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Abstract

Following the popularization of the connected device and home appliance, the market of
smart home service is changing to an open mode from the mode that all develop by device
makers. It will produce many of service developers to acquire data from device makers,
and develop services and provide to end-users. But device makers do not have a uniform
data description model and a uniform interface. Furthermore, the number of data will be
billions, lead to discover the useful data by people is difficult. Therefore, in this research, we
proposed a system that can use the data catalog to get data from heterogeneous architecture
device clouds, provide by machine- readable interface and human-readable interface. And the
system has a data auto-select mechanism to solve the problem that people difficult to discover

useful data efficiently from billions of data. And validate the proposed system is effective.



=

[T KETAA RO ERICED, BEADIAERLTWET—&X20ZLD, BZ
DTN RAEFIZY — R T = XINED 7, FEX—=H—DEHHDOTANA R T 5
7 R EZHETIRNCE->TWE. ZOKEL HOWMBDORELR 2 TN 27 77 RIZINE
SINTWVB T —ZEFM R T R ED R, A= h—2BR T2 7 — X D@D
#EL < 2o T\, ZAUSH L, RESTfulAPI Z W% A5 — ZEHE TS5 v b 7 4 —
LD 7S v b7 A — L2 LTI B REIF o, 10T 77— XBE I HEAER I oD,
[ERILEZ B DODH 5.

UL, 7—XOMRLERIIAENITO ZePHESINIDEBD I 77 K1 5D
AT —2Er 57— ZIMEBEAZLOBHAEHEEIC XD, BMCHATEH T 2 2 223
LW, 2L, EX =T —DERRZRIZWMEDTNARXTZ 79 K607 —XBHAT
X, HHECL2BEZLEL BT, TS & 37— ZEHEEFICEE BB
JEWTEB AT LADRDLNT WS,

AHFETIE, IEROTF—ZEROFFEE2HD, ba—< U —X TN VR T2 —RE
RV =RINA VR T 2 =AM FOT =X HAIERS AT L2 RET 5. £, V
V—R%EFERTB7D12, T—2REIEEET DR D DDH 5 JEITA A~v— bh—2L4
T—=RAhxu AW ) =X TNV IJEITA A — bR —ALT—&XAhRxua k>
FEY—BERL, YRATAZEETSE. S )R TN R T 2 — R AL ERE
WHEDW BENEIIC X o TF — 2 FHABE M OBRENE S IR D, 7—2##ETS v b
74 —=bDT —XERGFADODREEHMO e N TE 3.

AT LADRELFHEIZED, BB AT L2E I V)R TINA R T2 —A%H
W, HEH OB R ERENTE 5. /2, ABTFEITT—ZERE R, 9 9%
O ZHIRTZ 5.



X

B1E ([FL®HIC 1
1.1 = = S 1
1.2 30 = 1 3
1.3 ARSEOMERL . . o oo 3

F2E BRETILICETIHRAE 5
2.1 FEDOHN . . 5
2.2 FAENE . e 5

221 BEED 5
222 oneM2M ... e 8
223 universAAL . . . . . ... 11
224 OCF . . . . e 16
225 SAREF . . . . . e 19
226 NGSI-LD . . ... . e 24
227 W3CWoI-TD . . . . . . e 28
228 BIGIoT . .. ... . e 32
229 FIESTA-IoT . . . . . . . . e 36
2.2.10 W3CSSN/SOSA . . . . . . e 39
2211 M3 . . e e 43
2212 M3-lite . . . .. e e 45
2.2.13 OMALWM2M (+IPSO) . . . . . . . . .. . . . . . ... 47
2.2.14 Echonetlite . . . . . . ... ... ... ... . 49
2.3 FRAM  « o o e e e e e 50
2.4 FAERERDEED .o 53



BIE
3.1
32
33
34

B4E
4.1
4.2

43
4.4
4.5

B5E
5.1

5.2
53

6.2

TREEFECETSRE

Y1
AL
RO .
LD
SATLIRE

SRATAEMWGE

RV =R TN Y —RET IV

421 JEITARAY—bhER—LT—&KDHEZOT
4272 JEITA AR —bFR—ALTF—XHIhERar7t>rrtad—

IR R Z e 7 — & HERER

S—XEREFV
AURT T = . e e

RE

SATLFEEOME ..
VY —REFILDERE L
Turona b
531 MReEARZEE ...
532 GEMUERHE . ...

5Tl & FER

BIERERS . . . . .
6.1.1 BREEERGE .. ...
6.12 >FVUAF
6.1.3 KR ..
HENER e ANREROEEHm . .. ... ... .
62.1 BREEERGE ... ...
622 ZFVUF
623 FEER ..

HEHOHIC

ii

54
54
55
56
56

58
58
59
59
62
63
66
68

69
69
70
71
72
74

75
75
75
76
77
79
79
79
80

82



7.2 SBROBE . . . 82

HEF 84
BE K 85

iii



1.1
1.2

2.1
22
2.3
24
2.5
2.6
2.7
2.8
29
2.10
2.11
2.12
2.13
2.14
2.15
2.16
2.17
2.18
2.19
2.20
221
222

R

A= M R=AIZBI RO — RGN 1
A —bR—LXBI2DOINN6%DELZ - RREMTK .. 2
oneM2M Base Ontology[5] . . . . . . . . . . ... ... 9
universAAL BTV [T] . o o o o e e 12
UAAL @ Context 2NXZ [7]. . . . . o o o o e 13
UAAL @ Service 2NA [7] . . o o o 0 o 14
UAAL O UL SR [T] .. o s e e e e e e e e 15
universAAL D N [T] . . o 0 o o e e e 16
OCFHREZTmy ZIK[8] . . . . . e 17
OCFUY—ZFETIADHI[8] . . . . o oo e 18
SAREF ORIEMF [16]. . . . . o oo 19
SAREF > bao—1[16] . ... .. . . .. e 20
SAREF %Z oneM2M {2y B 7 [16] . . . . . . oo v i 22
SAREF OHRIR [16] . . . . . . . 23
NGSI-LD E7 VDR [17] . . . . o 25
NGSI-LD core meta-model[17] . . . . . . . . . . . ... ... ... .... 25
NGSI cross-domain model[17] . . . . .. ... ... ... ... ...... 26
NGSI Mapping to oneM2M[17] . . . . . . . . . .. ... . 26
NGSI Mapping to SAREF[17] . . . . . . . .. ... ... ... ...... 27
NGSI Mapping to WoI-TD[17] . . . . . . ... .. ... ... ... ... 27
NGSI Mapping to W3C Time Ontology[17] . . . .. ... ... ... ... 28
TD core vocabulary[18] . . . . . . . . .. ... ... ... 29
Data schema vocabulary[18] . . . . . ... .. ... ... ... ..., 30
WoT security vocabulary[18] . . . . . . .. .. ... ... ... 31

iv



2.23
2.24
2.25
2.26
2.27
2.28
2.29
2.30
2.31
2.32
2.33
2.34
2.35
2.36
2.37
2.38
2.39

3.1
32
33

4.1
4.2
4.3
4.4
4.5

4.6
4.7
4.8
4.9
4.10

Hypermedia controls vocabulary[18] . . . . . ... ... .. .. ... ...
BIGIGST ETLDLAY[20] . . . . . . oo e e
BIG IoT semanticcoremodel . . . . . . ... ... ... .. ........
FIESTA-IoT Ontology[22] . . . . . . . . . . . . . i
SOSA &£ SSNETLADET 2 —JL[23] . . . ..o i it
SSN OntStructure Overview([23] . . . . . . . . . . .. .. ... ......
SSN OntStructure Actuation[23] . . . . . . . . . . . .. ... ... ... .
SSN OntStructure Observation[23] . . . . . . . . . . . ... ... .....
SSN OntStructure Sampling[23] . . . . . . . .. ... ... ... ...
M3 ontology[24] . . . . . . .
M3-lite BTV [22] .« o oo o
OMA LWM2M 245 [25] . . . . . o
OMA-LWM2M Client[25] . . . . . . . . . ot e e e e e
SAREF O HHJ & SAREF MJfl Lofi& . ... ... ............
HRMETVAEDOLAY .
TR T A—LAEDLAY
VAVREDLEL . . . .

BRI X — A HEEBERIE . . . .
EHATSy b7 x— LW —REEE
F—xAru AT —&EHE .

BEIZATLOEMGB ..
JEITA =R A Za ZOFE[3] . . . . ..
JEITA AR — b KR—LT—RXHEZATDA X = (T ALNILET)

JEITA A< — b R—L T =R B Zu OB X—= . ... .. ...
JEITA A~ — bh—ALF—&RApROTF o b uad—Dr5 7R (75
ZLNRILET) oo e e
CPWIGIEDA X =
CPWIMNEMZEEBLARWGEEDA X— . o ...
CPWILICRHFAEBHRRE LA X = .. ..
S XERETIL L
BEREY Y —TRT



5.1
5.2
53

6.1
6.2
6.3
6.4
6.5
6.6
6.7

RREATLOFEEMERN . ... 69

BB ZATACBIBELRETIL .o 71
MRV ) —REOEE . 72
AT AEEMEERDA X =T 75
BIERERRAG IR (PR, EA=2) . . . . . 77
BIVERERRAE IR (KRS, EEA=6). . . . . . . 78
BIVEMERRAG R (RIS, EA=1) . . . . . .. 78
HEREIR o A\RDEIROERHGiS 2T 04 X =2 . 0 0. ... 79
HERERZ R 3 2 & FIH Lo bl GER0%) .. ... .. .. 80
HELER » AR O LLEGEEM GLERRERD) . .. . .. L 81

vi



2.1
22
2.3
24
2.5
2.6

2.7
2.8
29

4.1

4.2
4.3

6.1

BRZE—BE . 7
oneM2M BEEREHE L 8
SAREF oneM2M Classes mapping[16] . . . . . . . .. .. ... ... ... 22
SAREF oneM2M ObjectProperty mapping . . . . . . . . . .. . ... ... 23

Classes mapping between oneM2M Base ontology and FIESTA-IoT ontology 38
Object properties mapping between oneM2M Base ontology and FIESTA-

IoTontology . . . . . . . . . . . e 39
Dolce-Ultralite Alignment Module(Classes #57)[23] . . . . . . ... ... 42
Utility Classes[23] . . . . . . . . . o o e 43
O&M Alignment Module(Classes #77)[23] . . . . . . . . ... ... ... 43

JEITA A~ — b R—2F—& A xuZHEZLOHARZE L HEMNE (7 5

ALNIVET) oo oo e e e e e 62
CPWI 2R D RERMEMELIFD RERARTIX—Z2EZ-I5E60HK . 65
CPWI I K& NEEL FRHEHEZ G =560H M . . ... ... ... 66
FEREZR D2 DRT R —RETE . . o o 76

vii



518

L &I

ARETIE, KREOHR, HIY, AXOBEHIZOWTIENS.

