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 This paper discussed on the development of automated data acquisition 
circuits using the parallel port of a computer through Visual C++. The aim of 
this study is to produce low cost laboratory apparatus that are both accurate 
and easy to use. Two revisions of an accelerometer device are described in 
this paper. Each prototype determined sources of errors (initial moment of 
inertia, device delay, code optimization) that were used in improving the 
design for the next revision. For the first revision errors of 13.63% and 
16.38% between the experimental and theoretical values were recorded while 
the second revision showed errors of 12.58 % and 7.20 % on two different 
angles. The next revision of the prototype would include the use of 
embedded assembly code in the Visual C++ code together with advanced 
thread synchronization techniques to improve the accuracy of the measured 
data. 
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1. INTRODUCTION 

The Emilio Aguinaldo College (commonly abbreviated as EAC) is a private nonsectarian institution 
of learning located in San Marcelino Street, Manila. 

 The Physics laboratory of the Emilio Aguinaldo College uses different types of apparatus for data 
acquisition to perform experiments that demonstrate the different topics in the Physics subjects. The authors 
intend to fully automate these data acquisition apparatus using electronic circuits that convert measurable 
data through sensors to a readable bit format for the parallel port of the computer. A survey was done to 
determine which of the apparatus can be readily automated and can be replaced by readily available low cost 
materials. One of the experiments that showed possible automation was the calculation of the acceleration of 
the different moving bodies. It was observed that the error from this experiment was mainly due to the 
reaction time of the students. By substituting the apparatus with electronic circuits that are inexpensive, 
rugged and reliable, students can obtain data with ease and can focus more on the concept rather than its 
procedural and computational parts. Another advantage of automating the experiment through the computer 
is that a customized Graphical User Interface (GUI) can be used through the Microsoft Foundation Classes 
(MFC) of Visual C++. This also helps in the automatic data logging of the results. 
 
 
2. RESEARCH METHOD 

The implementation of the acceleration measurement device has gone through two revisions. The 
first revision consisted of four sensors that heavily relied on the algorithmic flow of the Visual C++ API [1]. 
The second implementation uses only two sensors and relies on the internal clock of the computer accurate 
up to the millisecond. Another revision is being designed that includes the use of advanced thread 
synchronization and embedding assembly language into the Visual C++ code to allow for more versatility 
and low-level accuracy. 
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2.1. Revision 1 
Figure 1 is the schematic diagram of the revision 1 prototype of the accelerometer. A laser pointer 

was used for the light source and LDRs for light detectors. When the body interrupts the light, the potential 
(voltage) in the LDR will change. This signal (either high or low) will then be fed up to parallel port that will 
compute for the time elapsed.  
 

 
 

Figure 1. Effects of selecting different switching under dynamic condition

 
Figure 2. Effects of selecting different switching under dynamic condition 

  Figure 2 is the state diagram of the application. Upon running the program, it enters the READY 
state. This state waits for a flag that is activated by the “Active” button. When the start flag is set, the 
program reads the parallel port where the four light sensors are connected. The state moves to STATE1 when 
the ball is placed on the first sensor and moves to STATE2 upon leaving the same sensor. It moves to the 
different states (STATE3 and STATE4) upon interrupting the next set of light sources and detectors. When 
the last light is interrupted, the program calculates the time elapsed between those points and outputs the 
velocity v and acceleration of the body [2]-[3]. 
 
2.2. Revision 2 

Figure 3 shows the schematic diagram of the acceleration measurement device. Similar to Revision 
1, a laser pointer was used for the light source and phototransistor (WPT440F) for the light detector [4],[5]. 
The values of the sensors are constantly polled every millisecond and depending on the data taken through 
the parallel port, the time between the activation and deactivation of the two sensors are logged [6],[7]. 
 

