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3D-Z"-string : A spatio-temporal knowledge
representation for the object successive appears and
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ABSTRACT

In this paper, we novel
spatio-temporal knowledge representation called
3D Z -string that is based on 3D Z-string. As a

result of 3D Z-string, it cannot deal with the
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condition that an object appears and then
disappears for more than one time. To solve this
problem, we set the disappearance of the object as
that object’ size is zero. And, we bring up the “&”
to be a new operator. Therefore, it can record that
an object appears and then disappears for more
than one time. At the same time, we offer two
search methods to find the specific frame. The
first method, it can find out the spatial relationship
between two objects in the Nth frame. The second
method, it can find out the spatial relationship
between objects that in which frame. These two
methods can be offered to software developers.
They can extend these methods for users to more
convenient and powerful video search functions.

Keywords: Spatial knowledge representation,
spatio-temporal knowledge representation, 2D

string, 3D Z-string, 3D Z" -string.
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Notation Condition
A<B end(A) < begin(B) A disjoins B
A=B begin(A) = begin(B), end(A) = end(B) A is the same as B
A/B begin(A) < begin(B) < end(A) < end(B) | A is partly overlap with B
A|B end(A) = begin(B) A is edge to edge with B
A ins B hey h h
AlB begin(A) < begin(B), end(A) = end(B) contains B and they have the same end bound
A%B begin(A) < begin(B), end(A) > end(B) A contains B and they do not have the same bound
A[B begin(A) = begin(B). end(A) > end(B) A contains B and they have the same begin bound
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DO : dominating object (Lee and Hsu, 1990) -

FOnest(i) : nearest former object (Lee et al.,

%2 F 3 4p e cend-bound v @ iz end- 2002) o fdr iz W g E G B £ @

bound A #F e E A ¢ o fiplfeitd begin-bound | % nearest former object ° % 7

# -] ehbegin-bound fr“w“ dominating objecte - et o> RliE# 5 &) dhend-boundhde
FO(i) : former object (Lee et al., 2002) - Former £ & § i¥nearest former object °

object % 77 W > L HE 1 F L /]
AR L AR ]
begin-bound @ #rj # = &1 end-bound -

begin-bound - B .
17 eriformer object ©

FONone @ %77 f] Tehd 0 o 27 2 £ &4

Algorithm: 3D Z+—-string genceration

Input: an object list O1(B1,E1,51), CZ2(B2,E2,32),. , OniBn,En,3n) of the =x-(y—- or t-) projections,

where n is the number of objects.

Cutput: an u- (V- ot T-)] String

i Zort Bi,Ei,i=1,2,. ,n 1in non-decreasing order and group the same wvalue points into
a Ssame—-value list. From a same-value-list sequence 30,

2 For each same-wvalue-list L in 30Q
B Eegin
P If there is an end-kbound in L)
5, Find the dominating okhject DO from L.
&. If there exist any obhjects partly overlapping with DO then
s Choose smong them the object with the smallest end-bhound.
If the number of objects with the smallest end-bound is more than one,
choose among them the object with the smallest begin-kbound.
Let PO he the chosen object.
g. Let TOl= templateChiectGeneration (the objects i with Bi ZEPO and Ei = EPD)
and remove those Bi and Ei from 3Q.
S, Let TOZ= templateChiectGeneration (the objects i with Bi = EBDO and Ei=EDO)
and remove those Bi and Ei from 3Q.
el Merge Tol and TOZ into TO, where BTO=BETOZ, ETO=ETOLl, 3ITOz=( STOZ2/d 3TO1l] and
d = ETO2 —ETO1.
a2 El=ze
2 Let T = templateChiectGeneration (the objects i with BiZ=EDO and EiZ=EDO)
and remowve those BEi and Ei from 350Q.
13:. EndIf
A, idd BTC and ETO to 30.
45 EndIf
16. EndFor
i TO = templateChijectGeneration (all the remaining objects)
GRS HE Mhen ohijects met the state that the object disappear and appear more than once.
Then assign the "&" to TO. 7* ysed in t-string */
i9. Cutput 3ToO.

