
http://www.sensorsportal.com/HTML/DIGEST/Journal_Subscription.htm


 
Copyright  2013 IFSA Publishing. All rights reserved. 
 
This journal and the individual contributions in it are protected under copyright by IFSA Publishing, and the 
following terms and conditions apply to their use: 
 
Photocopying: Single photocopies of single articles may be made for personal use as allowed by national 
copyright laws. Permission of the Publisher and payment of a fee is required for all other photocopying, 
including multiple or systematic copyright, copyright for advertising or promotional purposes, resale, and all 
forms of document delivery. 
 
Derivative Works: Subscribers may reproduce tables of contents or prepare list of articles including abstract for 
internal circulation within their institutions. Permission of the Publisher is required for resale or distribution 
outside the institution.  
 
Permission of the Publisher is required for all other derivative works, including compilations and translations. 
 
Authors' copies of Sensors & Transducers journal and articles published in it are for personal use only. 
 
Address permissions requests to: IFSA Publisher by e-mail: editor@sensorsportal.com 
 
Notice: No responsibility is assumed by the Publisher for any injury and/or damage to persons or property as a 
matter of products liability, negligence or otherwise, or from any use or operation of any methods, products, 
instructions or ideas contained in the material herein. 
 
Printed in the USA.    



  
  

SSeennssoorrss  &&  TTrraannssdduucceerrss  

  

Volume 151, Issue 4, 
April 2013 

www.sensorsportal.com  
   ISSN 2306-8515 
e-ISSN 1726-5479 

 
 

Editors-in-Chief: professor Sergey Y. Yurish, 
Tel.: +34 696067716, e-mail: editor@sensorsportal.com 

 

 

Editors for Western Europe 
Meijer, Gerard C.M., Delft Univ. of Technology, The Netherlands 
Ferrari, Vittorio, Universitá di Brescia, Italy 
 
Editor for Eastern Europe 
Sachenko, Anatoly, Ternopil National Economic University, Ukraine 
 
 
Editors for North America 
Katz, Evgeny, Clarkson University, USA 
Datskos, Panos G., Oak Ridge National Laboratory, USA 
Fabien, J. Josse, Marquette University, USA 

 

Editor South America 
Costa-Felix, Rodrigo, Inmetro, Brazil 
 
Editors for Asia 
Ohyama, Shinji, Tokyo Institute of Technology, Japan 
Zhengbing, Hu, Huazhong Univ. of Science and Technol., China 
 
Editor for Asia-Pacific 
Mukhopadhyay, Subhas, Massey University, New Zealand 
 
Editor for Africa 
Maki K.Habib, American University in Cairo, Egypt 

 
 

Editorial Board 
 

Abdul Rahim, Ruzairi, Universiti Teknologi, Malaysia 
Abramchuk, George, Measur. Tech. & Advanced Applications, Canada 
Ascoli, Giorgio, George Mason University, USA 
Atalay, Selcuk, Inonu University, Turkey 
Atghiaee, Ahmad, University of Tehran, Iran 
Augutis, Vygantas, Kaunas University of Technology, Lithuania 
Ayesh, Aladdin, De Montfort University, UK 
Baliga, Shankar, B., General Monitors, USA 
Basu, Sukumar, Jadavpur University, India 
Bousbia-Salah, Mounir, University of Annaba, Algeria 
Bouvet, Marcel, University of Burgundy, France 
Campanella, Luigi, University La Sapienza, Italy 
Carvalho, Vitor, Minho University, Portugal 
Changhai, Ru, Harbin Engineering University, China 
Chen, Wei, Hefei University of Technology, China 
Cheng-Ta, Chiang, National Chia-Yi University, Taiwan 
Chung, Wen-Yaw, Chung Yuan Christian University, Taiwan 
Cortes, Camilo A., Universidad Nacional de Colombia, Colombia 
D'Amico, Arnaldo, Università di Tor Vergata, Italy 
De Stefano, Luca, Institute for Microelectronics and Microsystem, Italy 
Ding, Jianning, Changzhou University, China 
Djordjevich, Alexandar, City University of Hong Kong, Hong Kong 
Donato, Nicola, University of Messina, Italy 
Dong, Feng, Tianjin University, China 
Erkmen, Aydan M., Middle East Technical University, Turkey 
Gaura, Elena, Coventry University, UK 
Gole, James, Georgia Institute of Technology, USA 
Gong, Hao, National University of Singapore, Singapore 
Gonzalez de la Rosa, Juan Jose, University of Cadiz, Spain 
Guillet, Bruno, University of Caen, France 
Hadjiloucas, Sillas, The University of Reading, UK 
Hao, Shiying, Michigan State University, USA 
Hui, David, University of New Orleans, USA 
Jaffrezic-Renault, Nicole, Claude Bernard University Lyon 1, France 
Jamil, Mohammad, Qatar University, Qatar 
Kaniusas, Eugenijus, Vienna University of Technology, Austria 
Kim, Min Young, Kyungpook National University, Korea 
Kumar, Arun, University of Delaware, USA 
Lay-Ekuakille, Aime, University of Lecce, Italy 
Li, Si, GE Global Research Center, USA 
Lin, Paul, Cleveland State University, USA 
Liu, Aihua, Chinese Academy of Sciences, China 

