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Abstract: A low noise time measurement unit involving high slew rate Operational Amplifier (Op-Amp) and 
Microcontroller Unit (MCU) has been design and developed for velocity measurement of moving objects. Main purpose of 
the work is to create a base method for measuring of a moving projectile with high accuracy when it passes through the two 
screens which are kept at known distance. Distance between the screens is known and Time of Flight (ToF) is determined by 
the time interval of triggering signals of optical screens. By using time interval and covering distance we can obtain velocity 
with the help of basic velocity-time relation. The system provides detection accuracy of the order of ±20mv and measures 
the ToF with resolution of 1µsec. 
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I. INTRODUCTION 
 
Many projectile velocity measurement techniques 
have been reported like visible and infrared (IR) 
radiation based screens [1], Laser Doppler 
Velocimetry (LDV) [2], Laser based projectile speed 
measurement system [3] etc. The main drawback of 
these systems is that most of the reported systems can 
measure velocity accurately in case of projectile fired 
perpendicular to the screens.   Doppler radar is also 
known a well known technique for measurement 
velocity of large object with high precision but it is 
not suitable for fragments because of differentiation 
between fragments and small size [4]. Photographic 
System Particle Image Velocimetry (PIV) has been 
also used for velocity measurement but main 
shortcomings of this technique it is quite expensive 
[5]. Opto-electronic technique based on multiple 
sources and multiple detectors is very advantageous 
for measurement of the velocity of the projectile 
moving randomly.  Based on this technique we have 
constructed two screens using a laser and three 
detectors in each screen. It can easily measure the 
velocity of the projectile fired perpendicular to the 
screens but for the projectiles which are not fired 
perpendicular, some modifications in the 
configuration of the screens is needed. Fundamentally 
one has to measure the ToF of the projectile passing 
through the screens which can be done using 
detection unit and MCU based unit[6]-[7]-[8]. For 
velocity measurement of high speed projectile an 
detection electronic circuitry is required which  can 
detect even a very small change of the order of a few 
tens mV in the detector output( produces when 
projectile size is of the order of a few mm). To 
measure the ToF accurately an Op-Amp with high 
slew rate and high frequency MCU are required. In 
this paper we report opto-electronic based time  

 
measurement unit using microcontroller and test 
results using air gun are discussed. 
 
II. OPERATING PRINCIPLE 
 
Time measurement system is shown in fig.1.  Light 
from the fan laser source is directly focused on photo-
detectors mounted on a PCB placed at 1 meter 
distance from the laser.  The detector converts the 
optical signal into electrical signal which is processed 
further for detection using electronic circuitry. 
Similarly another screen is constructed and both the 
screen is kept at 220mm distance to measure the 
velocity of the projectile. Whenever a projectile 
crosses through the screen which leads to decrease in 
the output signal of the photo detector this change is 
act as triggering signal which is fed into the input port 
of the controller. To measure the velocity of a 
projectile it fired perpendicular to the screens. When 
it crosses the two screen two triggering pulse are 
generated which are fed into the two different ports of 
the controller or Cathode Ray Oscilloscope (CRO).  
With first triggering pulse time counter starts and 
second triggering pulse stop the counter. 
 
According to triggering signal of both the screens, 
ToF can compute between start and stop signals with 
help of CRO or microcontroller based system. Using 
the screen distance and ToF velocity of the projectile 
can be measured.  
 
The details of the experiment, results etc. will be 
presented in the conference 
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III. TEST RESULTS 
 
Noise of the electronic circuitry is of the order of ± 
20mV which indicates that the screen a very sensitive 
even a very small object can be detected so the 
technique can be used for velocity measurement of 
the bomb fragments. High sensitivity of the screen is 
validated by detection of   an object of 125µm 
diameter which produces a voltage change of 500mV 
as shown in Fig. 2. Another experiment was also 
performed using a 4mm diameter object its result is 
shown in Fig. 3 

 
                            Fig. 2 

 
                              Fig.3 
 
Various experiments were performed using a number 
of objects of dissimilar dimensions. Variation of the 
voltage signal depends upon the velocity and 
dimension of objects. In the experiment, ToF was 
measured as the time difference between voltage dips 
which generated due to two triggering pulses of the 
screens as shown in Fig. 4 and 5 

     
Fig.4 

 
Fig. 5 

 
S 

No. 
Time of Flight 

(ms) 
Velocity (m/s) 

1 2.8 78.57 

2 3.0 73.33 

3 3.2 68.75 

4 3.1 70.96 
   
Hence the average speed of the air piston pellet was 
67.81 m/s. Projectile velocity measurement 
application was also done by performing experiments 
with object of different sizes and different velocities 
their result are shown in Table 1. Approxmaitely 
repetable results were achieved 
 
CONCLUSION 
 
In this paper design and development of the time 
measurement unit compatible to optical screen for the 
recording high speed events has been discussed. The 
sensitivity of the system was tested using object less 
than 0.2mm size and experiments results of different 
objects moving with different speeds are also 
presented.   
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