1.1 HAEESS

1980 FAKRIZ M. Weiser HIC X > TIRIBEN L F X R AV Ea—T4 V7%, 2D
%, 2005 A0 5 5 b7z Web2.0 225 BigData "Dt DA D, 2015 4ELH
7 513 IoT: Internet of Things £ FEENL 2 X512 D, BEZHIITVWS. LFED T 7
NA ZDEAMEIC LD, BBBRERNTTATED, 202512 416 D IoT 7814 R
MT194ZB DT —RXEHERT 2 e FRINTWVS [1]. ZOEEZL DT AL RENFITH —
CARME e F—XINEDT D, BX—IDBEHOT AL RT 59 2T 2RMICE-
TW3,

ez A —NA HazA—N B
7Z77F 727 F
H—E2 H—E2

4 o=

K 1.1 RA<—FER—AIZBIT 3RO — L 23245

B 11 DS, BB —TOMBEFEELTERZ 7Y FEZEXA—ADT N[ R
Boh, BV - 2ARRESATED, ###t55. 205 Z, 2019 F 10 A 5170



NTWi Tlifeup 7OE—>a v 2 IEEL—F T LZILITED, KEEGOF]
FICB T 2E T —XDINE L FHNTE, LY —EXORIHNPBIEY — X DUER
CHEA LR TT — ZMERZITS. 2k, EETFT—ZROERABHRD LA TWS.
-V RONEEM XY, BEPEEIEILDIC, FoEHOV - AR HEEEE
SN, y—v A0, ##t. RTZ21T75. 121320 TFZ2RT. WX —H7
SR — b RBMEEENEREELTED,. —DO0¥ — b RIRMHEEENER O
MAX—=N 7T R —ECRAZIRMMETE2ZeDTE, —DODEIRA—H 7 77 RBEHD
P - RREMEEFICT — XN TE 3.

T—ER H—E2R H—EA ves
HRHEREEA Rt EEEB HRHtHEREC
?
W — A W@Ex—nB |
757K 757K

- &fﬂ see

K12 RA<w—FR—ARZBIT20Zhnr6%0E29— 225K

LRV R, ZOREZ L BOMMODRELZ 2 TN A7 57 RITEZIA TV S 7 — ZIEH
— R E A EL R, V- RBHEEED DT — X DOFH & BFHEE L <
o TW, ZHEZHL, [oT 74 RDF— R EFESE % 72912, RESTulAPI %* H
WRERRIF - ZEE TS v F 7 5 — LM EIFsh, 10T 7—&H5IHG e U TER
MEZRDOODH 5.

2O LR ERZY, BHOTFAL R T IT RICHZEY IV T TF—RRTNAL AT —
REERT 572012, Av—FER—2L07—&%HZ0 ) JEITAGE FEMEMEEHR) I
o TREINTVS [3]. ZHICED, XZTFT—X%EFHHT 2 EDOLE G EDOEHEL
AJREICR D [4], XX T =R EHWEZ 77 R EF—XOMELY 7V RElOY— b 25
275 Z e SRR EZHNS.

LoL, BUR, F—ZOBRRBREERIZARITS ZePEEINTED, O Y
R oD NEAERTE RV T — 2 BHORMHAF T -2ty A DEERT—XEY O
HEEZREATERVWZEICED, AMCHIEH T2 2oLV, ZAUTRL, X —
H—DRBZIZERDT AL RS En6DTF —ZBHHATE, #HHEICX 3 HBERZH

2



BreF, WENOF— Xty bOELEEBRICHENTE 5> 27 A25kd HRT
W5,

1.2 WZEEN

AW TIE, FIREEEZR, SX—D—DTNA AT 79 FER—R LT — Xl
T b 74— ERETE. EX—H—OBFEI IV Rk THiiA X s T —&
N=2AMEHE N, BT XA R e~ V) =K TN 27 2 =R HWT
BREITS. TOLET—ZRMBETZ Y b7+ —2I12&D, T4 ZOFEMIERZ FIHE
WEEBREDRL, BRAMBEDTANARTTU RIZKE T —XEHENTX S,

¥z, TXHEEET S b7 A — LS T —XREFHTERT L LRV VI REE
v, KOEERFHT—Xty FOFRELFACEBINHIENTE 2 X =X L%
K55, FAER 2= YV =X TINA VR 72 —REBLT=— A %R 5. VX
7 LERAHE O = — Gl e 32, BEREREUID B2 X H =X L% F W CER Y R 1H R
REZITS. T LA D =R LI Lo TT— XHHABMOEENE R 122D, 7 — &
BTy M T — DT = ERGTADREZMO 2D TES.

RETT7v b 74—212&D, 7—2ER 7 —%2ty s OERPE( L BRI AR O
¥EESATLATEITTAILNTE, Y— b RIEMEEZEDO T — XBENH S5 T
T, i —EROEIHRY — L RDYEEICKIRL, FICA~Y— FREIFICEMTE 5.

1.3 AN ODIBM
AL, AEERED, 6ETHRENG. BHOMEIUTO X 51077

e H1HE
- AR OY R BN Z RN, RiFx O ZHET 5.
« B2
- BWMETNVICHETI2HAEEZITY, vy T4 7AWy b7+ — 24
MAHERIEICBI 2IHRET LD A YHLEEBETT 5.
e FH3HE
- HIBEICHBE L 2T VRO R ET L L EFEO T — 2 EERE S v b
T F— LI OWTHS 2T 3.
¢ HA4E



- BB RTLOMBMI ST AT LANEOE X, VY —IFiRET N,
iR ET L, 7TV XL DOWTCHIHE T 5.

« H5E
- VAT LDFEEIZONWTHAELTS
s HO6HE
- YR T LDOENEMER E Z DR, FRIIRR S R T 2 HEREREERE O %0 F A
2179
s HTE

- &XERFELD, SHOFEICONWTHT 3.



E2HE

B¥RETILICEET S

%:I
[mt

2.1 HEOHH

[oT DHERFEENHERET 21200, kA RfkERC — L A2 HAaEbE THHT 2 EM
BEMLTEY, 72l T 2 BEEPZRCEHE-> TV 5.

MR, ZOEIREREV—VCR (T TV r—a)aHIicETTED, Z2hzh
DEFNTT = LR HELL &5 & T2 ATZBITON TV, RIEHA 10T K
REWMZ, FEHEHOEESHIFICAD, Xh—fame LTod@brkdonsd L5
o TET-.

APFEIZZ D LR ESF X, 9%, D EEDMHTHEOLNTELT AL X<
4 7aY - 2NEE U TH A RTBEOERZM T XS RN 2 FERT 27200, 7—
ZET VOB ANT 7 BURFAE L ZOEHEZT55DTH 5.

ROHETIE, SECIKMOHENTELT—XETARA Y b uDIET 20 A%
FAEL, Z2OWMEELF DS, K FEHTIEINLDETNVOMDOEBZRIZOVWTE R
5.

2.2 RAEAR
221 HBE

AFABETETLOET M T T v b7 4 — LFRICOWTHRBEZ TR - 7=,

{1

e oneM2M
e universAAL



« OCF

« SASREF

« NGSI-LD

« W3C WGT-TD

« BIG IoT

« FIESTA-IoT

« W3C SSN/SOSA

o« M3/M3-lite

« OMA LWM2M(+IPSO)
« ECHONET lite

ST FAOBELRIL, ©> & v/ R, ERBBNEOWTE 2SR
BETNVOMEERDYL Y & a Y PBICEERT 5.



B 1T
{ AT R—=T&Y e LEE | 2010 (:USSP[O) TINX/TMO NM-EIN/EN
L4 L
AILA—HT R SuLRyO TNX/TMO [opou uoTjetIoJur O] DIF
R TR—T&Y b LE | 991A((:USSPIO) TINX/TMO A3ojojuo JOI-VISHILA
Y W NCL YUY E (991A2(T) VINO (OSdIH)INCTIAMT VINO
— Vv LV LT dT-NOSI
AU L=\ SULEY L Suryr ewoyds NOSI JHT JEM oM DEM
rdwes
101en)dy
IR TR —T&YL L2 JTosuog TINX/TMO HE DEM/DD0 NSS/VSOS Dem
[DLIOAI/OSI
LN LTYE (90182(7) Ddl A1 LANOHDA
VULEY pre L ewaydS NOSI
2L ¥EE ) VIO[AUO (901A2(T) (JADOVMS)SVO 4—ALT—L | TDLIDAI/O0SI 400
LN LAY E 201A0( TINX/TMO JRE 1S14 JAIVS-1S1A
BRI NSRRI Z @
Wl S £HE 1M TIE KAnug dT-NOSI ST 1S1d AT-ISON
© % FLLHH Sury L esrsAyd TINX/TMO YLy LA DAl TV VSIoATun
VLV LT IS19
P/ECNEN [ Ar A 201A0( TINX/TMO JHT I-N1I INTINRUO
X rehype Y4oAEA4 | BRI Cc R 2IgE Fmd F1( LT WEEY




2.2.2 oneM2M

B, 1R

LR | o —F

ITU ITU-T Y.oneMeM(ITU-T Y.4500)
ETSI TS 118

TTC TS-M2M

TTA TTAT.MM

ATIS ATIS.oneM2M

TSDSI TSDSI STD T1.oneM2M

2.2 oneM2M B HfEHE

oneM2M % ITU O EEAEHET H 5 .
oneM2M 2SI L T\ 5 &% FE DL HIAIZ X D oneM2M ([ 3FEH#E(L X 7=,

B

2w b —=THRDT AL AT, FEH, VE—-Ml#EITsZ e 2EAL T 5.
v v JHEERAEEET 5.

ot > buPd -ty By 7ENEDDFRNAF Y buY—%HT 5.
ZORNA Y bu Y —TIERNROBOME, BR, fIRREPEEINS.