Mahadi, Muhammad, University Tun Hussein Onn Malaysia, Malaysia 
Mansor, Muhammad Naufal, University Malaysia Perlis, Malaysia 
Marquez, Alfredo, Centro de Investigacion en Materiales Avanzados, Mexico 
Mishra, Vivekanand, National Institute of Technology, India 
Moghavvemi, Mahmoud, University of Malaya, Malaysia 
Morello, Rosario, University "Mediterranea" of Reggio Calabria, Italy 
Mulla, Imtiaz Sirajuddin, National Chemical Laboratory, Pune, India 
Nabok, Aleksey, Sheffield Hallam University, UK 
Neshkova, Milka, Bulgarian Academy of Sciences, Bulgaria 
Passaro, Vittorio M. N., Politecnico di Bari, Italy 
Penza, Michele, ENEA, Italy 
Pereira, Jose Miguel, Instituto Politecnico de Setebal, Portugal 
Pogacnik, Lea, University of Ljubljana, Slovenia 
Pullini, Daniele, Centro Ricerche FIAT, Italy 
Reig, Candid, University of Valencia, Spain 
Restivo, Maria Teresa, University of Porto, Portugal 
Rodríguez Martínez, Angel, Universidad Politécnica de Cataluña, Spain 
Sadana, Ajit, University of Mississippi, USA 
Sadeghian Marnani, Hamed, TU Delft, The Netherlands 
Sapozhnikova, Ksenia, D. I. Mendeleyev Institute for Metrology, Russia 
Singhal, Subodh Kumar, National Physical Laboratory, India 
Shah, Kriyang, La Trobe University, Australia 
Shi, Wendian, California Institute of Technology, USA 
Shmaliy, Yuriy, Guanajuato University, Mexico 
Song, Xu, An Yang Normal University, China 
Srivastava, Arvind K., LightField, Corp, USA 
Stefanescu, Dan Mihai, Romanian Measurement Society, Romania 
Sumriddetchkajorn, Sarun, Nat. Electr. & Comp. Tech. Center, Thailand 
Sun, Zhiqiang, Central South University, China 
Sysoev, Victor, Saratov State Technical University, Russia 
Thirunavukkarasu, I., Manipal University Karnataka, India 
Tianxing, Chu, Research Center for Surveying & Mapping, Beijing, China 
Vazquez, Carmen, Universidad Carlos III Madrid, Spain 
Wang, Jiangping, Xian Shiyou University, China 
Xue, Ning, Agiltron, Inc., USA 
Yang, Dongfang, National Research Council, Canada 
Yang, Shuang-Hua, Loughborough University, UK 
Yaping Dan, Harvard University, USA 
Zakaria, Zulkarnay, University Malaysia Perlis, Malaysia 
Zhang, Weiping, Shanghai Jiao Tong University, China 
Zhang, Wenming, Shanghai Jiao Tong University, China 

  
 
 
 
 
 

Sensors & Transducers Journal (ISSN 2306-8515) is a peer review international journal published monthly online by International Frequency Sensor 
Association (IFSA). Available in both: print and electronic (printable pdf) formats. Copyright © 2013 by International Frequency Sensor Association. 