Bl 9. 3D Z " -string generation algorithm

Function: templateChjectGeneration
Input: a list of ohjects W
Cutput: a template chiject

1.
ot
ik

00 -1 o N Wb

While (more than one object in W).
Begin
For the ohjects with same begin-bound and end-bound, werge them into
a new template cbject by operator =T,
If there iz only one ohject in W, exit the while-loop.
For each object I in W, find its FONesti(i].
Find FONowe. Let Q be FONome and N bhe FONest (Q).

If (BN=BQ and EN>EQ] then merge Q and N into a new template okject TO = (BN, EN, (SN[Z3Q)1).

Elself (EN=EQ and EN<IEQ) then merge Q and N into a new template obhject
To = (BN, EN, (3N]30Q)).




TO = (EM, EQ, (3N/d 3Q))
and d = EN—BEOQ.

5 Elzelf (EN>EQ and BEN<_EBEQ) then merge Q and N into a new template obhject

10. ElzelIf (EN-<EQ) then merge Q and N into & new template object TO = (BN, EQ, [3N-< dsQ)
and d = BO—EN.

i Elzelf (EN=EQ) then merge Q2 and N into s new template cbject To = (BN, EQ, (3| 3Q)).

) =i ElseIf (EN>EQ) then merge Q and N into & new template object TO = (BN, EN, (3N%d3Q)
and 4 = BQ—EN.

13. EndIf

14. Remove O and N from W and add TO to W.

15. Encdihile

1a. Peturn the template chject.
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Algorithm: wideo reconstruct
Input: an u-({v— or t-) sString with n elements: string = (E1, E2, , Emn)
utput: & list of wideo objects: Chijectlist = (01, O2, .. , o)
3 5 Loc— 0 ObjectlList— null; Stack— null; i~ 1; J— 0; ./ #*Tritialization#*s;
P MoreOperators— False:
5 WMhile (wmore elements in the u-(v- or t-) string) /# the u—-(v— or t-) =trings*,
3. While (HMoreOperators)
=8 i— 1i+1: S#*next operator*,
B Case Ei.svm
T % ": Loo— Loc + Ei.size; i~ 1+4+1; MoreOperators— False:;
g. e Loo— Loo + PreviousChject3ize + Ei.sizer: i1~ i+l Morelperators— False:
Q. ST Lo~ Lo + PreviousdbhijectSize — Ei.size: i~ i+1; MoreOperators~— False:
10. I *: Loc— Lo + PreviousObhjectS3ize: i~ i+l1l; MoreOperators— False:
i 1 If Ei+l.svyvmnFd " (" then Templatel3ize~ Ei+l.=size;

Else TemplateSize~ GetTemplate3ize (i+l, sString)

Loc+— Lo + PreviousOhijectSize- Templatelize:
i— i41; MoreOperators— False:

EndIf:;
3 B2l FP=F pgr M[F: i~ i+1; MoreOperstors— False:
5 S v " Append (w,r) to Oj.motionlist: MoreOperators.— Ture;
14. 1 ": Append [(—w,r) to Oj.motionlkist: MoreQperators— Ture:
15, rgr: Append Ei.zize to Oj.intervallistc: MoreoperatorsS.— Ture:
16. Fef: Append Ei.size to Oj.intervallist: MoreOperatorss— Ture:
e 1" Pop an element E from SItac]:

Loo— E.beginBound: = 15 =

Previousdbijectiize~ E.size; MoreOperators— Ture:

15 EndcCase
1Sz Endihile
20. While (Ei.sym="1(")
i, Create a template obhject E:
22. E.beginBound~ Loc:
Bt E.zize~— GetTemplatelize (1, sString):
24. FPush the template obhject E onto Stack:
o je— di+1:
Z6. Endihile
D If Ei i=s & string object then
28. J+— J+1:
sl Create a new object O sSo that
i, 0J.3viw— Eli.sym:; Oj.sSize~ Ei.zsize; O]j.beginBound~— Loc:
{5} a0 hppend ockhiject O to Obhjectlist.
telm EndIf
£ e PreviousCbhject3ize—~ Ei.=size;
34. MoreOperators— Ture:
S5 EndWhile
36. Cutput the ChjectList.

