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Abstract

With the development of indoor and outdoor positioning technology, the integration and applica-
tion of indoor and outdoor location information has become one of the hot spots in GIS research.
In view of integrated wayfinding of the indoor and outdoor space, this paper takes the indoor and
outdoor road network as the research object. On the basis of the analyses of the functions and
types of indoor units and their spatial relationships, a novel indoor and outdoor network hierar-
chical model (IONHM) based on spatial cognitive level has been put forward. Indoor and outdoor
road network is summarized into four basic levels: street level, building level, floor level and the
block level. On the basis of the characteristic of analysis of different levels, the paper realizes the
topological road network of different levels based on database technology. Taking the road net-
work of an indoor and outdoor as an example, four levels of road network structure were con-
structed, and the feasibility and validity of the proposed model were verified by the calculation of
the wayfinding. The experimental result indicated that IONHM model fits the way of the cognition
of science for people. IONHM can describe the characteristics of the network of different levels,
enable the integrated wayfinding of indoor and outdoor space, and meet the demand of the preci-
sion and efficiency of pathfinding. Results from this study provide important basis for indoor and
outdoor navigation.

Keywords

Spatial Cognition, Topological Relationship, Integrated Wayfinding, Location Based Service, Route
Network Model

HEZER—F T RAERMEEE RN E
RELEYPr

SCEEF| AT T 1) A A AR AR B 19 4 2 (SR JE TR D] R REEHOR, 2018, 6(2): 141-150.
DOI: 10.12677/gst.2018.62016


http://www.hanspub.org/journal/gst
https://doi.org/10.12677/gst.2018.62016
https://doi.org/10.12677/gst.2018.62016
http://www.hanspub.org

FATN

TR LRSI 22 e, VLR AR

Email: xzwind@cumt.edu.cn

WekE HiA: 20184F4H 12H; A HEM: 20184F4H21H; kA H: 20184F4H28H

R

WK E NS EMEARKIRE, EANSMIEREENRESA—MH, BANGISHIAKNIHSR. ASCHHEA
H-IENZX—IELRE, UENSIEEBEREATANR, FEOTENTEXEIIRE, PIENETR
Rgat b, ETERBAAE, WETEASNERMNERMYEER, KENSBEMELAEE. 25
Y. BEAXRIIANZIREER, oW T EEREPIRR R, CAUREETHRE A& R IR PR S Rk
ARiE, DFBAENINEREASIXSR, WRET IAEREBEMNEH, HadIFAEEIE T i h
BRRAT A . SRR, &0 BEEEFE AT E NN ZEIER RN, RERREFHZ]
HEE R IRHE, B R NS — AL SR E AR RNER, NENSI NN AR T2,

Xeia
ZEBA, WIPKRR, —BUIR, ERS, BMEE

Copyright © 2018 by author and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 818

BE& 2R T A i PRI R FE 5 P 2 ) R A R R IE S I, N R AE R B NGB H e 2. Je T
RESGE N 2Rk 5 3 MR E E A GIS RS 5 LRI AF M H AR SRR, NSNS AL O
NE NGBS R Al A B B ZRL] [2] [3] [4] [5]. iE¥ SN =S GIS B AU H R BN
(A, = N A R 22 B 2 S b GIS [WAHSCHIF FL R R [6] . 4 Kwan FI| F 5 40 45 B2 78 30
YN TRk FE T2 N R FIREEN R EEER7]; Lee SEHEE NGB ELRIER L, R
FH B A b A A R R R =5 A 9 % A R o0 JH FH T — 4 2 [ o 5 S B 42 40 # [8] [9]; Chen Z57E 73 HT 25 9 3D 4
HERIFERL 1, #)E T GNM (Geometric Network Model)#£%4[10]; Mandloi Z N3 H T — /N84 = NI ET K
AN 4 ) = 4 A (R AR AR T AR S T[] k4 Hong S Zlatanova S [12] [13]PA K& ZE [ 14145
LA T SRR 5T o A5 3090 538 DRI OA 0 4 4 B2 tH R, R 23 TB) AV B A 8 1 = P9 3 ()AL [5] [15]
[16] [17]. {HIX SRR 2 J5) BT B0 J7 I RERT, 4 Afrohs BEAE L A SEBR T 3K, A L8 ik = 1) S 24 2
BT Nk, TS RA R, SR8 RERTHESS 5 PN AR X S5 MU A, W REEHERI RIS =
PIAMNES IR AR T R RS, SEIL— R TR ON T 2 AR AR T 020 AT L FH 1) B

2. ETRARENERII—EUEBMERRITE
2.1. ZRSMEMAIMEE
‘2P 2 [ R 19 el A A R A At ) B il AR, SRR [18THR AR = P9 e 2 RV Y JE AT AR K & A
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2[4l 7 D REPE BT R R AT TT, ARSI MR 00 T, IR T 47 i — BB, g = ) 2 Al
e i I BLT 2R ANAS 70 2 4L B B T R 4 A T

211 RTHR

RICER RIS EIE P2 BRSSO BN DT DL R BB DA B A0 A . AR A 1]
TG 73 BL R B2 ) R OB B o R Dh R PR SRR A N D RETETY R, FHEPTAR MR IR, DRETETT &
A s OEF R ICTT il AGRBAEHY), AN IMERE W ZE IR F TR 5. @2 o Rl
EFEEETT IRy, AR, BEZ ML, WETHSMACHEER R . @K BT
Fho A= AKTHE R A% IR D BE I AN [F Tl 3 R X3, BN X2 () A SIE B A . @B [T /e 5
[A]1 RO i, R R0, R RURER 7 TSN R 25, IR e AR T .

