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ABSTRACT

The Electricity Generating Authority of Thailand (EGAT) has used a robot to inspect the
inside of the generator. The robot needs to access the generator for monitoring. It has been found
that the positioning of the robot, which is important for the user, has some failures caused by
slipping between belt and groove gear which are the parts that to identify the robot position. The
thesis was to present a method of positioning of Generator Inspection Robot (GIR) from counting
number of groove ventilations in the generator by using image processing technique. The result of
the counting could identify the location inside the generator. A camera was mounted on the robot in
order to monitor and count the ventilations instead of using previous method (the encoder).

The research instruments used in this study werel7 sets of video. 5 video sets were taken
from the laboratory environment, and 12 video sets were taken from the real generator. Each video
set was 24 frames per second and each frame was processed one by one. The process started by
converting a color image to grayscale, and a histogram was used to adjust the brightness of the
images followed by noise reduction phase passing through noise filter. Then, the images were
converted to binary image that could show foreground more clearly. Finally, lines and reference
points were set for counting process. The testing system was based on a real-time experiment.

The results showed the system clearly separated the groove ventilations of the generator
from the background in the final image by using the image segmentation technique. It showed the
edges of the groove ventilations and reference points. The groove ventilations were counted as
100% accuracy so that it could identify the position of the robot accurately. Despite some damage

frames, the system could fix and yield counting result correctly.

Keywords: image processing, image segmentation, pixel counting, object counting
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Y =0.3*R+0.59*G+0.11*B (2.7)
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3.3.5 MINININUIIAT (Binary Image)
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Abstract

The Generator Inspected Robot (GIR) faulted to identify its position because it slipped between the belts and groove
motor gear in robot. Thus to solve that problem, this article presents grooves airflow counting of generator using image
processing for GIR. In the experiment, two set of videos from the field work are used. In the generator, the gap of each
grooves airflow are equal. The pixel counting technique is applied and compared the number of pixel in each video
between the present and the previous frame. This experiment is based on real time processing. The results show that
these techniques provides the accuracy of the grooves airflow counting as 98.3% and 93.3% respectively. Therefore,
the GIR can defiantly identify its position.

Keyword: Image Processing, Binary Image, Pixel Counting, Object Counting
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Improvement the Location identified of Generator Inspection Robot (GIR) using Image Processing

Technique
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Abstract

g a

One of the failures in robot

(GIR) in a large generator is due to a slip between the generator's belts
and the robot's groove motor gear. To overcome this problem, this paper
proposes a method to localize a position of the GIR by counting airflow
grooves in the generator using image processing technique. Given a
video sequence of the GIR moving along the generator's belts, the
airflow grooves are segmented from the input image and the length of
each airflow groove is determined using pixel counting. The length of
the airflow groove in the current frame (i.c. the number of counted
pixels) is then compared to the previous frame to double check the
detected airflow groove. This double checking technique improves
efficiency in localizing the GIR. The method is tested and compared to
data collected from a motor encoder attached to the GIR. The method

runs in real-time and the results show that using the proposed method
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The SICE Annual Conference 2017, organized by the Society of Instrument and Control
Engineers (SICE), will be held September 19-22, 2017, at Kanazawa University, Kanazawa,
JAPAN. The SICE Annual Conference 2017 is an international conference covering a
broad range of fields from measurement and control to system analysis and design,
from theory to application, and from software to hardware. The technical program of
SICE 2017 will consist of plenary and invited talks, tutorial courses, and workshops, as
well as oral and interactive sessions.

ﬁ

__Paper Submission
The SICE Annual Conference 2017 accepts two types of submissions for review:
Regular paper: Full papers (6 pages in conference format) must be submitted for
review. The accepted papers will be submitted to the IEEE Xplore Digital Library.
Normal length for the final manuscript of the regular paper is 6 pages. Papers
exceeding 6 pages may be submitted upon payment of overlength page charges. A
maximum of 2 extra pages above 6 pages are permitted.
Position paper: Extended abstracts (2-4 pages in conference format) must be submitted
for review. This category is provided for authors who want to present a timely review of
research, a case study, and so on. This type of paper will NOT be included in the IEEE
Xplore Digital Library.
Both types of papers should be written in English, and will be included in the conference
proceedings. The detailed submission policy is found on the conference web page.

