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Abstract: As an extension of software services in the information world to the real world through the Internet of Things
(IoT), IoT services have an important role in loT systems. However, unlike tradfiional Web services, [oT services have
new characteristics such as reality perception, data driving, heterogeneous distribution, and spatio-temporal correlation,
which make the existing service models insufficient for an effective portrayal of IoT services and fail to meet the
requirements of subsequent service discovery, service offloading, and service combination in IoT applications. On the
basis of condensed analysis of IoT service modeling requirements and existing IoT service models, an entity-data-based
IoT service modeling framework 1s proposed, which puts forward the concept of IoT service models fusing ternary
information of seryice, entity, and data and their conceptual relationships. In addition, the framework focuses on defining
the spatio-temporal attributes and dependencies of service, entity, and data to support [oT service association
representation and analysis based on spatio-temporal correlation, and the entity-data-based IoT service description method
is given by extending ontology Web language for services (OWL-S). Finally, the usage mode and effects of the model are
discussed in the context of a highway IoT application case.
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i < Xmax> (Xmin € PS; & VYx € PS;,
, Xmax € PS; & Vx € PS, Xmax = X)
Ymin < Yi < Ymax> Ymin € PS; & Yy € PS,
Ymin <Y, Ymax € PS; & Yy € PSi, Ymax > )
Zmin < Zi < Zmax»> @min € PS; & Yz € PS,
Zmin < Z,Zmax € PSi & Yz € PS,Zmax = 2)

APS;

TDS; = (tampin, tampmax)
(tampmin € Dy P; & Ytamp € D;P;, tamppi, < tamp,
tampmax € DoP; & Ytamp € DoP;,tampmax = tamp)

4 Wk i S5 AR ) A

N Tk bR T S A - B R I I il 45 B AR
PIAH G N AT R, FRAFE S MG RS R 1E S
OWL-S J&fili b, a4 fg Hoo sifl . o Je i =3 Jg
S5 IR INBTR, SR SR HOT AR ST I I ik 25 152 R0 ) i
RSCRE, TN S iﬁﬁ*ﬂﬂﬁ%ﬁ‘ﬁ%ﬁi&ﬁﬁ%ﬂ%ﬁﬂ.

(1) XFFSeik, B 5 RAAARI 7 300 SeikE 4740
2, WEI‘Jufﬁ,ﬁ%ﬁiﬁiﬁdﬁﬁ-‘%ﬁﬁyﬁ?, S EIRENEES
AN REAE B D) e B R g A4y 25, R FRATT SN SSN
(semantic sensor network)™! S X SZAA LAl
. 25— MR, — AN SARAAT HAT B T R i
Dige AL B S @t Lhan3 (45 &, AT EAME AR
HA) T A, G RN A B IS — To 3R B R i e — SEAA I,
EE e 2ok s 42 i e S TR ATL, 3 TR A P A

WYL 1 s, F SSN AR T — AN 2 ik 5
A5, W Bl SEAA station T LAVE AR Y A, B HA 2 A&
T space, ffiid T station P LS, fh G B0 fE B2
sensingSensors 5 % il 5 J&#§ controlSensors, il 12 51

PRDIRERI 22K, J& R A, 1 A5 A% traffic A1

IR ML 5% turnstiles A& B ARSI, A2 it mL ARE Fik
I E X, E%%Hﬁ?’iiﬁi'—ﬁI‘WM&;%’J&%E?W%?&
SR, AT RA K R

(2) X T H AR E AR LR, K JISON KRRk
WX AR 45 v s, HAAR Y JSON schema 4n%yk 2 Fiiow.

(3) XFF M4, /£ OWL-S [ profile Jfii I, 3= EHil
o 0 IR S5 I 7 SR MR R . NSk 3 B, EIRA
() profile &AMl b, FATEIN T IR 55 =3 [\] A4 b, ELIEHZE
FE AR FE SR, BRI T RS AT IS A, B R
AT B FF AR (8] 55 25 R (]

S 1. W SR R 1

(@pretix qudt: <http://qudt.org/schema/qudt#> .

