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Abstract

How to use one-chip processor and small size memory to
recognize the shape of object is the most important
topic in modern industrial application. Usually, it is
impossible to get the front view of fast flying object
,the image taken at the view direction are called pla-
ne projection images The plane projection image is
composed of "object" and "background", that is what we
say pixel recursion image. The image processing by the
using of pixel recursion is the most simple and fast
approach. The pixel recursion image can be achieved by
the scanning, and the image after size and orientation
normalization can be recogniged by the Quad String
Array (QSA) approach.

The size normalization can be achieved by the scann-
ing device and the orientation normalization can be
handled by the Circular Layer String method. In the
orientation normalization, the principle axis of unk-
now image is achieved by rotation and compared with
the standard patterns which are pre-estimation. The
uriknown image can be divided into serval subimage and
each subimage is coded by the Vertical String Array.
By the using of Vertical String Array, the shape of
unknown object can bz described precisely. In this pa-
per, the experiment results of Vertical String Array.
Random Walk and Gauss-Markov-R-process are also
discussed.

I. INTRODUCTION

The statistical approach was commonly used in the
1960's to process the 2-D or 3-D image patterns. The
recognition was achieved by storing the sample data of
a pattern in the memory which were then compared with
the random. input pattern. A Markov approach {[1,2,3]
was adopted to recognize the 2-D pattern into 10 laye-
rs structured as a pyramid. The variation of each mesh
was represented by a transfer function.{4) describes
the circular layer method to implement the orientation
,[5] [6] used the complexity to recognize the image.

II. KOLMOGOROV OOMPLEXITY

The digital picture point method is a general approach
for image recognition. Each pixel is expressed by the
brightness level ranged from 0 to 256.

Assumption 2-1:

The length, the area, even the size of any pattern in

arbitrary direction are all finite. Therefore, the st--

ring array of pixels can be used for recognizing any
feature of a 2-D image picture.
Definition 2-1:

* . -
Let (0,1) express an optimal binary string of finite
length., The first n terms of input pattern sequence
are denoted as X(n), where

%{n) = (xl, Kgr eee 1% ) (2-1)

n

Let A be an automaton which can ‘transfer the random
input into an optimally logical output string array,
such that

*
At (0,1} x N —=> (0,1)", (2-2)

where N is the number of extracted features.
Definition 2-2: Complexity production
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A binary data representation has the complexity if it
can be expressed as follows

* k
I x€{0,1} :K(X)=k]<2. (2-3)

where K(X) is called Kolmogorov complexity program.
Rule 2-2: The production of Kolmogorov complexity pro-

gram

Let ¢ (X} be the length of the sequence X(m) and X(m)
/n be a probability of the occurrence of pixeled in a
string of length n. X(m) represents the total number
of appearances of pixels.

K(X) can be expressed by ¢ (X), as follows

min

A(p,n)=X(m)
where m = 1,2, ..., n and p is the probability of su-
ccessful appearance of the image pixels. A(p,n) means
that the automaton can convert the successful event
among total number of features n with probability p
into. ¢ (p) represents the length of the string where
object pixels occurred.

K [X(m/n} =

e(p), (2-4)

III. STRING QUAD ARRAY ANALYSIS

Define: s € S, s = 1,2, ... , S. (3-1)
where g8 is the number of string components.
Definition 4-1: “
The object in "pixel recursion” is defined as "1" and
the background in "pixel recursion' is defined as "0".
Definition 3-2:

The area of pseudo Quad plane in scanning process is
similar to discrimination function, in this paper, is
defined as "Recognition Potential function" or "Quad-
Array function".

Definition 3-3:

The pixel number of horizontal scanning line is m and
the pixel number of vertical scanning line is n, where
m=1,2,.,i,..M, 1 <M <o®n=1,2,,.4,..N, 1 <N oo,
Definition 3-4:

the number of vertical pixel n and horizontal pixel m
are decided by the real edge of object image, such
that the Quad plane potential function Qs(m,n) is a
function of (m,n).

(1) Object image adge is monodescending sense in right
hand side of topmost point.

