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Design and Implementation of Spatiotemporal
Operators_ for History Management System of
Cadastre and Cadastral Map
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ABSTRACT GIS Tools is able to not only store the integrated information between attribute
data and spatial data, but also analyze them. Most of GIS Tools support current information of
land. However, lawsuit of right of possession as well as statistic of past data for land policy
may need historical information. Therefore, in the paper, we designed the spatiotemporal
operators what can handle the historical information. and implemented them. The
spatiotemporal operators are used in the history management system of Cadastie and Cadastral
map based on GIS. The historical information is generated in spatial operation of
spatiotemporal operators and then the implemented operators provide a function to store the
historical information, and handle them.

1= ¢ ol&F & (History Management), EXI} 4 (Cadastre), A& = (Cadastral), AlF3t dlolelwo]
(Spatiotemporal Database)

£ 9% Be A7S0] AU o5t 2o
Exd BE JUE A% 3 Blshs 2AEE A
ge 25e 544 9AE EAS Hddn o)g =
8 o AT AN AWE WE Fasl A A SHED o 249 B9 0 3
A23hA S, EXE BE du At 2 5 2E 7Sdw gelsts o) Wesw, 41 An
4 2

<) = g
7t e EXNow 9ldte] AT ozAg] 7}i}7} Eolx] Z oj&sle] AMERl Qe tH?sH HAG AAE A
3 otk 53, A7e F7tet A EAe] wjEs} of  Aldiel @t
£ glejd B} g2 T 2ol L?QJ_ 217 HZ = APA R AlAE (Geographic Information
Aol o] o ARE AHe Fage] BxEle]  Systems)d FHoR B fAHH i £ A
e ARUE E-Mail : srkim@ktit.com,
o ZEdisty AxpA L akately E-Mail : shkim@dblab.chungbuk.ac.kr
E(F) oYY E-Mail : hjlee@initech.com,

e ZEdetw drldA 2 AFE TSR ue E-Mail : khryu@dblab.chungbuk.ac.kr



128 AHLHGISES =84 A2 A2%

2 T3 BEE TS AR 4. 2T A
Hoh o[ 3 71Ed FAdeR FPd =W
29 oM APE Al 2glE ol &g AEAY <
T e BFoz wiRorin glE FAeltt. Iy,
EAREE Azhe] Zadtel wd &2/F, 2759
F&, AW Fo| ¥ZAsE AW &4 Wzl LA
28, 34,
A "otk olHH AA dHelEle A2 ¥A" £
7] g d dEE FESA fAEoF Fe 22
B di@ &fd Aol EAl F3 g da
g B AE 5& AFE A #A9 FRE A
et AAso] FEaA fAHolof & Harol ol

“q

o
JE, A7 EXARE #Heldhed ARSE of=9l
X (Arcinfo), 2EY=(Smallworld), A29(Ceowin)

53 e APAR Azde Bx9 da Adel o
@ Anwre slseln Beske 4 Adn o
webd, 32k 2 EE7 S40) WA g oY

g fAEA Famz EAY Bg, i, 9
A WA, T ¥R 5B 2e 50 2AY A
@ Hue AAhn, AL 24
@ ARV B ¥ £ don A7
Bue A8 45 ¢ 4 g TAgo

L Joot o

A 3ol
Are ARy
A s A Hl

welA, o] =R E 7|EY AYPFHR A2HS
o] &3lo] EAFPR Ax®lE FHL S FgAoR
AT = e olF #F Jed AT A3, 7
Z9] AAE Azl A £3E Frbstn, 3
AxAel AIZE A 3

=

7
o] o8 FHE WA, B o
il 2

542 7R

o] =& AAMH AL &3 Ft WA, 2%
dMe Azt delesolze] Hd 2 o] =&dA
AHEE 22YE AR Aadd diste] sedt
3ZAA e EXHR/AAEY #d 47 4 EXY/
AR o] Aagld #3) Nedth 4N e
At AR Ve B fneEs AT 53
Ae 7dE BEAWZ/AHE olg ] Alxjlg olg
g ATt Azt Ag ARHE Rojm, wATte g
6 E 288 2t