All rights reserved. 

http://www.sensorsportal.com


  SSeennssoorrss  &&  TTrraannssdduucceerrss  JJoouurrnnaall  
 
  

  

CCoonntteennttss  
  

Volume 151 
Issue 4 
April 2013 

www.sensorsportal.com  ISSN 1726-5479 

 
 

Research Articles 
 

10 Top Reasons to Publish your Article in Sensors & Transducers (Editorial) 
S. Y. Yurish ................................................................................................................................ I 
  
Fast Field Calibration of MEMS-based IMU for Quadrotor's Applications 
J. F. Zhang, J. P. Bai, J. B. Wu, Y. Zeng and X. S. Lai ............................................................. 1 
  
Analysis of Pulse-Echo Response Based on Linear MEMS Ultrasonic  
Transducer Array 
Wang Hongliang, Wang Xiangjun, He Changde, Xue Chen Yang ............................................ 10 
  
Performance Enhancement of Silicon MEMS Microspeaker 
Alexandre Houdouin, Iman Shahosseini, Hervé Bertin, Nourdin Yaakoubi, Elie Lefeuvre, 
Emile Martincic, Yves Auregan, Stéphane Durand.................................................................... 18 
  
Fluid Structure Coupling Analysis of Boundary Layer Streaming Driving Micropump 
Changzhi Wei, Shoushui Wei, Feifei Liu.................................................................................... 24 
  
Numerical Simulation of Mixing Process in Tortuous Microchannel 
Reza Hadjiaghaie Vafaie, Mahnaz Mahdipour, Hadi Mirzajani, Habib Badri Ghavifekr ........................ 30 
  
A Molecular Imprinting TNT Sensitive Detection Sensor Based on Film Bulk 
Acoustic Resonator 
Qimeng Lv, Guangmin Wu, Jianming Chen, He Qun Chu, Mai John D. .................................. 36 
  
Design and Simulation of a MEMS-based Large Traveling Linear Motor  
for Near Infrared Fourier Transform Spectrometer 
Ehsan Atashzaban, Mahdi Nasiri, Hadi Mirzajani, Hamed Demaghsi, Habib Badri 
Ghavifekr .................................................................................................................................... 41 
  
A Large Stroke MEMS-based Linear Motor for Fourier Transform  
Spectrometer Applications 
Ehsan Atashzaban, Hadi Mirzajani, Mahdi Nasiri, Milad Sangsefidi ......................................... 47 
  
Design and Experiment of a Parallel Six-axis Heavy Force Sensor Based  
on Stewart Structure 
Wei Liu, Qi Li, Zhenyuan Jia, Erdong Jiang............................................................................... 54 
  
Development of System for Alumina Clinker Quality Real-time Monitoring  
based on Sound Sensor 
Qing Tian, En-Cheng Wang, Chang-Nian Zhang and Jin-Hong Li ............................................ 63 
  
Characterization of Defects in Non-ferromagnetic Material Using an Electromagnetic 
Acoustic Transducer 
Sadiq Thomas, Evans Ashigwuike, Wamadeva Balachandran, Salah Obayya. ....................... 70 
  

http://www.sensorsportal.com


Photodiode Array for Detecting Laser Pointer Applied in Shooting Simulator 
Aryuanto Soetedjo, Eko Nurcahyo, Fiqih Prawida..................................................................... 78 
  
Study on Sensing Properties and Mechanism of Pd-doped SnO2 Sensor  
for Hydrogen and Carbon Monoxide 
Qu Zhou, Weigen Chen, Lingna Xu, Shudi Peng ...................................................................... 84 
  
Three-dimensional Node Localization Algorithm for Wireless Sensor Networks 
Zhang Ye, Zhang Feng. ............................................................................................................. 90 
  
A New Time Synchronization Algorithm for Wireless Sensor Networks  
Based on Internet of Things 
Zhang Yong-Heng, Zhang Feng. ............................................................................................... 95 
  
