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Abstract

In image information system, it is important to
develop a well spatial knowledge representation in order
to attain the goal that image retrieval can be much
precisely and quickly. By spatial knowledge
representation to store the spatial information, it can
support spatial reasoning and similarity retrieval to help
users query image to satisfy their request. RS-string and
2D Z-string are the two famous spatial knowledge
representation. RS-string is based on polar coordinate
system, so it can arrive at rotation-invariant. But, 2D
Z-string is based on Cartesian coordinate system, its
feature not only reduces the length of string by using
zero-cutting but also records the metric information that
includes the size of object ~ location and distance. Both
of them overcome the drawbacks of the relative
researches of 2D string. However, we find that RS-string
can not attain much precisely similarity retrieval in some
condition, so it may result in misjudging of similarity
retrieval. Thus, in this paper, we propose a spatial
knowledge representation which is based on RS-string
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and we name it as RS*-string. At the same time, we
overcome the difficulty to apply the concept of 2D
Z-string to the polar coordinate system. In addition,
RS*-string also has the advantages of RS-string and 2D
Z-string, therefore it can attain much precisely spatial
reasoning and similarity retrieval.

Keywords : RS-string ~ RS*-string ~ 2D Z-string ~ polar
coordinate system ~ similarity retrieval
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A<B end(A) < begin(B)
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A/B begin(A) < begin(B) < end(A) < end(B)
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Algorithm :  String generation
Input : OI(BIEI)’ 02(B2,E2), see iy On(anEn)

Output :

a 2D u-string(or v-string)

1. Sort in non-decreasing order all the begin-bound
points and end-bound points B, E,, i=1,2,...,n

2. Group the same value points into a same-value-list.
Form a same-value-list sequence.

3. Loop from step 4 to step 8 for each same-value-list
according to the non-decreasing order.

4. If there is no end-bound in the list, process the next
same-value-list.

5. Find the dominating object from the objects in the
same end-bound list so that the corresponding
begin-bound of the dominating object is the smallest
of them. Compute the size of the dominating object.

6. If there exist no objects partly overlapping with the
dominating object, find the objects covered by the
dominating object (including the dominating object
itself). Call the template object generation algorithm
with the covered objects as the input parameter.

7. If there exist objects partly overlapping with the
dominating object, choose among them the object
with the smallest end-bound. Let the chosen object be
P. Perform the following three phrases.

(a) Find the objects covered by object P (including
object P itself). Then call the template object
generation algorithm with the covered objects as
the input parameter. Let the returned template
object be T.

(b) Find the objects covered by the dominating
object but not by object P (including the



dominating object itself). Then call the template

object generation algorithm with the covered

objects as the input parameter. Let the returned

template object be T».

Merge T; and T, into a new template object by

separators '(' and ')’ with operator '/'. The distance

associated with operator /' is equal to the
end-bound of object T, minus the begin-bound
of the object T;. The begin-bound of the template

object is equal to the begin-bound of object T».

The end-bound of the template object is equal to

the end-bound of object T;.

8. Collect the begin-bounds and end-bounds of the
objects into the same-value lists.

9. Call the template object generation algorithm with all
the remaining objects as the input parameter. Output
the representation of the final object. This is the u- (or
v-)string.
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(symbolic object) > O.size# £ 7 # 5L it ek | >
O.locationf| §_% i # 54 2 ey FF i % o RST-string
LF B k3l gt o 2 45 A 302D Z-stringz. F *7 3
£ fﬂt“ R EE i o § 82D Z-string
L& G AP AL o B le s [ —a v R fE &
1795 ik p 22D Z-string[1] o 2T & rt-string &
PhtEmrzmha:

£ -

st-string2_

FEZE RS e PR EEFE 2
> 1§ FniE A F drt-string ¢ string = (W),
Wa, ... W)
Wi - SR 2(0), 0, . Oy)

1. Loc=0; Object List=null; Stack=null;i=1; j
= 0; MoreOperators = False; /*Initialization*/

2. lﬁ'»iif'l__fs—g“ﬁpﬁ)?’f{ mm—%p\ﬁm |
goto4; F B %] 'Object Listf ¥ 3t 4% ;%

3. Loop from # 3#3.(a) ~ # 23.(b)
{4 MoreOperators = true , R :
(@)i=1+1; MoreOperator = false /* next
operator */

(b) case Wi.sym

"%" ¢ Loc=Loc+ W,size; i=i+1;

"<" Loc = Loc + PreviousObjectSize +
W;size; i1i=i+1;

"/":  Loc = Loc + PreviousObjectSize —
Wi.size; 1i=1+1;

"| " -

Loc = Loc + PreviousObjectSize;
i=i+1;

"]H :
fBde Wig.sym # (", B -
TemplateSize = W, .size;
else
TemplateSize=GetTemplateSize(i+1,str
ing);
Loc = Loc + PreviousObjectSize -
TemplateSize; i=i+1;
"="or"[": i=i+1;
H)H .
J3ufp 11— B template object W;