ARG} 2L IV HE] syt v

2. mEplT

o] AolXe A12ZF dolEulo| A8} ABYE AE
AR Ajx=d ] At AlF3 dolguolas
AlZbo] wheh F3b &Ao] Wty AlEZ AAES A
Z 2 A7 A3 71E9 3t dioiHM ol AE A
oz g ol olF g Ajzte] sdel
&) Adwgch £ o] =Fo T Agde 2F
4= XA R Alagle] A7 F2e g Aot

2.1 AI32Zt HolEj 0| A

Alzbe zigle] wAstE AAAC uig HeAd
FH T BRI Aoy ARE A FEA
AN Barl vt dAEAA DA LA AT
BAa 2o g Ao ol olHAe] Ay, &F
e AR g o WaE Rds] 93 A4
dlollsol 27t Heoslth(8]. ol#d Azt Fxe
A# (Linear), ¥7](Branching), 713 (Periodic)
AlZre g EdEEm, Azt B AT EA]
oz NedAch EI AN "BEE Al A
Hepel  olab(Discrete) 72, #24 ddd =¥
(Dense) #Z, 4% FulY ¥%(Continuous) 7=
2 FEIELT). Ae @9 (Granularity) © A1
Aeo) B&-g ou|gls] A7](Century), H(Year), 9
(Month), d(Day), AlZHHour), &(Minute), %
(Second), ®mlelZ&ZZ(Micro second) %S°] Stk
o] Aoy Aol o|ibdolm AlRMAIZFH EA)
Foz FHHE A1 ¥ (Bound)E A 3le A7t
zdg AMgFTh

AR Y dlolEulo] 2o A ALk A13EE HlolE
ol 2o a7t Y AHE EdIE AT,
AAA NN A A NS Yehlie fEAR] 9
o FEAZE AHeAC g8 2T T 7| /A
g dlelele] Aol sbgslth. AR (Transaction
time)2 ol Apzio] dlojejHlo]Ae] FEE AR
dlolelo] A~ Aite]l LAz FAjol DBMSl <3l
Agez Aad FEo Aoz 7|EHH, ofE g
o] Hojeldiolzol] FEH] ARt Ao AFAL
¥ o FEANeE FHHD(I).

A&7t delg] 2d2 AMAlelA] LAstE dlelH
of tidr Algh 8w o wHEel] wah ~E% dolE
2R (2], AlET B3 dolel RU(3), A AT B
d(5], olg a#= 2d(4,6,7], Three-domain &
9(11), AAAEg 22(12) Fo| gt ojEL BF



EAWA/ AR ojde] Alawlg sjgh AlFRE dibael dA % 78 129

>
of
=
in’
)
o
il
t
1
o
o
rir
o 3o ok,
Mo U
E Iy o,
P N
& g
o
N
N
N
N
flo
L

N
il
N 0‘1)‘
o rir
(s3
ol s
™ o
a2
=
1o Q2 %0 p1

2BAcE 959 SmallworldAbzh et F74#k

iE,ﬂ,o_ HAA G 71eS o] g3to] Ik}
shutel AXE 3¢ & 4 9t
2} 71Ee]l A48 DBMS

ﬂllﬂ:
ol

The Smaliworld architecture

- Arsmroperalitiny

e M G

:La 1& }\E_Oé]\: /\]/\Eﬂg erg':g qu_i_
Smallworldelxl 24 (Object) & AAAY Ad& =&
Hsl7] 98 AHEEE 7R2Ae gheloln xgst=
A €9 (Type) 2% A (Point), Z&8]&(Polygon).
H(Area)o] th AZYro] 94 dolg] Rdldx] 7
AES H(Point. 0xk)es EH=HW, A<(Chain,
12) et H(Area. 2319) AAEL shie w=

