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1. Introduction
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Figure 1. Layered Abstract DB and
Query System

olol et 2 =20Ms ST JE2H HAES
Z=E0l0 08 FAS, FESECZM 2O AFHAZ
28 |TotH 01248 0 A0 BHELEM &
MM M2 Jisd ol HES MDD U
® Atomic Motion: Move% Stopl =2 ¥l & D=

Hol graog HEs,
® Primitive Motion: HIEHHEZ T8 zlE 2H JI2FY

SXAZ Primitive MotionOl2t H25HH Ul
E8E 4 UCH Straight, Back, Curve, Stop

® Composite Motion: Primitive Motiontt Composite
Motion2l X&tg Eof ZHHM<2 o0l stot0d
H3stCh.

® Relation: £ OI&S HHE MO FHE TSN
29 W JtX2 ESsHCh Hold, Connect, Away,
Close
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® Natural Language Motion: 2HE2 B2eg XA
02 MYABlE 2A2Z Composite Motion2l Z It E
ooz ESsiC
2 o= 3@ 3inide FEXR2S CCTVS 20l &
& NFE XNE0Z diet20 940 3R
2XA HE R wEsol UM i
2 HNED 2XEE a
OFeHOIl A X & < ALEH

0
=]

AH S 28t

2. Related Works
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3. Recognition of Abstract Patterns of Trajectory

2 =22 U89 % ¥ MEd: 1) st =
EXE2 CCTVS 210! &a NEE oS HIx 2)
3R FA FHE 2N IE2Z BB UMM O
0 ot EEE URE2 HAEHD 2XEEsE AMEY
22 SHAS FEROE HE olol A

\

=

e A e . [& FRpRonge

Figure 2. Motions between {rames.

3.1 Primitive Motion

EQM F2E FSEH YA & JI=0t HE GOl
Bi= 220 Dyolatn & 4 UACH sttstLel T
g2 Wi AKX HLE 2X2 HOIEHZ JHX1D USH

n

(Figure 2-m¢) & WS ZHUS 0IB8HH 0IEY AX
ot IS KAXE HINd0 UMY 018 HFEE BUS
D A0IS HElB & 4 UCHFigure 2-my). GIIM O
LIORDE Al JHSl CHE T HYES dlwdhH 92 2 2AA
olel 23 HelE HIEse HHY IR 2HAg F
&8 2 Us=d(Figure 2-mp) OIE FaastHE AN
Straight, Back, Curve, Stop2 2 ULIEIY £ UL 2 o
20 M= 0IZ Primitive MotionOlctd & oI5t Ch

Definition 3.1 (Preliminary)
® Frame: BSXEo22H HZEE OI0IX & & f=£
I8ttt

® Object: T2l QA SEA0 Jbsgt HH. o=
HOlstch.
® Frame space: T YN HZ3Te X8 2. S=

HJI8HCh,

® Frame time: Z&IQ AIOIS! AlZ. =2 HII&HLH

® Environment space: X2 2REH HBE 248 32
2t E2 HEJISICH

e Motion: 22 X2IJF £ U8 HIEZE2 0lSdl=s
A mez HIIECL
® No motion: motion0l gl 2M. m, ES siop2Z

Hoistok O

Definition 3.2 (Atomic motion)
T M M z2 atomic motion (AM)E US4
2001 Hostth:

L4 U,(r'd) :fi(oz)Afi+l(o:r)’ (1)

where f,(0,), d and s imply the 2D location
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of & on E  d=\(z,—2) +{y—u).

(wl)((I—Q;il‘)') for ;: ((I1=y1)7(12:y2)),

r=sin
respectively. J
AE 5 HER0 DHAUNM z9 HEHE Hatdles

difference operationOICt. atomic motion® WHE
<Figure 2>2 m, 022 H8 & 4 ULt

Definition 3.3 (Primitive motions)
S XAl atomic motion v; and v, AHOISl X =
ol Primitive motion (PM)2 TS 20| o &tch

&)Yy _ (red) (r,_y.di-y)
® M =Y Aoy, (2)

where r’,, and d’; represent updated radian

and relocated 2D distance, respectively.
O

ne <Figure 3>UHA E= A 20 F HXHQ
atomic motion@ Gl primitive motiong &I # &

concatenation operationOICE.  <Figure

Primitive motion2 Ol& 2011 UCH

259  m,Jk

Figure 3. Pictorial definition of

primitive motions.