Loc = W.beginBound,
PreviousObjectSize = W.size;
MoreOperators = True;

4. Loop from # ¢ 4.(a)~% 2 4.(c)
(a) BA-Wisym="(", B :
3= > — B4 ¥ & crtemplate object W;
W.beginBound = Loc;
W.size = GetTemplateSize(i,string);

(b) #-p¢ template object W #x » T|3adp @ ;
() 1=1+1;
5. BA-W, £ B3R Eazs | Bl
j=jt 1

2 - BRI 2O
O;.sym = Wi.sym;
O;.size = Wi.size;
O;.beginBound = Loc;
#7055 4 3] Object_List;

6. PreviousObjectSize = Wi.size;

7. MoreOperators = True; go to Step 3

FEZ LA e FY
j* & FniE R chstostring ¢ string =
W)
]:I{ D= B 3Bl F #(0, O, ... Op)
L &k sf? ek a)~(7)h 3 -

2. BArd FEFA BHFEOE0 0 @A Fid LAk
LE R A gl 50 2 Arr dlenfe 22 5
frieamgd o & ”Omuﬁ_ 50878 0 B

(@) EHO O i > BIORE 4n1= B
OB 4§ o
(b) #_Object List # % O; -

b. F it

(Wls WZ:

65

Lee fo Hsu[l5]dp 41 iz @4 = o 8 - MR 5
gp 13 ﬁﬁm_—,_F”Fy,?l“ o;[rgul% ’ ,__’f?é_ﬁﬁ“,, Ju b
lfﬁlﬁjﬂl s RlFIed and ety £5 13
g B Jhd dasmir P2 Rz B 7
Flevie ® X bdn 2R H % A3 o o 2t & RST-string

SIER AR A *Lﬂﬁﬁt’rﬂt“’— LR
Basligd Bipddis v uEIE - B2 LR
m,«ﬁ’ . 4\,]~ sg,yﬁ #-3 3 $ 2 % 3§ Huang and
Jean[9]#7 3% M ek KA (B(7) 9777 ) KM gEeh



M e o SRR S T R €9 0
Foofl2eE 532 way R4 (spatlal reasoning)
b e JJIL)‘FW"ZP?"”T/’J\“"J F\?“\']—ﬁ]—%?’b&i}}
A5 g Fm'fg—vm/ﬁ—n I

ﬁﬁ&'km@%@iﬁﬁ%ﬁﬁé
> 1O B O BB lgvfﬂ i+
i3 CASB A b 17 B s

=N

AR

1. Xs =O04.beginBound;  1a
Xp =Og.beginBound; Ip

<« = Op.size;
« = Og.size;

2. AFXHP AP EEB YL Fa g B

B % o
FWEE DR e s FEHTE 2
» 10pE Ops BE T 12
]»1 TANBRA AR i R M
1. By = Oa.beginBound;  Sp = O,.size;

Bg = Og.beginBound;  Sg= Og.size;
2. If( (0<=Bp<Bx+S4-360)&&(BptSp>Bs+S4-360) )
then Bg=Bg+ 360;
If( (0<=B,<Bgp+Sp-360)&&(B+S,>Bp+Sp-360) )
then B, =Bj4 +360;

If (( By >= 0 && ( Bg+Sp < BA+S4-360))
then BB = BB + 360,

If( ( BA >=0 && ( BA+SA < BB+SB-36O ) )
then By =B, +360;

If (( Bg>=0 && ( Bg+Sg==BA+S4-360))
then Bg=Bg+ 360;

If (( BA>=0 && ( BA+S,==Bg+S5-360))
then By =B4 +360;

If ((Bg == BatS4-360))
then By =Bg+ 360;

If (( BA4==Bg+S3-360))
then B, =Bj4 +360;

If( (Bg==0&&Bgp+Sp==360)&&(Bp+Sp<BatS,) )
then Sp=Sg*2;

If( (BA==0&&B*+Sx==360)&&(BA+SA<Bp+Sg) )
then S,=S, *2;

3. Xa=By; lax = Sa;
Xg = Bg; Igx=Sg;

A @ RSN AP B8 Bt B A5 R
D

iL}F"Q]'ﬁ]'}’ 5 ’1 > ra’q_F'&«'}’H.Fmﬁﬁ'ﬂ/z‘ 4 » XA N2
Pt A B4 % (begin-bound) 0 lao, B E 4 £ A 0
%] (size) s Xp 4 4 i B e 4n =¥ o I, B 12
Bk ] o aBI(5.b)? »F B & 3lehdk iE A (Bsg=(0'
<090 O"g0) ) EFFL L FE Fl 5 O 4L B T (half
line) ted=4p =% 5 0 e 3 S A5 B3P iE o F
Lo O P Y OE O BIFE LA T

