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Abstract. In a sewage system, congealed mass is created by mixing non-biodegradable solid
matter with fat, oil and grease. Congealed mass might cause a sewer blockage and overflow. This
issue may impose a risk to public health and environment. It also leads to increased operational
and maintenance costs of sewer system. A robust and durable sensor system are required to
monitor the sewer network blockage which could cause a fluctuation in the data. CCD
tomography approach will be used to detect the congealed mass forming in sewer network at
early stage. The main concept of CCD tomography approach is to analyze the structure and
composition of congealed mass by examining the light intensity after penetrated. Therefore, the
location and size of the sewer blockage can be predicted. Light reflection from the congealed
mass will strikes onto CCD surfaces. This light source will be converted into an electrical signal
which is in voltage output value. Filtered images of Linear Back Projection (LBP) algorithm will
be applied to reconstruct the image and identify the characteristic of congealed mass either fat,
oil or grease. The location and the size of the congealed mass forming also can be identified
using this CCD tomography approach.

1. Introduction
The fundamental concept of a tomography system is to identify the distribution of objects by obtaining
data through sensors distributed around a pipeline or vessel system 's periphery [1]. The purpose of a
mathematical algorithm software tomographic imaging system is to evaluate the concentration, velocity,
mass flow rate, and distribution of particle size by measuring them with waves or radiation [2]. Three
main components of tomography creation are available: hardware, data acquisition system, and software
[3]. Until the information is sent to the computer, sensor signals are usually amplified, filtered and
multiplexed [5]. It is possible to run process tomography offline, online or both. Data capture and data
processing time should be quick for an online system [ 6].

Industries, such as wastewater disposal, need a measuring device for gas or solid detectors. One of
the popular tomography methods used in the medical and process industries [7,8] is the optical
tomography system (OPT). The OPT system is known to be a hard-field sensor, because the sensing
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field is based on radiation attenuation or absorption measurements [9]. Generally, the key principle of
OPT is to examine object structure and composition by analysing the structure and composition of
objects [2]. The basic principle of the OPT is based on the interaction between light and particles, so the
reading of the composition, structure and location is given by this interaction. Information on the
absorption and/or emission of light from the material is necessary to examine as this is the type of data
researchers need to track for measurement of solid, fluid, and gas composition or molecular structure.
Typically the high visual absorption of an object, such as a solid material, is known as a translucent
object, such as frosted glass [2], for the purpose of allowing light to penetrate [2].

The increasing number of congealed mass in sewer pipeline network will form a blockaded. As a
result, it will force the surrounding liquid to the sides of the pipe wells and damage the system of the
sewer network. Sadly, the flow pressure would be influenced by this. Continuous sewer pipeline system
control is therefore very critical. For monitoring control, the liquid flow rate and blockage location in
the liquid medium are mandatory details. The best approach is OPT, because it consists of hard field
sensors [9] where the sensor does not rely on conductivity changes or allowance changes for the subjects
to be tested. There is a good resolution in the OPT system in which a very detailed image can be captured
without the pixels being visualised. OPT also has a high-speed system to capture data and is suitable for
applications with real-time monitoring schemes.

2. Research methodology

Another technique proposed by recent OPT scientists is Charge-Coupled Device (CCD). The sensor of
this sort is extremely sensitive to dark areas. A CCD line or array can deliver high data resolution is the
special feature of this sensor. Semiconductors for complementary metal oxide (CMQOSs) come from the
same CCD sensor family. The built-in analogue to digital converter part [10, 11], is the difference
between CMOS and CCD. The image resolution created by CCDs is better than CMOS because it allows
CMOS architectures to add more circuits, which will produce more noise for image reconstruction.

A combination of CCD and laser is the best because for two-dimensional image measurement, CCD
has high precision, while the laser in the axial direction has high precision [12]. The combination helps
to develop instruments for thickness detection that give high sensitivity, precise accuracy and high
reading distance stability. These situations show that the best transceivers for measurement technologies
are CCDs and laser diodes. Compared with other opto-electronic sensors, such as photodiodes and
phototransistors, this type of sensor has different requirements. When finding a black spot, the CCD's
voltage output will be increased to a maximum of 5 V.

The simulation of the optical system consists of two subsections: study of the transmitter and receiver
simulation. In this research, the light scattering and light diffraction effects are insignificant, as the
diameter of the target under study is greater than the wavelength of the laser diode [2]. In order to cancel
small light diffraction effects, measurements of the voltage performance of CCD sensors need to be
averaged. For monochromatic light sources such as lasers, light dispersion would not occur [13]. As a
result, in this OPT method, only two light parameters are considered, namely light absorption and light
reflectance effects.