(@prefix

geo: <http://www.w3.0rg/2003/01/geo/wgs84 pos#> .
@prefix sosa: <http://www.w3.org/ns/sosa/> .
@prefix ssn: <http://www.w3.org/ns/ssn/> .

<station> a sosa:FeatureOflInterest ;

rdfs:comment "Station."@en .

<sensingSensors>

a sosa:ObservableProperty, qudt:QuantityKind ;
qudt:generalization <station> .

<controlSensors>

a sosa:ObservableProperty, qudt:QuantityKind ;¢ \ 1
qudt:generalization <station> .
<traffic> \ ) -

a sosa:ObservableProperty, qudt:QuantityKind ;
qudt: g\eneralizé’tion <Sensing Sensors> .
<turnstiles>

a sosa:ObservableProperty, qudt:QuantityKind ;
qudt:generalization <controlSensors> .

<space> a sosa:ObservableProperty,
qudt:QuantityKind ;

geo:lat -37.9076 ;

geo:long 145.0294 ;

qudt:generalization <station>

5% 2. B3k ISON schema Hifiid 751

{ "type": "object",
"required": ["datald", "temp", "information"],

"properties": {

"datald":
{ "type": "number"}, T\
"temp": :
{"type": "string"}, Y -

"information":x \
 {"type" "string"},
Aper
"type": "object",
"required": ["unit", "range"],

"properties": {

"unit":

{"type": "string"},
"range":

{"type": "string"},
"storageType":

{ "type": "string" }}},
"resourceRequirements": {
"type": "object",
"required": ["storageRequirements"],
"properties": {
"storageRequirements":

"o

{"type": "string"},
"communicationRequirements":

{"type": "string"}}}}}
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8% 3. IR gs 2 J@ vk Rl o 491

<owl:ObjectProperty rdf:ID="space">
<rdfs:domain rdfiresource="#Profile"/>
</owl:ObjectProperty>
<owl:Class rdf:ID="space"/>
<owl:DatatypeProperty rdf:ID="Longitude">
<rdfs:domain rdf:resource="#space"/>
</owl:DatatypeProperty>
<owl:DatatypeProperty rdf:ID="Latitude">
<rdfs:domain rdf:resource="#space"/>
</owl:DatatypeProperty>
<owl:DatatypeProperty rdf:ID="Elevation">
<rdfs:domain rdf:resource="#space"/>
</owl:DatatypeProperty>
<owl:ObjectProperty rdf:ID="time">
<rdfs:domain rdf:resource="#Profile"/>
</owl:ObjectProperty>
<owl:Class rdf:ID="time"/>
<owl:DatatypeProperty rdf:ID="startTime"> g !
<rdfs:domain rdf:resource="#time"/>
</owl:DatatypeProperty> '
<ow1:DatatypePropert}; rdf:ID="endTime">
<rdfs:domain rdf:resource="#time"/>

</owl:DatatypeProperty>

5 Z&T EDIoTS B4k M ik 55 & 30
FF 1T SCHEH 9 EDIoTS #2856 W R 45 455 78 v (g st
7% i P DL SEAA AR 2% O 2 T LA Bh SR I B X B 85 T
(R 55 Zh 25 KB, 32 IR 55 R L I R0 AT BT
EDIoTS %5t T — M Bh SEAA i 23 g P4 14T 4 36 X il
55 BRI .
X T4 T8 I ] Rg (x, v, 2) ST B (2, 2, ), FRATTRT A

e B SR AR Ui 4R B AR 2 I W) Bz A7 0 B 5 FAHE |

FIBEI IS (HEALTRATT 4 — s ), e 4 .