P B o4 R 24 ) A w5 00,30) &
0"(320,40)> F1 5 082 O"E_Ap b 4= % ch3 Jo i > F]p
R ez T REEFEEY L FHTPREE S
H-hp & L HsmBasiay s ] i
0(320,70) + & ¢ = B B 4B 4 ] 3
B(0,360) > F15 O $#2&d Ofr O"a B+ 4 ¥t
X h RIS et PRI FR-B 3 ”ﬂ?
AT PE M e B 3R (tuning) 0 14 fd) O f it 2

P rm;ww%oiwm%“ﬁ%%xgiﬁﬁ
et § F AR R 30 0 DR ey
BB %o i3 B4 chjlicsd ¥7 RS-string hficsd Fim4p
> e Fl 5 RS-string % BFdeih @ * 7 B 47
(begin-rank)#? % & 7| (end-rank) =% & % & £ 22 4
% A4 BB+ ch B 4 - % (begin-bound) £ B & = %
(end-bound) » #4 @ » RS™- string Adze P > RF S
TR TR ane R § R &+ €t RS-string T 4v##
FERZENPFEATR YRR EREE -

xa+ 14, <zp+lip,
: @

IA+‘4.<IB_®

T4 < ZB Za+ 14, > Zp $A+[A,=IB+18,O
4
IA-i-!Ad::rEO ‘1:,,+f,;,>zg+l§,o
2 5
la, <lp, [)
Ta=Tp la, = Ip, @
la, > s, .
z4 =2+, @ 14+I,\,<w3+13,®
T4 > IH x4 <zp+lg, ."JA+IA'=:£3+I5LO
10
.r,.+f,;,>.ta+l'5,o
11

z4 >zp+1p, @
B (7)

6. AR E

AP 02 & ¥ % (similarity retrieval) 88 (7B B X
RE Rz - o F R '%‘ HEGFTHEREL a7
AR EDRAPF R AN E AP GE TR
Pig2 B AR B H o R AR 0B e E T
BRI AR R I pE > Pl ARG T B R A
TLRFRERG FEREDFIREE T 2 FH
@@ﬂlwﬂp,ﬁ{ﬁ R A L 0 T

R SN A R T
$w44,a§@ﬁﬁm%4g%§ww&ﬁ
B % o b4e 2D string 35— Lk 4P M e 8 % 315

1{

N+
13;

;i” 3R AFEE ) AR 3Nk AT
i@&iﬂwﬂvﬂ&v&%%ﬁ%+ﬁﬁﬁw’ﬁ
AANF P A A AL RET A - RoEa A
i%%%%m £ o T 40— B L PR R

hEm T TRBPGSEE R E R RS > Bl 7
g Pamd g f‘gdb #enk % o d 3t RST-string £_18 £ 3%
AR f S Bt o FORE R RenipRh o ¥ b F

RS*-string 2.3 8 @ o g b R TR 0 AT



A(325, 75) and
B(0 ,25) = B(360 , 25)
> A %;; B

40 °

25 .
B) ~ <.\
S

325°-77

A(325,75) and
B(15,25) ® B(375, 25)
> A]B

40 "
15:‘ ,
VLD
325 °-~

A(325,75) and
B(20 , 40) = B(380 , 40)

eA/zoB

40°. \60
~ \\
20 °. o
~ N
\A~ \:\ -
325°.-7

A(325,75) and
B(40 , 30) = B(400 , 30)
> A|B

\
o
70
o
40 N
N \
~ \
S \
< \
S \
«
\
A\~
K
U ,
-
-
/”

325 °%.-7

¥1(8)

A(325,75) and
B (10, 25) = B (370, 25)
> A %5 B

A(325,75) and
B (0, 40) = B (360 , 40)
> A]B

40 O\

325°-77

A(325,75) and
B (0, 60) = B (360 , 60)
> A/40 B

A(325,75) and
B (0, 360) = B (0, 720)
9 A %325 B

325°.-7




EA L L B r X F]L__ tﬁ?ff}ﬂ/)ﬁ*ﬁ?mﬁpafﬁ?’p Vi
Bl BT R L B R TR RT R AR
BB 2 N FE FREE L ,g—g;r T TaVE
VAR e e gt b 0 2 TG RSTostring e » 3 3E
PPt &g * F¥ S HARE R
BERERGGRE - R e T AR

RSJr -string  fAp 00 B ek BFAT R Flen- 4 B el e
2 OAAR IR 2 AN T AN A pl BRI
& 7 ¥k p * Huang and Jean[10] 7 #% I}
RS-string * {4 » # % ¢ 4 % RST-string et rgst
R R PR A 0 R 2 A &S .