] 11. Video reconstruct algorithm

INFHEE AP GRELEEFEE video * Ba : Asfbegin-bound > Ex  Asfend-bound ;
reconstruction algorithm[3]+ Z %z » i} 2 {s e BB : Berbegin-bound » Ep : Bfend-bound -

% B % % video reconstruct algorithm » 4B 11 o DT ¥ {8 Aenbegin-bound - EAo : Ei%@

) . fé A #rend-bound - Bpy : T ® {8
() #& s fA0HF S F ) , L.
begin-bound > Epy : ¢z % i {$ Bend-bound °
A ardr Iend - 82 2 5 QueryFrame e TL : % 7 4 2 § DL P £ A (total

algorithm » 4[] 13- ¥ 12 4 3
PR XS ey PG

ERREIR i)

length) » % i@ 8§ P B S #x 0 HiRI) 4
PR R &yi 0 1< xi ,yi < TL
i=1,2,3,...,TL © Ex : (As#2&#) % 7 A th
TL=5>x%x;=2,2" Px1=2, x,=2>y;=1 Rly;=1-°



o CT: & i #¢ % op# ¥ (change time) » CT; & % 9o AT P RRATE S S BERPEAB
1B B s e R enpE > G IR V&R e - ARz Bz BMGL R T g
x CT - CTa=Xi=123. 1Yim123.. QueryFrame algorithm % 33 » ™ 5 $4 {7 42 :

i=1,23,... o @ Tqr y=(Veriorew)  and|
=(-verisrenn) 0 1=1,23,... o Ex
(Aot & 1 #2&1#3) % 7 AchCT; = 2 > CT,
=1>CT3=2>CT4=1>CTs=3 -

@?] » x-axis_+ A=(Ba, Ea)=(0,1) » B (Bg,

Eg)=(5,7) » (y-axisi®iz fp ) » £ @?] » u-string :
AitontoolerntonternTai<B2lan ’

t—StI'il’lg : (A6#1&.1#1&1#1#1) :B6#6 °

e ki FHNE AL CTREY > fragr

CT aRRipPFE > fr g ® PRIN(>2_ @ o ;
* Mo(motion) : {[veri*(CT -+ (ver*CTa)+
(Ve *CTa) + ...+ (Veria ¥ k)} o &7(CTy-1)” ;
#oie]l EFER ded B4 duRB F R 4 4 '
T s NEABTER S ER 1o FMoF I
ek SN A <[ A T S R 4
o Size : {(Ea-Ba)2*[(rcri CT1)* (rera CTa)* '
(ters CTa)*..* (remia k)-1] » % 18 $lrer=0
Plvt B3 3-8 ) a(rom k)-179 ch-1 27 5

LRSS S AGIE F or: A B
lﬁf"z‘ 50 0 2Sizel@Fleni % L f o Ao B
£ LL},%‘(V*/\O-Q["%# 15%’5']%‘\*7?1’[‘/%!?'\

57058 o %5087 plAT ;
&> 02 Bap e o Mo+ Size®? Mo—
SizetZ b » a3t 2k ] e L
e X yhens (i o Ft o S

A g e %% begin-bound & g (—) - AL
e e iz > end-bound & 4v(+) o

APE 16 BRFLEREHN AR 10.

iF s ehBBLR Y 2 &2 2 3D Z -string > 4] 12

S8 B R E S ASNB IR AR
4% 28545 F » k=n-(CT +CTo+...+CT;1)
=5-(1+1+1+1)=1> &2 iTMo% Size® 3+ & -
AT 18 crBA E Bao (3] 7 £ 5 BF)
Bao=0+{[1*(1-D)]+H(1*2)+H(1*2)} —
((1-0)/2%[(1MY*(1.27M)*(1.141)-1]} =3.84
A 18 FEAT 5 Eao (3] 7 £ 5 BF)
Exo=1+{[1*(1-D]+(1*2)+(1*2)} +
((1-0)/2%[(1MY*(1.27M)*(1.1A1)-1]} =5.16
@H 2% Ad(Bao, Eno) = (3.84,5.16) o

6. BEI@FQW‘:’”BBﬁ*BBO(i 1 WE/‘SEE"?)

Bgo =5 + [1*-(5-1)] — {(7-5)/2*[(1"5)-1]} =

Bic % {8 B % Epo (3] & £ 5 )

Epo=7+ [1*-(5-1)]+ {(7-5)/2%[(1"5)-1]} =
#3%% » B(Bgo, Epo)=(1,3) °

Rig o it A S(Bao, Eao)frB e (Bgo,
Epo) » 2|47 ¥  5 Spo<a Saol % > ¥ Bao
—EgRop=3.84-3=0.84 -