In the same plane, a combination of rectilinear and orthogonal projection creates an octagonal shape
for the orientation of sensors. In image reconstruction, a high number of projections will decrease the
smearing effect [14]. There are 2048 pixels in the Sony ILX551A and the resolution is 14 ym x 14 pum.
The total length of its sensitive pixels is 28.6720 mm equivalent. This analysis utilised a pipeline with a
diameter of 100 mm. In figure 1, the OPT unit and its dimensions are illustrated.
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Figure 1. The OPT system and its dimension.

A cross-sectional view and a side-view of the pipeline and OPT system are shown in figure 2. The
images show the OPT system arrangement of the upper and lower planes. It shows that the distance is
equal to 30 mm between CCD 1 and CCD 5. To prevent the misalignment of data flow, a small distance
is needed by the system.
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Figure 2. Illustration of cross-sectional view and side-view image of pipeline and OPT system.

3. Tomogram reconstruction

Image reconstruction is also known as tomographic reconstruction in the field of tomography. Analyses
on the image reconstruction algorithms are required to get a high resolution of tomogram reconstruction.
Optical properties such as light reflectance, light reflection and light intensity are involved in the
investigation of the CCD and laser diode OPT system. The relationship between the CCD output voltage
values and the laser intensity ratio in the OPT system defined is shown in table 1 when the lasers are in
operational or off mode [15].

Table 1. CCD voltage output value and laser intensity ratio in operational or off mode [15].

Laser
Condition

Off 4.7419 0
On 1.8142 0.6435

CCD Voltage Output (V) Light Intensity Ratio
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The output of the CCD voltage and the laser's intensity ratio are directly proportional. Figure 3
displays the CCD voltage output interpolation graph versus the laser intensity ratio. From the
interpolation graph, it can be inferred that the CCD voltage output is inversely proportional to the
intensity ratio of the laser gradient of -4.5497 and the interception value of 4.7419 at zero voltage [15].
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Figure 3. CCD voltage output (V) interpolation graph versus laser intensity ratio (I) [15].

This image reconstruction study uses a combination of Linear Back Projection (LBP) algorithms and
threshold values [16]. The equations used are demonstrated below:

— 159 159
VLBP+threshold(160 views) (0, Y) = Xizzo Lrrzo Stxrre XMy rx (1)
VLBP+threshold(160 views) (x: Y) = Z?}%zo Z?;ZO Stx,rx XMtx,rx (2)

where S, ., refers to Vecp and My, .., refers to sensitivity map. Another stage of image reconstruction
enhancement is added to minimise the smearing effect that still exists due to the combination of LBP
and threshold image reconstruction. The filtered images are the result of comparing the image analysed
with an initial image phase in which the method does not have a congealed mass.

The outcome of previous studies on the identification of solid and transparent objects will be used as
the basis for this early analysis. Solid and translucent objects will be interpreted as a congealed mass for
the experiments. Through the pipeline structure, it will be dropped. Such tests are performed to verify
the ability of the CCD OPT device to detect and capture the image of these congealed masses in a water-
filled pipeline. It can capture image reconstructions of the congealed mass in water.

Table 2 and table 3 examine the two-dimensional cross-sectional images that are present in the
pipeline system of two items that vary in opacity, diameter and position. The appearances of foreign
objects are highlighted with a higher contrast colour, which is dark orange in this table, for LBP image
reconstruction. The filtered image reconstruction is shown in table 3, where only the presence of a solid
and transparent object is highlighted to provide correct details on the object's size and location.

In the LBP process, for a solid object, the 160-view image reconstruction has z-values between 1008-
and 1072-pixel values. The z-value is calculated from 1008 to 1040-pixel values for the translucent
object. The solid object has an overall z-value of 210-pixel values in the 160 filtered image
reconstruction views. The overall z-value for a translucent mass is 167-pixel [17]. During the same time
scan, the combination of LBP and filtered image reconstruction shows that this OPT device can detect
solid or translucent artefacts in a liquid flow. The reconstruction of the picture reveals the location of
the object on the left side of the pipeline. The likelihood of a sewer pipeline system being blocked by a
congealed mass is critical for monitoring both data.
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Table 2. LBP image reconstruction for congealed mass in the same time scan [17].

Number of Z-peak value
views Top View Side View
= Solid object
160 ' i K, 1008<Z< 1072
i Translucent object
i i 1008<Z <1040
Low Opacity object High

Colour Legend -

Table 3. Filtered image reconstruction analysis for congealed in the same time scan [17].