\

o IR AR EEBHE ARSI e G MG

o1 AP EABSF B A LA e P hT M G o

f . PR s . s - .
QC(I‘;‘B r/_\SB)-A;fﬂli_‘;:k_?B#wxi £ O W=7 e

& B % (category spatial relation)z. f & » @ r R & I¢
S e by MR
B % » C' € { DISIOINT, JOIN,
CONTAIN, BELONG } ¥ ® i @Baps 7
YUE IV UREER > d jrprcr b

® Op ¢ bhWH AN RIP 2Pl &
AFRE R R AR R I 2l A o

DS LR e g
PARTOVLP,
il

o

oOfd:

o RT O EAFHEGLY o HCH L RE
(rotatlon center) e fr s [f] 2 e 238 A g BB R
e & (binary spatial relations) e

b gg;g\fa CH L C R LY A
: ~Z MRS

° Rgg é_?,:}:i@-g;,’g,\fdﬂ » HuCH it i f@c‘ o
s> w2t Az M GDREE o

° R?S ﬁ?,iiggg\fdc’ IICH & L3P
A%A;D e r N A A »’,"f.rﬁﬁz £ o

& 5.1

BAriza B2 A-BEOg > b A~BSO0g MR

Clrf rs)=Cl(rR rs) pIFA LR G2 43

i f, 5’\&\;7 ) A 4p 12 (category-similar) °

& 5.2

BAr TR B G fa s AR B &8 A i &

® chCch EPIRSCCR?E

-0 I‘Z\fq ¥z R

) E]'J Px 7}«'—
Z| 4p 2 (spatial-similar) °

B fa 433

d »> RS-string 4R 0 B &% FF > & 5 5 oav b 5
Flixad P 2207 BF AR ahdp i 0 Aol Ao d-B i
EapiE2 FaER T RGN ARk R DY
BF o B r2 g8 IR RS-string 42 7% 0% X 3 6 hE Ko 7
ptoo 59 3R RS*t-string At 49 I { - H kA
oo T AR R KT RST-string b AEt oA
P gARe s 2 g iR 2 A BT A .

¢ O T AAABILY » H uCH 2 LY o
(rotation center) » ffe s {12 2 2R 2 it §
7 34 (metric information)sh g & o 12T A H &N
{ O; r O, (Oy-size , O,-size , distance) , O; r O; (O
size , O3 size , distance) , O; r O, (O;-size , O,-size ,
distance) , Op1 1 O, (O, -size , O,-size ,
distance) } > r i @ 4 & 2. @ eh = < B Tk (binary
relation) - ¥ n>2 o

. OSdc PEHAPGLT o HuCH E L EE Y v
R w2 2Pkt ?}gmmﬁ; Lol E
H 7 &35 {010, (0-size , O,-size , distance) , O,
r O3 (O size , O; size , distance) , O; r O, (O;-size ,
O,-size , distance) , ... , O, r O, (O -size , O,-size ,
distance) } ' r& A 2 Fenz AR TR0 T2 n>2 o

° Ordc . &?ﬁii?%ﬁd“ » H1uCHe 2 53 P o
el S FS w2 2P EatEFASNEL o UT
2HEEN {010, (01—5126 , O,-size , distance) ,
O; 1 O3 (O size , O3 size , distance) , O; r O, (O,-size,
O,-size , distance) , ..., O, r O, (O,.;-size , O,-size ,
distance) } »r& B $ 22 Bz AR R0 T 2 n>2 o

° Osdc:; ?—\ l}i_ﬁ,,g\fd\:‘ T H L Choit ZaEdE e
LJ_r_;u’T”‘ra' Pt Faok S
HE s {010, (01—5126 , Op-size , distance) , O
r O3 (O size , Oj size , distance) , O; r O, (O;-size ,
O,-size , distance) , ... , Op r O, (O -size , O,-size ,
distance) } 'r z B 22 B ez AR TP n>2 o

o 1T %

Il

& 53

BAr TR fy 2 AR, B 8 2 B AR 02
I Or?qc C Or%c LA S < Osquc QOS%C Bl
% IF s F13] 3 £ 4p i2(Ring-metric-similar) o

& 54

BT R ARG 2 AP P TR A
¥ Osdc C Osdc AR S ﬁ S Ordcqordc BT

e ‘_‘J;] 2 E Ap (Sector—metr1c—51m11ar)

& 55

B TR B G fy 2 BB, 1 & % R0
PR E O C O & O € O » Bl Y i
» RS A2+ £ 4p 17(RS -metric-similar) o

ke ? At ch RSostring 2 4R 4R R
203 & § 00 & RS-string shfp i B 2 7 &0 2 A
CARULEIEE N K E R R S L
¥ 4t RS-string g AP Bl T AL
RS*-string ?4p 2 & th % % B i cd4 (795 2 -



WEE AR R IAE 2

iii > -GRABFPGUE - @B * RST-string #r 4 i
TR e

I 41 © Category Similar List

Spatial Similar List
Ring-Metric_Similar List
Sector-Metric_Similar_List
RS-Metric_Similar List