Pl frig &7 B0 5 hpFiE > A~ B objects2.
B enfd 2 2 Ba<osa Ay e

A

= = BE - B

LA |

A | R 2 hf 3
x-axiz A 09(Ba, Es)=(0.1)
y-axis * A 4)(Ba, Ea) =1(2.3)

R4 hf& 5 hf 6
© B #(Bg. Eg) =(5.7)

* B 69(Bg. Eg) =(5.7)

u-string © Ay TonTonTarnTonlainTars=Balan

v-string © Ay T Tan Ton Tan Tan Tao,n=Bz To,n

t-string @ (AgH &F &3 1#F ) =B
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Bl12. 3 Bl 1 A2 BSLB Y eeh6 B » B > ¥ %B 1 2 3D-Z -string% =

Llgorithm: QueryFrame
Input: u-string(v-string), t-string:* 4, B, N
Cutput: Find out the spatial relationship between L cbject and B chject that in number N frame.

1,

[ 5 B N L i ot ]

10.
11

1
13.

14.
15.
16,
1
1.
19.
20,
el
2.
236
24,
2190
if.
&
28,

e

30.
3.,

Sints
334
gk,
Jai

Use u-string (v-string) and t- string to construct the begin-bound and end-hound
of L and B, when objects in nunber N frame.
{
While (wore than one chject in number N frame).
To determine the objects relations of disappear and appear from A object and B object.
If (N is fall in CTi of &, then the CTi 1is corresponding rCT=0(&vi) of u-(v-)string,
it mean the L is disappear. And N is fall in CTi of B, then the CTi
iz corresponding rCT# O(#xi) of u-(v-)string, it mwean the B is appear.)
printf ("L iz disappesr, we can't indicate the relations between A and B."):
Elself (N is fall in CTi of B, then the CTi is corresponding rCT=0(&yi) of u-(v-)string,
it wean the B is disappear. And N iz fall in CTi of A, then the CTi
iz corresponding rCT# O(#xi) of u-(v-)3tring, it mean the L iz appear.)
printf ("E is disappear, we can't indicate the relations hetween L and B.");
Elzelf (N is fall in CTi of A, then the CTi iz corresponding rCT=0(&yi) of u-(v-)string,
it mean the L is disappear. And N is fall in CTi of B, then the CTi
is corresponding rCT=0(&yi) of u-iv-)string, it mean the B is disappear.)
printf ("Ll andB are disappear, we can't indicate the relations between L and B.™);
Else (N is fall in CTi of 4, then the CTi i3 corresponding rCT# O(#xi) of u-(v-)string,
it mean the L is appear. ind N is fall in CTi of B, then the CTi
iz corresponding rCT# 0(#xi) of u-(v-)string, it mwean the B is appear.)
{
for loopi If N>CT1, cumulative the next CT's wvalue (CT2), and continue.
Then, N>CT1+CTZ curmlative the next CT's walue (CT3), and continue.
Until , when N<CT1 + CT2+ .. +CTi to be stop.
And k = N—(CT1 + CT2+ .. +CTi-1)
k is use of the sbove in Mo and Jize./
BAO= BA+Mo—3ize;
Ead= Ei+Mo+5ize;
BEO= BE+Mo—3Size;
EEO= EB+Mo+3ize;
Uze the new begin-bound and new end-bound of & and B to determine.
}
Begin /# n to determine, */
For the chjects with sawe begin-bound and end-bound, merge them into a new template chject by operator "=9,
If there iz only one object in number N frame, exit the while-loop.
For each object I in nunber N fram, find its FONest(i).
Find FONome. Let BO be FONowe and A0 he FoNest(Q).
If (BiO= EEO and ELO»EBO) then merge BO and A0 into a new template chiject TO= (BAO, EAD, (3A0 [3BO)).
Elzelf (ELD= EBD and EAD< BEO) then merge BO and A0 into a new template object TCO= (EL0, EAQ, (SL0]3E0)).
Elself (EAD»BED and BAO< EBEQ) then merge BO and A0 into a new template object TO= (BiO, EBO, (340/dSE0))
and d=Ei0—EE0.
Elzelf (ELD<BEO) then merge BO and AD into a new template object TO= (BAO, EBO, (3A0<d3BO)
and d= EEO—EXO.
Elself (EA0= BEO) then merge BO and A0 into a new template chject To= (BAD, E BO, (3AL0|3EOD)).
Elzelf (ELD.»BEO) then merge BO and AD into a new template object TO= (BAO, EAD, (3A0%d3E0))
and d= EEO—EA0.
EndIf
Endithile
H
Feturn the answer.
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&l 13. QueryFrame algorithm

