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The article describes application for reading analog value using webcam. Application captures measuring device 

using a web camera and subsequently finds out the value the device is displaying. The paper briefly describes a 
measurement and two main types of the measuring instruments more focused to analogue devices. It speaks of the 
problems to locate measuring device on picture and locate a pointer and calculate the value.The paper also  briefly 
covers overall description and problems encountered while creating the application.  
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INTRODUCTION. Measurement is defined as the 
sum of operations (collection, transmission and 
processing), by laying down the values of measured 
quantities. Measurement serves as a source of 
information for continuous improvement of scientific 
and technological advances [1]. There are two main 
types of the measuring instruments: analogue and 
digital. The analogue instruments indicate the 
magnitude of the quantity in the form of the pointer 
movement. The digital measuring instruments indicate 
the values of the quantity in digital format that is in 
numbers.  

Sometimes there are situations, when a man needs to 
put value of analogue measured device in to automated 
process controlled by digital computer. In such a 
situation, it is necessary to read the analogue value 
using optical sensor – digital camera. 

ANALOGUE MEASURING DEVICE. Analogue 
electrical measuring device is a device which transforms 
the measured value using appropriate physical phenomena 
on the deflection pointer. This transformation is happening 
continuous manner, while true two way uniqueness of this 
transformation (value of one variable corresponding to one 
value of deflection and vice versa). The principle of the 
analog device is based in the balance of forces acting on a 
rotating part of the measuring device. One force caused by 
measured quantities produces called system moment Ms 
and the second power called directional, creating a 
directional moment Md,  which  counteracts  to  Ms.  Ms 
increases with increasing value of the measured quantities. 
Md increases with increasing deflection. Graphical 
representation of the situation is shown in Fig. 1. [2]. 

 

 
Figure 1 – Principle of the analog device 

 
The resulting measured value is then equal to the 

conjunction range of the measuring instrument in units 

of the measured quantity and the ratio of current to the 
full scale deflection in scale intervals. 

IDENTIFY ANALOG MEASURING DEVICE. This 
was  a  one  of  the  major  problems  of  the  work,  so  as  to  
determine where, in the image, is the measuring device and 
how to focus specifically to that area. 

Measuring device does not have significant 
characteristics which could normally appear on the 
captured images. It was therefore necessary to modify the 
device appearance. We decided to place a color marks to 
the device, shown in Fig. 2. 

 

 
 

Figure 2 – Principle of the analog device 
 

These markers will be used to identify the device as 
well as to determine the position in which the device is 
located. Marks were placed on a darker background for 
their better recognition. Using the image filter 
parameters, the user will attempt to set those values to a 
particular image filtered out everything except for color 
marks on the device. If the application determines the 
visibility of marks, identifies the device. However, the 
device can be rotated in any way, either upside down or 
rotated a few degrees. Once you have found marks, the 
application detects the exact center of each of them. 
Image may be imagined as a two-dimensional array of 
pixels.  In  our  case  are  zero  coordinates  of  this  field  in  
the upper left corner. The application marks the exact 
center with position coordinates x and y for the circular 
mark (CX, CY) and for rectangular mark (RX, RY). So 
we can get 8 different positions of these centers as 
shown on Fig. 3. 
 

 
Figure 3 – Principle of the analog device 
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We calculated the values of a, b, c as follows: 
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a CX RX
b CY RY
c a b

. (1) 

For each of these options we must separately 
calculate rotation angle B and separately angle A for 
lower  4  positions  shown  in  Fig.  3).  Angle  A  we  can  
calculate as follows: 

180sin( )bA
c

. (2) 

Based on the rotation angle B, the application turns 
the whole picture by this angle. The center of rotation is 
located in the center of the image. That application 
could concentrate only on a specific device, it is 
necessary to crop the image. After rotating and cropping 
image we need recalculate coordinates: CX, CY, RX and 
RY.  

For cropping will be enough position of the center 
circle so CX and CY. Similarly, we can get 8 different 
positions, Fig. 4. 