. AuEEPG fqgmes - Bt 5 gy o
A 24 9740 ¥ & 9 RST-string o
2. te® — B2 RS*-string % £ FAHER  fy2 @ »
BAr Oy € Of * T F fyegdd? w0 £ & O
’% ¢ E']
(@) Bl o 5250 5 @ % 5 @ 4w
B RAETHARE BRE P hrIo A
MG RELARE & RE WA

(b) &1L A2 I RS -string 2 ¥ >
PENE R W fF AR
RS*-string » &£ FE R <[> » &2 5352
vy B G T B2 kg BERE
Rigv'ﬁrf’:j%%fi ~E RGBSR ARE
FRY G g A B R Cr

(c) Boe fy 2 £y A ag ] Al 4p 02738 > B
(1) #-f44c » 3| Category Similar List o
(2) ke £y 2 £, L% B AP e o Rl

fy 4 » ¥ Spatial_Similar List -
(2.4 fg 22 £ 0% X3 B 3)4p 00 > £
PR s R PAlP RN &
P E BRI AR BIR £y e
F] Ring-Metric_Similar List °

(2.2) B4 fd g f s AN X
2R E R RPN 7
R Wi‘l?’;‘é#ﬁ 2o R £y 4o
¥] Sector-Metric_Similar List

QR3)pA-ty e fn Lz FAl4pn > %
“ﬁﬁf%ﬁﬁbkwﬁﬂ“ﬁﬁm
g kR AR PRy e x T
RS-Metric_Similar List

3. w & Category Similar List ~
Spatial_Similar List ~ Ring-Metric_Similar List -
Sector-Metric_Similar_List {r
RS-Metric_Similar_List °

d *> RS*string &% 8 %31} > 4o r TP EF
o LRARER A AR g T
BE % > m]am_gj(lop)a v it A2 k2 B
L% BB %0 i 8 idort RS-string ¢ 2% %k 4

10

Fengo PP s g i et 'Gi?‘;'fifa’“r?i% Y%'ehg B
M % o Tt > RSt-string +* RS-string { at #Frxds 4 i
'IF?%L” ARG hT R %0 P> RSt-string »
3 ¥ RS-string et k4% & 5L b 2 254 2 g o
Flt o A Ptk FR Y FTERRE
R RS+ string & 5357 % b oo & E Lk ¢ s fe 2
2T g et $t e B4 o A BI(10.p)2 BI(10.q)
fOSRAR g o A A > B(10.9) 2 Bl(10.p) i pF 4t
S 457 R A AT L ILRA GRS (L A[BEA%
B) - W“’&%%ﬂm<akmﬂwhHWﬂdwﬁ
5] 5 4p 02 B $495 B S 0 B BI(10.p)2 BI(10.q)1
’Hfb % 5 gw;t TEL AR AR R BB
EF R & L2 g A R endd e 4102 > RST-string
G eipi Rkt v LR i EE
du%ﬁmwﬁ kw’tﬁﬁﬁéi’ﬂw#ﬁﬁ
Eou e 2 3R B A T et Bl B
(wmﬁﬁmmwv?uﬁ»womqwﬂ’%u’
RS*-string %257 v 2 #rrernt ¥+ > & F foag ¢
AR Ed s it PR AN F]pt 0 53
HiEF R R 2SR T > & RST-string 0%
Ao b AR g2 g B2 B ehy B
41l & tl—u._a?\» °
ER(11)® > P58 5 RST-string f4p 11 &
FAEEabS o B R -SRR Y AT G
MEG A i h i fo s BRI FTH RS
Poifoe 10T A AR 0 RV S g % L

o f & f A 4p0u:FE quqof AT £y 8 £ 5 R AR e

ef,¥r f,adpin: F i ClagClRy i f £, 4 7 4p
7

o fy 7 fiﬁwﬂﬁmiﬂécwﬂM’ifRﬁC
R?A3 » jB RrAquA » BT f3|}1f pi{é—ﬂ]‘i‘l#gfﬂ°

o fi f, 5 E WA FS CpoCry £2 REC

R, PMERYDCRY, AT 8 £ 5 5 B Alpine

efi f iR i G LB ELR
Alp g 2, T 7 OrdACO"dC ) fe KOSdC QOSdC
SErUE Db b AR A i -

ofer f 5 kA EN A e B L7 A
I ERIE T FoE Osdc C OsdA y fe & OrquOrdé
s o fg 8 g S ﬂﬂ’L"'J)L‘ﬂw i e



©
t—o o

S*-string © (Asgo [ (B3s <90 Cap) ) S*-string * (Asgo %oss (B3s <o9 Ca0) )
R% © {A[B,A%C, B<C} R {A%B, A%C, B<C}
0%+ AsqlBss (360,0,35) O & Asgr<asBas (360,45,35)
As60<125C29 (360,125,25) As60<170C25 (360,170,25)
B35<90Cy0 (35,90,20) B35<90Cy0 (35,90,20)
#(10.p) ¥ (10.9)