A BB AR R R E X RS AP, B
VT L 2 0 1 g A 16 DX 80 559 H1A P R R 8
AL — A TR 26 BB PQ 58 B4 4 Set, PQ
T DX R S S LA 2 40 2 2 ) 4 AT B
Set 17 it DA S 25 33et 1 X 5 PR 9. 4[] £ g 5
Sk p (x,,,y,,,zp) HIFE B dist (g, pyWi=t (1) Fras:

dist(q,p) = \/(xp_x)2+((yp_y)2 (1)

7 (] B, q ?U?l‘Eﬂ lzigiap(xmim xmax’ymin,ymax)E]/‘]IIEE
% diSt(qa aP) ﬁﬂﬁ (2) Fﬁ%, plu»pld’pru’prdﬁ\%U%%é
(] X 3] 4 ANid 5 p
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dist(q,aP) =
min (| Xmin — X, | Xmax = X1), Xmin < X < Xmax
min ([ymin = Y1, [Ymax = Y1) Ymin <Y < Ymax
min(dist(q, pu) ,dist(q, pia) , dist(q, pr) ,dist(q, pra))s ot?ze)r

B33 4. 3T EDIoTS FIMIE I iR 45 % B 532

N B B R g, I VG 10, ), ARR SR &
it R B AR SRR S RP SRR ST & RS

1. PQ«CreatePriorityQueue();

2. Set«—CreateHashSet(); %J_V
3. aP—GetAP(q); >
4. Set.add(aP); X

5. PQ.enqueue(aP, dis«(g, aP));

6. while PQ#2 do

. eéPQ.dequeue();

8. if eis typeof AP then

9. APSet—GetNeighborAPs(e);

10. Temp+«—CreatePriorityQueue();

11. for each aP in APSet do

12. if !Set.contains(aP) then

13. PQ.enqueue(aP, dist(q, aP));
14. Set.add(aP);

15. end if

16. end for

17. for each p in aPSet do

18. Temp.enqueue(p, dist(q, p));

19. end for

20. size«—Temp.size();

21. while Temp#2 do o \
22. p<—Temp.dequeue(); 5
23. if !Set.contains(p) then vy
24. if !(p.2 =45l p-t5=1,) then

25. 4 PQfenqﬁeue(p: dist(q, p));
265 % Set.add(p);

27 . end if

28. end if

29. if size—k==Temp.size() then

30. break;

31. end if

32. ifeis typeof P then

33. RP.add(e);

34. for each s in SPSet do

35. if 1(s.te=14|| s.1,=1.) then

36. RS.add(s);

37. end if

38. end for

39. if RP.size()==k then

40. break;

41. end if

42. endif

TAIHWs g BTTE) aP A2\ PQ 5 Set 1, SR fEA
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Wrik[a] PQ 2 1 ANILER (R EANE), WA XIS
A, WK HRAT L (4B XIS AARAF N PQ 55 Set, 2R A
Rt g 5 XIS BT SR BB, BCHT £ A
T /2 IS [6) (R SEARAE N PQ 15 Set H B2 SEAK, UK
HAFNGREE RP A, FFRE % SR SR I3 2 I 18] 9 iR
FAENGE R RS 1, BHEI RP A &k ALk, NS5 R
BAHIE.

H1 T IR 555 SRS, — A SEMRAEAE SCHE
VFZ ST, BATAE By SR A I 23 s A 21 I 95 7T AR
R P2 ], B B

6 BT

ARG A R 2 6 L S 081 0 3 S AR -

45 DI I 5 ML 0 PR SR A7 0. 1%
P T, Ay T S A AT B L
e B S B, BB T KR
ETC/MTC W B Ules . iR A ThBe g k. K%K
B O 2 S R R

& (23
&) =)
O
({0

RERMEM A 1 gt SirliiE )

FFIE R I e R G A R 5 AR i SR 55 ST 4.
@IS R SR UL RIS WA 1 B,

K1 KEERERAE

Sefk R % TR 45 i ik
YRR L. 2. 3RS Gt S
M55 1,52,53) iR
W1, 2. 3 WCHREEL. 20 BZEVCETN AU S
(P1,P2,P3) J55(S 4,55, 6) 2oy