 

 
Figure 4 – Positions of circle mark based on center  

of the image 
 

Then we have the values a, b and c calculated 
relative to the center of the image: 

2 2

| / 2 |;
| CY / 2 |;

c .

a CX width
b height

a b

 (3) 

Then we have the values a, b and c calculated 
relative to the center of the image: Width and height are 
in pixels. We calculate the angle  as well as the angle 
A (2): 

180sin( )b
c

 (4) 

Critical conditions for the angle , are: 
( / 2    / 2),  ;
( / 2    / 2),  / 2;
( / 2   / 2), 0;
( / 2    / 2),  3. / 4;
( / 2    / 2

if CX width and CY height beta
if CX width and CY height beta
if CX width and CY height beta
if CX width and CY height beta
if CX width and CY height ), ;

( / 2    / 2),  ;
( / 2     / 2),  ;
( / 2     / 2),  2. ;

beta
if CX width and CY height beta
if CX width and CY height beta
if CX width and CY height beta

(5) 

Angle  presents the angle of the middle of the 
circle, depending on the center of the image, before we 
rotate the image by angle B. If we add these two angles 
we get the resulting angle , (6) for final position of 
center of the circle after rotation: 

B . (6) 
As a result of that search point rotates around the 

center of the image, creates a sort of imaginary circle 
with a radius of c. Coordinates of new center (X1,  Y1), 
we get just the help of angle  and length c: 
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180
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180

X c

Y c
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We need recalculate these points, because they are 
calculated in depends of the image center. We need the 
following coordinates in depending to the upper left 
corner. Final coordinates (XK, YK) are: 
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X width X
Y height Y

 (8) 

Knowing  the  position  of  the  circle,  on  the  basis  of  
the ratio of the actual distance between the marks and 
the distance in image, we can calculate size of the 
rectangle representing the device in image. According to 
these calculations, the application crops the image and 
save time for further image analysis. The result of image 
cropping is in Fig. 4. 

 

 
Figure 5 – Cropped measuring device 

 
DEFLECTION OF POINTER. We need to focus on 

the pointer in measuring device. We crop picture of device 
according to calculated points. 

To do this we will use other image editing filters that 
we filtered out unnecessary parts and focus specifically on 
the position of pointer to the device. Pointer with its 
movements passes over part of the circle. We need to focus 
on the darker part of the pointer, which is easier to 
recognize. By testing, we found three points which pointer 
goes through. 

(0.9 ; - );
(5 ; -( - 2 )); 
(9.4 ;- ).

r h
r h r

r h
 (9) 

Where r  is the ratio between the marks in pixels, and 
the actual distance in cm. The h is the height of the image 
in pixels. Using these points, we calculated the equation of 
a circle: 

2

2 2 2 2

38.8426 (7.02 10.3 7.02 )
2 30.3826 .

r r h x y
h hy x y r

 (10) 

We can calculate the coordinate y on the basis of x: 
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2 2

2 2

( (38601 103000 10000 ) 351 100 ) /100;

( (38601 103000 10000 ) 351 100 ) /100.

y r rx x r h

y r rx x r h
 (11) 

We got two results for the top and bottom of the 
circle. We need only the top part of the circle. After 
entering any value x,  which  is  located  in  the  area  of  a  
circle, application will use the following equation to 
calculate the coordinate y. To determine the location of 
pointer, using this equation, we divided into several 
small parts. These parts will be examined separately, 
Fig. 6. 

 

 
Figure 6 – Small parts with a red border used  

for pointer detecting 
 
We use a set of filters to edit cropped image to the 

following form: 
 

 
Figure 7 – Cropped image filters applying  

 

Now we will search for white pixels in each red 
rectangle. If application detects that in a given section 
are white pixels, it means the application has found the 
position of the pointer. The pointer position is marked in 
the image of the device. 

 

 
Figure 8 – Found position of pointer 

 

With this position we determine the deflection of the 
pointer. 

CONCLUSIONS. There are situations when we need 
to use also analogue measurement devices. It is 
complicated to put measured value in automated 
processes. One of the effective ways is to use web camera 
for reading value from analogue devices. In this paper is 
presented one of the solutions. Created application is 
universal for reading different measuring devices with 
similar design. In the article is presented problem of 
identifying device from a captured picture, focusing to 
pointer area and identifying  pointer deflection. There are 
mathematical calculations presented in the article 
including empirically determined coefficients. 
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