely crucial! Time management 
has to be smart. This deputy dean-ship 
entails lots of administrative work to do, 
besides the usual lecturing and research and 
their respective management. So, to handle 
these three tasks together, a good and smart 
time management is needed!

How do you manage to juggle lecturing, 
research and administration?
In order to be safe and not miss anything, I 
have to prepare my plans at least one month 
ahead. Usually I spend whole mornings 
performing administrative tasks and my 
afternoons are spent preparing teaching 
plans and notes, meeting students and etc. I 
spend about 1-2 hours in the evening 
discussing research with my colleagues. 

What is your �eld of expertise and why did 
you choose this �eld?
I do not really think of myself as an expert in 
the �eld but I do have training and knowl-
edge in Process Tomography particularly in 
Ultrasonic Tomography. I am actually 
interested in the process measurement 
involving the sensors, signal processing and 
data acquisition. This �eld utilizes ultrasound 
waves to measure speci�c processes or �ow 
of chemicals or liquids in industrial 
processes. There is a Process Tomography 

Research Group (PROTOM) in UTM where I 
had been working since my undergraduate 
�nal year project. I have learned a lot during 
my days with the group and we have a good 
rapport until now. 

Please explain in-depth about your �eld?
Ultrasonic tomography is an imaging 
instrument consisting of several ultrasonic 
sensors mounted on the experimental 
column / pipe with some signal processing 
circuits and computers. From this setting, we 
can actually visualize the internal processes 
of the column / pipe or the chemical / �uid 
�owing in the column and it depends on 
what type of application we are interested in. 
In order to reconstruct the captured 
ultrasound images, an image reconstruction 
algorithm, in the form of a computer 
software / code, is needed. This algorithm 
will compute the data provided by the 
sensors and display a 2 / 3D representation 
of the images of the corresponding chemical 
/ �uid �ows. 

How will it bene�t Malaysia? Is it commer-
cially viable?
The system constitutes a multi-phase �uid 
�ow imaging instrument. This instrument is 
de�nitely the right choice to monitor the 
�ow of �uids in industrial pipelines and 
reactors. In Malaysia, we have a large number 
of pipelines that transport crude oil, gases, 
liquids from one place to another and in 
chemical or food industries; there are a 
numbers of reactors uses to process their 
end products. In these applications, a single 
or double sensor is unable to provide 
enough information for real process �ows.

I have received good feedback from 
industrial establishments involved in the 
above businesses mentioning their problems 

and noting an interest in the process 
tomography approach.

Is your technique limited to a particular 
�eld? Please explain.
At the moment I have yet to conclude my 
�ndings. I can say YES, there are limitations 
of the design and I can say NO, because I 
have yet to �nish my research. Above all, 
there are always some forms of limitations in 
engineering designs and I am working 
towards overcoming these limitations, in 
order to make it a more viable industrial 
diagnostics option.  

Would you leave your research results as 
they are or would you pursue further to 
commercialize it? Why?
There is no point of doing research if the 
�ndings cannot be used to help or ease 
human life. I will continue my research until 
the product can be commercialized. But, 
commercialization is not the end of the work. 
The work has to be continued to further 
enhance and optimize the system. After all, if 
we call it research it has thus no end. 

You have quite a list of journals published. 
What is the secret?
I just have a few. Others may have more. This 
shows that I have a lot more to learn. There is 
no secret in writing journals. Just keep 
writing and publishing your original work. 
Don’t rush to publish papers. Take your time 
and write good journals. Writing is an art!  

Are you going to pursue your Ph.D? Where, 
when and in which �eld?
De�nitely. I am working towards pursuing it 
in the �eld of process tomography.

What would you say to your fellow 
comrades in UniMAP, regarding success?
No sacri�ce no victory!

Mohd Hafiz Fazalul Rahiman
No sacrifice no victory!

2.4 Projection angle  
In addition to varying with height, the 
projection angles for a non-collimated 
light source also varies across the �eld-
ofview (FOV). To investigate the error 
introduced by the projection angle 
variation across the FOV, the heights of 
four glass blocks, positioned across the 
FOV, were calculated using the angle-
distance relationship formulated from 
the reference table for a �xed location. 
The average heights of each glass block 
are measured using the laser instru-
ment at selected points, at 10 mm 
intervals. The average heights of the 
four blocks measured using the laser 
instrument were, respectively, 5.72 mm, 
5.70 mm, 5.81 mm and 5.73 mm and the 
mean height of all four blocks is 5.74 
mm. 

