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Abstract:

The distance between two adlacent sample lines

It 15 true in actual cases that the wires in a
picture wsually pass through the central areas
of the pictures . thus we can takes some iines of
lnage elements whlch go acrcss the wires as sam—
ples to be analysed ( as shown in Fig 2 ). The
sample lines are taken from the central area of
the picture . I+ they are near the picture edge,
they may possibly miss the wires ( as the line L
in Fig 3 ). For those wires whose absolute slopes
are greater than 1 ,the above mentioned sampling
may possibly miss the wires (as shown in Fig 4 3,
and this will cause a failure in the recognition
or tracking to be discussed later . In this case,
we only need to change the direction of sampling
and take horizontal sample lines (as the dotted
lines i1n Fig 4) , while other algorithms remain
unchanged . In the following discussion , we will
Just take the vertical sample lines as examples
to demonstrate the algorithm.
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The analvsis of the infrerec images of high- { called the sanple separation distance D b is
voltege wires has been an effective technigque determined rather subiectivelv . Buk i1t <+ollows
in the fault detection of the high-tension these principles:
network . In this paper, & new ano simple appr- 1> The distance cannot be too largs as for most
oach to auto-detection 18 proposed . Featured by sample lines to pass through the wires;
sample analysis , pattern recognition based on 2% The distance should not be toz saall so that
knowledge and contes<t , and adaptive tracking the intersections of whe sampie lines and the
as well , the new method can provide a guick wires can generslly be regarded irdepandent cf
and effective classirication , and hence an each other.
auto-detection of the Ffaults of the wires. The number of the sample lines that need tc be
taken should not be too small. To garantee the
1 Introduction reliability , we generally reguire N-=5, where N
Among all the faults and defects of the high is the rumber of the sample lines.
voltage wires , cong Ehenoasium 18 vary  Cconmmdn. The pre—classification deals only with the
It's the loosening of the jJoint of two wires. sanple points and each sample line is analysed
The improper connection gives rise to greater independently ( this could be done parallelly ). A
resistance , which produces muchk heat and wastes grey level threshold GO depandent on training is
a lot of energy . fs a result , the service life used. Since our interest is to find the possible
of the wires will be shortensd . Mordern detec— "gverly hot" point , only thoss points whose grey
tion techniqus made much use of this heat levels are above GG are taken into consideration,
radiation . The usual way s to analyse the i.e, GiX,Y)>G0 where G(X.Y) is the grey level
wires's infrered pictures taken o©on a heli- ef the point (X,Y) . Another knowledge 13 alsa
copter which flies along the high-tension utilized here-—the thickness of the wire. Based
wires . Since the improper connection point on training, we can determing an average thickness
‘usually leaves & bright spot an the infrered parameter W of the wires in the pictures. Act-
pictures , it can possiuly be detected by com- ually , the thickness of the wire does not vary
puters . In this paper , & new approach is pro- greatly , which shoes certain stability in the
poeed  to  make entoratic detection . Tne new value of W.
method uses only several rows of image ele- On each sample line , the algorithes ssarches tne
ments to recognize the wire out of the back- strings of consecutive points whose grey levels
ground , conseqguently  computations have been are all above GO . THe coordinates of the first
reduced greatly . A correlative recognition point of each string is recorded. This is called a
based on knowledge and context is introduced clue point.
here so as to provide a rather rellable out- A string 5 on Li can be represanted as:
come . When a wire is found , an adaptive track- s¢={:!i.vt‘]@fri,v IZCO W =Y +1.
ing along the wire detects the faults in case 151,200, GiKi,Ymes 1<BO
they exist . The following diagram shows the where M is the string length . I1f M W. two or
whole process. more points in the string are recorded . The
Sampling Wire N Adaptive | [Detection
5923&2. | L.
& . Ma..‘l:ChIl'ls Trnf.klnﬂ Reports
Preciassification
Fig
_ distance between two adjacent clue points in a
2 Algorithm Analysis string is W . If the distance between two clue
2.1 The Sampling and Pre-classificatian points is less than W/2 , the two points are

emerged into one , and the average coordinates are
recorded instead . We can see from the above
sampling that even if the wire passes through a
large noisy area ( the grey levels of many back-
ground points are above B0 ) |, sufficient clues
leading to a correct recognition have been

preserved , although some background points may be
mistaken for clue points. In our later discussion,

we will show that these noise points can be
rejected by the recognition and tracking
algorithm.
2.2 Further Recognition Based on
krnowledge and Contest

Assuming that L1, L2, ..., Ln be the sample
lines, angd their X-coordinates be X1, %2, ..., Xin
respectively. We choose another line LO 15 the
picture to be the reference line.For Li (1=1,2,.