Wireless Sensor Traceability Algorithm Based on Internet of Things  
in the Area of Agriculture 
JI Yan, Zhang Feng, DONG Jian-Gang, You Fei ...................................................................... 101
  
Development of Noise Measurements. Part 2. Random Error 
Zenoviy Kolodiy, Bohdan Stadnyk, Svyatoslav Yatsyshyn. ....................................................... 107
  
An Optimised Electronic System for in-vivo Stability Evaluation of Prostheses  
in Total Hip and Knee Arthroplasty 
Shiying Hao and John Taylor ..................................................................................................... 113
  

 
 

Authors are encouraged to submit article in MS Word (doc) and Acrobat (pdf) formats by e-mail: editor@sensorsportal.com 
Please visit journal’s webpage with preparation instructions: http://www.sensorsportal.com/HTML/DIGEST/Submition.htm 

 
International Frequency Sensor Association (IFSA). 
 
 
 
 
 
 
 
 

  

http://www.sensorsportal.com/HTML/BOOKSTORE/Digital_Sensors.htm


 
 

 
 

 
 

 
 

http://www.iaria.org/conferences2013/SENSORDEVICES13.html
http://www.iaria.org/conferences2013/SENSORCOMM13.html
http://www.iaria.org/conferences2013/CENICS13.html


Sensors & Transducers, Vol. 151, Issue 4, April 2013, pp. 78-83 

 78 

   
SSSeeennnsssooorrrsss   &&&   TTTrrraaannnsssddduuuccceeerrrsss  

© 2013 by IFSA
http://www.sensorsportal.com   

 
 
 
 
 

Photodiode Array for Detecting Laser Pointer Applied  
in Shooting Simulator  

 
*Aryuanto SOETEDJO, Eko NURCAHYO, Fiqih PRAWIDA 

Department of Electrical Engineering, National Institute of Technology Malang, Indonesia 
* Tel.: +62-341-417636, fax: +62-341-417634 

* E-mail: aryuanto@gmail.com 
 
 

Received: 25 March 2013   /Accepted: 18 April 2013   /Published: 30 April 2013 
 
 
Abstract: This paper presents the application of photodiode array for detecting laser pointing in the shooting 
simulator. The photodiodes are arranged in circular pattern similar to the conventional shooting target. To 
minimize the cost, the scanning and multiplexing techniques are employed to access the photodiode array. A 
low-cost 8-bit microcontroller system is used to calculate the shooting position, display it to the seven-segment 
display, and send the data to a computer. To overcome the problem of varying lighting conditions, an adaptive 
voltage reference is introduced. Experimental results shows that the proposed system work properly to detect the 
laser shooting in indoor and outdoor environments with the effective shooting distance of 10 to 20 meter and the 
lighting intensity below than 5000 Lux. Copyright © 2013 IFSA. 
 
Keywords: Photodiode array, Laser pointer, Shooting simulator, Shooting target, Scanning technique, 
Multiplexing technique. 
 
 
 
1. Introduction 
 

Shooting simulator is a common tool used in 
military training for shooting practices. In the 
simulator, a laser beam generated by laser pointer is 
employed to replace the bullet for shooting the target. 
A projector-camera system was developed in [1] to 
project the image on the target and detect the laser 
beam by the camera. They proposed two different 
approaches: a) single stationary camera; b) multiple 
moving camera or camera on weapon. The main 
problems of the system are to handle the geometric 
projection and the illumination changes. In [2], by 
adjusting the shutter, gain, exposure, and various 
setting of the camera, the laser beam is made brighter 
than the surrounding. There is another problem of the 
varying color for the different laser pointer sources as 
reported in [3]. They reported that the laser beam 
forms a set of rings on the target with the different 

colors. Therefore they proposed a method to use a 
specific color that always detect some of those rings 
for many types of the laser pointers. 

In our previous work [4], instead of installing a 
camera in front of the target, a camera is placed 
behind the target inside the box. This arrangement 
minimized the problem of illumination changes, 
because the light condition could be controlled inside 
the box. However it requires some adjustments of the 
camera system, and proper preparation of the target 
screen.  