Definition 3-5:

Object image edge is monodescending scense as show in
Fig.3. The raster line on the right side of topmost
point is divided into S stages, QS is the area between

S-th stage raster and corresponding object image edge

WS’ The potential function sequence is defined as Q,

Q. = [ Ql’ Qz,....QS,..

i gl (3-2)

This potential function as called as Quad String Array
Corollary 3-1:

As shown in Fig.3, if object edge is monodecreasing,
no matter it is linear or not, we can divide the
raster line in equal division m. But the vertical
pixel number of Q is decided by the shape of object
edge, and the length sequence is N,



No= (Njy Nayoow Ngyooo Ng) (3-3)
Then '

9 =Ry (0,0) + T, (mn,);

Qz = Rz (m,nl) + Tz (m,n2 - nl)

Q, = Ry (m’"s-l) + Tz(m,nz - "1) (3-4)
where R{.) is the rectangular quad; T(.) is the

triangle quad and R{0,0) = 0, T (0,0) = O.

(2) Object image edge as fluctuating wave form.
Corollary 3-2:

As show in Fig. 4, the fluctuating wave form is ano-
ther form of monodescending and monoincreasing wave
form.

Definition 3-6:

The Quad String Array shown in Fig. 4 is defined as Q,

-~

QII=[Q1, QZ""QS""QS] (3-7)

The horizontal interval of Qs is decided by the inter-
val between the valley point Vs and the neighbor top
point Ps-l' The intervals between each quads may not

be equal.

Corollary 3-3:

each quad of fluctuant edge can be divided into equal
M’s, divisions horizontally. The quad le is in

monodecreasing sense for odd 1, and is in monoincrea-
sing sense for 1.Then

M1 M2 Ms

Q =2Q :1Q, =29, ;... Q =24, (3-6)
1 =1 1m’ 2 m=1 2m s =1
where
le = Rl (m,nm_l) + T (m,nm-nm__l), L1 <m<M
sz = Rz (m,nm_l) + T (m,nm—nm_l). 1 <m<M

. . . (3-7)

+

o, =R (mn_ )+ (DT (mnon ), 1 o

and m € M, 8 = 1,2,..8; N = (Nl'NZ“"Niﬁl’Ni""’Ns
.Ns).'l‘he sign of triangular quad is plus for the edge

in monodecreasing scene and minus for the edge in
monocreasing scene.

IV, RECOGNITION ALGORITHM

Assumption 4-1:

If the object image edges are divided into small par-
titions then each interval will be linear no matter
how shape the original edges are.

Assumption 4-2:

If the object image edges are an irregular fluctuant
wave form, then the quad plane domain will be connv-
exity., The quad domain will be gonvex if edge fluct-
uvates downward and be concave if edge fluctuates
upward.

Assumption 5-3:
The String QUAD Sequence Array QII

Qg = {9y Qs ceeQgres Q) (3-5)

Qs is the s-th stage Quad Potential Function.

23 (W, W, ....W ,....W) (4-1)
1 2 s S

Definition 4-1:
The sample space of Quad Potential Function.sequence
is Q sample, then

“samp _ samp .. samp samp samp) _
Q = (9 19, oo @ v Qg (4-2)

Lemma 4-1:

The Quad Potential Function Sequence of new input fly-
ing object image is @, then

Q= (QI’QZ"'.QS"“QS) (1-3)

The error sequence between unknown object and standard
pattern is e, then e can be defined as following,

where e = (el,ez,...es,...es) (4-4)
- o g Samp -

or ey = Ql Q1 {4-5)
_ _ samp _

ey = 199 | (4-6)

The Risk Function of Quad Potential Function Sequence
is:
s
E = (lell,[ezl,....lesl,..,.|esl) = # lesl, (4-7)
s=1
“ 4
where "#" is defined as the String Connection Function

. The minimum Risk Function (or Performance index) be
defined as J,

J = n%rsli E = mérsu'. (]ell,Iezl,...lesl,...]esl) (4-8)

The object edge Wsis one side of the right-triangular

potential function Ts(m,ns-ns_l) and Ws may be nonlin-
ear.

If the unknown object image is similar or resemble to
the standard pattern then it must satisfied the follo-
wing optimum threshold condition.

