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Abstract: This paper represents the configuration of optical tomography sensor by using infrared 
emitter and phototransistor. The projection geometry of the sensor is based on the combination of two 
orthogonal and two rectilinear projections arrays. A fixture is designed for holding all emitter-receiver 
pairs in parallel. Selection of phototransistor is explained so that the tomography sensor developed is 
free of noise cause by surrounding environment. This paper describes all points to be considered when 
design an optical tomography sensor. 
 
Keywords: Infrared, Optical tomography 
__________________________________________________________________________________ 
 
 
1. Introduction 
 
Process tomography involves the acquisition of measurement signals from sensors located at the 
periphery of an object (Williams and Beck, 1995). The parameter or characteristic to be imaged is 
determined by the type of sensor chosen, such as gamma rays and X-rays are sensitive to density, 
while capacitance sensors are sensitive to the dielectric constant of the object. To construct cross-
sectional image, the sensor signals are amplified, filtered, digitized and finally be processed in a 
computer using certain image reconstruction algorithm. Normally, most of the flow information is 
based on the cross-sectional image. For example, the cross-sectional image itself already provides flow 
material’s concentration. On the other hand, hundreds set of upstream and downstream images can 
provide flow velocity when correlation function is applied in this case. As a result, process 
tomography will provide an increase in the quantity and quality of information when compared to 
many earlier measurement techniques (Ruzairi, 1996). 
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Since process tomography is successfully applied in measurement of volumetric concentrations of 
solids, many researches have been carried out to obtain the flow velocity for pneumatic conveying 
system. In the research by Mohd Fua’ad (1996), an offline mode of velocity profile measurement for 
the flow system is developed using electrical charge tomography. Later, the real-time implementation 
of the system has been done by Mohd. Hezri Fazalul Rahiman (2002). 
 
To produce a velocity profile, large numbers of calculations are involved because a cross-correlation 
function requires sufficient time-series data (typically more than 100) to be developed [Mohd. Hezri 
Fazalul Rahiman (2002)]. The research carried out by Mohd. Aznanshah Bin Khalid (2002) has proven 
that optical sensor in tomography system is able to measure the velocity of solid flow in gravity flow 
rig. For a single velocity result using 312 time-series of data in CCF calculation, it requires 985ms to 
complete the process [Mohd. Aznanshah Bin Khalid (2002). It is crucial to note that the velocity 
profile of this project is constructed by 16x16 pixels velocity results, thus it takes a quite long data 
processing time based on this time result. It serves as the main problem during real-time mass flow rate 
determination that using this profile. As a result, parallel data processing technique is applied in this 
project to solve this kind of problem. 
 
 
2. Overview of Optical Tomography Sensor 
 
Optical tomography involves the use of non-invasive optical sensors to obtain vital information in 
order to produce images of the dynamic internal characteristics of process system (Sallehuddin et al., 
2000). It has the advantages of being conceptually straightforward and relatively inexpensive. The 
optical tomography system uses a number of light emitter-receiver pairs and a wide variety of light 
sources such as visible light, infrared or laser light. 
 
A general optical tomography system requires a sensor fixture, a number of optical sensor arrays, 
signal measurement circuitry, data acquisition system and a computer as data processing unit and 
display unit. Its working principle involves projecting a beam of light through a medium from one 
boundary point and detecting the level of light received at another boundary point (Ruzairi, 1996). For 
the type of projection used in the system, it can be parallel beam (orthogonal) projection, rectilinear 
projection, fan beam projection or mix projection among them. 
 
Optical tomography has the application of pneumatic conveying in the industry of food processing, 
plastic product manufacturing and solids waste treatment. The specific measurements of it are flow 
concentration, flow velocity and mass flow rate determination. Besides, optical tomography sensor 
also can measure gas bubbles and particles in conveying fluid. 
 
 
3. System Design 
 
In optical tomography system, the two types of sensor arrangement techniques that have been 
investigated and applied to measure gas/solid flows are parallel beam projection and fan beam 
projection. For parallel beam projection, the number of emitter and receiver are the same. Each pair of 
transmitter-receiver is arranged in a straight line and the received signal only corresponds to its emitter 
source. While for fan beam projection, the number of emitters and receivers can be unequal. A 
multiplexing source is used and all the receivers produce the signals corresponding to each multiplexed 
source. The fan beam projection technique provides a higher resolution system compared to the same 
number of sensors used in parallel projection due to high obtaining information (Chan, 2002). 
However, it has the weakness like hard to model the sensitivity map of each sensor projection in 
forward problem and a longer time to reconstruct the cross-sectional image compared to parallel beam 
projection technique. 
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A typical optical tomography system consists of a sensor, an electronic circuit, a data acquisition 
system, and a host computer as data processing and display unit. For the developed system, the block 
diagram of Figure 1 is applied. 
 