(Node)W} &t oj o] #A(Link), 3t olde %
2|2 (Polygon)E9] Ao r FAHY, =t g3
el AAw yas A AAZY d4dg Jeed
Abggitt, dEE Hage A e TEH
=8 zt=t) g3k: #@Q1A2E9 (Line String)oletx
= 3, HAXEE9 d&o2 XY A 29
A (Curve)elvt Z(Circular arc)® A}
9—“4 04?4 el Z2 A AleldA
o) e B2 wastm, I
O]’é‘«] Ze 2o xg=H zpzte] e
Z(Hole)#AE 714 <= U F2
A & \%EME} A2 dAz 2/Me F=
\ shue AR AR x5 veidis
o E P& shis T@ddAe falg dehl

b

>0 rlr
o
ﬂ i
mlm o e o e

o, rr oo
< H
= i
:Jﬁ

fo o o kO 2% g ok ;L -~ e

FHFolt}, oA HEL THHEA &= AL

A9 o FAEM Foht mre FEAHR 2

g s JeEhed ALEY. W EESE
o] Aoz 2 (Picture)S HA9 Fgoz A
Hol e gdTxd o8 sdHnz B3 g
EAL 7M1 AAE st dod Agdd

3. EX|CiE/ XXzl o2z

o] AollMe EAUG/AH L ol
Aabate] e A #E RS BA
B OAl~"E FHE 93 XZF B AL
7l el st

3.1 EXHE/XHT 4T =M
e BEXRE Azwle TR 0% ' e 2

48 9 1979 =RE R o8 MEBE EX)
NNEfe] AaelE Fske] dxAkA o239 B
A7|2Re = A4 AT 894 55, £, g e
Ex ooz WAsle RE WEARE Busks EX
olEAT Yot AHA HE ARA oA, FAWA,
AR 2 L5 AE Ao 9F WE ARke
#ejete &0 wE #e 4771 ok cled® B
HAFolnt x4 BAlo &g 57t rh(14)

o] mRAE EXFE AlxHe] dligFe EX
712 #ESHoMe o8 FEAZE Fon
Aol walsle] 1 o)HE #Eld Fart e EX
ol% FEdFol WE AlF Aixe HA 2 7Y
g}, 23, % olg AARE vgon FAYFE
E 2 2fd HE 38 4F T UE grae

AAZE 7Hsst



130 /MHEGISEs=FA 24 A2%

,/”" -

N,

RS

{from Use Case View)

-

xRz

{from Use Case View)

A\\

Client

(from Use Case View)

ek

L
s
/
“ / / \

2RUUE

{from Use Case View)

EEENER

{from Use Case View)

(from Use Case View)

(28 2) EXj0|E BT

a3 2¢ EXolF #E|PR9 Use Case Diagram
oltt, ARFTEL EXE AHE AFFTFA FHiT
AL Datc), webd, EX] 71EAlE, X FAAE, 4
2 A 5 EXY RE AN J4FEIT EX
7RG 2E EXYL AXjstn dE FFTFIE L
stle EX A, o|BAMFTE, £FTE, T4, AW,
A g, wx ol gt v ¥ 3& AWIA T
Ex2] 35 Sequence diagramo= ETHZ Ao
t}. Al8A+= Land Editorgle AAZFE WwE
gAzkstn 7184 948 | 48 WARE Ag
3P Land Editor A& Owner A& AlS
2 JFEAES A FEAIGES AR

Ex 2ge xHFHd &Y 1¥XE 2¥A
qog BEsle] FEIJe AL LIt 71 524
gogr EX nHAE, A, AE, P37 2=,
A o] Stk 27 4& <lHd 8 A &M 8
Ho&rk 9714 GEO Editore $14(Topology) &
st A2BY=9 Topo Engine HAE &3y
289 Hele split area$ split link 22 WA=

9| Use Case Diagram

9o 3&2 FPHY.

E}] 5‘1—1:&.9. x]x% ] i@ 2%1] o]/‘4-°

Az 5E3e RS %‘5_‘4. AA FHE AU “ﬂt
2g A7 92 merge_ link$t merge_area P&
=g 333l AP PHE IAELS FHolA
gx) 9} EE 2 AZE).