A low cost solution without the need of complex 
projector-camera system was proposed in our earlier 
work [5]. The proposed system employed a 
photodiode array as the laser sensor. The photodiodes 
are arranged to form circular pattern on the shooting 
target. A microcontroller system is used to compute 
the shooting score and display it on the target box. 
This paper presents some improvements of the earlier 
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work, mainly in two folds: a) Introducing an adaptive 
threshold to work with outdoor environment (sun 
light); b) Reducing the numbers of electronic circuits 
(comparator circuits) by employing the multiplexer 
system. 

The rest of paper is organized as follows.  
Section 2 describes the details of proposed system. 
Section 3 presents the experimental results. 
Conclusions are covered in section 4. 

 
 

2. System Configuration 
 
The configuration of shooting simulator is 

illustrated in Fig. 1. The system consists of three 
main components, i.e. a shooting target, a laser 
pointer attached on the gun, and a personal computer. 
A Bluetooth communication is employed to 
communicate the shooting target with a personal 
computer. The shooting target is formed by 
photodiode array in the circular pattern, similar to the 
conventional shooting target. There are ten rings, 
where the outermost ring has the lowest score, while 
the innermost ring has the highest score. When a 
shooter aims the laser pointer to the target, a 
microcontroller system will find which photodiode is 
aimed, then calculates the score and display it to the 
scoring score (two digits seven segments display). At 
the same time, the microcontroller sends the score 
and precise position of targeted photodiode to the 
personal computer for further processes. 

 
 

Scoring 
display 

Gun equipped with a 
laser pointer 

Shooting target 

Photodiode array 

Personal 
Computer 

08

Bluetooth 
Communication 

 
 

Fig. 1. Configuration of shooting simulator. 
 
 

2.1. Photodiode Array 
 

The important issue in designing the shooting 
target is determining the diameter of circular pattern 
formed by photodiode array. From a few 

experiments, it is obtained that the diameter of 
outermost ring is 10 cm as the most effective 
dimension. Using this arrangement, the diameter of 
each ring should be 1 cm. Since 3 mm photodiode is 
used, the distance between the photodiode along the 
ring’s perimeter is made 5 mm. Therefore the number 
of photodiodes in each ring could be calculated as 
listed in Table 1. The total numbers of photodiodes 
are 360 pieces. By considering the PCB layout of the 
photodiode array and the number of electronic 
components, only the half of total photodiode is taken 
into consideration, in the sense that every two 
adjacent photodiodes are connected in parallel. Using 
this method, only 183 points (photodiodes) should be 
processed by the microcontroller system. 

 
 

Table 1. The number of photodiodes in the shooting target. 
 

Ring 
No. 

Diameter 
(cm) 

Number of 
photodiodes 
(calculation) 

Number of 
photodiodes 

(implementation) 
1. 1 6.28 5 
2. 2 12.56 11 
3. 3 18.84 18 
4. 4 25.12 22 
5. 5 31.4 30 
6. 6 37.68 38 
7. 7 43.96 48 
8. 8 50.24 56 
9. 9 56.52 62 

10. 10 62.8 70 
 
Fig. 2 shows the common circuit for detecting 

light using a photodiode. In the circuit, the 
photodiode is operated in reversed bias, thus when 
light falls into the photodiode, the current flows into 
the photodiode and drops the voltage across it. The 
values of R2 and R3 are used to determine the 
reference voltage of the comparator.  

 
 

 
 

Fig. 2. Photodiode circuit with a comparator. 
 
 
The brutal approach to detect 183 photodiodes is 

to use 183 comparators, one comparator for each 
photodiode. The effective method to reduce the 
number of comparators is by introducing a scanning 
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technique as proposed in our previous work [5]. It 
divides the photodiode array into 23 rows and  
8 columns as shown in Fig. 3. The rows are 
connected to the comparator circuits, while the 
columns are connected to the output ports of the 
microcontroller. To read the detected laser on the 
photodiodes, the microcontroller scans the columns 
and reads the comparator outputs to determine the 
detected photodiode. This method requires  
23 comparator circuits, 23 input ports of 
microcontroller, and 8 output ports of 
microcontroller. 

