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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 recognieed by the €had String 
Array (W) approach. 
The size nornalization 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 
unknown irnage 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 k described precisely. In this pa- 
per, the experiment results of Vertical String Array. 
Random Walk and Gauss-Markov-R-process are also 
discussed. 

I. I I m 1 0 N  

"lie statistical approach was comnonly 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 [1,2,31 
was adopted to recognize the 2-D pattern into 10 laye- 
rs structured as a pyramid. lhe variation of each mesh 
w a s  represented by a transfer function.[4] describes 
the circular layer method to implement the orientation 
,151 [61 used the complexity to recognize the image. 

11. KOLKKROV COMPLEXITY 

Ihe 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 (O,l)*express an optimal binary string of finite 
length. %e first n terms of input pattern sequence 
are denoted as X(n), where 

Let A be an automaton which can 'transfer the random 
input into an optimally logical output string array, 
such that * 
A : (0,l) 

where N is the number of extracted features. 
Definition 2-2: Canplexity production 

x N ---- ' (O,U* I ( 2-2 1 

A binary data representation has the complexity if it 
can be expressed as follows 

I x Q (0,l) 
where K(X) is called Kolmogorov complexity program. 
Rule 2-2: The production of Kolmogorov complexity pro- 

Let C (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 

(2-3) * k 
: K(X) = k I < 2 . 

gram 

K [X(m/n) = min C(p), ( 2-4 1 
A ( p , n 1 =X ( m ) 

where m = 1,2, ..., n and p is the probability of SLI- 

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. t (p) represents the length of the string where 
object pixels occurred. 

111. STRING QUAD ARRAY ANALYSIS 

Define: s E S, s = 1,2, ... , S. (3-1) 

where s is the number of string components. 
Definition 4-1: *r 

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 "Qiad- 
Array function". 
Definition 3-3: 
The pixel ninnber of horizontal scanning line is m and 
the pixel number of vertical scanning line is n, where 
m = l,Z,..i,,.M, 1 < M < ";n = 1,2,..j,..N, 1 < N < -. 
Def irii tion 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 Q,(m,n) is a 
function of (m,n). 
(1 1 Object image adge is monodescending sense in right 
hand side of topnost point. 
Definition 3-5: 
Object image edge is monodescending scense as show i n  
Fig.3. The raster line on the right side of topnost 
point is divided into S stages, Q is the area beLween 
S-th stage raster and corresponding object image edge 
Ws, The potential function sequence is defined as Q, 

-, 

?'his 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, 
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where R( .) is t h e  rectangular quad; T( . )  is the  
t r i a n g l e  quad and R(0,O) = 0, T (0,O) = 0. 
( 2 )  Object image edge as f luc tua t ing  wave form. 
Corol la ry  3-2: 
'As show i n  Fig. 4 ,  t he  f luc tua t ing  wave form is ano- 

t he r  form of monodescending and monoincreasing wave 
form. 
Def i n i  t i on  3-6 : 
llie Quad S t r ing  Array shown i n  Fig.  4 is def ined  as Q, 

lhe hor izonta l  i n t e r v a l  of Qs is  decided by the  in t e r -  

va l  between t h e  v a l l e y  poin t  Vs and the  neighbor top  

po in t  Ps-l. The i n t e r v a l s  between each quads may not 

be equal.  
Coro l la ry  3-3: 
each quad of f luc tuan t  edge can be d iv ided  i n t o  equal 
M ' s ,  div is ions  hor izonta l ly .  The quad Qlm is i n  

monodecreasing sense  f o r  odd 1, and is i n  monoincrea- 
sing sense for 1.Then 

M1 MZ Ms 

where 

(3-7 1 

Q , ~  = R~ (m,nm-l) t ( - 1 1 ~ ~ ~  T (m,nm-nm-l), 1 < n < M 

and m 6 M, s = 1 , 2 , . . s ;  N = ( N 1 , N 2 , . . . N i - l , N i , . . . , N  

,Ns).'Ihe s ign  of t r i a n g u l a r  quad is p lus  for t h e  edge 

i n  monodecreasing scene arid minus f o r  t h e  edge i n  
monocreasing scene. 
I V .  IIEDXNITION AU;oI1IlIUI 

Assumption 4-1 : 
I f  the  ob jec t  image edges are d iv ided  i n t o  sinall par- 
t i t i o n s  then  each in t e rva l  w i l l  be l i n e a r  no matter 
l i o w  shape t h e  o r ig ina l  edges are. 
Assumption 4-2: 
I f  the ob jec t  image edges are an i r r e g u l a r  f luc tuant  
wave form, then the  quad plane domain will be COIUIV- 

ex i ty .  The quad domain w i l l  be convex i C  edge f l u c t -  
ua t e s  downward and be concave i f  edge f luc tua te s  
upward. 

