<
7n

YN
TN o/

)
R As

N v -

m 8
&
v

5
'S

v
"

o

[ﬂ.
V0o

epmr~

iy

SN
‘:’l-‘
7

s
?‘?w;_;r*/a

O A4

o/

ey

g -




dninvemyanany wizesunMmanszily
o = 1 ast -
maimeuruuTeIgnnuualaiItlsznadyaiamn

DUPLICATION OF BLANKS KEY USING IMAGE PROCESSING

a a a dar ¢
I3IUA INBYNIWIAU

VORANETI  ITTHISUPORNRAT

Inendinusiiiudumisveamsinnanmangasliganimnssumansumiiodin
MNINIAINTINIZVUAIVAN
UuNAINgIa
o = Y ¥ o
anumalulagnszoesmndudigaunmisaianszia
N.71.2549

ISBN 974-8308-22-7


CLP-16
Rectangle

CLP-16
Textbox

CLP-16
Textbox

CLP-16
Textbox


DUPLICATION OF BLANKS KEY USING IMAGE PROCESSING

VORANETI ITTHISUPORNRAT

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENT FOR THE DEGREE OF
MASTER OF ENGINEERING IN INSTRUMENT ENGINEERING
SCHOOL OF GRADUATE STUDIES
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
2006

ISBN 974-8308-22-7


CLP-16
Textbox


COPYRIGHT 2006
SCHOOL OF GRADUATE STUDIES

KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG



it Imeniinug mIRudounuTeIgnne TavdsIszuadyay iummn
NNy WIISINA Bnsgnsaiial

sHaINANY 44611601

Usan WINTTUAAATUN T NN

MmN IAINTTUTZUVAIVAY

WA 2549

=y =Y d = = =
91sOgMIUNIINNHNUS AL qiTus (RusAqUNS

UnAnee
- e n:i' Ll - ar ’ 1

MAdniiiauediniamdnruriesgnnyualasldnislssusuadnyyrounan
uaznisulasdayanmliiduntsairallsunsudmiudsnuazesiauuudiaud TnaFusu
annasafegunsaiduiudianingasgnniyuaniendedfanas Janni laTaun 240 x
320 AN HINTUTTHIANANIWNBUENNINGNNYUABBNAINNTNHUNAT LAZUITELNIN

v o ra o o ol o o 0 - = o v

Ineldaiusidadududunaasitesauiiunirarlaadsw aandueanuuulysunsua¥ng
oy o o - o - g - o v v w 10w
Adsdmiuaresdnnadidnd Taaeeuninildainnisdszuaanwdesusnugandy
4 . . o " % '
inauARIANEzIeITaIgnnyualigadeys 2 gaiauanianusiIaefiuIBIgNNIYUA
annsfisuiisurwialagdadeainannundrauasarunuisesgnnyuan ldainng
AniuNiasasefitiefwudiiAauEanaaieandl 5% ulasteayaganauliiy
AMRY G-Code WatrAdaililunaassairaieangyualasidendaniuuwianaiasnasls

ansuziasgnnuuamiauiuusrwaiiudnties



Thesis Title Duplication of Blanks Key Using Image Processing

Student Mr. Voraneti  Itthisupornrat

Student ID. 44611601

Degree Master of Engineering

Program Control Engineering

Year 2006

Thesis Advisor Assoc. Prof. Sutian Kiatsunthorn
ABSTRACT

This thesis proposes a duplicate key blank using an image processing and a
transformation image data to command codes for 3-axis computer numerical machine
(CNC). The 240 x 320 pixels image of key groove, captured by digital camera plant, is
processed to extract the contour of key. In order to acquire this contour, Laplacian edge
detection is used. The edge will be transformed to coordinate(x,z) to present the profile
of key groove. The coordinate is composed of 2 files to present the top and bottom
grooves of key. This information is used as an input for CNC Coding program. The
duplication of key blank will be performed by 3-axis CNC. The tolerance examination is
conducted by comparing a calculated image proposed to the key-groove with a
measured value from vernier. The error is less than 5%. This key groove data is
transform to G-Code to control 3-axis CNC. The test material made of plastic. After

performed a milling process the result is same to the original key.
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3.3.1 M3aATYYIMIUNIU (Noise Reduction)
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a(x,y) = 9 +g(x-Ly-D+gx,y-D+gx+1Ly-1
+g(x-Ly)+gx,v)+g(x+1y) )