vegyN)y we apply a knowl edge-context-supporting
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When all Lhe ranges Ri(i=3,4,...,N) have

pattern recognition aigorithm Lo find the wires. been searched through. the value of F 1s
The knowliedge utilized can be described as vol- checkesd. 1t P23 M--—whsre MN-Z is the toler-

arzeé limit which depends on the regirements

lows:
A7 The slope K of the wire satisfies of the algarithm's raliability---the cocrd-
(3 Et 12-0% inates 5f the reverence point A (now called
For those whose ]kl;l s & rotation cof F0° in 2 candidat=) and i1ts corrasponding para-
sampling direction will solve the problsm, as meters & as well as ¥ ara recorded (The date
mentioned bhefore. structure of the record will be discussed
B> The points on one wire form a llnear struc- later) . Here K 1z thes average siope of the
ture. 14 some clue points belong to one wire, Tines +formed by (Xi,Yi) . 1t is calculateg
they must be colinear. based on LMSE principie:
We now take L1 25 an ewample to tell how each . ﬁ‘*"*!ﬁi—i!

sanple line is analysed . All the clue points on
ceqentislly analysed (they could be done
For each clue point (X1, Y1) on L1,
clue points is made in range RZ on

(- x)

where ¥, ¥ are the mean values of Xi and Yi

Ll are
parallelly).
a search for

L2, where respectively, n 1s the number of clue points
R2=LY1=D=W,Y1+0+W] (2-037 found in Fi.
Note thal the distance between L1 and L2 i Next the algorithm returns to R2 and
D. Obviously , the search range has exceeded that resumes its search For more clue points.

constrained by [K]€1 , so in fact the algorithm

Zimilarly, more clues may be recorded , and

based on wvertical sampling camn +find certain SC we may get  (ALK1LF1), (A2.KZ.P2),

wires with absolute slopes |I[ somewhat larger A KI3F3) yees

than 1. When FR.I has been searzhed through, the
D and W are sample separation distance and algorithm turns to the rext clue point on

the thickness respectively. L1, and applies the same sgearch as men-
1f the search fails to find any clue points tioned above.Whern L1 is +#inished, similar

in R2 on L2 , the algorithm goes on to the next analysis is made to L2,L3,...,Ln . Eefore

clue point on LI and a simiiar search is recording the data, the algorithm first

applied . 1§ the search finds a clue point (X2, checks through the database to sze Lf the

¥2) in R2 , a line 11 passing through (X1,Y0) present data i1s already in file. New data

and (X2,Y2) can be determined immediately: is added into the records . If Ai is too
Y=Yi=K®(X=-X1) (2=04) clese b= Al , we generally regard them as

where K=t¥Y2-¥1) /(X2-X1) is the slope of 11. identical. So is with Ki and Kj.

11 is called a clue line whichn might be tne The gete 3i-uctare of the rosord Laken

sxpected wi-e . The intersartion point of 11 is shown as follows:

and LI (i=0,3,8,...4N} cen be calculatsl by As shown in Fig 5 , there two items for each

the following formula: candidote . One is its Y-coordinate,the other
Yi=Yi+Ke (Ai-X1) (1=0,3,8,...,N} the slope.We assume that F1XP2>...>P1.

(2-035) Frem what has been discussed above, we krow
where Xi is the X-coordinate of Li. Specially, that even i1f some points on & wire are  corrup-
the intersection A=(X0,Y0) of 11 and the re- ted by noise --- their BiX,Y)s are below BU
ference line LO is called a reference point. ;-I:; sg::;::;élrisof m?:t im?nrzn?t samples

BEma n ac ———we Can
i e D i U sl still find  the clues of the wires according to
Ri=[Yi-W/2,Yi+W/2] (1=3,4,...,N) the contextial information based on multi-sample

(22063 analy=is. As shown in Fig & , assuming that Bl
and yi 1s the Y-coordinate of the inter- and BZ are corrupted while B3, B4, BS, B&, B7
section point (Xi, Y1) (i=3,8,...,N) . For ere not. In this case, the analysis of L1 and L2
this search, a precedence parameter P is in— will fail to find the wire. Nevertheless, the
troduced.P is defined as follows: an2lysis of other sample lines will find the

PaPaT (2-07) candidate A, I we let the tolerance limit P be
4, the algorithm will find the wire.