hsumpt ion  6-3: 

Tlie S t r ing  WAD 
- 
I1 Sequence Array Q 

- 
QII = (Q1,  Qz, e . . .  Q s i * * . . Q s l  

Qs is t h e  s - th  s t age  Quad P o t e n t i a l  Function. 

n g  (W , w , .... w , ' . ' .  w ) 
1 2  9 s 

( 3-5 I 

( 4 - 1  I 

Defin i t ion  4-1: 
The sample space of  Quad Poten t i a l  Fiuic t i o n .  sequence 
is Q sample, then 

(4-21 gSmp = ( Q ~ ~ ~ P , Q ~ ~ ~ ~ , .  . .Q sanip ,.. .,.gS SamP t 

Lemma 4-1: 
The Quad Po ten t i a l  Function Sequence of  new input  f ly -  

ing ob jec t  image is Q, then 
- 

( 4 - 3  I 

'I'he e r r o r  sequence be tween unknown ob jec t  and standard 
pa t t e rn  is e, then e can be def ined  as following, 

where 

or 

- 
e = ( e l , e2 ,  . . . e s , .  . .eS) ( 4 - 4  I 

= Q -Q ( 4 - 5  I el 1 1 

= I Q  -Q samp/ (4 -6 )  
el 1 1 

?he Risk Function of  Quad P o t e n t i a l  Function Sequence 
is : 

S 

4 Y 

where " # "  is def ined  as the  S t r ing  Connection FuncLion . The minimum Risk FLuicLion ( 0 1 .  Perfonmice  index1 be 
defined as J ,  

J = mini E = mini (1e11,1e21, . . . I  esl , . . . ) e s t )  

The ob jec t  edge W is one s i d e  of the  r igh t - t r i angu la r  

(4 -8)  
S 9 

. s  
po ten t i a l  function Ts(m,ns-ns-l) arid Ws may be nonlin- 
ear, 
I f  the  urlknown ob jec t  image is similar or  resemble t o  
t h e  standard p a t t e r n  then it  must s a t i s f i e d  t h e  fo l lo -  
wiiig optimum threshold condi t ion .  

( 4-91 

wliere Th*(s) is t h e  optimum threshold i n  s-tli quad. 
llieorem 4-1 : 
The scanning raster is begin a t  the  topnost edge poin t  
arid scanning from l e f t  t o  righL, t h e  hor izonta l  i n t -  
e r v a l  m can be counted by tlie p i x e l  number. The optirn- 
UIII th reshold  i n  eq. 5-9 approximates t o  objecL edge i i i  

Q,, i f  tlie p ixe l  riuniber is very small. Sucl~  Lllnt, 

I'ssan'p(m,n -ns-l) is the  necessary coridition.By eq.5-6 

= (Rs( m ,ns-l ) tT( m, ns-ns- ) -Rssamp(m ns- -13 salttp 

(m,ns-ns-l) I (4-10) 

arid the  optimum threshold i n  tlie s-tli Bund is derined 

as '111 ( 9 )  where 
* 
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Th*(s) = Tssamp(m,ns-ns-l) 
I -  - 

function is (ml,m2,. .ms) which is the horizontal 

segementation sequence. It is not necessary for in 

equal to ms-l as Llie object image edge is convex & 

concave scene. If the object image edge is 
monodecreasing, for simplicity, the horizontal segmen- 
tation can be Oml = mlm2 = 

i n2 , .  . .ms-lins = m .The vertical coordinate of matching 
function can be segmented in the same process and the 

- 

- 
m2m3 , .and om 1 = ml' mlm2 = - - 

- -  - 
sequence is ( p11'n2j.#.ns 1. 
We have the following relation: 

i.e, Tssamp(m,ns-ns-l) is the maxi variance between 
two similar edges. If there are more than two quads in 
the Quad String Array then the minimum optimum thresh- 
old string Th ( 9 )  can be used as standard threshold. * 

s *  9 

W*(S) = # Th s = # Tssmp(m,ns-ns~l) 
s= 1 s=l 

=[Tlsamp(m,ril-nO) ,T2samp(m,n2-nl),. .TsSmp(m,ns-ns-l) I 
(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 e ,  which may not be defined on the all ranges 
of 2 ,  

e : (  

x : (  

where 

then 

es < T,""" (m,ns-nsWl) I -------- > W (4-12) 

S 
E = IesI < # (Tssamp(m,n s -n s-1 ) )  ---> 17 (4-13) 

s= 1 s=l 

fl = ( w1,w2, ". ws, ".WS ) ; 'I---- >" is a mapping 
relation. 
Lema 4-2: 
By the definition of Qs, the vertical pixel number for 

standard sample image and unknown image are N 'ampand 
N respectively. 