(3.1)
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(3.7

xeX,;Z(x)<Z,
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Duplicate a blank key using image processing
Voraneti Itthisupornrat' and Assc. Prof. Suthian Kiatsunthorn?
'Department of Control Engineering, King Mongkhut's Institute of Technology Ladkrabang, Bangkok Thailand

(Tel : +66-2-737-3000; E-mail: voraneti@yahoo.com
chpartmcnt of Control Engineering, King Mongkhut’s Institute of Technology Ladkrabang, Bangkok Thailand
(Tel : +66-2-737-3000; E-mail: suthiankiatsunthorn@yahoo.com

Abstract: This paper proposes and evaluates the use of digital image processing for profiling a key groove. The first
step of research is taking a cross-sectional image of the key. Exploiting Laplacian edge enhancement to acquire a
contour of the key grooves. Transform the image data to surface data presented by coordinate(x,y). This information is
used as an input for CNC Coding program. The duplication of key blank will be performed by CNC. The tolerance
examination is conducted by comparing a calculated image proposed to the key-groove with a measured value from

vernier. The error is less than 5%.

Keywords: Image processing, Key grooves, Laplacian, Edge detection,

1. INTRODUCTION

Nowadays, most people in modern society use keys
on a daily basis, to secure their home, their vehicle, or to
access their workplace, among other uses. Duplicates of
the key can normally be made by a key shop with the
correct key blank sold by manufacturer. Many times, the
key shop could not find the same model of key blank to
serve the need of a customer. The modification of the
closest one may take a lot of time. Moreover, the
duplicated key may be useless.

In order to rebuild the key blank, the key groove can
be milled by CNC machine. Using the advantage of
digital image processing, the cross-sectional image of
key groove can be transformed into any format up to the
requirement of use. Therefore, command for CNC
machine, G-Code, shall be generated from the digital
image. Hence, how to acquire the contour of key groove
and convert these data to be the dimension profile is the
main purpose of the paper.

In Sec.2, the basic characteristic of the key are
described. Image capture equipment is proposed to
efficiently capture the key groove image in Sec.3. In
Sec. 4, a processing flow is proposed to find out a co-
ordinate which can be translated to G-Code. And, in
Sec. 5, the experiments and results are shown and
demonstrated. Finally, conclusion is proposed in Sec.6.

2. THE STRUCTURE OF KEYS

A key [1] is an instrument, almost always portable,
for opening and closing a lock by arranging the lock’s
tumblers according to a preset pattern of key cuts called
a combination. It usually consists of a specially-shaped
piece of flat chromium coated metal, with cut notches,
(forming teeth) and milled grooves which fit the shape
of the lock and can open the correctly combination lock
by being turned in the lock housing. This portion of the
key is referred to as the blade. The wider grip, referred
to as the bow, is found at the top of the key to facilitate
turning. Illustrated Fig. 1a.

A groove [5] is one of several milled or stamped
indentations running the length of the key blade of a
cylinder key to clear the keyway wards of lock,

89-950038-5-5 98560/06/$10 © 2006 ICASE
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illustrated Fig. 1b. Duplicates key blank can be
accomplished when the profile of the milled grooves are
obtained. The groove image can be presented through
(x,y) coordinate.