BI]RETIL
ZZTlZoneM2M 7' 7 v + 7 — LA DHEARF >~ + v Y — oneM2M Base Ontology(TS
0012) IZDOWTEHHS 5.

HE7I)LOEH
e Device LD ECID.
e Service £ Function TFNA R DA VY RF 7 arridihd 3.
o BEICBE T %0081 RESTful X— 2.

BEE LB (K 2.1)

e Thing: oneM2M ¥ 27 A CTilHlIAlRE R > 5 4 7 4.



The oneM2M Base Ontology

hasThingProperty

hasThingRelati Thing Thing
asThingRelation —/ Property
is-a
is-a P i
Variable/:i

Interworked

X consistsOf
Device

Device

isPartof

hasService hasFunction

exposes
hasSub Function

Service

Service

Controlling
Function

hasOutput haslnput
DataPoint »~~ DataPoint

Output Input
DataPoint DataPoint

e Is-a

hasOperation hasCommand

p———

Measuring
Function

exposes refersTo

Command

Operation

hasOutput

Operation
Output

haslnput

Operation
Input

SET_ GET_
Output Input is-a
DataPoint DataPoint hasSub
Structure describes
| Variable
StructuredType :

Variable hasMetaData

convertsTo

SimpleType

Variable Meta

Data

hasConversion

g

Variable
Conversion

Legend: A class shown with grey e ™
'\“Variahle/.'

shading indicates that the same o
class appears multiple times in the figure

2.1 oneM2M Base Ontology|5]

« ThingProperty: Thing D&, > 27 L ITHR, BEH N3 Z L HATHE.
* Variable: ThingProperty, Operationlnput, OperationOutput, InputDataPoint, Output-



DataPoint, OutputDataPoint D X —>8—27 5 X, X ¥ N—=27 F ZIFKENICH - TE
fbLTWB T =2 %Koy 747 4. T—RIEMAOD 2 @M ZLDT 5.

— SimpleTypeVariable: Variable D472 5 X, Hiffilzs XML X 4 7EK % &L,

— StructuredTypeVariable: Variable D% 727 7 2. @b EREGR T 5. o ZHA

Dty b THKENS.

VariableConversion: & % Z ({6 D #ifH 2> & Hll O ZBUE D HFFHAN D ZHUL — L % 7
RT3,
MetaData: Thing DfE»H 2 W EkdH 2 HlHD T — .
Device: Thing DY 72 Z X. Function #FEfTL, XA ZFEKTHbD. ¥ 77
NA RBFFOZ D TE S, Device 137 KL AAJHE (addressable).
Function: Device D&t E N2 XA 7 BT 27D DAE. b a—~<v2 1) —X

TIZ TFNA 203 7% 3 % HiEcab.
— ControllingFunction: Function % 727 Z X. filffll & #5283 2 FE i FR oM.
- MeasuringFunction: Function O¥% 77 5 2. FHill & B3 2 S oM.

Aspect: ERDH 2 ZFEART 5. VWHNEIIIEWHNRZ Y T4 T 1055
W AE.

Command: Function DEIfEZ VK- M T 2IEZRRT S, ARV = a3 vP
v bU—=ZicHTa~x s R,

Service: v 7 — 2710 Function %X/~R3 5. % v b7 —2A®D Function % ¥
FATRE, BRnIEE, VE— MHIETREICS 5.

OutputDataPoin: Service @ Variable, RESTful Device 233 E 3 5. Device & H
#)1Z OutputDataPoin DEZ FHH§ 3.

InputDataPoint: Service @ Variable, RESTful Device 23#%E 3 %. Device {3 HH)
12 InputDataPoint % #tAH 5.

Operation: D7 N4 X & D F— R M4,
- GET_InputDataPoint: Operation ® ¥ 7'~ 5 Z. InputDataPoint ® 7 — X 255 %
72912, Device IZ & » TR X1 2 #1E.
— SET_OutputDataPoint: Operation ®# 7'~ 5 Z. OutputDataPoint O 7 — X HH % b
VA —F 37912, Device IZ & o TRt XN 2 #1E.

Operationlnput: 7 N4 ZDH — ¥ ZAAD Operation DA ST DX 4 T EFIRT 5.
Operationlnput (I A DB TORARELRHEZRT. £ TORRERE: 7 — & B & HiJH
FBHNEINTA VAR ADY R b,

OperationOutput: 7 N4 2 DY — ¥ AAD Operation DHID X A FEGFRT 5.
OperationInput X ] O TORREREEZ KT .

10



» Area Network: /HEME, @E7 v ban, Forvr 4

 Interworked Device: Area Network O —p.

2.2.3 universAAL

HBEE, R4
7 —F%7 27 F v % [EC EFFERYE IEC PAS 62883 £ 725 T\ 5.
BE a7 b
- 4 EMBASSI & DynAmITE a2 = 2 + (1999-2006)
- EU FP6 PERSONA ¥ FP7 universAAL 1 = 2 b (2007-2013)
- EU FP7 CIP priject ReAAL(2013-2016)

B
AAL 2 27 2DV —bLAMICBI 3 EEFT AR5 2 3.

BIRETIL
HARG Y baY =, SHEO uAAL E7LEEALTHES [6].
Z DB FEARERE T L =0 DHIEANZICOWTHAT 5.

W5

o B 711X PhysicalThing /.0 Crtibd 5 5.

o HAREF N DHIZ PhysicalThing, Device, Resource L2 EFK L TV, EFIL
12 & o TEARZFEMNEE S .

« ZIELFEEII FALY 2 7HTI DT, ETNDRHPICEEHIRH .

11



Property

Physical

Thing METE

m .
» Inheritance

Enumeration

Datatype

2.2 universAAL 7 [7]

m
oa
| __tvpe Drg

Electric| Flame Resource

BuAAL > O —0EXER (K 2.2)

Resource: &R DFIRSGIE, X v adiehrD /) —F.
Property: & DD 1) > 2.

Datatype:Boolean, Integer 72 & D X 5 WEART =X T x—< v .
Enumeration:Resource f ¥ 2 % > ZDEH.

[ JAW4

12



Model

100 } Instance
\ /
~

—

Predicate Object  Event

N

Context Events are built on the ontological model

Context Context
Publisher Subscriber Context

Subscriber

Context Events are forwarded through the bus to the appropriate subscribers

2.3 uAAL @ Context N2 [7]

» Context /N X (X 2.3):
AVTFFRALAI 2T = aYiEFARY IR—ATH 3
— Context Event: 2 ¥ 7 F X PANXTHEYEZIMAZICHE 2> 7 F X MER.
— Context Publisher: Context Event 2% D i3 71w 7' J 4.
— Context Subscriber: 7 4 VX CTHIED 5 4 X FEFEIRL, IS Tn s
7 .

13



Lighting

& -
. brightness @
Input 2
Matching Service Service Not Matching

Service Caller Caller Service
Request Request

\/ Service Bus x

Service Request’s arguments must match registered profiles to be delivered to callee

2.4 uAAL O Service N X [7]

 Service /\ X (X 2.4):
— Service Ontology: 23K # L it HE DM OHEHET V.
— Service Callee:Service Ontology %12t 3 %4 —E X. Service Profile T,
— Service Profile: X V' v R & [Akk, FIT3 28EE2RT.
— Service Caller: % — ¥ RFETZ2EK T 5 707 F L. Service Request THEFH.
— Service Request: Service Profile DXf)i5, Service Caller 235173 21#{F 2 55
T5.

14



B

Ul Handler:
#
Enter your name
Ul Handler:
wee  fadil
o ]

Ul Handler: Enteryaur
Voice name, then

say OK

8

Output: "“Enter your name”
Input:  Text Field
Submit: “OK”

Ul Caller

Forms can be rendered in many places and modalities, depending on the handler

Form

2.5 uAAL @ UI N X [7]

s UI NX (X 2.5):
UI Caller & Form ZfER L, Ul Handler {C3£D, 2 —HICHRKRT 5.
2 —FDOEIEDIKD 2 ¥ Ul Callers 123X D, T 3.
- UlCaller: 2—H Y EHEA >V XF 72 ar2TdT0T T A
- Form: 2—¥ A4 Y& 57 arvaryR—xxv bt (XFEAN, BIRE, R&x2k
) D7 F R hEdib.
— Ul Handler: UI Caller 3% - 7z Form % GUI, & H 71, Web H[H 4 2 ICEHLS
57077 A,

15



Appllcatlon

Domain Ontology i taThcias fosall
Model (optional) 9

Context Context Serwce Ser\nce Ul Call
Publisher Subscriber Caller Callee praad

2.6 universAAL D N2 [7]

e PV =232 —T v (X2.6):
- EvRRuYy iz OEINE TuAAL wrappers) 23022

uAAL wrappers 883V R—H ¥ b
Context Publisher

%

% Context Subscriber

% Service Caller

* Service Callee

User Interaction Caller

TV —varvA I i RX—ay RXL VOB TFIEZAY bay—,
TV —2aYiZETOF Y b uY—RERT D I AR, BiFA Y b
Y —OEAH RN S.

=278 =NV —VDRAZ )T 7T ) r—2ailihhigs.

*

2.2.4 OCF

1H, 152
OCF: Open Connectivity Foundation

7L —207—7 (¥ 2.7 #%DHE7) & ISONEC JTC1 EFEEHE (ISO/IEC 30118)

16



Application(s)

QOCF Data Models

Industrial

N
Vert!cal Domain amart eHealth
Profiles ome

N
D& Resource
[ Addressing ][ madel CRUDN
S

Framework N N
[ Discovery ]|’ (e Messaging

managemaent

- N >
L2 Connectivity Networking

2.7 OCF #ge7m v 7K [8]

/

Security

B
Bz —rv—7rMoEETLVESZ 5.
TNA AL VDD T, FREDMBEET AN I — L 227 5.

BIRETIL
Frbad =70, oneloTA £ W9 EFANTTEMARNRTF AL ZEF L 2T 3.
BE7 /L%

o FTNA ZLARILDHIE.

e oneloTA ET7 VIS Y, T4 RDOFEFFTEFEL .

o TNARETILDY YR v 7 A% Open API Specification @ swagger 125 DT,
RESTful T #(F5 %.