If I Ns-Nssamp I < = 2T /m (4-14) 

m:horizontal pixel number 

then 6 : Qs ----- > Ws where W 6 R (4-15) 

.,- - przof : 
m,n are very small and finite; Ts=1/2 m,n; n = 2T /m 

and n = n -n 

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 
q u a  tion. 

I 

s s-1' 

- 
slope < =  I l ) a s m > = n  

slope < =  I l ) a s m < = n  (4-16) 
- 

- -, - -  Lennna 4-3: 
By the definition of Qs,m = n, m,n are positive real 
number. If m is constant for both input and sample 
pattern and 

I n.-n I <= n -ns-l , s = I,~,..s , i = 1,2, N, i i  
(4-17) 

Then E : Qs ---> Ws where W E R (4-18) 

Lemna 4-4: Markovian Matching Block function 
The horizontal coordinate of Markovian matching block 

...- 
1/2 nsms = T~~~~ (4-19) 

SamP 
where TS is the triangular area in QsSamp, it may 
be finite fixed value. Such that we car, rewrite eq. 
4-19 eq. 4-20 

- - 
( 4-20) n 2Tssamp ms 

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

ian matching block, 
In Fig.5, suppose the curve C is divided into three 
Quads Q1,Q2 and Q3. By the eq.(3-4): 

Q1 = R1 t T1 = 0 t T1 
Q2 = R2 t T2 

3 Q3 = R3 t T 

The basic assumption is that "Tssamp" is the maxi va- 
riance for had s ,  that is, in Quad Ql", T is the maxi 
tolerance and T is the maxi tolerance for Q etc. The 

curve C1 in Buad Q1 and Q2 is similar to C,iff 

1 
2 2 

I c1-c I < = rn * (SI. 
BY eq. (4-10) - and (4-11): 

2 

i=l 
1 C1-C I = # I ei I = [ TsSamP,Al t TZSmP -A2 l(4-22) 

if A1 = A2 then I C1-C I <= [ T1Samp,T2SamP 1 = nl*(s) 
then we can say "Cl is similar to C". 
In the other case if the tolerance is negative, then 
by Fig.6 : 

C - C = -[Tl,(Al' t T2' - A2')] 2 
where T1 = TISamP 

t2 = T 
2 

and if A1' = 

then I C2 - C I = [Tlsamp , TZsamp] = W*(S) 

(4-23) A2' 

that is, C2 is similar to C. The above two cases are 
the extreme condition for similarity, and any curve 
lays beLween 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 ns ms for  standard curve C 

L1 is the histogram of ns ms for standard curve C1 

L is the histogram of n m for standard curve C2 
Now, we process the above algorithms to Quad Q2 and Q3 

- -  
- -  
* -  

2 s s  
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,and suppose the tolerance in Q1 will not influence 
the variance in Q2 and Q3 then we can sketch the Mark- 
ovian matching block from Q2 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 n m 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. 
I : (Histogram of n m for unknown object lay inside 
the normalized Markovian matching block) ---> R(4-24) 

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

of nS ms 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. 

I f  the histogram ns ms of unknown object is laid 
inside the mtching 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 

I : Q # [Histogram of n m ====> W(T)l ----- > n  

L " ,  

s s  

- " ,  

s s  

," 

- " ,  

" , -  

- s  *... 

s s  s=l 
(4-25) 

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. 

(4-3) 

", ", ", - 
It is not necessary for ms-l = ms and ns-l = n . 
In Fig.11, 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.11, Quad Q, 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 5-1: 
Usually, the shape of object edge is irregular flunct- 
uatirig, the monodecreasing or monoincreasing can be 
defined by the equations 5-1 and 5-2. 

( Q2s-1 ; s = 1,2,...s/2 ) ---> convex scene (5-1)  

( QZs 
; s =.1,2, ... s/2 ) ---> convex scene (5-2) 

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

then 
The shape of edge mapping by Q2s-1 and Q2, are diffe 
rent. ie, 

R is defined as the image edge string of every Quad. (4-1 
n = (W1, W2, .... Ws, ,. .,Ws) 

(Q2s-l ; s = 1,2,..s/2) ==*==> (W2k-1 ; s = 1,2,..s/2 
( 5-3 

( Q Z s  ; s = 1,2,.. s/2) ==*==> (W 2s ; s = 1,2, ... s / 2  
( 5-4 1 

wilere "==*==>" is the representation of edge "similar- 
ity" 
L e m  5-1: 
By the equation 3-7, edges mapping by Q2s-1 and Q Z s  is 
monodescending and monoascending respectively. By the 
assumption 5-1, Quad is the combination of Rs nrid 'I' 

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. 