Number of Z-peak value
views Top View Side View

S Y R Commme Solid object
‘ 3 >167

160 3 .

! ‘ Translucent object
& - < 167
Low Opacity object High

Colour Legend -

4. Conclusions

The outcome of this research is the early detection of congealed mass blockage using the CCD
tomography method in the sewer pipeline network. The OPT system, consisting of a laser and CCD as
its transmitter and receiver, is believed to be able to calculate the characteristics of the congealed mass
in the sewer pipeline system and to reconstruct its cross-sectional images. It is possible to distinguish
details like the location and the extent of the blockage. Since no probes or sensors need to be mounted
in the sewer pipeline system, due to the absence of any intervention in the monitoring processes, this
system provides more reliable results. This early detection alert will help local authorities implement the
construction of congealed mass traps to minimise the risk of the development of fatbergs, which would
have a negative effect on health, the atmosphere, the economy and society.

Acknowledgments
The authors would like to thank to Universiti Sains Islam Malaysia for supporting the research study
and PROTOM, Unversiti Teknologi Malaysia research group for their cooperation in this research paper.



International Conference on Civil and Environmental Engineering IOP Publishing

IOP Conf. Series: Earth and Environmental Science 646 (2021) 012049  doi:10.1088/1755-1315/646/1/012049

References

[1]

[8]

[9]
[10]
[11]

[12]

[13]
[14]
[15]

[16]

[17]
[18]

[19]

York T, 2001 Status of Electrical Tomography in Industrial Applications J. Electron. Imaging.
10(3)606-619

Pierre G 2009 Digital Signal and Image Processing Tomography John Wiley & Sons Inc.

Williams R A 1995 Tomographic Imaging for Modeling and Control of Mineral Process Chem.
Eng. J. 59 71-85

Beck M S, Dyakowski T and Williams R A, 1998 Process Tomography:The State of Art,
Transactions of the Institute of Measurement and Control 20(4) 163-177

Michelsen C, 1995 A Review of Reconstruction Techniques for Capacitance Tomography Meas.
Sci. Technol. 7 325-337

Xie C G, Reinecke N, Beck M S, Mewes D and Williams R A, 1995 Electrical Tomography
Technique for Process Engineering Applications Chem. Eng. J. 56 127-133

Jamaludin J, Rahim R A, Rahim H A, Rahiman M H F, Muji S Z M and Rohani J M, 2016 Charge
coupled device based on optical tomography system in detecting air bubbles in crystal clear
water Flow. Meas. Instrum. 50 13-25

Jamaludin J, Rahim R A, Rahiman M H F and Rohani J M, 2002 CCD Optical Tomography
System to Detect Solid Contamination in Crystal-Clear Water [EEE Trans. Ind. Electron. 67(4)
3248-3256

Rahim R, Optical Tomography: Principals, Technique and Applications, Malaysia: Penerbit
UTM, 2011

Sensor Cleaning.com, 2010. [Online]. Available:
http://www.sensorcleaning.com/whatisasensor.php. [Accessed 20 3 2014]

A History of Innovation, Spectral Instruments, Inc, 2001. [Online]. Available:
http://www.specinst.com/What _Is A CCD.html#versus. [Accessed 21 3 2014]

Fei Z, Guo J, Wang J and Luo G, 2010 The Application of Laser and CCD Compound
Measuring Method on 3D Object Detection in Proc. Int. Conf. Mechatron and Auto Xian
China

Gangulay A. K, 2010 Laser, in Optical and Optoelectronic Instrumentation, Asansol, India,
Alpha Science International LTD 7.1-7.32

Ibrahim S, Green R G, Dutton K, Evans K, Rahim R A and Goude A Optical Sensor
Configuration for Process Tomography, Measurement Science Technology, 10 1079-1086

Jamaludin J 2016 Optical tomography system using charge-coupled device, Doctoral
dissertation, Universiti Teknologi Malaysia

Jamaludin J, Rahim R A, Rahiman M H F and Rohani J] M 2018 Analysis on the Effect of Sensor
Views in Image Reconstruction Produced by Optical Tomography System Using Charge-
Coupled Device, IEEE Trans. Image Process 4 1689-1696

Jamaludin J and Rahim R A 2016 Online Optical Tomography System for Detecting and
Measuring the Diameters of Solid and Transparent Objects, /EEE Sens. J. 16(16) 6175-6183

Yang W Q and Liu S 2000 Role of Tomography in Gas/Solids Flow Measurement Flow. Meas.
Instrum. 11 237-244

Michaelides E 2006 Particles, bubbles & drops: their motion, heat and mass transfer., World Sci.
17-22