HETFI

17



/my/resource/example - URI

{

"rt": ["oic.r.foobar"], - Properties
"if": ["oic.if.a"],
"value": "foo wvalue"

}

2.8 OCF VY —ZXEFLDOH [8]

*« OCF VY —XETIL (X 2.8): URI L EBIEDES.
VY —RETNETEYT—RETNL—FIZ OCF QEAHEIREIEZ RS 5.
v b —27 Fofilffle it E T 37 DICRERYETNA AR TN, X EDY
7 b = 7 % LR AT EE.
— Common Properties:
% rt:Resource Type. VY —ZADXA FTREHKT 5.
% if:Resource Interface. V Y —ZABHHED A > X7 =z —ZAD1Y A b.
% m:Name. 7775 D 3 WAL
% id:Resource Identity. L =—2 744 ¥ A X ¥ Zi#HIT.
* OCF Data Model(oneloTa Model)[8]: Bridge Tl 7 — X E T IWICEHT 5.
AEBE T NN < v ¥ 23 % Derived Model 1394552 518 L, OCF 23€ 7

NEEET 5.
XYY I TELETNMEI—DTOMNIET S~y BV Iiibid 5.
- 74— vhk:

% OIC(Open Internet Consortium)
* OAS(Open Api Specification)

- ZEEDETIL:
x Native Models: 21 v ¥, {REFT, LoV D XI5 BREARER. Zhzflio
TTNA REHAEDES.

+ External Models: 7M€ 7 V. OCF X ZDET /N ZEHEMEDH T, Derived
Model Tw vy ¥ 73 5.
+ Derived Models: k4 7 /L. External Model & Native Model O~ v ¥
v RN 5.
- JVyITERETIL:

18



AllJoyn Interface [9]
BLE [10]

OneM2M Module [11]
UPlus [12]

Zigbee Cluster [13]
Z-Wave [14]

EnOcean [15]

EE S R S S

2.2.5 SAREF

i, 1%
SAREF:Smart Appliance REFerence [16][16]
ETSI #54E ETSI TS-103-264
ETSI SmartM2M Ontology

By
<~ UEDA VRS 7 avEREARL, ET ATy Y TOHRETLEEZ 5. (K
2.9)

appliances
reference
ontology

PowERONT

2.9 SAREF Ofi#Efi) [16]

BIRETIL
ETSI-SAREF [ZfEHBHIRET L TH D, FEDT T v b 7+ — 2SR,

HETILO%F=H

19



e Device L DECD.
e Service ¥ Function TTFNA A DA VY b T 7> a v rithT 5.
e 20 EL LB Z X b D 5.

saref:isAbout saref:hasProperty
saref:Profile } ---------- >@' ---------------------- *‘ saref:Property ’ saref:FeatureOfInterest
saref:isMeasured saref:isPropertyOf
ByDevice sarefrelatesTo

Measurement

\ 4 saref:isControlled
saref:Commaodity ByDevice saref:hasMeasurement
A

saref:measuresProperty

saref:hasProfile isaref:isUsedFor saref:controlsProperty
g saref:relatesTo
saref:accomplishes saref:measurement Property
P | saref:Measurement ‘
saret:is saref:makesMeasurement saref:isMeasurementOf

AccomplishedBy

saref:offers saref:isMeasuredin

4

saref:hasState
saref:UnitOfMeasure

saref:Service

saref:isOfferedBy
sarefirepresents

. saref:hasFunction
saref.Functon €——

saref:hasCommand

saref:isCommandOf

saref:Command - saref:State
saref:actsUpon

2.10 SAREF * > Fuy—[16]

BMSAREF A > kOY— (K 2.10) E&E L 7=HR

o Command: 7\ A4 ZANFEFTT & 2 HEHE
(Bl Z 1X:0nCommand, OffCommand, PauseCommand, GetCommand, Notify-
Command, SetLevelCommand)
e Commodity
(5] 2. \X:Electricity, Gas, Water)
* Device
(5] 2. 1¥:Switch, Meter, Sensor)
* FeatureOfInterest
* Function
(Actuating Function, Event Function, Metering Function, Sensing Function)
e Measurement: 7’ 12 %7 4 — OHEE
* Profile
* Property

20



(9 21X :Energy, Humidity, Light, Motion, Occupancy, Power, Pressure, Price, Smoke,
Temperature, Time)
* Service: % v 'V — 7 ik
(%1 Z2.1X:Switch On Service)
* State
(51 2.1%:0n Off State, Open Close State, Start Stop State, Multi Level State)
» Task
(f 2.1X:Cleaning, Comfort, Lighting, Safety, Entertainment, Energy Efficiency)
o UnitOfMeasure:Measurement O H{i}
(9 Z.1X:Currency, Energy Unit, Power Unit, Temperature Unit).

BX1YAB

o« FNA ZDHE

o TNA ZADMEEEY FD 1w b U — 7 HEE
H5IAETI

o 20 HDOFERFFEE T N ESE L7 (Hl: W3C ® SSN ontology, Echonet, EnOcean
® SEP2, UPnP ®%z ¢ )

* W3C® Time

* W3C® WGS84

* Ontology of units of Measure (OM) I EHAM DA > b ad—Df YA X VX

MoneM2M Base Ontology Ic< v E>Y (K 2.11) Ll X U BEEF—FHEDD, v v ¥
LRI

21



oneM2M Base
Ontology

SAREF
Ontology

hasThingPrope rty
Thing

has ThingRe ktian Praperty

Mapping

& Farif

refersTo

(

hash ub
Senice

_________ = = aquivalentclas
I

L3 contmlling
Function

Measuring
Function

o represents

Function
]

has Dutput
DataPaint

has In

rple. hasDperation

]
=== equiva kntClass

hasCommand

equivakentClass =
" hasComma nd

has0O peration
state

SET_ GET_

ot put Input
Data Point Data foint

has5Sub
Strucku e

describes
has Me ta Data
Meta
Data

2.11 SAREF % oneM2M (2~ v ¥ 7 [16]

SAREF Mapping oneM2M

saref:Device owl:equivalentClass | oneM2M:Device
saref:Service owl:equivalentClass | oneM2M:Service
saref:Function owl:equivalentClass | oneM2M:Function
saref:SensingFunction owl:equivalentClass | oneM2M:MeasuringFunction
saref:ActuatingFunction | owl:equivalentClass | oneM2M:ControllingFunction
saref:Command owl:equivalentClass | oneM2M:Command

7 2.3 SAREF oneM2M Classes mapping[16]

22



SAREF Mapping oneM2M

saref:offers owl:equivalentProperty | oneM2M:hasService
saref:hasFunction owl:equivalentProperty | oneM2M:hasFunction
saref:represents owl:equivalentProperty | oneM2M:exposesFunction

saref:hasCommand | owl:equivalentProperty | oneM2M:hasCommand

saref:consistsOf owl:equivalentProperty | oneM2M:consistsOf

% 2.4 SAREF oneM2M ObjectProperty mapping

WEE ICHER (K 2.12) 1oT fEIOMRET L & LT A 728 7HEBUCHIIR T E 5.

2.12 SAREF O#i3E [16]

SAREF4ENER T 3L ¥ — (ETSI TS 103 410-1)
SAREF4ENVI 5% (ETSI TS 103 410-2)
SAREF4BLDG %3 (ETSI TS 103 410-3)
SAREF4CITY SmartCities(ETSI TS 103 410-4)
SAREF4INMA #:PE83% (ETSI TS 103 410-5)
SAREF4AGRI 23 ¥ ¥t (ETSI TS 103 410-6)

23



2.2.6 NGSI-LD

fHis, R

NGSI-LD: Next Generation Service Interface - Linked Data

ETSI ISG CIM(Industry Specification Group cross cutting Context Information Manage-
ment) & ETSI GS CIM Fit&.

FIWARE-IoT @ IoT 70— NSGI 2 2> 7 ¥ X FatlhET /MI LTV 5.

B

oy ¥R MEM, av 73R MEEL.

> AT LB O ERE.

TV —2a O T - XX RFITT 5.

BRI B L R BEEDR DX v v TZ2 IV, S EARNREBRICIETE 5.

BRETI
HETILOFFH

e VT XA MNEHDIDDET DT, FFEDT T v b7+ — LIS,
Entity HDOFCE.

Entity (&t > % 784 A0 FMEER 72 LU, FHHFUCTHFET 2 DHLh T 5.
Entity ORI ZFLATZ 5.

Entity O#R{EIZEE 3 2 50l D3 7200,

BEFILL2EDOLAVIEE (K213 BRET VI EZFEE ST S50, F00 5 core

meta-model, cross domain ontology, domain specific ontology.
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2.13 NGSI-LD EF /L DR [17]

H rdfs:subCIassgf H

[Ty H
:a—ldf,type > !

7]
L=
QT
£
w
o g
x O
— rdfs:subClassOf rdfs:subClassOf rdfs:subClassOf Ia a
7]
b
a E" Entity Relationship Property hasObject hasValue Value
T 1
4 @© \
g3
z =2

2.14 NGSI-LD core meta-model[17]

ENGSI-LD meta-model(X] 2.14)

» NGSI-LD Entity: EHFRDOFITFEL TV 2 WHEI D 2 VIR 2 EOER.

» NGSI-LD Property: Entity, Value, Relationship, Property ORHGEID.

* NGSI-LD Value: Json fE® % W& Json Z A 7 DfH.

» NGSI-LD Relationship: SROBOHM Y > 7. *t51% Entity, Property, Relation-
ship HD—D.

BMETSI ISG CIM cross-domain ontology([X 2.15)
FREEBOM R EREL TVWARL.
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FERFE A > b v Y —% cross-domain ontology @ _FIZEFRT 5.
W EEROFRIE IETF 242D GeoJson(RFC7946) % FIfH3 5.

Legend:
rdfs:subClassOf
——

a (owl:DatatypeProperty)

== N
Entity Relationship _Property
Cexampte ) con
Constrained
5 Vocabulary

]

Timelnterval

E roperty i

LhasTimelnterval

E Vocabulary for Domain Descriptions:
| SubClass Assertions: ——»
Other Asserstions:

h
h
.

OneM2M Ontology

2.16 NGSI Mapping to oneM2M[17]

B mapping to oneM2M([X] 2.16)

26



Entity.