TN

Organized Session I'rnnnsal\ & \

The goal of organized sessions is to provide focused discussions on a new topic or
innovative applications of a new approach. Each session consists of 5-6 papers, which
will be reviewed via the normal review process. Both regular and position papers can
be included in a session. For session proposals, it is recommended to include a brief
statement of the session focus, together with the submission of the individual papers.
For further instruction, please visit the conference web page.

Workshops and Tutorials £o22

Proposals for workshops or tutorials that address technical topics related to control,
automation, and systems in general are welcome. We encourage such programs that
will attract industrial members, and programs with highly anticipated level of interest,
impact, creativity and technical background of presenters. For details, please see the
conference web page.

Important Dates ['I‘onlalivgl

Feb 15, 2017 Deadline of Proposal of Workshop and Tutorials

Feb 28, 2017 Deadline of Proposal of Organized Sessions

March 15, 2017 Submission for Regular Papers and Position Papers
June 1, 2017 Notification of Paper Acceptance

July 1, 2017 Submission of Final Camera-ready Papers
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13:45-14:00, Paper WeB05.1
Medical round Robot Tracking a Specified Person Based on Highly Accurate Position Estimation Considering
Attitude Angle Compensation of Wearable Sensor

Sakurai. Hiroto (Toyohashi Univ. of Tech), Tasaki. Ryosuke (Toyohashi Univ. of Tech), Terashima. Kazuhiko (Toyohasih
Univ. of Tech)
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14:15-14:30, Paper WeB05.3
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Kwansud, Phanuphan (NECTEC), Srinonchat. Jakkree (Rajamangala Univ. of Tech. Thanyaburi)

14:30-14:45, Paper WeB05.4
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Victor H. (Centro De Investigacion En Computacion)

14:45-15:00, Paper WeB05.5
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Inomoto. Kyohei (Kumamoto Univ), Okajima. Hiroshi (Kumamoto Univ), Koutaki. Gou (Kumamoto Univ), Matsunaga.
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14:00-14:15, Paper WeB05.2

A Study of Angular Estimation of the Mobile Robot by Using the Sun Azimuth Angle Based on
Omnidirectional Image

Kawano. Tatsuya (Hosei Univ), Yoshida, Tomoya (Hosei Univ), Kobayashi, Kazuyuki (Hosei Univ)

Keywords: Signal and/or Image Processing, Intelligent Systems, Robotic and Automation Systems

Abstract: The reliable moving direction of the mobile robot helps stable navigation as well as robust self-localization.
Since the sun is one of visible dominant landmarks for outdoor navigation. In this paper, we describe a new estimation
algorithm for the mobile robot direction. based on the sun azimuth angle from omnidirectional image. The proposed
approach can be applicable outdoor navigated by using only omnidirectional camera without other extra sensors.
Results are provided which show that our technique can estimate the relative moving direction of the mobile robot with
good accuracy that is comparing to the sun azimuth angle.

14:15-14:30, Paper WeB05.3
Location Identification of Generator Inspection Robot (GIR) Using Image Processing Technigue
Kwansud, Phanuphan (NECTEC), Srinonchat. Jakkree (Rajamangala Univ. of Tech. Thanyaburi)

Keywords: Signal and/or Image Processing, Robotic and Automation Systems

Abstract: A generator inspection robot (GIR) is used to visually inspect a megawatt power generator installed in a power
plant. Conventionally, the GIR's location inside the power generator is identified by an operator staff, or using encoders
attached to the GIR's track. However, one of the failures in localizing the GIR using encoders is due to a slip between the
generator's belts and the robot's track. To overcome this problem, this paper proposes a method to localize a digitized
position of the GIR by counting airflow grooves in the generator using image processing technique, where the digitized
position is the number of the airflow grooves. Given a video sequence of the GIR moving along the generator's belts, the
airflow grooves are segmented from the input image. and the airflow groove is identified using the pixel counting
technique. The length of the airflow groove in the current frame, i.e. the number of counted pixels, is then compared to
the previous frame to double check the detected airflow groove. This double-checking technique improves efficiency in
localizing the GIR. The proposed method is tested and compared to a data collected from a motor encoder attached to
the GIR. The proposed method runs in real-time. The experimental results show that using the proposed method
improves the accuracy of counting the airflow grooves and identifying the GIR'’s location.