 
 

Figure 3. Schematic diagram of the accelerometer 
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3. DATA GATHERING 
In performing the experiment for revision 1, the acceleration of a solid spherical ball was used. It 

was assumed that the frictional force between the ball and the inclined plane is negligible and therefore does 
not contribute to the torque brought about by its rotation [8],[9]. The angles 11° and 13.5° inclination for the 
plane were used and a 2cm diameter spherical ball. Ten trials were performed for each angle. The following 
formulas were used [10]: 

 
where:  g = gravitational acceleration (980 cm/s2) 

  θ= angle of inclination (degrees) 

  S = displacement of the body (cm) 
 

The above equations were obtained by considering the rotational and linear velocity of the body as it 
rolls down the plane [11]-[13]. The aexperimental is the average acceleration of the body taken from its 
acceleration as it passes the three other sensors. 

In performing the experiment for revision 2, the acceleration of a sliding body (collision cart) was 
computed. It was assumed that the frictional force between the body and the inclined plane is negligible. The 
angles 15° and 20° were used at a traveling distance of 62 cm. Ten trials were performed for each angle. The 
formulas used were 
 

aaccepted = gSinθ    and    aexperimental = 2S/t2 
 

 
4. RESULTS AND ANALYSIS 

For revision 1, the acceleration computed by the program was compared to that of its theoretical 
value. An error of 13.63% was recorded when the angle is 13.5° and 16.38% when the angle is 11°. These 
errors were believed to be caused by the following: (1) during the release of the ball, the body is trying to 
overcome its moment of inertia causing its acceleration to deviate from its theoretical value; (2) just before 
the body reaches the last sensor, the effect of its rotational velocity becomes negligible, causing its 
acceleration to approach its linear acceleration only and (3) the delay (time response) of the LDR is suspected 
to be longer compared to that photodiode that are usually used as switch causing an error in the computed 
acceleration. The sources of errors in these data were used to form the second revision conditions such as the 
change from an LDR to a phototransistor and the change in the device being measured [14],[15].  

For revision 2, the acceleration computed from the experiments was also compared to the theoretical 
value. A 12.58 % error was found on the 15o angle and an error of 7.20 % was found on the 20o angle. The 
errors were attributed to the following: (1) data from the parallel port is not directly sent to the computing 
side of the processor due to the inherent delays between chipsets; (2) reliability of software on low level 
operations are limited to the millisecond due to the nature of the programming language used (Visual C++) 
and (3) the capturing of the internal clock may be limited to the delays caused by the multiple cycle 
commands of the different Visual C++ APIs [16]. 
 
 
5. CONCLUSION 

The prototypes in the conducted experiments were used to continually improve the methodology in 
creating a device that is low cost, easy to use and accurate for the experiments where it is going to be used. 
Revision 1 has shown the different sources of errors that are inherent in the first prototype. The sources of 
errors came from the object whose acceleration is being measured and the response time of the sensor (LDR). 
To eliminate the factor of the object trying to conquer its moment of inertia, a sliding cart was used, which is 
assumed to be frictionless with the inclined plane in Revision 2. A phototransistor was also used in the 
second revision so as to increase response time of the sensors.  
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The results of revision 2 have shown other sources of errors. The delay due to the different 
commands in the Visual C++ API is speculated to be one of the sources of errors. The lowest sampling time 
that Visual C++ can handle is 1 millisecond but due to the execution of other commands, the sampling time 
is not achieved consistently every 1 millisecond. This can be remedied by optimizing the Visual C++ code to 
perform the least number of necessary commands during operation and to include the use of using embedded 
assembly language code in the Visual C++ code to allow for more low-level control together with advanced 
thread synchronization. This is the planned design changes for the next revision.  

Another recommendation would be to use a separate circuit in between the parallel port and the 
sensors as show in figure 4. The data logging circuit consists of a microcontroller whose sole function is to 
store the data sent by the sensors to a memory element that can later be retrieved by the computer through the 
parallel interface. 

 
Figure 4. Block diagram of suggested configuration 
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