Center object : A

(A <4(B; %, C))) R : {A<B,A<C,B%C }
& st 1 (Asgo Y050 (Bas /s Cas) ) R 1 {A%B,A%C,B/C}
Ct, = { AdB, AdC, BpC }
@ O+ {A<B(1,4,3),A<sC(1,5,1),B%C@3.,1,1)}

Osfcf * { A%s0B (360,50,25) , A%7,C (360,70,45), B/5sC (25,5,45) }

Ot,q Oy,
f} is not category-similar to f.

f) is not spatial-similar to f.

fy

®(11)

11



r* ¢ (A1<x(By/\(Cs=Dy))) R ™ :{ A<B, A<C, A<D, B/C, B/D, C=D }
st (As60%35((Bas[Das)<30C3s)) R §5 * { A%B, A%C, A%D, B<C, B[D, D<C }

Orfdﬁ : { A<2B (1a293)7 A<4C (15493)7 A<4D (19493)9 B/IC (3,173)9
B/AD (3,1,3), C=D (3,0,3) }

O : £ A%;0B (360,35,35) , A%00C (360,100,35) , A%;oD (360,35,25) ,
B<3C (35,30,35) , B[D (35,0,25 ) , D<4C (25,40,35 ) }

Ci, = { AdB, AdC, AdD, BdC, BpD, CdD }
qu(I Cs, f, is not category-similar to f;.

f

f3

fy

1 (Ar<s((DshB3)AC)) R™  {A<B,A<C, A<D, B/C, D/B, D/C }
st 1 (Ase0%60((B30/10C30)/a0D30) R %5+ { A%B, A%C, A%D, B/C, B<D, C/D }

0" : { A<iB (1,3,3), A<,C (1,4,4), AS;D (1,2,3), B,C (3,2,4),
D/ZB (352’3)7 D<IC (3’174) }

O { A%gB (360, 60, 30) , A%jC (360, 80, 30) , A% 50D (360, 150, 30),
B/10C (30, 10, 30) , B<ssD (30, 55, 30) , C<4D (30, 40, 30 ) }

Ct; = { AdB, AdC, AdD, BpC ,BdD, CdD }

Cy © Crz f3 is category-similar to f,.

RS CRY, but RPGRY, > fyis not spatial-similar to f.

- (A<3((Bs[C2)/1Dy)) R Y, * {A<B,A<C, A<D, B%C, B/D, C|D }
st 1 (A360%40((B30/20Cs5)/90D2s)) R ¥+ { A%B, A%C, A%D, B/C, B<D, C<D }

Orfdﬁ\ : { A<3B (1a393)7 A<3C (15392)7 A<5D (19593)9 B%IC (39152)9
B/ID (33133)9 C|D (290’3) }

O & { A%4B (360, 40, 30) , A%s5C (360, 55, 55) , A%00D (360, 200, 25) ,
B/5C (30, 20, 55), B<;5;D (30, 125, 25), C<qoD (55, 90, 25) }

Ct, = { AdB, AdC, AdD, BpC,BdD, CdD }

Cty © Cy, fi is category-similar to .

A A sA SA 1 1al-cimi
erq CcRY, and R w C R - f, is spatial-similar to f.

®](11)-continued.

12



fs f
1 (A< (Ds /s (B%:Cy) ) R™ 1 { A<B, A<C, A<D, B%C, ;)/B, DIC }
st * (Aseo[ (D30 <20 (Bas /20 Cas) ) R, © {A%B, A%C, A[D, B/C, D<B, D<C }
O™ 1 { A<,B (1,4,3), A<sC (1,5,1), A<;D (1,3,3), B%C (3,1,1), D/sB (3,2,3), DIC (3,0,1) }
OSP? * { A%s0B (360, 50, 25) , A%;ssC (360, 55, 45) , A[D (360, 0, 30) , B/50C (25, 20, 45) , D<;(B (30, 20, 25),
D<,5C (30, 25 , 45) }
Cr = { AdB, AdC, AdD , BpC , BdD , CdD }
Cy © Cgs > fs is category-similar to f,.
R rf/t; CRP and R 5{3 C R $A > f5 is spatial-similar to f;.
O'ft — 0% but O%¢OF% > fi is Ring-metric-similar to f,

—-m--a
~
~
-
_-
---a
~
N
N
7
’
.,
_-

f, f
rt 1 (A<y(Ds<,(B3%:C))) R™ : { A<B,A<C, A<D, B%C, D<B, DiC )
s* ¢ (Asgo%s0((B2s/sCas)<30D20)) R A { A%B, A%C, A%D, B/C, B<D, C<D }
O : £ A<¢B (1,8,3), A<,C (1,9,1), A<,D (1,4,3), B%;C (3,1,1), D<,B (3,1,3), D<,C (3,2,1) }
O%A & £ A%soB (360, 50, 25) , A%70C (360, 70, 45) , A%3D (360, 145, 20) , B/5C (25, 5, 45) ,

B<4D (25, 70, 20) , C<3,D (45 ,30, 20) }
Ct; = { AdB, AdC, AdD, BpC,BdD, CdD }
Cty & Ctg> fo is category-similar to f,.