APt S C BAF S R

QueryObjectsRelations algorithm » 4] 14 - 1 & B2 & ,f; ’ i" | T et BB
LEDS SR FRAS T ARG LA 3. E:”.’?‘ﬁi C RE3 FE S PR 6
PABFEREBBETE)EL UER 12 5 6o Adri 2 B éﬁbegin-bound % end-bound °
AWAA-BA R PR 25 Ao BaPF o 4, #vig begin-bound % end-bound - fr“u“iﬁ a5
—«‘itt%?‘}ﬁf[# BEREA o HFS T Bl PR3 25 YE6F A-B#A
. % InputF & R ALLE S DBAETZE 5 20 itz Beng B %o
2. Fr Ru Bl REERPEJADTERTF] S5 B ARk BRALH T FMH G
PEyLEz ]2 By B A/p1Ba2 Rt EH ot e B R S PR3

i
&

[ T I ]

-1

10
s

1z.
13
14.
155
16.
iES
fl =T

L=

Z0.

21

EAHERE

23

Z249.

S

Z6.

Zta

&8

23

30.
31.

Algorithm: COueryOhjectsRelations
Input:
output:

u-string(v-string), t-string, On(Bn,En,3n), the relations kbetween A snd B
Thich nuwmber of the Frame

While

To determine the projection length of object 4 and object B

If 24 and 2B the sawe with On(Sn), then continue.

{
To do the determine From Frame 1 to Frame N
Begin
For (i =1 ; i & N ; i ++ 1 /=

To determine the obhjects relations of disappear and appear from A object and B object.
IfiFrame i is fall in CTi of &, then the CTi iz corresponding rCT# 0(#xi) of u-(v-)string,
it mean the L is appear. Aind Framwe i is fall in CTi of B, then the CTi
iz corresponding rCT# 0(fxi) of u-(v-)3tring, it wean the B is appear.]
Then continue to do
i
For loocp(If i>CT1, cumulative the next CT's walue (CTZ), and continue.
Then, i>CT14CT2 cumulative the next CT's walue (CT3), and continue.
Tntil , wheni< CT1 + CTZ+ .. +CTi to he =top.
And ¥k = i— (CT1 + CT2+ . +CTi-1)
k iz use of the above in Mo and Size. . *Ffrom the inte
EAD= BA-+Mo—Size:
EAD= EA+Mo+Size:
EEO= BEE+Mo—Size:
EEO= EE+Mo+Size:
Use the new begin-bound and new end-kbound of AL and B to determine.
If Frame 1 with same begin-bound and end-bound between & and B, and the operator
that input the relations betyeen L and B is "=", then return Frame 1
ElselIf Frame i with (Bi= BE and EL>EE) between & and B, and the operator
that input the relations betwyeen L and B is "[", then return Frame 1
ElseIf Frame i with (Ei= EE and BA</EBE) between A and B, and the operator
that input the relations between L and B is "] ", tLhen return Frame 1
ElseIf Frame i with (EL>BE and BA< EBE) between A and B, and the operator
that input the relations betyeen A and B is "/d" and d=EA—EE, then return Frame i
Elself Frame i with { BA</BE) between A and E, and the operator
that input the relations betyeen & and B iz "<_d" and d=BE—ELA, then return Frame 1
El=zelf Frame i with (Ei= EB) hetween A4 and E, and the operator
that input the relations between L and B is "|", then return Frame 1
Elself Frame i with (EAZ>EBE) between A and E, and the operator
that input the relations between & and B is "%d"™ and d= BE—EA, then return Frame 1

Else return Null is mean No Find.
H
Else ([(3topped to do, it mwean object & or obhject B that one of the both is disappear)
¥
}
Endihile
List =sll answers or all frawmes.
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i8] 14. QueryObjectsRelations algorithm
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