(0,0)

b)

Fig.1 a) Picture of key’s structure
b) Present milled grooves and coordinate(x,y)

3. IMAGE CAPTURE EQUIPMENT

Based on the image processing principle, the first of
all is taking a picture of key grooves.
3.1 Key grooves capturing

The key is normally coated by chromium. A
reflection from surrounding object will appear on the
key surface. This will affect to the quality of the image.
In order to reduce this noise, the key grooves image will
be captured in the closed box which the direction of
light incident and the illumination of light source can be
controlled. The capture equipment shown as Fig. 2

Key Grooves

P\
|

AR ARARBRRY

s

Fig. 2 Image capture equipment



Suitable contrast is achieved by setting the
background as black which means the brightness is low,
and point the light source to the grooves which means
the brightness is high. The captured image is shown in
Fig. 3a and the highlighted contour is shown Fig. 3b

A typical computer display can present 256 different
shade of grey (8 bit grey scale). Processing of key
groove image will be performed in spatial domain. Pixel
values will be modified according to rules that depend
on the original pixel value. In this paper, the digital
camera uses focal length is 6.0 mm. and F-number is
2.0. The original image size from image capture
equipment is 240 x 320 pixels. It will be cropped into 68
x 161 pixels.

a) b)
Fig. 3 a) Captured image by CMOS 240 x 320 pixels
b) The edge of the key grooves

©.0) {m.0)
g
b=
L
>

(Q.n) Horizontal {m,n)

Fig. 4 the coordinate represents the groove details

3.2 Edge detection

Edge detection is based on pixel brightness slope
occurring within a group of pixel. A large value
corresponds to a steep slope and means a large change
in gray level. Edges are, by definition, sharp brightness
changes. A large slope indicates the presence of edge as
shown in Fig.5 The edge are any sharp brightness
transition rising from black to white or falling from
white to black.

Intensity Intensity
4 . b .
_J/A_—_
Edge R Edge o X
Intensity Intensity
/ ; y
4 Edge ox @ Edge T X
Fig. 5 The slope of brightness occurring within a group
of pixel
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4. THE PROPOSED SYSTEM
Based on the criteria in the previous section, the
proposed flow to find the contour of key groove is
illustrated in Fig. 6 The considered pixel A[i,j] will be
replaced by the calculation of itself and its 8 neighbors
in a 3 x 3 square block.

| Key groove Image |
[ Image Smoothing il
| Image Negative —I
[ Image Histogram - ]
v
| Threshold valie ]
* .
| Binary Image ]
v
L Shape Filtering il

v

| Laplacian Edge Enhancement ]

[ Surface Co-ordinate N
Fig. 6 The flowchart of edge detection

4.1 Image Smoothing

In order to reduce a noise occurred while capturing
process, a low pass filter LPF[i,j] is used. A low pass
filter LPF[ij] of the digital image A is an average value
of the brightness of each pixel in 3 x 3 square block as
shown in Eq. (1).

LPF[i,j] = Z A[i+k,j+1]/9 4))
where k =-1,0,+1; 1 = -1,0,+]
i = 0Otom; j = Oton

4.2 Image Negative )

According to the capturing process, background is a
dark region. Reversing all of the contrast range
produces the equivalent of a photographic negative,
which improves the visibility of details. A negative
image NEG[i,j] of the digital image A is obtained from
the subtraction of the maximum intensity and the
original image[3] as shown in Eq. (2)

NEG[i,j]= 255-A[i.j] (2)



4.3 Image Histogram

Brightness histogram is a plot shows the number of
pixels in image having each of the 256 possible values
of stored brightness. Hence, the histogram H(k) of the
digital image A is a plot of the frequency of occurrence
of each gray level(K) in A [3] as shown in Eq. (3)

H(k) =X A[ij] =K (3)
where K =0to255

4.4 Binary Image

Binary image is displayed using two extreme gray
tones, black and white, which are ordinary represented
by 0 and 255, respectively, in a gray-scale display. The
binary image B[i,j] is obtained from the process of
image threshold which is a simple comparison: each
pixel value in digital image is compared to Kt[3] as
shown in Eq. (4)

B[ij] = 0; A[i,j]= Kt )
=1; Alig]< Kt

4.5 Shape Filtering -

Shape filtering K[ij] is obtained from the
multiplication of the binary image and the original
image[4]. The result is the pixel of original image that
multiplied by 1 as shown in Eq. (5)

K[i.j] = B[ij] x A[i,j] )

