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Abstract

In this paper, we propose a new method to read the hand of analog gauges to prepare for the

smart factory. In addition, we suggest a new and improved method that can apply, in general, diverse

analog gauges even if their scale types and ranges are various. Many companies are making great

efforts to build smart factories that increase energy efficiency and automation. Managers use a

variety of equipment and tools to manage the production process at the factory. In this kind of

factory, analog gauges have been often used with many equipment and tools. Analog gauges are

mostly circular in shape, and most papers use circular hough transform to find the center and radius

of a circle. However, when the object to be found is not of the correct circle type, it takes a long

time to recognize the circle using the circular hough transform, and the center and radius of the

circle can not be calculated accurately. The proposed method was tested on various circular analog

gauges. As a result, we confirmed that our method is outstanding.

» Keyword: Analog Gauge Recognition, Morphological Operation, Distance Matching Function
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3.1 Image Preprocessing
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Fig. 2.

Image preprocessing for center area cropping

3.2 Detecting of the centroid of circle
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Algorithm 1 @ Detection the Centroid of Circle
function finder_center(bwimage)

Input: binary image including centroid(bwimage)
Output: centroid(x, y)

MainObject = find the biggest object & fill holes in bwimage
Area = area (MainObject)

while (Area > (1/49)*size (bwimage))

1
2
3
4
5 open & erode in MainObject
6 number = re-count objects in MainObject

7 if number == 1

8 Area = re-area(MainObject)

10 else

1. choose the two biggest objects

12 MainObject = select the object close to the center point

Area = re-area(MainObject)

17 [x, y] = calculate the centroid of MainObject

Fig. 3. Algorithm for detecting the centroid of circle

3.3 Transforming rectangle into circle
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Fig. 4. Polar coordinates

3.4 Row region detection with scale
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Algorithm 2 : Finding the Rows with Repeated Periodicity
function scale_row(rtimage)

Input: rectangular binary image(rtimage)

Output: 5 rows with repeated maximun periodicity

Dmf = calculate DMF on each row of the rectangular image

and normalize it
LocalMinimum = find local minimum of each Dmf
LocalMaximum = find local maximum of each Dmf
Period = calculate periodicity using right hand LocalMaximum
based on LocalMinimum

Save Period of each row(Dmf) and count it

O WD U A WN =

Find the 5 rows with repeated maximun periodicity

_

Fig. 6. Algorithm for finding scaled rows

3.5 Column region detection with scale
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Algorithm 3 : Finding the Scaled Columns

function scale_column(scaledimage)

Input: binary row image by OR operation to the 5 selected rows
Output: [left_max, right_max] in scaled columns

Period = select the most frequent period of the 5 selected rows

1

2 // find right_max

Z right_image =2*scaledimage

5 right_max = hand_position

6 while right max <= (hand_position + 360)

7 searching = right_image(right_max+1: right_max+1.5*period)
2 last_index = find the last index in searching
10 if no last_index |

11 exit

12 else

S right_max = right_max + last_index

15 end

16 if right_max >= (hand_position + 360)

17 right_max = hand_position + 360

18 ond

19

20 // find left_max
21 // It is similar to above code. But its direction is opposite.

Fig. 7. Algorithm for finding scaled columns
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3.6 Calculating analog gauge value
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Algorithm 4 @ Calculate Hand Value
function calculate_hand(left_max, right_max, hand_position)
Input: left_max, right_max, hand_position in previous steps
scale_max, scale_min inputed by users
Output: scale_hand evaluated by hand_position
if mod(abs(left_max-right_max), 360) < period
// 360 circled scale
scale_hand = ((hand_position+90)/360)*scale_max:
else // partitioned scale

scale_hand = ((scale_max=left_max) + (scale_min=right_max))/(left_max + right_max):

if scale_min > 0 % the scale starts in negative number

O N DU A W =

scale_hand = scale_min + scale_hand:
else % the scale starts in positive number
11 scale_hand = scale_hand - abs(scale_min):
12 end
13 end

Fig. 11. Algorithm for calculating hand value

V. Experiments
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Fig. 16. Converting circle to rectangle using polar coordinate

Fig. 13. Cropping center image
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Fig. 15. Finding center of circle
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Table. 1. Result of finding center (unit : sec)
Img No. 1 2 3 4 5 6 7
Circular Hough Transform 0.195 0.291 0.195 0.291 0.173 0.178 NaN
Morphological Operation 0.029 0.036 0.028 0.028 0.034 0.017 0.029
Img No. 8 9 10 11 12 13 14
Circular Hough Transform 0.160 0.186 0.149 NaN 0.196 0.145 0.184
Morphological Operation 0.023 0.019 0.006 0.012 0.017 0.012 0.012
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Fig. 19. Experiment result of gauge recognition
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V. Conclusions
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