== Refationship

y | e

(e ey ey

g (st ) ]

21
i
Task| SAREF itCods
hasstate] ————'—w—
owisame
PropertyAs

2.17 NGSI Mapping to SAREF[17]

B mapping to SAREF(E] 2.17)

W3C WoT _
Thing Description

o [sratimovabte[monie]
(1..1) td:name - String

(0-1) tdrbese - :URI

tdinteraction (0..N)

e

... vocabuiary rame appicable 15
E caznainy

>

owlinverseOf

2.18 NGSI Mapping to WoT-TD[17]

B mapping to WoT-TD([X] 2.18)
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W3C Time Ontlogy vt —— snuy

2.19 NGSI Mapping to W3C Time Ontology[17]

B mapping to W3C Time Ontology(X 2.19)

2.2.7 W3C WoTl-TD

e, R
WoT-TD: Web of Things - Things Description[18]
W3C (L.
W3C WoT DV Y — R S7E.

B&Y
W, A&7 7> ay, F—RRDER

BRETIL
HETILOFFE

Thing F/DOFLIRET L.

b DD EZRRT 2 ET L.
bODEEEMEEZERT 2720, MOETLEFIHTAINE,
il 7a 7o 2T 35005 5.
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forms o

0..1

version

Thing
@context: anyURI (or Array)
@type: string [0..*]
id: anyURT [0..1]
title: string

description: string [0-.1]

Form
Link
MultiLanguage
titles
descriptions ,
- titles
VersionInfo descriptions

instance: string

InteractionAffordance

@type: string [0..*]

title: string [0..1]

description: string [0..1]

T

created: dateTime [0..1]

modified: dateTime [0..1]

observable: boolean [0..1]

support: anyURI [0..1]
base: anyURI [0..1]

security: string [1..%*]

0..*
properties

PropertyAffordance

ActionAffordance EventAffordance

safe: boolean 0..>

idempotent: boolean

securityDefinitions

1..*

Securi tyScheme

data

subscription

cancellation

urivVariable

DataSchema

2

2.20 TD core vocabulary[18]

BIO75E= (K 2.20)

e Thing: 7 4 VN EN—F ¥ )LV T 4T 4 DR, XN—F ¥ LTV T 4T 41
—#H 2 VIFEEED Thing K D#lAEDE 2. [@context) EHETMHDET L

(SAREF 2 ) #EAT& 5.

o InteractionAffordance: Thing DX X7 —&, 4 > & Z 27> a > dDidih, W3C-WoT

Tld Property, Action, Event D =D A > X7 7> a VEENDPERINTWVWS.

- PropertyAffordance: > > > 77— & L H{ilffi T X — X Didik. InteractionAffor-
dance ¥ DataSchema ®% 77 5 X

- ActionAffordance: Thing OF-UH U RTREZRHERE DL, IREEZRIET 2 (e.g., toggling

a lamp on or off) <% Thing DFEHE (process) % &3 % (e.g., dim a lamp over time),
InteractionAffordance D% 727 5 X

— EventAffordance: F|HE IZIEFIHATIE 2 EHDFLH (e.g., overheating alerts), Interac-

tionAffordance D% 77 F 2
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e VersionInfo: TD FF 2 X > b= 3 vDEdR. TD D2 > 5FF X MEEIC X -
THON—Y a3 VIR TE 3.
« MultiLanguage: £t = —~< > V) — X 7LD ZFEX Y

oneOf

0..*
DataSchema Mul tiLanguage
@type: string [0..%*] 0..1
title: string [0..1]

description: string [0..1]

type: string

titles
const: (any type) [0..1] descriptions
unit: string [0..1]
enum: (Array) [0..*]

readOnly: boolean

properties writeOnly: boolean

format: string [0..1]

ArraySchema ObjectSchema NumberSchema IntegerSchema
minItems: unsignedInt [0..1] required: string [0..*] minimum: double [0..1] minimum: integer [0..1]
maxItems: unsignedInt [0..1] maximum: double [0..1] maximum: integer [0..1]

StringSchema BooleanSchema NullSchema

2.21 Data schema vocabulary[18]

Br—42X*—75EE (K 2.21)

e DataSchema: 7 — X% 7 4+~ v M 2itib T 272D DX X TF— X,

- ArraySchema: Array B 7 — X DX X7 —X (KN TA T L8, 74T DK,
DataSchema % 727 5

— BooleanSchema: Boolean &7 — &% D X % 7 — & DataSchema Q%727 5 &

— NumberSchema: Number B! 7 — &% D X % 7 — & (& Kf#, #/IMH, double type),
DataSchema ¥ 77 5 X

- IntegerSchema: Integer B! 7 — X D X % 7 — & (I KA, F/MH integer type),
DataSchema O¥% 77 5 X

— ObjectSchema: Object B! 7 — X D X X 7 — X (HIRNHRESR, BDHEREXA TDER),
DataSchema ¥ 77 5 X

— StringSchema: String !5 — % ® X % 57— & DataSchema D% 77 7 X

— NullSchema: Null B{5 — &% D X X 57— & (null #%73), DataSchema %77 7 X,
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SecurityScheme MultiLanguage

@type: string [0..*] ’// 0..1
SC. m ri

descripticons

description: string [0..1]

proxy: anyURI [0..1]

JAN

NoSecuri tyScheme BasicSecuri tyScheme DigestSecurityScheme APTKeySecurityScheme
in: string gop: string in: string
name: string [0..1] in: string name: string [0..1]

name: string [0..1]

BearerSecurityScheme OAuth2SecurityScheme PSKSecuri tyScheme
authorization: anyDRI [0..1] authorization: anyURI [0..1] identity: string [0..1]
alg: string token: anyURI [0..1]
format: string refresh: anyURI [0..1]
in: anyuURI scopes: string [0..*]
name: string [0..1] flow: string

2.22  WoT security vocabulary[18]

BtF*a)7s—5EE (K222

o SecurityScheme: ¥ 2V 7 1 X 7 =X 1 DFdik.

— NoSecurityScheme: & 7 i8AE A,

— BasicSecurityScheme: Basic Authentication([RFC7617]) =3 5. BES1b
ENTVRVLI—F ==L LAY —F,

— DigestSecurityScheme: Digest Access Authentication([RFC7616]) % F|fH 3 3.
BasicSecurityScheme & D, HHEXE %) <EBNERED D 5.

— APIKeySecurityScheme: API key authentication Z |3 %. API ¥—TH7)
itz d 5. 77 RRA =2 YDIAIET, BN —27 VB o TuiRn
BECHWS.

— BearerSecurityScheme: Bearer Token([RFC6750]) % F|FH 3 % . OAuth2
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2B LT XN S KRM. format:jwt-[RFC7519], jws-[RFC7797],
cwt-[RFC8392], jwe-[RFC7516]
— PSKSecurityScheme: Pre-shared key authentication % F|fi 5 3.

— OAuth2SecurityScheme: OAuth2 authentication % F|f 3 5. [RFC6749] &
[RFC8252] I & DA

Link Form

ExpectedResponse
href: anyURI op: string [1..*] contentType: string
type: string [0..1] href: anyURI 0..1
rel: string [0..1] contentType: string

. . response
anchor: anyURI [0..1] contentCoding: string [0..1]

subprotocol: string [0..1]
security: string [0..%*]

scopes: string [0..*]

2.23 Hypermedia controls vocabulary[18]

BN N—XF¢ 7Y A—)LEE (K 2.23)

* Link: "link context has a relation type resource at link target"

* Form: "To perform an operation type operation on form context, make a request

method request to submission target"

« ExpectedResponse: THEXNZILER v —I %R T2 HERA X T — X

2.2.8 BIG loT

MiB#, 1Z#¥ BIG IoT: Bridging the Interoperability Gap of the Internet of Things[19].
EU H2020 BIG IoT Yu > = 7 b.

F—Rw—4 v N L —RICHET AR DH .
WEETSY N Tx—L4

* ATOS
BOSCH
SIEMENS
SEAT

* CSi
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* econais

* vmz

* wolfburg

* AALBORG UNIVERSITY

* Insight

* TU Clausthal

* UNIVERSITAT POLITECNICA DE CATALUNYA BARECALONATECH

B8y
i@ API OEFR, 77 v b7+ — LB OHEEIRE.

BERETI
BEFI/ILOFHE Offering FLDET L.
~—7 v MAaY, BT E 2D DI 5E0.

BIG loT Application Model

- Semantic enrichment

- Domain dependency

Domain Independent

BIG loT Core Model

224 BIGIT E7 LD L A ¥ [20]

MWBIG loT EFI/ILDL ¥ (H 2.24)

e BIG IoT Core Model: D3.2b[21]

* Domain Indepentent Model: D3.2b[21]
¢ BIG IoT Domain Model: D4.2b[20]

* BIG IoT Application Model: D4.2b[20]
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schema:sourceOrganisafion

+ schema PriceSpec
ification
schema:Organizafion :
* rdfs:subClassOf
schema:sourceOrganisafion
schema:priceSpecificafion

core:offering

schemalicense

schema schema:spatialCoverage o - core:Offering
:Place <+ £o8 SHEwan schema:category §»{  Category
tdinputData | e
: int rdis:subClassOf
id-oufputData e endpant = ags“ = skostopConceptOf
core Data ~ =
core-.Endpoint schema:Offer
core:Categorization
- F -~ o
G I e
- rdis:subClassOf
rdfs:subClassOf : ~
S rdis:subClassOf ™
core:ProxyEndp : core:ExtemalEndp
oint : oint
core:LibEndpoint

2.25 BIG IoT semantic core model

MBIG loT Semantic Core Model([X] 2.25)

o 1&EI:
BIG IoT H1® Offering @t E R T X 29— 22 7 7+ X) & OfferingQuery
ZRAT 23T FAMDRERERA DT 7 F v ZERT 5.
o XA VER:
— core:OfferCategory : Offering D %348
— core:Data : Offering D A1 ¥ Hi 7
- core:Endpoint : Offering %27 7 2 X7:HD A4 VX T = — 2R
s EXa—Jlt:
— Provider module: 77 v b 7 # — A H —E RE[IR Y, core:Provider 7 7 A
TR
— Organization module: 2t O#fkGliA, schema:Organization 27 5 A Taib
— Offering module: = 7#&, #EEEEF 11243 2 W7 (offering) DFLIR,
schema:Offer D% 727 5 &, core:Offering 7 7 A Tiub
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— Consumer module: 6T VY —RX %27 72 X357 7V r—>aryeHh—L R
DFEHR|, core:Consumer 7 7 ATtk

— Query module: 7TV D7 7 A +Z 7 a, Consumer DEBED 2 EMEEFT
73 % (Offering type, input&output data, price, license, ...), core:OfferingQuery
27 5 2Tt

MBIG loT Semantic Domain Models % @ #iHH (Offering Descriptions (ODs)) & %/
@ 27 ) (Offering Queries) # it 3 2 7201, KX A4 Y #KTF3iEHE (domain dependent
vocabulary) & F X £ ¥ IEKIFEERE (domain independent vocabulary) 23262

e Domain Independent model:
FFE R XA D7 7V 7 — a > (parking, smart city, or air quality 72 ¥") IZH1F L
IBNMERET IV
— schema.org
— W3C SSN Ontology
* Domain Dependent model:
RERXAYDO7 TV r— a VITKIET 2 IEMET L
— M3, M3-lite
— MobiVoc:Open Mobility Vocabulary, €YV 7 4 B#H DG RGER
— DATEX ILDATEX Jt§DET N, bT77 4 v 7EHDD
— OCPI:Open Content Provider Interface, > R 7 AfiE
— Pollution Ontology:ISO 37120, IRIEFEHE
e Offering ® NonFunctional J& 1€ 7 L:
— Location:
* WGS84 Geo Positioning
* The GeoNames Ontology
— Time:
* Time Ontology
- PR=—FLTVEZDDFXAL
* Mobility (Parking, Traffic, Bus, Charging,..)