14:30-14:45, Paper WeB05.4

Vision System Adapted to a Mobile Tracked Robot

Gonzalez Escalona, José Uriel (Inst. Pol. Nacional - CIC), Rubio. Elsa (CIC-IPN), Sossa. Humberto (CIC-IPN), Ponce
Victor H. (Centro De Investigacion En Computacion)

Keywords: Signal and/or Image Processing, Robotic and Automation Systems
Abstract: This research is focused on the implementation of a vision system intended for a mobile tracked robot, based
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Fig.1 Airflow grooves on the stator slot.

This paper presents a method for localizing the GIR
while operating in a power generator using image
processing technique. Fig. 1 presents an image extracted
from a video of the GIR’s frontal camera. The image
shows that the airflow grooves are placed evenly along
the stator slot. Therefore, by counting the number of
airflow grooves being passed by the GIR, the GIRs
distance from the starting position to its current location
can be determined as a digitized position.

The proposed method localizes the robot by tracking
airflow grooves located on a stator slot. The airflow
grooves are detected using image binarization and pixel
counting technique. The input video acquired from the
GIR’s frontal camera is processed to segment the
airflow grooves from the background, and the GIR’s
digitized position in the generator is then acquired by
counting the segmented airflow grooves being passed
by the robot.

In section 2, the theory used in the proposed method
is described. After that, the proposed method is
explained in section 3. To show a comparison between
the proposed method and other conventional method, an
experimental setup as well as results are presented in
section 4. Finally, conclusion including future work is
discussed in section 5.

2. THEORY

2.1 Generator Inspection Robot (GIR)

The system of the GIR, as shown in Fig. 2, consists of
a control panel, a control box, a computer, and a robot
itself. The robot consists of a frontal camera, a side view
camera, and a wedge tuner. The wedge tuner is the
device attached to the lower part of the robot, and used
to check the wedge’s tightness. The wedge’s tightness is
inspected by tapping the tuner’s pin on the wedge, and
the tapping sound or vibration is then analyzed to
determine the wedge’s condition. The wedge is the
insulating sheet between the generator’s slot and the
power generator’s main component, and neceds to be
inspected. If the wedge is damaged or its tightness is
below the standard value, that wedge needs to be
replaced.

To use the GIR for inspecting the power generator in
a conventional way, an operator inserts the robot into
the channel between the generator’s rotor and stator as
shown in Fig. 3 The operator controls the robot using
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the control box, visually inspects defects inside the
generator by looking at the video stream obtained from
the robot’s cameras, and collects the wedge’s tightness
data using the wedge tuner. The data collected from the
wedge tuner is necessary as it represents the condition
of the wedge at that location. Traditionally, the inspector
staff manually counts the number of the airflow grooves
to keep the track of the GIR s location.
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Fig.3 Components of the generator.

Therefore, it is necessary to know the exact distance
from the robot’s starting point to the location where those
damages found. However, as mentioned, a traditional
GIR needs the staff to manually count the number of
airflow grooves to locate the GIR’s current position
inside the power generator. Though, the operator staff
may lose count, and this action can cause the error in
identifying the location of defects being found.

There is another method that uses encoders attached
to the GIR’s tracks. This encoder method locates the
GIR’s location inside the power generator by
determining the signal acquired from the encoders.
However, using the encoders may not be reliable and



accurate enough due to the slip between the GIR’s tracks
and the gear grooves.

2.2 Image binarization

The image binarization technique uses an image
binarization function which can be defined as

1, gxy)>T

0, otherwise’ 1

Seg(x,¥) = [

where Seg(x,y) is the binarization result of the pixel
(x,y), g(x,¥) is the gray-scale value ranged between
[0,255], and T is the threshold value. The pixel
Seg(x,y) is set as 1 if its intensity is greater than T.
Otherwise, it is set as 0.

The image binarization technique is normally used in
a pre-processing step to prepare and localize a region of
interest in the input image. For example, a known object
has a distinet intensity, and using image binarization
technique can extract the object of interest from the
background.