* _ samp _ a-
e < Th (s8) = Ts (m,nS “s-l) (4-9)

where Th*(s) is the optimum threshold in s-th quad.
Theorem 4-1:

The scanning raster is begin at the topmost edge point
and scanning from left to right, the horizontal int-
erval m can be counted by the pixel number. The optim-
um threshold in eq. 5-9 approximates to object edge in
Qs’ if the pixel number is very small. Such that,

"I'Ssamp(m,ns—ns_l) is the necessary condition.By eq.5-6

N _n Samp
tegl = 1 Qg9 |

_ - _p samp _yp samp
= 'Rs,(m.ng_IHT(m,nEI ns—l) “’s (m,ns_l) <

(m,ns—ns_l)l (1-10)

and the optimum threshold in the s-th Quad is delined
* .
as 1H (s) where



Th*(s) = Tssamp(m,ns—n

)

s-1

i.e, TssamP(m,ns-n is the maxi variance between

)
s-1
two similar edges. If there are more than two quads in
the Quad String Array then the minimum optimum thresh-

*
old string Th (s) can be used as standard threshold.

% s s sanp
TH (s) = 31 Th's = sil T (myn,n__,)

SamP(m.x

=[T ),TzsamP(m,nz-nl) )e .TssmP(m,ns—ns_l)]

(4-11)
where "#" is the string connection as defined in eq.
(4-7), in eq.(4-11), it is the representation of
optimun threshold string.There is an identification
mapping €, which may not be defined on the all ranges
of Z, then

1 1™

. samp. o N Y _
e.(es<Ts (m,nsn )} > W (4-12)

s-1

SamP(m,nS-ns_l)} --=> g (4-13)

s s
Z:{E=#|e| <# (T

s=1 % g=1 °
where 1 = { wl’WZ""ws"'
relation.

Lemma 4-2:
By the definition of QS, the vertical pixel number for

.ws } 3 "---->" is a mapping

standard sample image and unknown image are Nssampa.nd

NS respectively.

if | NN 5% | <= 2T /m (4-14)
s s S
m:horizontal pixel number
then € Qs ————— > WS where WS €Q (4-15)
Proof:

m,n are very small and finite; Ts=1/2 m,n} n = ZTS/m
and n = n_-n .
s s-1

Corollary 4-1:

If the length of horizontal and vertical string are
m,n respectively which are positive real number, then
the slope of image edge is determined by the following
equation.

slope - <= |1 }asm>=n
slope <= |1l}lasm<=n (4-16)
Lemma 4-3:

~ ~ o~

By the definition of Qs,m = n, m,n are positive real

number. If m is constant for both input and sample
pattern and

[ 00 %™ | <eno-n_ ) vs=1,2,..8,i=12 N

(4-17)

Then € : Q --—->W where W € n (4-18)
S 8 8

Lemna 4-4: Markovian Matching Block function
The horizontal coordinate of Markovian matching block
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function is (ml,mz,..ms) which is the horizontal

segementation sequence. It is not necessary for m

~

equal to m._, as the object image edge is convex &

concave scene. If the object image edge is
monodecreasing, for simplicity, the horizontal segmen-
fation can be ()ml = fnlm2 = mying . .and omy =my, mm, =
m2""ms—lms = mS.The vertical coordinate of matching

function can be segmented in the same process and the

sequence is { LORL YRR }.
We have the following relation:
LS samp
1/2 nm_ = Ts (4-19)
s . samp
where ’I‘E1 is the triangular area in Qs , it may

be finite fixed value. Such that we can rewrite eq.
4-19 eq. 4-20

n_ 8 ZTssa'“P / mg (4-20)

samp

and Ts is the maxi variance in Quad s for Markov-

ian matching block.

In Fig.5, suppose the curve C is divided into three
Quads QI’QZ and QB' By the eq.(3-4):

= R1 + T1 =0+ T
2 TRy v Ty

9 = Ry + Ty

The basic assumption is that "TS

2]
S
v

1

o
[

samp,, . .
Pr is the maxi va-

riance for Quad s, that is, in Quad Qll', T, is the maxi

1
tolerance and T2 is the maxi tolerance for Qz etc. The
curve C1 in Quad Ql and Qz is similar to C,iff
fec| <= ™ (s).
By eq. (4-10) and (4-11):

samp _ _
2 A, 1(4-22)

*
samp'TzsamD ] = T (s)

2
- samp
| ¢,-¢ | =iﬁ1| e; | = [T T.A 4T

if Aj = A, then | C;=C | <= [T}

then we can say "C1 is similar to C".

In the other case if the tolerance is negative, then
by Fig.6 : ,

- _ ) y _
C, -~ C = -[T,, (A" + T, A’

2
= samp
where 'I‘1 = 'I‘1
_ samp
t, =T,
and if A}’ = A)’ (4-23)
*
then | C, -C | = [1,5" , 7,%") = ™ (s)

that is, 02 is similar to C. The above two cases are

the extreme condition for similarity, and any curve
lays between these two extreme conditions can be
recognized as similar curve for C. The Markovian mat-
ching block function is sketched as following: Fig.7.