+ Environment (Air Quality, Pollution, ..)
M BIG loT Application Model
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o Offering D 77%H
— mobility:Parking
mobility: Traffic

mobility: Transportation

mobility:Charging

mobility:Environment
« AMNOF—XET L
 Offering D F X 4 URFX X T — &

2.2.9 FIESTA-loT

fa, 1R
FIESTA-IoT: Federated Interoperable Semantic IoT Testbeds and Applications
EU H2020 FIESTA-IoT u>y =7 b.
MBS ZERLZY, BIFEA Y bry—0mE.

B&Y
0T 729 v 74 —AL(TANT Ty F74—24) OHBEERE.
IoT 72 v F 7+ —LMHEBIEDOT A bRy R,

BHRETI
Z DB 1E FIESTA-IOT ontology {2 DWCEEAAT 5.

BETIL O

e Device H/DOFCHD.

IoT-lite 1232 <.

HEA Y oo —0fs.

Tl bDT7—FT 7 F & IoT-A Architecture Reference Model (ARM) % 7
Y7L — ML, a7iEd [22JARM 7L —B VT W5,

B+ rO>—

o 7R
— Resource: FHEMEEZFF>TWWb L X >~ . [Physical Entity] @7 7+t X%
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Legend

Domain
Domain
Domain
Domain

Domain

EEDRITHTE .
— Virtual Entity: [Physical Entity | #& 35lHEPL T — X HE.
— IoT service: ERINTA VR T72—XAZHBUETIOT VY =RV RFS
arysY 7 b7 aryR—32h.
s SIHET L

b

— SSN:t2 ¥, 784 ZDFdah
- IoT-lite: VY — &, =747 4—, +—E XD

WGS84: 7 BIEHR DA
Time:RFfE D FLIR

- DUL:ER, Y —> % uia >y 7+ X b Otk
— MB3-lite: 7744

- QU:GHAIHLT, R

ik

WGS84 (position)

_ sddeder geo:alt
OPJect PIOPErt __ pange “xsdidouble [\

Cardinality: Some xsd:double

Object Property o geodat —_\ — Eeoilong

Cardinality: Max1 geo:Point
3

Object Property
Cardinality: Min 1

xsd:anyURI

Object Property .o
S O Ect broperty N
Cardinality: Exactly 1

)
ssn:Deployment )
C )

( .

/

DatslRroperty Range ssn:hasDeployment
§ N\ ssy, fot-lite:issubSystemOf loT-lite (Resources/Entities/Services)
ssn:Platform Lo,
tr
fot-lite:Entity T N om - ~N
. iy | iot-lite:Polygon )
2 \ Tot-ltezisAssociatedWith . iotlitgisMobile N )
-~7 iotlite’hasAttribut 2\ % o
L b ‘E“;S route Z\\% iot-lite:hasMetadata
2 % - -
\\ &
E\\2 iot-lite:Coverage h
2\\&

Y -
(iotite:metadata )

iot-lite:hasUnit

) (o) (oo,

&\
Ottt 2\ X
e

//
i 5 = otite “ )
e iot-lite:Rectangle - a
fotlite:ActuatingDevice -~ ——— ,\;,m/ ( ){ iot,,ite.ci,deD
iot-lite:radi )
o . e e ;.
iot-lite:TagDevice -~ N\\e‘ \
S - (EN 0T xsd:double
\«35“/ ssniSensingDevice - __ B ey

PpuniAIuENDSeY:aY|-j01
\

‘«3«\’\“’1' =~ — S ‘

— PRty
- Pl ~ N I opoT |
[ m3-lite:Source G ssm:Sensor A ssn:Measuvementcapabﬂ@—; -

N 3»Iile:DomaTnOi\nlereSD \__ ( i ssn:MeasurementhDr(v\
m3-liteRagsource B - ssn:hasMeasurementCapability \
iykind___—— Z :
\‘ - iitehasquantity€ind— _\c‘_me-_has\lm’v g

= yu =
< - —
qu:QuantitVKind)K —
- N\ m3
m3-lite:MeasurementType |«

/ m3-lite:Direction \4:/
~~

M3-lite (Taxonomy) o

_/

T

dul:hasDatValue

Agpaniasqoruss
Uoneniasqoapeuruss

Time

Time:inXSDDateTime

DUL (Physical/Social Contexts)

,
,,,.{ Axsdiint }-"’ I

ssn:Observation

ection

e

Figure 1: FIESTA-IoT Ontology

2.26 FIESTA-IoT Ontology[22]

o X226 DEEERD:
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- VY —RD7 T T7DN— MIFEEDOFEE, ssn:Deployment T .

-GEO A tua Y =TT AN XROYHENRMNEZLIAT 5. (geolat &
geo:long)

- Platform: O > 7 4 74 27X v FTELZT VT 474 (BRI, post,
buoy, fish 7 ¥).

— Device: (ssn:Device 123D {)Resource itib DI 7. ¥ AT LD FF-TW\W53a
YR—=2 b. FIESTA-IoT IZ & - T, Device I& ActuatingDevices, TagDevice,
SensingDevices % AJHE.

- Service: B Y YV — AR T ANA ZDEFR. £ TD Device 1 Service Z kKT
% DT, Device ¥ SensingDevice IZHH XN WGEDH 5.

— IoT-A DL — 12 & D, Virtual Entitie ¥ Device & Service I3ET /LD a7 .

— SensingDevice: EMAZ2 > > v 735784 X, FIESTA-IoT #& 77 v b
7 — MITRE I N Y

— SensingDevice/Sensor ZYJHIHRIC~ v ¥ 735 ¢ [sensing] 12725, M3-
lite 77 3HIETRCAR T 5.

— SensingDevice D EMETYHEEMELSL, FHABEE, L UEE, ELIRED
=T,

- KD T DER 451k SensingDevice/Sensors 23R L 72D 7 — X 2 FERT 5.
timestamp, location, #f#llfE, QuantityKind/Unit T measurement/observation
ZElihd 5.

* Mapping to oneM2M base ontology[22]

Class in Base Ontology Mapping relationship | Class in FIESTA-IoT

oneM2M:Thing owl:equivalentClass ssn:Sensor

oneM2M:ThingProperty owl:equivalentClass m3-lite:QuantityKind

oneM2M:Device owl:equivalentClass m3-lite:SensingDevice
oneM2M:Service owl:equivalentClass ssn:Observation
oneM2M:OperationOutput | owl:equivalentClass ssn:ObservationValue
oneM2M:MetaData owl:equivalentClass m3-lite:Unit

#: 2.5 Classes mapping between oneM2M Base ontology and FIESTA-IGT ontology
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Object property Mapping Object property
in BaseOntology relationship in FIESTA-IoT
oneM2M:hasThingProperty | owl:equivalentProperty | iot-lite:hasQuantityKind

oneM2M:hasService owl:equivalentProperty | ssn:madeObservation

oneM2M:hasMetaData owl:equivalentProperty | iot-lite:hasUnit

7 2.6 Object properties mapping between oneM2M Base ontology and FIESTA-IoT ontology

2.2.10 W3C SSN/SOSA
fa, 1R

SSN:Semantic Sensor Network

SOSA:Sensor, Observation, Sample, and Actuator

OGC/W3C 1FH#ETH 5.

SOSAIZSSNOa7e LTEENTWVS.

SSN-DUL O~y ¥ > 7EY 2a— L2, DUL OFEEERE —HTZ 5.

BiY
oY, T/ Faz—&, BT 2O, FiT, TV EERT S

BHWETIL
YT A4y 7YY ARy YT ZERT 2 ET L, ToT HBOMRET L.

B> rO0— EDa—)L (HM227) BEDOSSNA Y brY—1EK 227 DLk 5, &%
DOY TETNEREMT S, owlimport ZF|H L TIKL XV DETILEEA HER) §5.
EE:E L NILVETVEIERLRLVET LD BICHEIN . KLLETMER DAL
WELNLETILEMI LN,

IR 8 7OV FLRY 72 AR BE 1%
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Sensor,

Observation,
Sample, and
Actuator
(SOSA)

normative

il

non-normative

227 SOSA ¥ SSN EFILDEY 2 —L [23]

Feature

System SystemProperty .
Deployment Condition

Procedure

Observation/Actuation/Sampling

Result

2.28 SSN OntStructure Overview[23]

BO7E2a2—)l (B 228) SOSA 2 X - T Schema.org @ domainlncludes & rangeln-
cludes BF|HEN %
Observation Actuator Sampling D =D DHEDDH D, TR K o Tl NEDRL 5.
lObservation, Actuator, Sampling | ¥ Result] ¥ [Procedure] ¥ Deployment | i SOSA
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DEY 22—,

Deployment System | Sy stemProperty Torfroperty Feature
——————————————————————— hasSystemCapabilty / fo;P,opeS“’@‘  hasPropery
T hasSubsystem only /oz\\y E .-’ only
LT hasDeployment dep\oyedSysteml TN s hasSurvivalRange ?‘”’dm‘”’ |
qn_ly ———————————— System --- _o_n\_y_»[ SurvivalRange } -H-- Condition ]
inDeploymentonly , |mplementedBy,4 \l hasOperatingRange ,'l\nCondmonomy

Platform
‘ }‘—\sHosledByon\y

H deployedOnPlatformonly .~

only .