2.3 Pixel counting

To count number of pixels inside a region of interest
of a binary imapge, a mask of the region of interest is
manually pre-defined. Then the number of pixels inside
the mask can be calculated using

F(xe ) = Ting Eizo I(xe + i3 + 1) (2)
where f(x,y) is the function for counting the number
of pixel inside the mask starting from (x,y) position,
and the mask has m rows and n columns. [(x,y) is
the intensity value of pixel (x,y) which is either 0 or
1.

This technique can be used in various applications.
For example, the technique can be used as a simple
object detector by counting number of pixels which its
intensity is more than a specific threshold in the region
of interest.

3. PROPOSED METHOD

The proposed method for estimating the GIR’s
digitized position inside the power generator is shown in
Fig. 4. The process starts from acquiring an image of the
video recorded from the frontal camera. The input
image is then pre-processed to enhance and reduce
noises starting from RGB (o gray conversion, histogram
equalization and image Gaussian filter. Afier that. the
airflow grooves are segmented and counted. By
counting the airflow grooves, the proposed method can
identify the GIR’s location inside the power generator
from the number of the airflow grooves being passed by
the robot. Each process showing in Fig. 4 can be
explained as follows.
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3.1 Video acquisition and pre-processing

Fig. 5 presents a sample of an image extracted from
the GIR's frontal camera. The image is pre-processed to
improve the brightness by converting it to a gray-scale
image. The image’s brightness is adjusted by using the
histogram equalizer. After that, the noise which are also
enhanced by the histogram equalizer is reduced by using
a 5%5 Gaussian low-pass filter.

Input Video

Pre-Processing
Image Binarization

|
I
I
I
»  Linet=N |
Line2=N (0 >N)|

|

S -
Fig.5 Input video acquired from the frontal camera.

3.2 Image binarization

As explained in Fig. 4, the airflow grooves are
segmented afier the preprocessing of the input image.
The threshold T in Eq. (1) is defined as 195. Therefore,
the pixel with intensity less than 195 will be set as 0,
and the pixel with intensity greater or equal to 195 will
be set as 1. A sample of the binarization result is
presented in Fig. 6. After that, the binary image is
passed to the next process to identify the airflow
grooves.



Fig.6 Examples of the preprocessed image (a) and the
binary image (b).

3.3 Airflow grooves detection

After the binarization process, the airflow grooves
are identified using the pixel counting technique. A
pixel counting mask is defined as a line, i.e. the mask is
only one row. To detect the airflow grooves, two pixel
counting masks are pre-defined for double checking the
edges of the airflow grooves as presented in Fig. 7.

Fig.7 The masks for pixel counting.

Utilization of these two masks reduces the processing
time as it defines the small region of interest in the
image, and helps handling with noises occurred from
the binarization process. To be noted, the locations of
the masks are pre-defined on these specific locations
since the detected airflow groove is mostly located over
this spot on the input image.

As the GIR moving along a stator slot, the airflow
grooves are approaching towards the camera. For each
line mask, if it is located on the black area of the binary
image, the pixel counting result using Eq. (2) is 0.
Otherwise, the pixel counting result is "N".
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To identify the airflow grooves, the change of binary
values of the second line mask is used. The first line
mask is used as a trigger switch to start detecting the
change, and its status is set as detecting when it detects
"N". Given the first line mask result as "N", the change
of pixel number of the second line mask can be defined
as the pixel number of the second line mask in frame t
to the pixel number of the second line in frame t + 1.
For example, (0 — 0) means that the first line mask
detects "N", so the detection process starts. After that,
the second line mask detects 0 in the first frame, then 0
in the next frame. This technique therefore can be
categorized into 4 cases as shown in Fig. 8.

Case1 (0 0) Case2 (0 > “N”)

Case3 ("N = “N") Case 4 ("N 0)

Fig.8 Samples represent 4 cases of using the change of
the pixel number from two line masks.

As shown in Fig. 8, the detection result, which is
defined as an airflow groove detected, is only the case 2.
The proposed method ignores the other cases since there
is no change of the detection on case 1 and 3. Moreover,
case 4 is not considered as there is a change since the
first line mask detects 0, so the detection process does
not start. Fig. 9 presents an example of the proposed
method used for counting the airflow grooves.

Fig.9 The result of counting the airflow grooves using the
proposed method.