S 

* 
( T2s-l ; s = 1,2, .... s/2) -- --> +1 (5-5) 

* 
( TZs ; s = 1,2, .... ~ / 2 )  -- --> -1 (5-6) 

where "+" is the vertical downward movement of one ce- 
ll and "-" is the vertical upward movment of one cell 
That is, what R, is known, then the progress of 'rs is 
a kind of Vertical Binary Random Walk. 
where "--*-->" is the direction of random walk. 
L e m a  5-2: For every Q2s-l and QZs which are fit for 

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

[Q2s-1;~ = 1,2, ... s/2 ===> W(T)] ---> R Zs-1 (5-7) 
;S = 1,2, ... s/2 ===> W(T)I ---> R 2s (5-8) 

where " ===> W(T) " is the representation of "within 
the matching function threshold", as defined ir i  corol- 
lary 5-2 and it can be proved by eq. 6-3 and 6-4. 
Lema 5-3: Quad Q referred is shown in Fig. 12. 
The pixel cell of Qs can be divided by eq. 6-9 and 6-10 

[Q2s 

ms = (msl ,... m ' , . . . i n  sR ' ) ,  r = 1,2,...R (5-9 

where msl= Ms-l , msr= Ms, nsr= NS-l , nsr I -  - NS 

sr 
ns = (nSl,nS2, .., nSr', ..., n sr 

E : [ Qs(msr,nsr'); r=1,2,..,R ===> W(T)] ---> W (5-11) 
Z : [ 8 (mSr,nsr'); r=1,2,..,R ===. W(T)I ---> Izd5-12) 

where r = 1,2,. ..R and 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 

' ) ,  r = 1,2,..,R' (5-10) 



can be inipleniented by the vertical binary random walic 
If the unknown object fits for eq. 5-7, 5-8, 5-11 

md5-12 then following equation is existed. 
: [Q2s-1; s=l,. . .s/2 (nionodecending scene) ==>W(T)] 
: [Q,, ; s=1,2 ,. .s/2 (monoaccending scene) ==>W(T)] 

--> nzs (5-14) 
This can be proved by Lemma 5-2 and L e m  5-3. 
Theorem 5-2: 
P[(msr,nsr') ~(~s~r-l~,ns(r,-l))l is defined as the pr- 
obbility which transferred form the pixel [m 

s( r-1 ) I 

ns(rl-l)l to the pixel [msr,nsr'l. 
If P(msrlnsr') = 1, 

then Z : (Q2s-1 U Q2s) ---> R 

--> RZs-1 (5-13) 

where s = 1,2...S, r = 1,2...R, r' = 1,2 ... R'.This can 
be proved by Leanu, 5-3 and theorem 5-1. 

VI. EzlpERIMENT RESULTS 

As discussing in scention I11 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 ob.iects respectively. 
The experiment 
tables. 
Table 1: 

Correct 
Recognition 

I1.a 
1l.b 
H.c 
H.d 

Table 2: 
Correct 

Recognition 
Face A 
Face B 

Table 3: 
Correct 

Recogrii tion 

blig-25 
F-16 

results are shown- as the -following 

Vertical String 
Array approach 

0.93. 
0.90 
0.90 
0.90 

Vertical String 
Array approach 

0.62 
0.55 

Vertical String 
Array approach 

0.80 
0.85 

Random Walk 
approach 
0.95 
0.93 
0.93 
0.96 

Random Walk 
approach 
0.70 
0.67 

Random Walk 
approach 
0.90 
0.89 

VI1 . CONCIUSIONS 

1. The recognition algorithms discussed in this pa 
utilize the object background Quad as the.wic 
nients. the recognition process 1s beglMlng the 
topnost point of object edge, and it is especially 
useful in eral-time recognition. 
2. The object images are different as the view direc- 
Lion 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.principa1 axis direction between 
unknown object image and standard pattern is implemen- 
Led 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 
Sl.ring Qiad Array approach, the variance between step 
I'OIIII c:dge i l r d  uuil01.3 etlgc is tlic iiiajor factor Por 
inisrecogni tion. 
6. For the hollow object, the algorithm can apply on 
it arid the object can be recognized within one frm's 
scarini ng . 

7. It is not necessary to rotated the object image in 
Pseudo Quad plane, if we modified the associated soft- 
ware progran. 
8. The major error of recognition is due to the not 
matching of principle axis between standard pattern 
and llnlcnown object. 
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Fig. Positive variance for two similar curves 
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Fig. Nagative variance for two similar curves 
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Fig.7 Markovian matching block function for t w o  quads curve 
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Fig.10 Markovian matching block function and its' relative curve 

Fig. 1 1  Image of fluctuating edge. 

Fig.0 Markovian matching block function for secondary quad. 
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Fig. 12. Pixel maps of handtools. 
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Fig. 13. Pixel maps of human faces. 

Fig. 14. P i x e l  niaps of aircraft F-16 ,and N i y - 2 5 .  

Fig.9 Markovian matching function for three quads curves 
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