N on\y
f{ OperatingRange )-

Procedure ’
hasInputonly

h—asOutputon\y

/
*’ implements only

: == -{ Procedure
h usedProcedure
~only

Observation/Actuation/Sampling

madeByAc(ua&orl'

i Actuator )-
i only K

~._ /madeActuation
Y on\y

forProperty

|sAc&edOnBy e
only P

ony ————
-—> Acma&ablePropeny

\
\
1
'
'
1
l
'
'
'
'
l
'
'
'
1
'
'
'
'
'
1
'
'
'
I
i
'
'
'
'

1

resultTime

\.
¥

FeatureOfinterest }"

7
isPropertyOf

-~ hasResu\lon\y

‘ Result ‘

only

B SSN OntStructure Actuation

2.29 SSN OntStructure Actuation[23]

Platform
\sHosledBy only

deployedOnPlatformonly .~

‘Déployment System | [ SystemProperty TorProperty Feature
————————————————— 4---- ->| Property I‘
-1 - . hasP! rty
_______________ hasSystemCapability ;/forPropeTy ‘Osf roperty
_________ only -7 __onl
_,,——"' hasSub_si/stemon\y _---» SystemCapability [+ ¥
hasDeponment dep\oyedSysteml K hasSurvivalRange ?”"‘ﬁ”'”” |
onl onl ) ",
Deployment [¢-==--=---------- T "' System l— il _y_.[ SurvivalRange ]> - Condition ]
| inDeploymentonly T 4 H hasOperatingRange /inCondition only
H |mplementedBy, i N on\y
! only ,’ i il OperatingRange I- _
i
1 H

Procedure ’
haslnputonly

hasOutputon\y

/
*’ implements only

usedProcedure
~only

only

only

i isObservedBy only
i Sensor
madeBySenSO;r detects only S

Observation/Actuatigr/Sampling

wasOriginatedBy
only -

observesonly

w—‘bl ObservableProperty
B

\sProxyForon\y

,

- ’observedProperly B

Pid only

\
\
1
'
'
1
l
'
'
'
'
l
'
'
'
1
'
'
'
'
'
1
'
'
'
I
i
'
'
'
'

1

time:TemporalEntity [«---~"
phenomenonTime

Observation

\sFealureOfInlerelef

hasFeatureOfinterestonl

/
M FeatureOfinterest I‘

7
isPropertyOf

only

T‘\IS ResultOfonly

hasSimpleResult

B SSN OntStructure Observation
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‘Depioyment

| [~ SysiemProperty

forProperty Feature
»»»»»»»»»»»»»»»»» - Property
——————————— hasP rty
_______________ i hasSystemCapability forPr;ZH“ o:i/ roperty
A H only - - onl |
—/___—- hasSub—sxslemomy i =5l systemCapability & Y. !
hasDeponmem dep\oyedSystem i )

S\ H

only N i

Deployment [¢-=--==-==-=-=----4f--=-----==-2 System =3
e 4 i

hasSurvivalRange

P[ SurvivalRange }----*’[ Condition ]

hasOperatingRange J/inCondition only
|mplememedBy,

'
'

'

'

. \

\ '

H g i

B oy A '

| g only /, : OperatingRange |
! deployedOnPlatform only 7 2 i !

'

1

'

'

1

1

1

only

- hosls only

inDeploymentonly
i

Platform - -
\sHosledByomy e

Procedure

has\npu(only
Output hasOutpulomy omy

{1 Observation/Actuatign/Sampling
|mplemems only i

I
|
l
Sampler !
H madeBySampler, i
it only )
i /

usedProcedure |

/madeSamphng "
* only

7
Result, ,/ 1isPropertyOf
xsd:dateTime [¢--------------- Sampling [¢-------------———-————-~————-—~——-———+ FeatureOfinterest I( only
resultTime isFeatureOfinterestOf hasFeatureOfinterestoniyf i~ " \

T\\lsResullOfonly B

\ isSampleOf
B
' ~. %

hasSlmpIeResuni h A

- hasResu\lomy _/__—”
rdfs:Literal T e

hasSample only

2.31 SSN OntStructure Sampling[23]

B SSN OntStructure Sampling
mrvE>S

* Dolce-Ultralite Alignment Module:

SSN/SOSA class | Btk DUL class
sosa:Procedure subclass of | dul:Method
sosa:Sensor subclass of | dul:Object
sosa:Observation | subclass of | dul:Event
ssn:Property subclass of | dul:Quality
ssn:Stimulus subclass of | dul:Event
ssn:System subclass of | dul:Object
sosa:Platform subclass of | dul:Object
ssn:Deployment | subclass of | dul:Event

7 2.7 Dolce-Ultralite Alignment Module(Classes i557)[23]

* O&M Alignment Module:
O&M £ 7 /1:0GC Observations and Measurements(ISO 19156:2011)
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sosa-om:ActuationProcedure Actuation procedures or recipes

sosa-om:ObservationProcedure | Observation procedures or recipes

sosa-om:SamplingProcedure Sampling, sample preparation or

processing procedures or recipes

% 2.8 Utility Classes[23]

SSN/SOSA class ESEPR O&M class
i5019156-om:OM_Observation equivalent class | sosa:Observation
is019156-om:OM_Process equivalent class | Union of (sosa:Sensor or

sosa-om:ObservationProcedure)

is019156-sf:SF_SamplingFeature | equivalent class | sosa:Sample

is019156-sf:SF_Process equivalent class | Union of (sosa:Sampler or
sosa-om:SamplingProcedure)

is019156_sp:PreparationStep subclass of sosa:Sampling
sosa:FeatureOflInterest subclass of is019156_gfi:GFI_DomainFeature
sosa:Actuator subclass of is019156_gfi:GFI_Feature
sosa:Platform subclass of is019156_gfi:GFI_Feature

# 2.9 O&M Alignment Module(Classes #577)[23]

2.2.11 M3

HE, B
M3:Machine-to-Machine Measurement

KL LN EAET V.

BHY

B ERET 73X M CHET 5.
TNA 2D T2 —T 5.
AR DET.

BRI 7€ > X X 57— R,
MLVHER RS 2 720 DT > o >,
FX A HEEOFEAA.
M3 OatiEE BT 272007 LX), BEBRGEERET 5.
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BRETIL
W3C SSN #* > b & & — ssn:ObservationValue, ssn:FeatureOfInteres, ssn:Sensor DLFE.
BARINIZ TNA ZFEEE TORARD D 5.

observes

MZ2MDevice

produces

‘;E'

MeasurementType

2.32 M3 ontology[24]

« ssn:FeatureOfInterest % 5k L
12 fEfEE D observations, sensors, units % %3%H L 7=
FEINI-TEE:
— building automation
health

weather

agriculture

environment

emotion

transport
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energy

tourism

location

city

tracking good
e FrbtuY—Hv bV - DL
BELEA> O —:

— IoT # >~ kv ¥ — (OpenloT, SPITFIREI1S)

-t~ Tav oYy bU—=2F > brY— (W3C SSN, ontoSensor)
2=y b4 ¥ bBrY— (QUDT, QUDT_unit, Measurement Unit Ontology (muo))
oy —aryitrhtad— (WGS84)

R4 Ay baY—
% A< — b7k — 2 (Smart Home Weather ontology (shw), etc.)
% K% (Ontology for Meteorological sensors (aws), Smart Home Weather ontology,

etc.)
x Y

2.2.12 M3-lite

HBRE, 1E%
EU FIESTA Yu =2 h D—.

7 %87 (Taxonomy) A4 > b rY—, M3 ORI AN— 3 >,

B

FENER Y TR, o FPEHA, FrEEEIEICN TV S.
FIESTA-IoT @ =— X %iii/e 3 %. FIESTA-IoT L BZBWEME L 7 5 28372\,
oy, Bl XA, 2=v FDER.
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BRETI

2.
g ActuatingDevice =
w

w

o .
= . -

B TagDevice -~

=3

=

=

= |

o

e

, ._c!-d‘“ SensingDevice
,3],\.-:@
P

f %
' Source 2 ) ™~
n\ ) L\ DomainOfinterest ) Jotite: haSQuant\t\erZ;_
—
mS-Iite:h\&ﬁmrce ,_,fx"
/_,T;“ ehaSUt‘-l
‘: . P

'/ QuantityKind ‘\HC_‘_’____ _— -
e — A

— — $sn:op
4 — ~N *ervedpr
! i — Js]
unit ( MeasurementType )«-— = err,,

m3-lite: hasMeaswementType -

M3-lite (Taxonomy)

2.33  M3-lite EF L [22]

. D%
— Resource Type(f5i 2 1ZILEFT).
— Quantity kind. 734 ZDEHIT & 2 YHEBE RO,
— Domain of Interest. 5272 % IoT fHIRDELA (FI ZIX A~ — FHR—24).
— Units. TN ADBER L 72T — X OHAL, YHESEELTWS B 21X
HK).
o fEffE72 W3C SSN #i5k, U T OWNEICH—RDEEL RIS 2

— ssn:Device. 734 R ActuatingDevice, SensingDevice, TagDevice.

— ssn:Sensor. ssn:Sensor (I H D73 FHIE % #iD (ssn © SensingDevice).
— qu:QuantityKind.
— qu:Unit.

- BEETIILOBFA:
fad 1T 4> by — v EETE 5. FBROBKE—HRL TS, A > tay—H
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DHEEBRIENE IR 5.
- SSN
— SWEET _unit
— foot_smart_product
— home
— IoT-lite
- mo
— movie
— muo
— naturopathy
— ontoSensor
— OpenloT
- QU
- qu_rec20
— qudt
— qudt_unit
— SHW(Smart Home Weather)
— spitfire
— txn(taxonconcept)

— ucum

2.2.13 OMA LWM2M (+IPSO)

0, e
OMA: Open Mobile Alliance
LwM2M: Low Weight Machine to Machine
IPSO: Internet Protocol for Smart Object

SRR
FNA 2L AL DI,
FT7 4%V A T bad =D,

EOMA LwM2M D& OMA LwM2M X =0 % HE L T=:

LwM2M Client
LwM2M Bootstrap-Server
LwM?2M Server
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o LwM2M
i LwM2M Server iigotstrap-Server

A A
Interfaces Interface

Client Registration Bootstrap

Device Management &
Service Enablement

Information Reporting

Yy Y

LwM2M Client

=]

Objects

DEVICE

2.34 OMA LwM2M 244 [25]

LwM2M Client

Object 0

‘ Resource 0 |

[ Resource 1 |

‘ Resource 2 |

‘ RESOLI.IFCG 3 I‘H
Object 1 |

Resource 0

Resource 2

‘ Resource 1

Resource 3

2.35 OMA-LWM2M Client[25]
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BOMA LwM2M Client D& —2®d Client XD Object Z+iD, —D Object I1FHEEL
@ Resource #H§D.