R C R and RS C R > fois spatial-similar to f.

0%t — 0% but O"N¢O'Te > f, is Sector-metric-similar to f,.

#¥1(11)-continued.
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f7
1 (A1<y(D5/1(B4%1C1))) R
st (Az0%110((Bas/sCas)<iisDas)) R 34

OI’dA
OSdA
B<,5sD (25,155,35) , C<y1sD (25,115,35) }

Cr, = { AdB, AdC, AdD, BpC,BdD, CdD }
Ciy © Cry - f; is category-similar to f.

RrA CRY and RY C R, > f7is spatial-similar to f,.

rdA rdA sdA
0% ©O%7 and O%' ©

o f, 8 f, i RSAFRAPM I FL LR LALLR

»# 2 OMAC O s O} C

A 4p i eiE i

OsdA cErr £ 8 f G s F1AIRE R AR 2

T

.:;' ﬂ'L%]’ﬂJ ""’ q—@#ﬁ ”}}iﬁ oS /g‘—n = fﬁ’ mﬁh
BRE

Category Similar List = [f3 ~ fy ~ f5 ~ fg ~
~ 7]

f7]
Spatial Similar List = [f;
Ring-Metric_Similar List = [f5]
Sector-Metric Similar List = [fg]

RS-Metric_Similar List = [f]

d Fif 2% ¥ 4o RST-string &gt ik & + ot
RS-string { * %= &> ,ﬁz RIRERLE S BT - ¥ i d B
isbf“bé'}*jﬁ"r Fen@ ik iz g ke

7. 33

-%4\7

2D string ’z}_glf%d? Flenpeie b B ECT ¥ — i A7
ST T ARE @ 2 (s 4p M 8 7 5 2D G-string ~ 2D
C-string ~ 2D B-string ~ 2D C*-string ~ 2D Z-string
RCOS-string % » iz # 3 JF'K AN § 4 B
/% ¥u(Cartesian coordinate system) ek &4 3% » 44~
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fq

: { A<B, A<C, A<D, B%C, B=D, D%C }
: { A%B, A%C, A%D, B/C, B<D, C<D }

{ A<,B (1,4,3), A<sC (1,5,1), A<D (1,4,3), B%,C (3,1,1), B=D (3,0,3), D%,C (3,1,1) }
{ A%10B (360,110,25) , A%3,C (360,130,35) , A%300D (360,290,25) , B/sC (25,5,45) ,

SdA - f; is RS-metric-similar to f;.

Bl (11)-continued.

B4R b X ey ph LS T Blen
B2 RN R LB hs B G Ka o bt §

4R K ALt N A B Ui LAt - v B
TGRS YENIELY S sk A “““’b‘%’ﬁ’
D F P k372 - Ro@ %1”’ 2] e

FAF s Bdr- RAPPGE TRER x‘g\/‘lﬁ
T RpR o R ARG oA PSSR GR
E IR A L VRS e R s T

FTHE FAa Z U ER AP B RIE S Gl
om AR KR K AT ER G AR

B e

£ fﬁp‘:% s > L7 B lgdfﬁ W 393 7
Wt (P AP o B B - ié""%wm
7 Ak ?\T/zi’stgﬁﬁ‘l & ,3&@—1—F'&frpﬂ 7 7T
iz#éﬁ'iéﬁ;;mifmf_‘;‘%n‘p Bzl v TR
WE R R R 'ﬁi’%*:‘ﬁ‘» B9 hg
F o @ RS-string £2 2D Z-string & —%" 2 ARE E L
7 B oo 4 51 % 0 RS-string FHE A3 4R A4 % 5L o
PR E TR R e T - 2 g o fE A
+ 3§ 4 AR ke 2D Z-string) B AF @ ¢ i
SRS Y LA S L RE AP N
s BFHFE KR 2D Clstring # i -
** RS-string £ 2D Z-string @ % > & ¥ g8 R T 2D
string 4p B A7 7 e— LAk BL o BRA 0 APF R AR
R T > RS-string 7 3 HAER P L2 e MR E
T AR v R o ‘L 4 ’2DZ -string F] % FA3%
+§ A AR R - LRSS B
6o BV A § ERPIAR R mj_,]o o Ak



#H= P > Afers RS-string 5 A# > TP #”f
x?i;fi &k %? 51 % 2D Z-string $EA chFEE 0
! RS*-string 7 & 4wk % 57 ;2 o RST-string & * 7
2D Z-string e R & Nk T 8 £ R I b
N N N L R &E.{p‘_i*Lf‘_”"‘% o Tt o
RS*-string %% 8 4 7 % & 7 RS-string £ 2D
Z-string 2_ gL > I ¥ SUPR ”‘r"J—‘F*f"’F"’f\—"p E
2 ek 8o F]P > RST-string * e T BEH IR
chlsng o @Es E 30 (Mg B ih g 4p i
%%’”f’*r"%}jm Foo

340

F““ 3”\‘3

T

[1] Anthony J. T. Lee and H. P. Chiu, "2D Z-string: A
new spatial knowledge representation for image
databases." Pattern Recognition Letters 24(16):
3015-3026, 2003.