4.6 Laplacian edge enhancement

Laplacian edge enhancement operation extracts all of
the edges in an image, regardless direction. The result
image appears as an omni-directional outline of the
objects in the original image. Constant brightness
regions become black, while changing brightness
regions become highlighted. The calculation is shown as

Eq.(6)

E[i,j] =9 x K[i,j] - Z K[i+k, j+I] (6)
wherek=-1,0,+1;1=-1,0, +1

4.7 Data conversion

The co-ordinate is used to present the characteristic
of groove surface. The edge image from the previous
section will be scanned with horizontal index from left
to right. The key consists of two sides: top and bottom,
the scan will be performed 2 times with the vertical
index from bottom to top and top to bottom to find the
first white pixel, illustrated Fig.4.

5. EXPERIMENTS
In the experiments, one safety car key is to test each
stage of the flow using Matlab7 to calculate the Egs. (1) ~
(6). The selected threshold value is 186. The profile of
grooves was developed and tested as shown in Fig. 7. The
contour image data will be transformed into coordinated
data(x,y) depicted as Fig. 8
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Fig.7 a) Key Cross sectional 68 x 161 Pixel
b) The groove after applied Low pass filter
c) The groove after applied Negative image
d) A binary image after threshold Kt=186
¢) The extracted groove from the background
f) A contour of groove
g) A co-ordinate presents the groove

D2

wa

Fig.8 Present the contour of groove and reference
distance for tolerance examination

The tolerance examination is conducted by
comparing a calculated image proposed to the key-
groove with a measured value from vernier as shown in
Table 1.

Table 1 The calculated and measured values

Ref. Size ( mm. )
Test %
Virnier | Caculate | Error | Error

W1 0.84 0.87 0.03 3.9
w2 2.20 2.27 0.07 3.2
W3 3.10 3.20 0.10 3.3
W4 8.30 8.50 0.20 2.4
D1 1.12 1.16 0.04 3.6
D2 3.30 3.40 0.10 3.0




6. CONCLUSION

The key cross-sectional image gives high contrast.
This encourages a program to select more appropriate
threshold value. Due to Tablel, the error percentage is
less than 5%. This information will be used as an input
data for CNC coding program to generate a command
code for CNC. The profile of key groove is acquired
without a surface destroying.
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Voraneti Itthisupornrat(KMITL, Thailand)

g&ruse of digital image processing for
B profiling a key groove. The first step

e of the key. Exploiting Laplacian
e enhancement to acquire a
tour of the key grooves. Transform
the image data to surface data
e presented by coordinate(x,y). This information is used as an
input for CNC Coding program. The duplication of key blank
be performed by CNC...

: Active Contour Model with Splitting
Characteristics for Multiple- Area Extractions and
its Hardware Realization
Toshio Miaki, Takao Kawamura, Kazunori Sugahara

(Tottori Univ., Japan)

[In this paper, a new Sampled Active Contour Model (ACM)
and its hardware realization method are proposed. The
oposed Sampled-ACM is a virtual closed curve with some
Contour points to extract a specified area in images. Forces,
Such as “pressure”, “attraction, “‘repulsion" and “vibration
factor work on every contour point of the proposed
Sampled-ACM. The proposed Sampled-ACM only accesses
5 the memories on which the contour points locate, the number
of the memory access is reduced, and the faster processing
%sDeed is performed than ordinal contour models such as
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1
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High Performance and High Efficiency Memory
Management System for H.264/AVC Application
in the Dual-Core Platform
Nairan Zhang, Mo U, Yangyang Li, Wuchen Wu(Beijing Univ.

of Technology, China)

This paper proposes memory management system for
multimedia application based on dual-core platform. To use
memory bus bandwidth efficiently and reduce memory bus
transition, two steps store optimization in control level is
adopted and bus efficiency increases nearly 35% compared
with former scheme. To hammonize different master

requirement, reasonable schedule level aranges memory
access priority. Under these two levels, mémory controller can
cope with H.264 HDTV ‘decoder 1920 x 1080 @ 30 frames
per sec real time access clocking at 100MHz. Moreover, this
VLSI design is convenient to be..
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