Definition 3.4 (Types of primitive motions)
<Figure 3>2 m, m,2 Primitive motion&
St 201 ZstCt
® (m)=SI0|CCpIB (3)
where
® Straight(5): 212 m, Q2 2H
180+5% OfLHets Of 4H<
8t s= HI|&HC,
® Reverse(R): m,0Md m,22 SHY
360+5% OlLHetH my, m,2 SHYB

ER:s O

my IHXI 2

20|

straightet

o X0l

0 220 RZ HIIEH

® Orthogonal{0): m @ E2H m,2 S0l 9015

22 270+5% Ol mt m,2 SIYUE
orthogonal 0l B®210 0OF IHJISCL Ole fleft

< right orthogonal2 & & &0}

® Curved((): m;Z2H m,2 SEY0 012 A&
o 203 m, 2% m,% SHLUE curved 2td B
20 CZ OIS MADF AO0ls $EY 24T9
B0l Wek curveds forward?t backward, leftet
rightz2 2% & Ch

B2 S0 <Figure 4—a>= 8D 20| HHHCZ 2
Xol= PMS OIHZS 201D UCH S0IH X F Al #
QEZR NUFMZ HEMOR B} 0] A= AL
o 22 Do JIE 2US B 4 Ydou UsSH 2
0l EJI stk

Sihy + OFy « OB « Ok, . <Figure 4 ~b> HAl T
S0 22 PM =

E = 5 =

o=

H a3

FC?d.lz

b. Free curve motion

Figure 4. Examples of primitive motions.

3.2 Composite Motion

Primitive Motion0l & HE{2tSl SX oz JIg=ol
2RNUES  HOF ZH0ol2tH  Composite Motion2
Primitive Motionlt Composite Motion2l L8222 HS

U2 BRUZ F=H5E RO0ICH

Definition 3.5 (Composite motions)
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& HESHO! atomic motion v, % v, AOISl 22X z2
composite motion (CM)2 U213 20 Hoistr).

(r.d,) r.d,
® M;iiy szi.i+)l) (4)
2 PME CMOILH
(r'd') _  (r,.d) (r,=.d,
® Ml ”m(i.i+1)ﬂm(i+‘1.i+lz)) (8)
5 H&XOI pMOl 82 CMOILH
y (r','d',) _ (r,.d,) (rid))
® M sy =Myl Mmlity 6)
CMIt O Ho H&XQl PMO Z&2 CMOI L.

rd . .
MU = MESy Mg )

F H&XHO CMY &2 CMoIth. O

=

ne Definition 3.7
composition operation0ICh.

<Table 1>0Md Aol

Definition 3.5 (Types of composite motions)
5 28 AMO0I2 Composite Motion2l E80l= U2
#2 AES0l ALt (Figure 3):
o ()= LidlCC, CsinPIC,  (8)
where
® Line(L): m It m, strajghtt® Ol E2 X@sr A
2 /inectl) £20{ LE HJI8HCL,
® Alternate(A4): m, It m,Jl H=EO2 rpyerses
ot 0 AU 0l E2 XE2 allernateB #ED
UCHD 32 A2 HI|SICH
® 7-Curve(Cy): m W m,JIt BHEE O packward
curves (B2 orthogonak)E £l LEoz ¢
OF SEAU0H 0188 X&2 Z-curvettD 221
ZCE HOistdh.

® C-CurvelCr): m3 m, 25 forward &2
backward curves® BB WABOT IS 0|
£2 XBE C-curveZ £2l1 CC2 T8,

® S—CurvelCs): mB myJt BIEIO2 forward
curves (B2 orthogonak)8 St A0 2 M2
Or &Btt, 0Igs X882 S-curvedtd E2IH
SCZ T8t

® n-Polygon(npP): m, my b HsExoz
backward curves (£ orthogonak)E ZL &t g

BOZ Y Ml 01§ X80 2237 UXN YUCS
T 3PZ HIOIEC. T2 Ss XBO0 Hs 20
SO X8 SIHAIZITH

® Circle(Cy): nP when n = 6. O

Definition 3.6 (Composition rules)
Composition rule is defined in Table 1.