Since the projection angle calibration 
was previously done for the height of 
5.73 mm, it is not necessary to carry out 
interpolation from the reference table 
due to the small di�erence in height 
(0.01 mm). The di�erence between 
measured height and mean calculated 
height for the four blocks are, respec-
tively, 0.16 mm, 0.18 mm, 0.07 mm and 
0.15 mm. The maximum di�erence is 
3.16% and the minimum di�erence is 
1.2%. This results show that the 
variation of projection angle across the 
�eld of view will not introduce signi�-
cant errors. Thus, the variation of projec-
tion angle across the FOV is not critical 
in height measurement using the setup.

2.5 Tilt measurements on glass blocks
In the work on glass block tilt measure-
ment, experiments are conducted using 
six di�erent spacers. Slip gauges were 
used as spacers to introduce small tilts 
in the glass blocks because they can be 
attached easily to the glass surface. The 
experiment is conducted twice with 
di�erent sets of spacers to con�rm 
repeatability. Tilts are introduced in 
three of the glass blocks, while one was 
kept in the horizontal position, as a 
reference. The �rst set of spacers of 
thickness 1.0 mm, 1.2 mm and 1.4 mm 
are used to introduce the tilts in the 
blocks. To avoid positioning errors, the 
glass blocks and spacer edges are 
aligned using a steel rule. The same 
steps were followed in preparing the 
glass block tilt specimens for the second 
set of spacer thicknesses, which used 
spacers of thickness 0.5 mm, 1.3 mm 
and 1.5 mm, to verify the measure-

ments. The tilted heights of the three 
blocks are measured relative to the 
height of reference block using the 
phase shifting technique. 
The height data are �tted using the 
least-squares method and the tilt angles 
for the blocks are obtained from the 
gradient of the �tted data. The heights 
of the tilted block are also measured 
using the laser displacement sensor on 
the top surface at a total of 17 points 
spaced at an equal interval of 10 mm. 
The height data of laser measurement 
are also linear �tted using the least-
squares method and tilt angle obtained 
from the gradient of the linear �tted 
data. The di�erence in measurement 
increases with the increase in tilt angle. 
However, for small tilt angle the laser 
and phase shifting measurement agree 
closely. 

3 Connector tilt measurement 
on PCBA
In order to demonstrate the capability 
of the phase-shift technique in detect-
ing tilts on actual PCBA connectors, a 
total of �ve PCI connectors, A to E in Fig. 
2, are inspected. The connector heights 
are approximately 12 mm and the 
scaling factor calculated is 0.264 
mm/pixel. Connector A is used as the 
reference connector and the tilts for 
connectors B, C, D and E were calculated 
relative to connector A. The tilt angle 
calculated using the phase shifting 
method for connectors B, C, D and E are 
-0.01°, 0.02°, 0.08° and 0.54°, respec-
tively. The results show that connector B 
and C are nearly horizontal, D has 
minimal tilt and E has the highest tilt. A 
laser sensor measured each connector 
at both ends of the edge relative to the 
reference connector. The height di�er-
ence between each end of a connector 
is divided by its length, which is 128 
mm. Inverting this value is a sine 

function that gives the tilt angle. The 
angle determined by this method for 
connectors B, C, D, and E are 0.01°, 0.01°, 
0.05° and 0.20°, respectively, the 
maximum di�erence being 0.34° for 
connector E compared to the value 
determined using the fringe projection 
method. In the SMT industry a 
maximum tilt of 0.35° is usually allowed 
for a typical PCI connector of total 
length 128 mm. 

4 Conclusion
This work has demonstrated the 
successful application of the phase-shift 
fringe projection method in measuring 
the tilts of PCBA connectors. The 
proposed technique is veri�ed using 
glass blocks and the measurement 
accuracy is acceptable for small tilt 
angles of up to 0.26°. The error is greater

 for larger angles because of the inaccu-
racy in the angle-distance relationship 
and the scaling factor. Application to 
actual connectors shows that tilt angles 
as small as 0.02° can be detected from 
the phase-map. The main advantage of 
the proposed method is the possibility 
of detecting tilts in connectors using a 
single overhead camera. Since angles 
larger than this value can be easily 
detected using the proposed system, 
the system has potential for actual PCBA 
inspection in the industry. The accuracy 
of the system, however, can be further 
improved by using a higher resolution 
camera.

This article is a modi�ed version of 
the original which was published 

in Int J Adv Manuf Technol, 
Springer, July 2007

Fig. 2 : a) projected fringes over PCI connectors and, b) derived phase-map for 
the PCI connectors 
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