 
 

Fig. 1. Block diagram of developed system. 
 
 

A transmitter circuit will switch on the emitters’ light and project them to receivers. The signal 
conditioning circuit now converts the signals received into voltage readings and then amplifies them to 
a sufficient level. Finally, the output signals pass through sample and hold circuit to the analogue 
switching circuit and the data acquisition system based on the control signals from digital signal 
controller. Next, data acquisition system will digitized the signals and flow them into computer for 
further processing. 
 
 
4. Projection Geometry 
 
The parallel beam projection can be obtained through the arrangement of several transmitter sensors in 
a straight line and the view angle of each sensor is considered small enough. This type of projection 
results in patterns of two orthogonal projections, two rectilinear projections, combination of one 
orthogonal with two rectilinear projections and combination of two orthogonal with two rectilinear 
projections (Sallehuddin, 2000). The developed system adopts the last projection pattern because it can 
provide sufficient information to prevent as much as possible ambiguous effect from arising during 
cross-sectional image detection compared to the previous three projections. 
 
The selected two orthogonal and two rectilinear projections are shown in Figure 2(a) and 2(b). In the 
two orthogonal projections, there are two arrays of projections. One is parallel to the horizontal axis 
while the other one is parallel to the vertical axis. In this system, one array of projections uses 16 pairs 
of transmitter-receiver and this results in true image resolution of 16x16 pixels. For the two rectilinear 
projections, both arrays of projections are inclined plus and minus 45° to the horizontal axis 
respectively. The number of transmitter-receiver pairs used in one array is 23 because each emitter 
projection in this layer must cross over the center point of the corresponding pixel and also the area 
within the pipeline (refer Figure 2(c)). The hardware resolution in this project doubles the resolution 
obtained from the previous research conducted by (Sallehuddin, 2000) that used 8x8 pairs of 
transmitter-receiver in the layer of two orthogonal projections and 11x11 pairs of transmitter-receiver 
in the layer of two rectilinear projections. 
 
 
5. Selection of Emitter and Receiver 

 
The previous research by (Chan, 2002) successfully applied the LED as the emitter in optical 
tomography system. However, the light of LED is visible light with the wavelength in between 380-
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700 nm and therefore results in the tomography sensor designed is easily getting noise from the 
surrounding environment light source. It must be noted that most of the light sources such as 
incandescent lamp and fluorescent light (peak of radiant power at 550 nm) are widely used in the 
indoor factory. Unless there are solutions to prevent the surrounding light from projecting into 
tomography sensor, it is not suitable to be used in most of the indoor factories. 

 
 
 
 
 
 
 
 
 
 
 
 

(a) Two orthogonal projections 
 
 

 
 
 
 
 
 

 
 
 
 
 
 

 
 

(b) Two rectilinear projections 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

(c) Combination of two orthogonal and two rectilinear projections 
 

Fig. 2. Projection geometry of developed system. 
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By referring to Figure 3, the wavelength of infrared is in between 700 – 1000nm. It is far away from 
the wavelength of fluorescent light and this is the reason that infrared emitter is used in this project. 
The infrared emitter model, TSUS4300 from TEMIC Semiconductor is chosen because of some main 
reasons, such as its physical size with 3 mm in diameter, wavelength in the range of 900 to 1000 nm, 
peak of wavelength at 950 nm, small angle of half intensity, which is 16 degree and can be easily 
acquired from the local market. 
 

 
 

Figure 3: Wavelength of light 
 
 

Regarding to the photo-detector selection, the photodiode and phototransistor were being considered 
because their physical sizes are small, wavelength covering infrared light and also inexpensive. 
However, the final selection is the phototransistor based on two factors. First, the phototransistor 
model, TEFT4300 is specifically manufactured for the IR emitter TSUS4300. Second, based on the 
graph of spectral sensitivity versus wavelength in the corresponding datasheet, the starting wavelength 
of phototransistor TEFT4300 is about 875 nm, which is quite a distance away from the visible light’s 
boundary, 700nm. But, most of the photodiodes have the starting value from the visible light’s 
wavelength. Besides, its physical size with 3 mm in diameter, peak of wavelength at 925 nm and angle 
of half sensitivity is 30 degree. 
 