Next i 0 i -1
Pre Stn-1, w" " | Om-1. w" * | Om-1. w"
. 0 +), U +), 1 ., -1
Sa, m' Sq w'" O¢, w'™” Og '’
O _m" | O [ Zon o |
= —TT 7 =T
O4,_m" " Za ' Ou "
FCq m" | | Zo oo
FC(L'm)l' T Zo w v
T T =T
RCq. m" Ta " Za w
RCo. w" " Zaw o L Taw > !
Ba m" °
Next : i -
Pre FCw-1. " ' | FCam-1, w*
v - G
Sa m' FCy w " ' | FCq '
Oq, m" ! Za w1
, . a
O(I )n, ~T Z(| )HJ. T
, |, n.
FCy m" ' | FCq n'" ! Zo '™
FCom" ' | Zaw™' | FCqw > |
RC<‘1 " T Tu' o .
. . n
= =
RCa m" " To w "
Bo m" "
Next i1 i : 0
Pre RCw-1. w" ' | RCtm-1. " Bm-1, n"
- T T
So,_m' RCq_ o™ RCa. w' By +a2
[ Tow - | Zow' "
, . n B
= T A
Oq,_m" ! Za_w T¢ w
FCq, m" | To w |
FCy, m" ! Ta w' " "
RCq m" ! Tow | Zaw o
- . A T - ¥, ~
RCq¢, m" ' Za w' Taw > !
B(] m)l' 0

4 Recognition of Relation Patterns

Frames

- ] N T
e -
) ,//1 oy~ I /j
e o Pt
- _
- - -
¥ - ¥ o x ¥
e . w
G M| Ea ]
e o e
~ — -

Figure 6 An example of relation
between two objects and its
transition in frame time,

4.1 Relation
IyJ0l #HEO Tet O ot HAYESe 2 Lo o
Fled O 5 ZMds 2t iAol o 2 ggs 0

£

= R4AJ HiZ2 AH2loith f2E 0f Hel Z=2
2 S0l No Relation, Hold, Connect, Away, Closect=

5K SHE Fostdh
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Definition 4.1: (No Relation)

SHHAOM 24 SHUSHOl Z=ME E LIEHHCH No
RelationOlel £ 20 NRZ HI|stCh
Definition 4.2 (Hold)

SHOIHAL BHOIX = F A AMOIS HelHE ot
QE MY 2HE ESSIC HoldZ2 EJi8Ch
Definition 4.3 (Connect)

S AL Lo Us MEE UEIHDL Connect®

21 Con2& HIistlh
Definition 4.4 (Away)

S EHI A2 EUHXE s
TOIStCt,

Definition 4.5 (Close)
S WA HAZ IINAX= A=HE UEIHT. Closez

Bo18tCh

o

LIEFHTEH, Away&

-

4 Representation of Trajectory and Relation with
Natural Language

AUA BAE ZHse SHYW AHNE RHAH2 MY
Mdte 222 Composite Motion2 22 =& 83
2 7OtXt 2 HHE A0 2 5UKE HAHAAA
AR S0 A= AFE8H= A2 Bt EssCt

4.1 Trajectory

Kﬁ
7g X] —6}5} r:’T‘ %%—a‘}qv

St

> auan. A
Straight dAM, AAM, 4, Ao ok
Back F3, HZ o, Eoirith
Orthogonal A zio)| %

tebgt THOR o, Ul
Forward Curve avd a 1% 2l

25, A H4d

Rear Curve 7 Ao, 39 3 4d
i AaA7 F49. #2220z
ZigZag 2 2] Hrako 2
FA ot Bgg AL vpRot
Triangle AR
4.2 Relation

Relation2! 2% Motiontl 2T OHIH&E 0l EXS=M 2
A2 AN 2 2HE AHOHZE HBSH EEI W
ICH CH2E2 UM Z2AS 2AHSES NAHHZE A
E&0ICH

o Ho >
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EAC]
No Relation ER, E7 #9e ol % glo]
Hold W37 ]’ gk #ZolE {§A s
Sojgley, A&t Rerad,
Connect A 2o
Away Foi Ak, BoAT
Close A7 A G, trtet

Ol2H HFos HYsg Jig
Composite Motiont Relation2
UM Mo Y {2

oz HSEC.