[2] C. C. Chang and C. F. Lee, "Relative coordinates
oriented symbolic string for spatial relationship
retrieval." Pattern Recognition 28(4): 563-570,
1995.

[3] Erland Jungert, "Extended Symbolic Projections
as a Knowledge Structure for Spatial Reasoning."
Proceedings of the 4th International Conference
on Pattern Recognition 301: 343 — 351, 1988.

[4] G. Petraglia, M. Sebillo, et al, "Towards
normalized iconic indexing." Proceedings of the

1993 IEEE Symposium on Visual Languages:
392-394, 1993.

[5] G. Petraglia, M. Sebillo, et al., "Rotation invariant
iconic indexing for image database retrieval."

Progress in Image Analysis and Processing III:
271-278, 1994.

[6] G. Petraglia, M. Sebillo, et al., "Virtual images for
similarity retrieval in image databases." IEEE
Transactions on Knowledge and Data Engineering
13(6): 951-967, 2001.

[7] P. W. Huang "Indexing pictures by key objects for
large-scale image databases." Pattern Recognition
30(7): 1229-1237, 1997.

[8] P. W. Huang and P. L. Lin "Visibility Inference
Based on Spatial Knowledge Representation
From Observer's Perspective." International
Journal of Intelligent Systems 12: 191-202, 1997.

[9] P. W. Huang and Y. R. Jean, "Using 2D C+-strings
as spatial knowledge representation for image
database systems." Pattern Recognition 27(9):
1249-1257, 1994.

[10] P. W. Huang and Y. R. Jean, "Spatial reasoning
and similarity retrieval for image database
systems based on  RS-strings." Pattern
Recognition 29(12): 2103-2114, 1996.

[11] S. K. Chang and A. Hsu, "Image information
systems: where do we go from here?" IEEE
Transactions on Software Engineering 4(5):
431-442, 1992.

[12] S. K. Chang, C. W. Yan, et al, "An intelligent

15

image database system." IEEE Transactions on
Software Engineering 14(5): 681-688, 1988.

[13] S. K. Chang, E. Jungert, et al., "Representation
and retrieval of symbolic pictures using
generalized 2D strings." Technical Report,
University of Pittsburg, 1988.

[14] S. K. Chang, Q. Y. Shi, et al., "Iconic indexing
by 2-D strings." IEEE Transactions on Pattern
Analysis and Machine Intelligence 9(3): 413-428,
1987.

[15] S. Y. Lee and F. J. Hsu, "2D C-string: a new
spatial knowledge representation for image
database system." Pattern Recognition 23(10):
1077-1087, 1990.

[16] S. Y. Lee and F. J. Hsu, "Picture algebra for
spatial reasoning of iconic images represented in
2D C-string." Pattern Recognition Letters 12(7):
425-435, 1991.

[17] S.Y. Lee and F. J. Hsu, "Spatial reasoning and
similarity retrieval of images using 2D C-string

knowledge representation." Pattern Recognition
25(3): 305-318, 1992.

[18] S.Y. Lee, F. J. Hsu, et al., "Similarity Retrieval
by 2D C-Trees Matching in Image Databases."
Journal of Visual Communication and Image
Representation 9(1): 87-100, 1998.

[19] S. Y. Lee, M. K. Shan, et al, "Similarity
retrieval of iconic image database." Pattern
Recognition 22(6): 675-682, 1989.

[20] Wang, Y. H., "Image indexing and similarity
retrieval based on spatial relationship model."
Information Sciences 154(1-2): 39-58, 2003.

[21] Y. L. Chang, B. Y. Yang, et al., "A generalized
prime-number-based matrix strategy for efficient
iconic indexing of symbolic pictures." Pattern
Recognition Letters 22(6-7): 657-666, 2001.

[22] Y. 1. Chang, B. Y. Yang, et al, "A
bit-pattern-based matrix strategy for efficient
iconic indexing of symbolic pictures." Pattern
Recognition Letters 24(1-3): 537-545, 2003.

[23] Y. I. Chang, H. Y. Ann, et al, "A
unique-ID-based matrix strategy for efficient

iconic indexing of symbolic pictures." Pattern
Recognition 33(8): 1263-1276, 2000.