£ Object & Resource 12 ID 23J1} 5415, ObjectID & ResourcelD @ EKIHMEET
BE Sz,

fEBD 7+~ b:  Object ID/ Object Instance ID/ Resource ID

Object ID: Object FHEH
Object Instance ID:[A] U Client @ E{A&f72 Object
Resource ID:Object D J& %

#1E1Z Read, Write, Execute =/fH%H.

2.2.14 Echonet lite

B, 1RE
[EIF54E ISO/IEC 14543-4-3 & IEC 62394
ECHONET Lite %734 2 DIF#HE T L.
A7 4T X NVF Y E R —=DIRN.

SCIRRA [26]

KA, FERIEEHPOIC, BAERR, »oFMRBERESLEERL TV,

A== RT7 RLABOWVWTWSEGHKRIE/ — NI s, /7 — F233EED EOJ
EELIeMNTE, —oO0 EOJ IXER D EPC % &5,

e EOQ): 7 \4 R DFEHH
o EPC: 7N A ZFio TV 3 JEME
o« BIEME A VRT3 a (get, set, notify)
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23 &EiE

Smart

appliances
reference

ontology

POWERONT

(a)

. . .ona Base Ont gy.

A /./
‘/

(b)

X 2.36 SAREF ® HJ ¥ SAREF Ff L&

225 HiTHIBARZ X S12, ETSIIC &% SAREF IXEREF LB O~ Y ¥ 7 %175 /-
HOHFMETALEIERLEZDD (K2.36a) T, ikt badDHEARLRZHO%EHL

TW3. ZHUS, $—ER (FFUr—> av) 58 G =

S IRE e TN AT T

NZBIIL 082 OIERE 7L (K 2.36b) Z/E L, Zhond@iln e LToME
DI EETZDLRFC, oneM2M D XS5BT 7y 7+ — A XBIF3EALF Y +Y
YOI RARBL T A PYRA VP LTOMEDSTIBELTWS., X237

2, ZOTZRT.

oneM2M Base Ontology

Platform Specification Ontology

SAREF Ontology

=== a= = Jevice/Protocol Specification Ontology

X237 TEREFALAEDOL ALY



T IT, & MEIETANA ADMEDN S 78, @EIEDONZEM & W ZfEhloE T
NEEERLTED, PlEoBIER IS OB THEOH S ZMRLL-FEETLTH S.
R EMDEIE, P—ERZHEBHL TV 7DD T I M7 4+ —LBFFOETLERLTE
D, HEIETMIZEL EDBELBITHI DD LR LD, MIUuIBVWTd ERPT— 2 E
TILZEDHDERHoTWEEEZLNS.

—75, FIWARE[27] T, K238 D Xk5RL A VHEEEBELTWS.

Data Integration

,
K"OW_IEdge'baS? across many system
Semantic Processing Semantic Representation
- Agent y Semantic Mediation
I loT Entites
[ OMA NGSI ) Contextualized Information
(loT Broker) Context-based Queries
R — - - -- . - PublSub _ _ _ _ .
loT Integration Layer
oneM2M loT Resources: Black Box Container
- y REST-based Access

loT Development System

. Open Interconnect SDK )
[ ALLSEEN ALLIANCE ] [ leafengine ] [ Consortium(OCF) ] OS Integration
loT Hardware

238 IOV M7 A—LAEOLAY

55T, —EROEBRICHENT, EMDOIEH» S BENR T AL ZBERIEZ TV
IO MEL RoTWa., RIFBIRN 237 B 2R TELELULTVWEDD, F—
RETILZDDHD LW X DX, 8D 0 DERIFOHIED APL 2 LTHRZATWS D
DrEZOND. B IMEIMNETIZ2ZNETNDOTASRATLEELDDT Ty N7 +— L4
LT, oneM2M DET NV L 2HMEREX T o FHOE LTHFEL, R ILMED
M AEBR T 57-D12, BEOT7y b 73— bDEREEHTE2 X515
[T HHRO 7 e —h =L " KHOBE LTHELTWS., ZOETIEHELRZ Y
VB Wo 2 LALTIERY, YT F R M REOBERIRbNS.
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f Knowledge-base h
Semantic Processing
L Aifnt )
OMA NGSI
(1oT Broker)
oneM2M
ALLSEEN ALLIANCE Open Interconnect
(OCF) Consortium (OCF)

leafengine

X239 LA V&

X237 X238 2EEXBOOMALEZDOHK 239 TH 3. EMNEIHNRE T34
REOEWVERLHEOME ., TOEIED, BRI YIRITNE 3 2 W o H]
H O 5 DERDZHFHDETREINEIVICKR 27D, THr6_FKHDBIZMNEDT
LDNBZMHIZIIZVEREVDELR LD DNPEE - T 52 bhb.

FATEEAR Yy VY285 e band, »OTDOSITEETIL, TCP/IP D 4 J&
ETADDL, RS EBEEDETANCEEL, HETOENREMOBRED /IS
WTWBD LR, K239 DL57%MbESR, MARERZAEZDDLEEZILNS.

DX 239 DEEICIR> T, KABETHEBEL2HEEZIINZ T, LT X511
MESIT SN2 BDEBbis.

* Data Integration

- (77 R 2 RITS 578, FHEHN)
* IoT Entities

— FIWARE (NGSI-LD)

- W3C WoI-TD
* [oT Integration Layer

— oneM2M Base Ontology

— universAAL ontology

— BIG IoT Information Model

— FIESTA-IoT Semantic Model
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— ETSI-SAREF Ontology
— M3/M3-lite Ontology
— W3C SSN/SOSA Ontology
* IoT Development System / Device Layer
— OCF (oneloTa model)
— ECHONET lite
— OMA LwM2M(+IPSO)

24 FABERDOFCD

ZOFETIE, HARTANL R — L RAEMHAGDLETLDEER 6T +— L A% E
BAfRE L § 27D B KD, T—XETNLVOHELFRICEL, BHEFTORMEAD
FAEEFDE LIBET 21T - 2.

BRI ST 2 7Y I 74 IR, FIREOS WY —EXDEBE Al 72
COEE R IEHRUIEE N 2 - TIT 5 72003 — U XA L ORICIIKE R v v T1D
D, BB THO BT EERDRBICRD e EZLNS.

TR DOEIZBWTIX, SAREF % W3C SSN D k95 %, BRI T — &% b5 —
BRI T3 L AR EL L., —HT, IoT 79y b 74— LTH—ERIEHD
72DDBITEREEEREIH L TV 2012, avTFRAriddeA &2 77> a il
REFNLD IS BEELHRETADDELZEBDEEZHNS.

S, BAKIIR S 27 LRI Z 3100, 25 LERELMML L DET
Vo lZbeAELEIITREZDBDEEDLNS.
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53.1 MERriIthZEH

TDB D15 1% SPARQL Y WO MRKREFEZMEHOLENDH D, =—A{dBETLDY /T
2 N9 % SPARQL[31] XS 2 Z L M ETH 5.

anyof

X 53 @wHERoY Y —REDZEHE

M53D&512, VI —METRHELREAZEIBLEEREHY, —0D/ — K%
Rt L, 87/ — FICHLTHRNZARTFIAN—2%2T 3. EROEHITOVTIZ,
JSON schema @ allof 1 A EHE T2 D THDMNAE % SPARQL IZEEI X, anyof 1% v
YT 2 D THOAE% SPARQL @ UNION 12 A#L, not ix ! ¥ #4532 DTHOAR
% SPARQL @ FILTER iC A1 3. EEIN/T7LTVXLE 1 DX IITRT.
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Algorithm 1§ Tidid X7z 7 m 87 1 —% SPARQL 12 £

Require: releDict @3\, propertyDict 70,37 4 —
Ensure: sparqlQuerySPARQL MR FH|

1: function ReLEDEcoDE(releDict, propertyDict, part)

2: relKeyList < releDict.keys

3: newpropList

4: newdecodedList

5: for all key € relKeyList do

6: rellen < releDict.length

7: counter < 0

8: for all elem € releDict.get(key) do
9: if elem.type == None then

10: decodedList.add(releDecode(elem, propertyDict, part))
11: else

12: if elem.type == String then
13: propList.add(elem)

14: end if

15: end if

16: counter + +

17: if counter == rellen then

18: return combineParts

19: end if
20: end for
21: end for

22: end function
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53.2 HELEHE

IEREFEIZOWTIE, BRBRHEROTFT—Zty PURAMIHEIBEARTIX—REHEZN
TR WL, FREHENADARATX—ZE/HOT—&ZtEy b2 YR N2OHIBRT
5. RIZ, BRIRAXA=ROHmAMEL /MEZFITAL, T—&%ty hDF X=X %ZIERL
L, CPWIGIETCMEMENZ2—27 Y v FE#ZEHET 2. HEELLT7 LIV XLE2D
X 2ITRT.

Algorithm 2 3T ETE O UL
Require: dsList BRERAEHR Y X b, option sHifliHE
Ensure: ds 7— Xt v MR

1: function ApPROXIMATIONCALCULATION(dsList, option)

2 dsListInRange «— rangeFilter(dsList,option)
3: pf’ « gethightest(dsListInRange)
4 pf. «— getlowest(dsListInRange)

5: dsListNormalized «— getnormalized(dsListlnRange,p?,pﬁ)
6: distList <« newlist

7: if dstaset € dsListNormalized then

8: dist «— \/Z?:l [W,- (ideal; — p,-)z]

9: distList.add(dist)

10: end if

11: dsListSorted < sortBtDist(dsListInRange, distList)
12: return dsListSorted[0]

13: end function

74



E6HE

a1 & &R

RETIX, BB AT LI OWTCHEMZREEZ L, i Z0fERE2RT.

6.1 BH{ERES

6.1.1 RIBNTE
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