4.3 Query

GIOIE MOl A 0 HEE e

Mol0f7t MEAl RRECH SN K2NX LEIOIC]

Of ZMOl ANM ZololE MM SNAZ =ole

JUZ JPHCH MOHEDL T
S

tupleQlLt trajectoryE
MNEXL Estlitle

HIANME AHMEA =
3o W20 XA HMel

o &M

°2 AWM T
HMEst dsg, 2
D, 1 stUstUE

NoeE=2
O B o=

E ®E0l YA

] =
SXAE Fas6H A2 B
[}

N D
_\:_’
or
Q_l_'
a
fr
x
o
2
x
e

o SMAE AMD 20| HHNE HOB B 40t UCH

20l= EXM(EY 12t ZAE oA — %% Hixg
ENAUE B0l= RE JH42 S 20U A B
H Hest Qa8 RSO A2 Jiel, S&s x'_J(HI
ZSAIAH ORI 3ZNA HLIZOZ 140IHE
Zoz X0 5=MXN MM SHELZE 10014
g 2% QEERQ9 =42 30 SH(E©A 2)241
o2 & FS (22 NUA U2 ZAERE0 & H
s ¥EE OEcis as &2 200 020 &
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Mol X0l dHote ARMES ZAAGH ZH AY F
25t A0 L2 21010

(2o 1w 2

InterpretationOi 2t 2
lnteroretation el

& 92 Natural language

ot (B9 2)E Composite
A2H,

2ZH0il CHEE HEMX EEE

EO|Z Primitive Interpretation0lat ] st =&

FE01 HENAM Hot

= gas A oty JEE

£AO2 H&E Composite Motiong HlmstD OIECP
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Figure 4 Parking lot Example

<Figure 4> Xt QEEMAM XYW LEZ0Z 3|
et 5 =Xsls 258 TAS 8 2O Of OfF
= S0l 29 Composite Motion® Rule0ll oJa 0%
WA 6x2l Sl00 . poditl= polliztiz g
HEC 0128 Ruledl 2aH O 0ZMA 15%9 =3
A (PO, 22 H& JHsBICH T8 Opdb LIEH
Ul BN HES HHAT 2HE JNX %222
NR(OFCT 3% s « Nish)2 BE B & ACH 28%
UM XOIA 2RI W21 O Opdt LIEHH=E
Con{0,(Ngs%), 0, (N5sh)) & AL HstD 010 8
e 0TS BAS L (V35%), 0, (S535:9) 2t
OIIRCH 22 FUE ot INS USY ACE RE
ek

NR(

(=} (=]
SN2

Away(O

O.(FGT" g » Mshy)s

Con(0.(N33'sy ), Op (N3i'y)):

Away(0.(Nyy'5;), 0, (55°55"))
6. Conclusion & Future Works

2 =2lMd= S 2L HYES SAYM &

HE Bysstn QNS FHH0IH XAHHZ HEE2
ZM ZEIDCIH ZFEE 2480 ACAH ASTHHN X

oA BQAE MBEACL LT XY HHE FH56
= BEMAM JI2HY SHYS FYstd 1 HEA X
gtoz =2gdo XAE FGALL

JMA J1EEol X2 Xl Primitive Motiondt 1
Hg XEal0] Ma&EE Composite Motion, Jel2d 0l
E MEX0N I

TSz BHEEM M HEL

TESD BEE ZMo=0 4 N

HENME HHMES SHUW JAE NANZ HS
N

2
i
e
o
Hr
ﬁ_'
ix

. & HM Composite
| 2t LEHLE Helg
NLCFJHOHH HBotX =8t
201 NLEAHOIA SHEEpEst
f Composite THA HEES
Ch. Primitive SHHINAM= =P 1=
t E =, FH3 0ls)Hel, &k, 2% 28
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85 A= 2 SRYD ANE ¢S JEG
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B Primitive Motion2te2Ee 2XRA Mo S
0l 8l Jissict. matd Aelsty SHEES 0186 Al
US0| YOz YOIEOlE JiER HE
olgtn 3k SEQN et OO EBRoH0h E&
Jlstetel HpE Eoi 010l EAE Composite Motion
OIS0 A SEAN et Za8 I F AH M
o1 =A%e wasE ﬂéoHOt g 20 ID Mg sol &
ol ALUED 22 3 o UXLE 3
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