WA, 2. 3&5%%%5&% (EEE- S Etf]
(87,58,59) R\ 2

L ORE N e e S e
(P4, Ps, P, P7,Pg) 4 (510,811,512,513,5 14) % B

S 15 IR B SRR 5 T I R

(P9,P\{0,P11»P'12,P13) (515:816:517,518,519)  BrubT S L iR
_ POBLIEY /N
BEP, e HEAR S5 S 20 e
ROA A
WPy BN S Sy S %

W et 2 ESEKE

RRMEIM A 3

DU AR, A i s X Fp I S 4 FE S A H W] B 1K) 45 )
PLEME 2 Fiw.

gk 4

=
{0

W Bk 3

(=

TR 4 TEIM A S

2wl A SRR E R

X p "
(1) X SEAR, AR A a7 S, BATTLAU Zat 1 9
P, = (stationl,((1 l%, 39,79),(1949,2022) ,url),Ip,50)

Horp, station | TR IR 1 IME—FRIR, (116,39,79)%
/nstation WL T2 FE 116°, 765 39°, g4k 79 m I, (1949,
2022)% 78 station] {E 1949 4 J5 F, 76 2022 E1{5 H,
url 3 75 station | 7E 3y P 2% 6] AR o () BE 82, 1,10 K&
stationl )5 . H HEARKGER, I A TR,
503 7 station \BUA IR BE 124 50, 5 58 18 %
PRI R 50 WA BE 56 S 2

HH T A B BB A N, R A 2R

SRR AGKE LR, WEATE DP, = (P, = P, = P3);
RS 2l 9 8 G R AR SR AR R e, DGR 2
B EA MWERR, MIATECP, = {P4, Py}, CP; = {Ps, P11},
CP3 = {Pg, P13}; MEM G ZIX ARG S B 2
FBIFTE SRR %, (HD— R Qi &2 m BASK
DA% DI RERT, TR BE B 1) R, RO S5 v 4% o) LA 3K
W AE < &, BATH SCPy = {PoUP1gUP UPUP3Y);
YRR A B B I A A TR B k. B
IR 42, Ab PR3N X = 2 Bk — AT, B2 18]
HAEWPMERR, MBEATEHP, = {P4NP14NPs).
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(2) X FHHE, ARAE b e X, JATLA Bl 1 %
MES T EIE N
D, = (dl, 1654751341,101,(“%”, >0, int),(0.01,0.01))

Horp, diFRon sl 1 20 & ST S0 i E— AR,
16547513452 1% 56 BUHE IR 18], 1,28 3008 25, (<47,
> 0,int) 7 7~ FOHE 1 BT A2 40, B G > 0, 17 1% 25
JNint, (0.01,0.01) X 7~ 1% E 5 BT 75 A7 B8 714 0.01,
HAERESION 0.01, T SREARAN T A2 ) 2= 5 BB A7 i A
AE . B R R IR R G R Dy, Dy, -+, Dy
neN*, T 7RI I S 1, AT 3 22 00 2 4L
¥, WILAIETD, = (D1,Dy,-+-,Dy, tempy < tempy < -+
< tempp,n € N*).

(3) Xt F RS, AR ik e X, oA LAl gkt 4
MRS A :

St =(s1,1,1,,(80, 1),((116,%9,79),(1‘949,2022),url))
Jooh, o FR OB 1 7RV G I 25 B A,
1 FIRZIRE KRB BRI IR S5, IR 7R % R 55 ) —
BAAE R, i R4 #1855, (80, 1)K R I X% ik 5%
(39 = E A 80, 1 RS I BE IR T 3R A 1. (116,39,79)%
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2022)F N LIRSS AE 1949 FEFFUR1EFH, 7E 2022 45 H,
urlZR 7% IR 55 1 H B 2 1) AR A o g e

M G T R 45 R 2R A T R 45 SR, R
PAT T8 ZE IR B GL T IS5 A REPAAT 2 30 52 T AR %%, T
I A AR 45 18] LA 7 58 &R, I DS = {S1 = Sab.

(4) WIERAE TR UL 1 P B F i, FRATE AR %
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