L is the histogram of ng m for standard curve C
1 is the histogram of ns mS for standard curve C1

~ o~

L

L2 is the histogram of ns ms for standard curve C2
Now, we process the above algorithms to Quad QZ and Q3



sand suppose the tolerance in Ql will not influence
the variance in Qz and 03 then we can sketch the Mark-
ovian matching block from QZ again. The Markovian

matching block function is shown as Fig.8.

We combine Fig.7 and Fig.8 together then we get the
following result and shown in fig.9.

Any curve lays inside the block area shown in Fig.8 is
similar to curve C. There is an another example shown
in Fig.9, the curve in that example is divided into 6

Quads. If the histogram of ns ms for any unknown curve

is laid inside the Markovian matching block of C, then
we can say that the unknown curve is similar to the
standard curve C.

X : {Histogram of n_ m, for unknown object lay inside

the normalized Markovian matching block} ---> n(4-24)

By the equation 4-20, n_ is variable and the histogram

~ o~

of ngm, segments is defined as histogram function wh-
ich is the recognition threshold in String Quad Array.

*
The optimum threshold Th (s) is defined as the
boundary distance of matching block in each stage s.

If the histogram n, m of unknown object is 1laid

inside the matching block of standard pattern, then
these two objects are similar each other.

Corollary 4-2:Defined W(T) as the domain of the Marko-
vian matching block,and " ===> " is the representation
of "within the matching function threshold" then

~ 8 ~ -
£ :Q # [(Histogram of n. m_ ====> W(T)]) -~-—-- >n
s=1 s s

V. RANDOM WALK APPROACH

Random walk technique is further discussed by the view
points of vertical pixels recursion string approach
and vertical recursion Quad string method. By the ana-
lysis of Pseudo Quad Potential function array which is
shown in Fig.11.

6 = ( Ql’QZ,...“QS"‘.'QS } (4—3)

~ ~ ~

It is not necessary for mo_ =M and n__, =ng.

In Fig.1l1l, every Quad Qs is the combination of pixel
cell array, every rectangular and triangular in Qs can

be expressed by a pixel cell. By eq. 3-7, every odd
Quad is convex and concave for every even Quad.
By the using of Qs' there are two recognition approac-

hes, one is vertical Quad string the other is vertical
pixel string, the former has less recognition time but
low recognition rate, the latter has high recognition
rate.

Assumption 5-1:

As shown in Fig.l1ll, Quad Qs is the combination of rec-—

tangulars and triangulars. Every rectangular and tria-
ngular are expressed by a pixel set, but the rectangu-
lar area is far away from the object image. Such that,
the shape of object image edge can be expressed by the
triangular pixel cell approximately.

Definition 6-1:

Usually, the shape of object edge is irregular flunct-
uating, the monodecreasing or monoincreasing can be
defined by the equations 5-1 and 5-2.

(5~1)
(6-2)

( Qug_y 3 8= 12,...8/2 ) —==> convex scene
(Q,, s =.1,2,...8/2 ) ---> convex scene

where convex scene is the representation of monodecre-
asing edge and convex scene is the representation of
monoincreasing edge.
Definition 5-2:

a is defined as the image edge string of every Quad.
then R = (wl. Wos v W,y ....ws) (4-1)

The shape of edge mapping by st_l and st are diffe-

rent. ie, .

(st_1 18 =1,2,..8/2) == ==> (w2§_1 ;1 s =1,2,..8/2)
{5-3)

*

(Q25 ;8 =1,2,.. 8/2) == ==> (Wz5 1 s =1,2,...8/2)
(5-4)

where "==*==>" is the representation of edge "similar-

ity"

Lemma 5-1¢

By the equation 3-7, edges mapping by st_l and st is
monodescending and monoascending respectively. By the
assumption 5-1, Quad is the combination of RS and 1;

where R is the representation of background and T is
the neighborhood representation of object edge. Due to
the change of monodecending and monoascending,the sign
variance of T is defined by equation 5-5 and 5-6.

(Tpgy 5 8=1,2,....5/2) Ko own (5-5)

(T, 5 8=1,2,....5/2) s o (5-6)

where "+" is the vertical downward movement of one ce-
11 and "-" is the vertical upward movement of one cell
That is, what Rs is known, then the progress of TS is

a kind of Vertical Binary Random Walk.