 
6. Optical Sensor Fixture Design 
 
The fixture is designed for holding all emitters and receivers so that 4 parallel projections beams’ 
arrays can be created easily. For one optical sensor, the two orthogonal projections and two rectilinear 
projections are in the same layer. Practically, if all projections in one layer were to be made, three 
main problems will occur. First, Light from emitter must travel a longer distance to arrive receiver 
since the inner diameter of pipe used in system is already 85 mm. It means that the emitter itself must 
have a higher intensity capability. Unfortunately, for the emitter that has higher intensity, the physical 
size will be greater than 3 mm in diameter and also the cost highly. Second, the developed fixture will 
look bulky. Third, since the radiant intensity of emitter is proportional to the forward current used, thus 
the power used for the whole system will increase. As a result, the fixture was constructed using two 
layers as shown in Figure 4. The upper layer is for two rectilinear projections and it contains 92 holes 
in total, 23 holes per side. The lower layer is for two orthogonal projections and it contains 64 holes in 
total, 16 holes per side. The distance between these two layers is 7 mm to prevent cracking in between 
both layers. 
 

 
 

Fig. 4. Fixture for holding emitters and receivers. 
 
 

The beam of light must diverge as little as possible to avoid overlapping of the received signals and 
lossness of the beam intensity (Ruzairi, 1996). Three methods are used to collimate the light source. 
First, uses infrared emitter and phototransistor that have small view angle. Second, places an optical 
stopper in front of the infrared emitter. In this system, ferrule is used as the stopper. This method is 
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rather effective to limit the divergent angle (Chan, 2001). The stopper is 1 mm in diameter and it 
successfully limits the light from the 3 mm infrared emitter as shown in Figure 5. Third, arrange all 
emitters and receivers in an alternate arrangement as shown in Figure 5. This arrangement helps to cut 
down the light divergent effect towards other sensors especially the receiver residing next to the 
designated receiver (Chan, 2001). 
 
 
 
 

 

 

 
 

Fig. 5. Optical stopper and alternate arrangement of sensors. 
 
 

7. Infrared Projection Circuit 
 
In developed system, a simple circuit is used and it connects the infrared emitter to a 100 ohm resistor 
with 5 volt supply. The circuit provides 50 mA to the emitter and it is good enough for the radiant 
intensity to project over 100 mm in distance. 
 
 
8. Signal Conditioning Circuit 

 
The TEFT4300 phototransistor is a type of NPN transistor but no base connection available because 
the absorbed light plays the role of base current. The current created by the absorbed light is amplified 
by the bipolar action of the transistor, leading to a relatively large current flowing from collector to 
emitter. The phototransistor has higher sensitivity than the photodiode, so it produces more current for 
a given amount of incident light. Figure 6 shows the signal conditioning circuit that is specifically 
designed for this system. There are some factors that have to be considered when designing this circuit, 
such as the physical sizes of components, output voltage relative to light absorbed and components’ 
cost. This circuit uses transistor instead of operational amplifier (op-amp) for signal amplification 
since the physical size of transistor is smaller and consists of 3 pins only. An important feature of the 
circuit is when no light is absorbed (object blocks the light), the output voltage produced is 5 volt; 
when light is absorbed (light not blocked), the output voltage produced is 0 volt. This feature can save 
the computation time in further processing of cross-correlation function in velocity measurement. 
 
 

 

 

 

 

 

 
 

Fig. 6. The signal conditioning circuit. 
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9. Sample and Hold Circuit 
 
Sample and hold circuit can be defined as a device that acquires a signal and then stores it for a 
specified period of time before processing. It is recommended for optical tomography system because 
flow materials pass through sensor very fast resulting in more than a hundred varying sensors output 
voltage that need to be digitised. In addition, the circuit is useful to prevent data lost or wrong data 
captured per frame during instantaneous measurement. 
 
 
10. Digital Signal Control Circuit 
 
This circuit is to synchronise all system circuits with data acquisition system. It is very important in all 
of the optical tomography system that using data acquisition card because a good design will result in 
high data capture rate. 
 
 
11. Results 
 
The optical tomography sensor that successfully developed by using parallel beam projection 
technique is shown in Figure 7. The cross-sectional images inside the figure are reconstructed by using 
the sensor developed and Hybrid image reconstruction algorithm. 
 

 

 

 

 

 

 

 

 
Fig. 7. The developed optical tomography system. 

 
12. Conclusions 
 
In conclusion, this paper has described the steps to construct an optical tomography system using 4 
parallel beam projections. The success in the system development is surely beneficial to the further 
process measurement such as velocity and mass flow rate measurement. 
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