3.2 AZHE X2IFER Alag AlZE &F

AYPR A2'E o] g3t AHAA ] ojHe #
287 daiMde A delHE AFstn #8 ¢ ¢
Q=2 F3F dolemolz AZbdE Aok 8t
o, Azt delHES A F sl At A3 B4

ol

QAR AN Bk, Wb, B =B A18H
£ ~29= AYRR Alxwe] A Y L AT 9
g BA A dsted Mgt

27w} AA) glo] Zzbel off WA I &
A 2 4 g FEAE idﬁ}% Elgl~
I (Timestamp), A &9 o8 ALE s ol
o83} olF o|FH-g dAsy] YT E°]H AR A}



EAWR/AARE of

Hae] 4 Auxel A4 2 7R 131

Land Editor Owner : Owner
| :
S —_ - — — >
activate_menu() L 3
display editor()
| insert table owner values
Hvalid time from : EMAIZH
.| valid time from : now
(a3 3) A7EX| 55 Sequence Diagram
ALs Fds] A% AR £4E $l2 7RA I B Dspatial, AR Dtime, ©1# ol F o8&
(15). 3+ A2 Dpredecessor®t T8 A Dsuccessors %
C)DvL - { Dattribute ) Dspatial U —“C} ]7}/§E Dtlme\__ 7‘]}1]7}‘ }ézﬂ A‘“Zﬂoﬂ}\i EB_‘]‘
Dtime U Dpredecessor U Dsuccesso)'} % HE_, ]—“ /\ 7}‘01 TI'B‘-A 7}‘0 L]'E}'LH‘I] 1\1631]—9} 5
DT;—me = <\2Ts7, VTe) A2 AHAEAS Fgos s PToz TP
NN olF AME Aa A A BA QLA el
redecessor - e 1
Dueeesnr  Set(Oid) Allen(1)%} Snodgrass(9]7h AL AIF #1237
AXAE Faste] ool F 13 Zo] A 9t #
A FZE AR OSTE £43 5 Dattribute, 3328 A Ja3=2 #olain)
(ET1) MZH 214 2HA 914ER}
Qi | Aan i s w7} Az 204
]\]@} Time Point a Start Time Point b = b (a start at b)
1k
o) A Time Point a End Time Point b a =>b (aendath)
. (a (cora=c
(a,b) During lc.d) and (b5 dorb = d)
33’1 (a.b) Equal lc.d) a=candb =4d
‘8:‘& (a.b) Start le.d) € [c.d)
(a.b) Finish le.d) b € (c.d)
r (a.b) Overlap (c.d) (It 1t € (ab) At € (c.d)}




132 /MABGCISTE=EA A2 A2%

-

Main View GE itor | Topo_Engine - 7 Land:land |
‘ | Topology o
| | 1 HEE
T ! glolg
R i ‘ EE
Liselect split area ‘ ‘ 1
| | | |
[ B 1
I} split_area() - get split area ! \
ol | i i
| | ; | |
| ‘ i i
‘ L ;
| : |
‘ | split_fink() L \
| |, split_area() | ‘ i
\ I |
. sort split chain and area )
ﬁ v
i change_successor() | | |
| i
Li
| ! !
! |
I 1 make_now_rec(curr_rec, curr_sec) .
:_J | i
! | |
| ; |
| 1
a8 4. =X| 2% Sequence Diagram

(o]

194 AL A 94 BA Ay FEE
A7t A4z E8 22 time_exemplarel]d Alzt
2ol 3k Folg dla &§ TRIaPNME o]
&urol AFS-3T}. A AIZH(Time point) AL Blw
He Az HAe) suel A @l EF3E A
(Point) 22 ZEHHTH o|& AT A4 fYCEE &
FAZkel @A Abde] #g A A|FH(Start) =
Zs¥ AQd) A3 A9 FR(Finish)7} A3
3 WAe og 18 59 2o

7vA AZHTime interval) G4+ HlaHE AlZE
&AMo] F A9 A7 g2 A7k A4 (Interval) 02
EHHY. olF 9% A4 482 During, Equal,

EACM Sy | < R

3
4

o i ¢

2~
T

value {{ time_operand
type < time_operator

_if type Start
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_return
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_endif
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s_value ({ start_time_value
f_value {{ finishe_time_value
type < time_operator

result {{ time_predecate

_if type = During

result {{ (predicate.gt(:v_time_from., s_value) _or predicate.eq(:v_time_from,
s_value))