*
where "-- -=>" is the direction of random walk.

Lemma 5-2: For every Q, , and Q, which are fit for

the matching block function threshold defined in Lemma
4-4 can be classified into feasible region. The decis-
ion mapping E is defined by eq. 5-7 and 5-8 correspon-
ding to eq.(5-5) and (5-6) respectively.

[st_l;s =1,2,...8/2 ===> W(T)] ——> %y (5-7)
[Qy, s = 1,2,...8/2 ===> W(T)] --—> 2, (5-8)
where " ===> W(T) " is the representation of "within

the matching function threshold", as defined in corol-
lary 5-2 and it can be proved by eq. -6-3 and 6-4.
Lemma 5-3: Quad Qs referred is shown in Fig. 12.

The pixel cell of Qs can be divided by eq. 6-9 and 6-10

m = (msl,...msr',...mSR’), r=1,2,...R (5-9)
n = (nsl,nsz,..,nsr’,...,nsr'), r=1,2,..,R" (5-10)
- - - | -
vhere Ms1™ Ms-l’ Msr- Ms’ Psr” Ns—l' ner = Ng
€[ Qs(msr,nsr'); r=1,2,..,R ===> W(T)} -——> WS(5—1U
P | Qs(msr,nsr’); r=1,2,..,R ===. W(T)] ---> ng(5-12)

where r = 1,2,...Rand r’' = 1,2,..,R’ and Qs(msr,nsr’)

is the pixel cell quad array of QS.
Theorem 5-1:
By the algorithm of Random Walk, system recognition




can be implemented by the vertical binary random walk
« If the unknown object fits for eq. 5-7, 5-8, 5-11
and5-12 then following equation is existed.
: [st_l; s=1,...s/2 (monodecending scene) ==>W(T)]
>, (5-13)
: [st ; 8=1,2,..8/2 (monoaccending scene) ==>W(T)]
-, (5-14)

This can be proved by Lemma 5-2 and Lemma 5-3.

Theorem 5-2:

P[(m?r.,nsr’)I(ms‘r_l),ns‘r,_l))] is defined as the pr-

obability which transferred form the pixel [m (r-1)"
s(r-

ns(r’-l)] to the pixel [msr,nsr'].

if P(msr,nsr') =1,

then z : (Q, , U

where s = 1,2...5, r = 1,2...R, r’ =
be proved by Lemma 5-3 and theorem 5-

QZs) T e
3

1,2...R’.This can
1.

VI. EXPERIMENT RESULTS

As discussing in scention IIT and IV, there are three
different types object used in this experiment, these
objects are handtool, human face and aircraft. The
Vertical String Array, Random Walk recognition algo-
rithms are applied on these test objects respectively.
The experiment results are shown as the following
tables.

Table 1: :
Correct Vertical String Random Walk
Recognition Array approach approach
IN.a 0.93. 0.95
H.b 0.90 0.93
H.c 0.90 0.93
H.d 0.90 0.96
Table 2:

Correct Vertical String Random Walk
Recognition Array approach approach
Face A 0.62 0.70
Face B 0.55 0.67

Table 3:

Correct Vertical String Random Walk
Recognition Array approach approach
F-16 0.80 0.90

Mig-25 0.85 0.89

VIT. CONCLUSTONS

1. The recognition algorithms discussed in this paper
utilize the object background Quad as the basic ele-
ments. the recognition process is beginning the
topmost point of object edge, and it is especially
useful in eral-time recognition.

2. The object images are different as the view direc-
tion changed. The aircraft is viewed at upward and
face to face direction, the variance between two cont-
inuous image is also stored in the computer memory.

3. The matching of .principal axis direction between
unknown object image and standard pattern is implemen-
ted by the Circular Layer Code techniques.

4. It is better to normalize the object image within
the scanner device, this can be done by hardware or
software such that memory size as well as the process-—
ing time of main processor can reduced to minimum.

5. The edge of input image will be steplized by the
String Quad Array approach, the variance between step
form cdge and analog edge is the major factor for
misrecognition.

6. For the hollow object, the algorithm can apply on
it and the object can be recognized within one fram's
scanning.

7. It is not necessary to rotated the object image in
Pseudo Quad plane, if we modified the associated soft-
ware program.

8. The major error of recognition is due to the not

matching of principle axis between standard pattern
and unknown object,
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