 
 

 
 

Fig. 3. Photodiode array 23 rows  8 columns. 
 
 
This paper improves the previous work by 

reducing the number of comparator circuits and 
introducing an adaptive voltage reference of the 
comparator circuit as discussed in the next section. 

 
 

2.2. Interfacing Module 
 
A multiplexing technique is employed to reduce 

the number of comparator circuits as shown in Fig. 4. 
Using this technique, only one comparator is required 
to read 23 rows. It is implemented using two  
16-channel analog multiplexer ICs (CD4067). To 
select the channel, six I/O ports of microcontroller 
are used: two ports for selecting the multiplexer 
device (multiplexer-1 or multiplexer-2), and four 
ports for selecting the channel (channel-1 to channel-
16). 

As shown in Fig. 4, row-1 to row-16 are 
connected to channel-1 to channel-16 of multiplexer-
1, while row-17 to row-23 are connected to channel-1 
to channel-7 of multiplexer-2. The control inputs A, 
B, C, D are used to select each channel of the 
multiplexer. The control input Inhibit is used to 
disable or enable the multiplexer. 

The comparator circuit shown in Fig. 2 uses a 
fixed reference voltage determined by the values of 
R2 and R3. The circuit has a drawback as described in 
the following. When the shooting simulator is used in 
outdoor place, the sunlight irradiates the photodiode 
and may cause the current flowing into photodiode, 
similar to the laser beam behave. In the case, the 
comparator is always ON even though there is no 
laser beam is aimed to the photodiode. 

 

 
 

Fig. 4. Multiplexer circuit. 
 
 
To overcome the drawback, the adaptive voltage 

reference is proposed as shown in Fig. 5. In the 
circuit, a reference photodiode is put in series with a 
resistor and connected to the inverting input of op-
amp. In the shooting target, the reference photodiode 
is placed near to the photodiode array. Thus, when 
the simulator is placed outdoor, the sunlight irradiates 
the photodiode array and the reference photodiode 
simultaneously. Since the resistor’s values connected 
to the two photodiode are different, then in the 
normal condition (no laser beam), the voltage on the 
non-inverting input is higher than one on the 
inverting input, and the output of comparator will be 
in the high state. The resistor’s value on the reference 
photodiode is slightly higher than the one on the 
photodiode array. This value is chosen so that when 
the laser beam falls into the photodiode array, the 
voltage on the non-inverting input is lower than the 
one on the inverting input, and the output of 
comparator is in the low state. 

 
 

2.3. Algorithm for Detecting Shooting Target 
Position  

 
The shooting target position on the circular target 

is arranged into two parts. The first part represents 
the number of ring, i.e. 1 for the innermost ring, and 
10 for the outermost ring. The shooting score is 
calculated inversely, i.e. score of 10 for ring number 
of 1, and score of 1 for ring number of 10. The 
second part represents the position along the 
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perimeter in each ring. This position does not 
contribute to the shooting score, but it is sent to the 
computer for displaying the more precise shooting 
target position as shown in Fig. 6. The numbering is 
according to the clockwise direction from the top to 
the right. For example, the number of 35 for ring 
number of 10 indicates that shooting target is on the 
bottom of outermost ring.  

 
 

 
 

Fig. 5. Adaptive voltage reference. 
 
 

 
 

Fig. 6. Target position on the computer. 
 
 

Fig. 7 shows the flowchart for detecting the 
shooting target position which is implemented on the 
ATMega8535 microcontroller system. It starts by 
scanning the photodiode array. When the laser 
pointer is detected, the position of shooting target is 
determined using a look-up table. Then the shooting 
score is calculated from the ring number obtained 
previously. This score is displayed on the seven-
segment display on the shooting target. Finally the 
score and precise position of shooting target is sent to 
the computer.  

Since the scanning and multiplexing techniques 
are employed, it is important to ensure that the 
duration of laser pointer hits the photodiode is longer 
than the scanning time of photodiode. This 
requirement is provided by employing a monostable 
circuit on the gun. It will generate one-shot pulse 
with duration of 0.1 second.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7. Flowchart of detection algorithm. 
 
