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Tool Condition Monitoring Technique Using Computer Vision
and Pattern Recognition
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Abstract

In unmanned machining, gne of the most essential issue is the tool management system which
includes controlling, identification, presetting and monitoring of cutting tools. Especially the
monitoring of tool wear and fracture may be the heart of the system. In this study a computer
vision based tool monitoring system is developed. Also an algorithm which can determine the tool
condition using this system is presented. In order to enhance practical adaptability the vision
system through which two modes of images are taken is located over the rake face of a tool insert.
And they are analysed quantitatively and qualitatively with image processing technique. In fact
the morphologies of tool fracture or wear are occurred so variously that it is difficult to predict
them. For the purpose of this problem the pattern recognition is introduced to classify the modes
of the tool such as fracture, crater, chipping and flank wear. The experimental results performed
in the CNC turning machine have proved the effectiveness of the proposed system.
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Table 1 Experimental equipment specifications

Microscope :EMZ-2

: CCD video camera
module(512 x 480) SONY XC-77

Camera

: Frame grabber (256 gray level)
Monitor 1127 (W&B)

NC turning machine : FANUC SYSTEM 6T
: Halogen lamp (50 W)

Digitizer

Illuminance

I o o
Main Computer 12°Video
132 - bit 80386) Monitor

Fig. 5 Schematic diagram of experimental equip-
ment
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Image acquisition
No.1 image No.2 image
{ back lighting ) { oblique lighting )

noise cleaning

thresholding

edge detection
I 1

linking
loop finding

flank wear
calculation
pattern recognition

Uank wear oniy, lcrater and chippingl HaclureJ

L

[ determination of tool condition

Fig. 7 Algorithm of determination of tool condition
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Table 2 Learning pattren for GDR

minor edge| corner |major edge| loop | target
0 0 0 1 0.1
0 1 1 0.1
0 1 0 1 0.1
0 0 0 0 0.5
0 1 1 0 0.5
0 1 0 0 0.5
1 1 1 0 0.5
1 0 0 1 0.9
1 1 0 1 0.9
1 1 1 |1 0.9
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Fig. 9 Original image of worn tools
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ninor edge corner na jor edgeﬁ‘m
19.180
18.248
78.368
8.720(rn]
1. Max. VB value : 8,726 2, Avg VB value 3 0.343An
3. Max. UB wvalue of ninor 1 8.880mm 4. Avg UB walua of ninor : 0 006nn
S. Max. UB walus of cormer 1 8.588w 6. RAvg U3 value of conor s 0.39%n
7. Kax. UB value of major 1 8.728nn B, Rug VB value of najor : 8.366an
(a) in the case flank wear only
ninor edge corner najor edge
m e
Je.8s0
48187
18.161
8.3210m)
1. Max. UB value 1 8.32v 2. Avg UB walue : 0.211an
3. Kax. VB value of ninar : 8.880na 4. Avg UB value of ninor : 0.000nn
5. Kax, VB value of corner : 8.321sm 6. Aug UB value of comor : B.165an
7. Max. UB valuo of major : 8.383mn 8. Avg UB value of major : 0.23inn

(b) in the case of crater wear

corner

ma jor edgn

1. Hax, VB value t 2,5270on
3. Hax, UB valua of ninor : 0.672mn
S, Hax. UB valuo of carnor : 2.524mn
7. Hax. UB walua of major 1 2.527mn

2. Prmg V3 valuo 1 1,168an
4, Psg VB valuo of ninor : 0.350nn
&. frog VB value af corar : 1.778aa
8. Pvg VB valua of myjor : 1.310nn

(c) in the case of fracture

Fig. 10 The mapping for the loss of flank face
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Table 3 Comparision between calculated values
and actual ones of the amount of the loss
of flank face

calculated value |actual value
EXP1 {Max. 0.720 mm 0.71 mm
(flank) | Ave. 0.343 mm
EXP2 | Max. 0.321 mm 0.33 mm
(crater) | Ave. 0.211 mm
EXP3 | Max. 2.527 mm 2.78 mm
(fracture)| Ave. 1.160 mm

(a) in the case flank wear only

(b) in the case of crater wear

(c) in the case of fracture

Fig. 11 The 3-D graphics of the loss of flank face

Only flank wear creetsd
1. Maxirun UB welus : 5.7280Gm
2. Puerage UB wlue : 8.34283nn

INis tool is over %tocl 1ife criteria
and shall be changed

(a) flank wear

Crater wear created

1. Maxiava VB value : 0.321002a
2. Average VB value : 0.2114Ca2
Area of crater : 1.52192ea

Crater index (XI) : 0.08233

(b) crater wear

Tool ts fraectured

(c) fracture
Fig. 12 Tool condition determination by pattern rec-
ognition
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