_and (predicate.lt(:v_time_to. f value) _or predicate.eq(:v_time_to,
f value))

_elif type = Equal
result (< (predicate.eq(:v_time_from, s_value) _and predicate.eq(:v_time_to,

f value))
_elif type = Start
result {{ (predicate.gt(:v_time_from, s_value) _or predicate.eq(:v_time_from,
s_value))
_and (predicate.lt(:v_time_from, f value) or predicate.eq(:v_time_from,
f value))
_elif type = Finish
result {( (predicate.gt(:v_time to, s value) _or predicate.eq(:v_time to,
s_value))
_and (predicate.lt(:v_time_to, f value) _or predicate.eq(:v_time_to,
f value))
_elif type = Overlap
result {({ ((predicate.gt(:v time to, s value) or predicate.eq(:v_time_to,
s_value))
_and (predicate.lt(:v_time to, f value) _or predicate.eq(:v_time_to,
f value)))
_or ((predicate.lt(:v_time from, f value) _or predicate.eq(:v_time from,
f value))
_and (predicate.gt(:v_time from, s value) or predicate.eq(:v_time_ from,
s_value)))
_endif

return result
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Rspatiotemporal = {OPcontract , OPexpand ,

OPappear , OPdisappear ,
OProtate , OPdisplace ,
OPtransformate , OPstable,}
OPcontract(from, to) =
((3fi, 1<fi(n (from
< OSTh(fi).Vfrom { to))
& (3ti, fiti<n (from
< OSTh(ti).Vto < to))
& (OSTh(fi). area(geom) > OSTh(ti).
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OPdisappear(from, to) = (from = OSTh(1).
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o | xg =T VT-Start VT-End pred succ
50 | 100 L100 9731 now { {
60 | 101 L101 97-3-1 now { {

o | [ NEE VT-Start VT-End pred suce
50 | 100 L100 97-3-1 98-5-6 {} {70, 80}
60 | 101 L101 97-3-1 now o 0
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80 | 100 L103 97-5-7 now {50} {}
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## selected_objE new_objl¥®
new_obj2% E&3I}

temp_obj {{ selected_obj

## Historical Value Setting.
selected_obj.event ({ "Split”
selected_obj.VTe {{ date.now()
{new_objl, new_obj2)

{{ split(selected_obj)

## Historical Relationship Setting
selected_obj.predecessor

{{ new_objl.id + new_obj2.id
new_objl.successor

{{ selected_obj.id
new_obj2.successor

{{ selected_obj.id
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## target objE selected_obj®
E Az

T _obj_1 < selected_obj,
{{ target_obj

## Historical value Setting.
selected_obj.event < "Merge”
selected_obj.VTe {{ date.now()
target_obj.event {{ "Merge”
target_obj.VTe { date.now()

## Do Merge

new_obj {{ merge(target obj,
selected_obj)

## Historical Relationship Setting
new_obj.predecessor {{ selected obj.id
+ target_obj.id
selected_obj.successor <{ new_obj.id
target_obj.successor {{ new obj.id

T _obj_2

new_obj
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## ~=o]
_loop
_if result_tab.exist(current_rec)
_then _continue

N3 G olgo] glom Fa.

_else stack.save(current_rec) _endif
_if current_rec.successor.size() '= 0
_then
_if current_rec.successor.size() == 1
_then

current_rec
{{ current_rec.successor.getFirst()
_endif
_if current_rec.successor.size() ==
_then
current_rec
{{ current_rec.successor.getFirst()

stack.push{current_rec.successor.getLast())
else
_if stack.isEmpty() =
_end _endif
current_rec { 2% pop()
_endif
_endloop

TRUE _then

(23 14) oy A4 oipt ¢palE

Spatial_predicate
{( predicate.eq(event,
Start_predicate
 predicate.gt(Start_Time, 1999/07/10)
End_predicate
{( predicate.lt(End_Time, 1999/07/20)
Time_predicate
{{ Start_predicate _and End predicate
result_collections
{{ land_table.select(Spatial_predicate
_and Time_predicate)
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