T is a search checker which is defined as:
T=i--the search finds a clue point in Ri
T=0——the search finds nc clue points in R1

2.2

Adaptive tracking and fault-detsctior

The initial value of P is zero. Obviously, The tracking strategy always chooses the clue
the possible maximum value cf F is N-2,which with _maximum F first. So the tracking order is
Fl, FZ, .... Now that the candidate Ai and the

indicates a gocd matching with a possaible

ey slope K are known, the task

along this possible wire.

iz s:mply to track
The estimation of the
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next espected clue point car be given by three
tormulas:
15 Drigin Frediction
Yya=hn=3® (Xn=X0) +7( LZ=0%)
whers X0 and YO are the coordinates of Ai. bn-
18 the tracking slope
kn=g={yn-=4=Y0) / (Kn=g=X0} , K

1
(2=10]
This formula has a rather strict restriction on
the wire's linearity.
25 One-step Frediction

Yr=kn-=ge (Xn=~Xn-4)+7n—-1 {2-11)
ce Xr and in-g are adjazest 10 picturs,
in=g=xl, we have

Yn=giin-s+¥n-1 (2=121
It is gquite clear that this formula provides a
very fleiible tracking.
3> K-step Frediction

Yr=kas (Xn—Xn-k) +¥n—k (2=13}

(0f course, the first k-1 points are still
determiried by 2> or 1>).

When the prediction peint (X0,Y0) 1s deter-
mined, the tracking algorithm searches for
points whose GiX,Y) is above GU in the range
[Yp=W/2,¥p+W/21 . When suzh & point 2 (clue
point) is found, the tracking algorithm se-
kg -#ov A s¥rirgiof consecutive cl
Loe rirst element of which 15 2. Th
position of the string and the average grey
level of the string elements are taken into
the records.

We experimented with these thres formulas.
The results shows:

Ar 14 the wires are not so regulas ( not very
straight ), the tracking based on 1> scaetimes
may go wrong.

By 1§ there is linear
is guite nea- or connects the wires ( parti-
cularly those with slopes arcund the value of
K ), the trazking based on 2> sametimes might
be mieled,

C:r Formula 3 can avoid to certain extent
the shortcomings of the forasr  two. 1t keeps
the quality of linearity and the fle<ibility
or adoptability asz well. Thus 1t pives & bet-
ter result (See Fig 7).

background noise that

o 0 9

Ll ekl iy

Fig A

Fig
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The "Abrorsal Case Dealing" ceals with the

case of track missing. If no clue points are
found, the algorithm goes on to search accor-
to the +formula , Just as i1f the prediction

point woere the clue point. Eut 1t starts to
count the failure times. When the consecutive

failure times exceeds certain bound, or if
there are too many such cases as track
masing , the algaritha will den; the pre-
sent tracking and turns to toe nenl one.
When & wire 1is tracked over, the average
grey level E and the corresponding mean=

square-error o are calculated. I#
GiX,Y)-EZCre t2-14)

where G(X,¥} is the grey level of the re-

corded peint , and C is the cenfidence co-

efficient dependent on specific re—-
girements , the present point 1is  regarded
as a fault point and corresponding data is
printed out.

Since the high-tansicn wires are paral-
lel, their slopes are generally the same or
very close ts each okrer . Tiui, whan <rs
Wwirg 18 inspected over , the anforaetion
implied in its slope K  may help reduce
the search for a next wire . We use the

{ or even maximize )
clue points whose

increase
those

knowledge to
the precedence of

¥ are identical or close to K . When two
of the wires are inspected , we can almost
confirm that K 1s the right slope of the
expected wires . So mors measures  can b
taken to raduce the smarch if necessory
{ e.g. when K 1is canfirmed, the algorithm
next only searches those with the slog=
K. This will surely reduce the search
greatly ).

£ the algorithm
ut}l nghazagalthgra iigngné Elre:t?on ane
sdopt horizontel sample lines . Similarly,
a recognition and tracking is applied.

3 Discussien and Conclusion
From the above discussion , we Can See
that the sigorithm based on multi-sample
analysis has the following features:
1> Since sample analysis is introduced,
computations involved have been reducec
greatly , and a quizk matching i= ob-
tained. In actual experiment, for a 512 512
image , avaragely speaking , @ malchung is

finisheo within 23 few saeconds ( reallssd
o IBM=FC/XT 3.,

2 With the help of knowledge and con-
tential information . the algorithm can
successruily reject guite many noise
points and detects the wire= out of the

background . In
shows 1mpressive

actual eaperiments , 1t
reliabilaty which 1is
very important 1in practical application.
The algorithm does npot consumz  much
of the computer & msmory ( only certain
important coordinates , etc, are stored ).

Thus , it can easily ba realised on micro—

ccmputers,

L Tha recognition can  be
more quickly a1+ parallel operation 1:
introduced , for a large part of the com=-
putations could be done parallelly.

“

made much
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