 

4. Experimental Results 
 
To test the reliability of proposed system, several 

experiments are conducted. The experiments 
comprise four aspects: a) Characteristic of laser 
beam; b) Characteristic of photodiode; c) Shooting 
detection; d) Shooting distance. The experiment on 
characteristic of laser beam is used to measure the 
diameter (size) and intensity of laser pointer from 
several shooting distance. The laser pointer used in 
the experiment is the Sharp Ace Laser Point which is 
commonly used as pointing device in the air gun. 

Table 2 shows the measurement results of the 
laser beam intensity and size under varying distances. 
From the table, it is shown that the diameter of laser 

Start 

Scan photodiode array  
(8 cols  23 rows) 

Laser 
pointer 

detected?

Find the position of the 
shooting target from look-

up table 

Calculate the shooting 
score 

Display score to 7-
segment 

Send position and score 
to computer 

Yes 

No 
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beam is larger when the shooting distance is far. Thus 
it will decrease the shooting accuracy. 

 
 

Table 2. Measurement results of the laser beam 
intensity and size under varying shooting distances. 

 
Shooting
distance 
(Meter) 

Laser beam 
intensity (Lux) 

Laser beam size 
(mmmm) 

5 423 0.60.4 
10 347 1.40.5 
15 278 2.00.7 
20 184 2.51.0 

 
 
The experiments on photodiode’s characteristic 

are conducted by measuring the output voltages of 
the photodiode in the reverse bias under different 
lighting environments. In the measurement, the 
photodiode is connected in series with a 220 ohm 
resistor as shown in Fig. 5. Fig. 8 and Fig. 9 show the 
measurement results of the photodiode output voltage 
for indoor and outdoor environments respectively. 
From the figures, it is clear that for indoor 
environment, a fixed voltage reference could be used 
to differentiate the presence of the laser beam on the 
photodiode. However, for outdoor environment, the 
fixed reference may fail to differentiate them. 

Table 3 shows the laser detection results for 
different lighting environments. The proposed system 
is able to detect laser shooting for both indoor and 
outdoor environment. However, when the lighting 
intensity is greater than 5000 Lux, the system fails to 
detect the laser shooting. From the observation, it is 
found that the detection failure is caused by the very 
strong intensity of the sunlight. In this case, the 
output voltage of reference photodiode is almost 
zero, thus when laser hits the photodiode array, the 
output voltage of photodiode array could not be 
lower than zero. 

 
 

 
 

Fig. 8. Measurement results of the photodiode output 
voltage in indoor environment. 

 

 
 

Fig. 9. Measurement results of the photodiode output 
voltage in outdoor environment. 

 
 
Table 3. Laser detection results for different lighting 

environments. 
 

Lighting 
intensity (Lux) 

Laser 
detection 

Remark 

420 Success Indoor 
800 Success Indoor 

1000 Success Outdoor 
1500 Success Outdoor 
5000 Fail Outdoor 
10000 Fail Outdoor 

 
 
The experimental results of shooting detection for 

different shooting distances are shown in Table 4. 
The experiments are conducted in outdoor 
environment with the lighting (sunlight) intensity of 
2400 Lux. The experimental results show that the 
system is able to detect the laser shooting until the 
distance of 25 meter. 

 
 
Table 4. Laser detection results for different shooting 

distances. 
 
Shooting 
distance 
(Meter) 

Laser 
detection 

Remark 

5 Success 
10 Success 
15 Success 
20 Success 
25 Success 

Tested in outdoor 
environments with 
the lighting 
intensity of  
2400 Lux 

 
 

5. Conclusions 
 

A low-cost shooting simulator is developed. The 
laser pointer is attached on the gun for shooting the 
target. The main idea is to use the photodiode array 
for detecting the laser beam. The proposed system 
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works well under variation of lighting conditions for 
both indoor and outdoor environments. 

In future, the system is extended to the multi 
shooter. Further, the camera detection system will be 
developed for allowing the complex target scheme. 
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