4. EXPERIMENTAL SETUP AND RESULTS

We tested the proposed method on a stator slot test rig
in our laboratory as shown in Fig. 10, and in a real
power generator. To acquire an input video, the GIR was
put on the stator and controlled to move along the stator
by a staff operator. The video was acquired at 24 fps and
the video resolution was 640 x 480. The GIR velocity
was measured at 1.9 m/s when the GIR was moving on
a non-slip flat surface.



4.1 Stator slot test rig results

Fig. 10(a) presents the stator slot test rig used in the
experiment. The stator slot test rig is 156 ¢cm long with
26 airflow grooves in total. The input image acquired
from the GIR’s frontal camera is also shown in Fig.
10(b). The airflow grooves are located evenly along the
stator slot, and the distance between two airflow
grooves is 6 cm long.

In this experiment, five videos were recorded and
tested. The proposed method was used and compared
with the results acquired from the encoders attached to
the GIR tracks. The results obtained from the method
using encoders was in cm from the starting position to
the ending position. Therefore, the distance results were
then transformed to number of the airflow grooves using
the information that the distance between two airflow
grooves was 6 cm.

Table 1 Results of the airflow grooves counting on the
stator test rig.

Video Number of the airflow grooves
number | Encoders (distance) | Proposed method
1 15(95.33 cm.) 26
2 16 (98.38 cm.) 26
3 15(93.27 cm.) 26
4 15 (94.55 cm.) 26
5 15(95.82 cm.) 26

Fig.10 Stator test rig used for testing in the laboratory (a),
and the input image acquired from the frontal camera (b).
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Table 1 shows the results obtained using the encoders
and the proposed method. The results show that using
the encoders gives the distance error of the robot as
60.53(+1.89) cm in average. Moreover, it only counts
15.2(40.45) of the airflow grooves, while our
proposed method can count 26 airflow grooves in every
video which is 100% correct.

The results determined using the proposed method
shows that they can identify the airflow grooves
correctly. However, using encoders cannot identify all
airflow grooves due to the slip between the GIR’s track
and the generator slots.

4.2 Power generator results

In this scenario, the GIR was deployed in the power
generator to collect videos of real power generator
during inspection routines. However, this experimental
setup did not have data acquired from encoders. The
reason was that the videos were recorded from the real
inspection routine which this routine could not accept
risks or errors caused by any failures to happen.
Therefore, to reduce the risk, the GIR using in this
experimental setup was not modified to add an encoder,
and there was only video data collected from the
routine.

There were five videos collected from the inspection
routine. The proposed method detected the airflow
grooves, and the results were compared with
ground-truth results which were the staff’s manually
counting results.

Table 2 Experimental results using video from real

work.
~ Number of airflow grooves
Video
number | Ground-truth Froposed Arcuy
method
1 60 60 100%
2 98 98 100%
3 74 74 100%
4 61 61 100%
o 85 85 100%

Table 2 presents the results of the five videos. The
proposed method can successfully detect all the airflow
grooves as the accuracy is 100% in every video.
Furthermore, the proposed method can also skip the gap
between two insulators inside the stator slot as shown in
Fig. 11, which is considered as an unwanted because its
gap is too small compared to a gap from the airflow
groove.

5. CONCLUSION

This paper presents the technique to localize the GIR
operating inside a power generator using image
processing technique. The robot’s frontal camera is used
as a sensor to identify its location, which there is no
need to modify the robot. We use the proposed method
to count the number of airflow grooves being passed by



the robot while operating inside the generator, and the
counting information is used to localize the robot’s
current position.

The proposed method shows that it outperforms the
conventional method of using the encoders to identify
the distance of the robot. Furthermore, its results give
100% accuracy compare to the results of manually
counting of the airflow grooves.

Fig.11 Samples of the airflow groove needs to be
identified (a) and insulator gap needs to be skipped (b).

However, the proposed method was tuned and only
tested with one type of the power generator. We plan to
expand our work to other types of power generator,
which may not have the same characteristic of the stator
slot as the one we tested with. The size of the airflow
grooves may not be the same as well as the position of
the airflow grooves. Therefore, the algorithm should be
more flexible and able to adapt to those differences
mentioned before.
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