212 MERTTE
P (IR A Mk T AT TR NI, AR AR I BLA I 28 A7 [0 AT 73 9 /KT BBk R 9B A 3 ELR AR 9B
B0, IKFIBG R BT AN IR BB R IRBL SR B R R AN AR T 5 PO IBIE I 4 . FESEBRR A R, AT AR BOE K R I
2ty FEBERRKR R, (FE RIS, WSS R R EIE R 2 .

22. ERS—ALERMEERIRE

N T EIERNINFH R TARE . A A %= NNV R EK, T = A2 AR
FEE[20], AN FH RIS 7 1) A B K =5 P A i X 45 R W i Dl 7 108 2% (Street Level)— 2R U4 2% (Building Lev-
el)— % Z 2 (Floor Level)—IXHtZk(Block Level) UM NHIBT B MIZ%, WA RL T 22 IR 2 REERIER)
= P AME B 25 B0 2 L (IONHM, - Indoor and Outdoor Network Hierarchical Model based on Cogni-
tion). AN NENBY B (S 1) 1 B PR 0

1) I8 2B P ERAE (Street Level Network: Street-Building). J& T35 P ZME WA 4544 A, TR0 X 35
FHMEEPITEIRRRAE, RIK T HTE LR AR BT . AR GON T, SANEIY AT E i 2K 9 2% )
—M ORI

2) %M (Building Level Network; Building-Floor). BN SIMIVE S9Nt 5, B2 2 1A Bk
FOBIE R, TR R Z MR RN EIZERT, ERYEHAREEER, %5
I B AR (ARG . B S)ARIE . B XE IR BRI, AT DL BE S AR R AT

3) 22 M (Floor Level Network; Floor-Block J2). JBENXT G NEABEE, 92br N H v a] DLREHE
JE DX S 52 A A 5% B 9 25 ) DA R SRR GUOBEAT WAk . ORIBE A SR G I T ASE AR X, 43 [X 2 [ 44) B e
TH, BRI EME ARS8 56

4) X Hg# W (Block Level Network-Block-Cell). AIZ K IIR, TEIZ)Z KA, BNE N2 B0 4)
e AN F] IR R BTG, I IR BRIT SR E IR, ARl = 2 (6] (Y T LI (R R R R ) 5 S A A B
FHEC R, BRI EITE S LSRR I D& 58 4@, AT TR R 10 25 A 4 DX PR R 4 A 08

2.3. ZERSMAIPRBRIEMFE

ER PSS N EE (S PRI e b € Pl e e o o PAV) D S R P B S o PR B = ]
AR RRR 1 ANE BRI ZR I RIR . AREMB S RN R R A, OB TR MER KR, T
45 A 16 X (1] 1) AT A4

2.3.1. Street—Building B M4
B IRAE A O FE R & @B R N S S, W] LA SRS TR == 3 0 3
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Figure 1. Study Area
1. X

P HN DT SRR ER. RINCRFEERE: 1) BHYW AR BRYFEIL RN EINE K —A
F, ik 1. Hrh Geometry FRiXZEFYIAIHOALKR, RN RINE, 715 (Parent-Node-1D) 5 & N
NULL; 2) EHWHENOY SR, FHEEFDHHENOYSEE, ERAYT, FRxs s i 47 N
e, ek 2,

2.3.2. Building-Floor BSR4

ZIE RN R IE AR Z  AIEC R, R RR B AR 2R BT BRI {E B AR RHE: 1) B2
FEE. Wk 3, AW ARREZRAYWSEZNEE, Parent-Node-1D 77412 Building 1D; 2) HEFE K
B- R R K. RIBM2 B Z IS SR E A (A R)E S, Wik 4. Node-1D-Set #2451
ZIRB T ARG, Type RILINEBLAIZRAY, O-HUBHINEL: 1-BEBAOEL: Active FikiZE BB 1) 4 AR
B, True Rz IEHIE1T, False RN iZiNB NG, AnfLLE T 3) WA GER. 76 7 Bk
TAIIVEANE R . Type RIATSEEMEA, 0- N, -k, 2-886:5. Floor Number FKiA 1)
LT R TERIEZE: Active RoRiZ T ARG ZPIRES, REEILBITEEFRE. Wk 5.

2.3.3. Floor-Block B E ML

T2 UK 248 R TA K J2 A AR TR 30 43 (DX BR) 2 8] R R o KSR 2 mT DUAR A% 2 1 B R FE R 4 2 AN X
e, 0 R Z LR fa] B, Al DUREEIT X B K143 . Floor-Block i /K %2 N % block 22 7] ()33
ARG IX HUE BN 6, X RINEBHYE B & 7. Horh Direction 27~ £ 7 17 /& B4 [ 38 2% XUt

2.3.4. Block-Room Cell BREH B M4

AEAk A DXHRPIT AL 25 10 5 ) DA K DX B 9 IS ROt o 1) IXBR-9BE R . 35— Block JT A0 15 5K
B, — Block A LAELIE—DNEREAE I, W13k 8 Fivn. 2) JRE—T11 mifs Bk . RL B lmpLe s
TR T i EE AR E R NBGRR A6 1 A8 RUBASIRBCC R IS s 5%, Ik 9. 3) B IA] SRR X B dk .
AN 2 A o [B] 43 TE 21 55 18] T £E block, 1 10,

3. X

AT U IONHM JZ AR Z8 ORI BR300 Py i 1% X 485 DA SR80 11 AT UK A% (CESI) A s gk
T KLy 5 2, BEHL0 N AL B il C 3L 3 AKX, 3845 1 G HERAT 4 3RS, 14 1(a) K
T FIT b [X 4 =5 AT I T 25 B L, P (D) R KA I B A M 55 o
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Table 1. Nodes of Building

=L BT RR
Building ID Name Geometry Parent-Node-1D
A CESI NULL
B OFFICE NULL

Table 2. Entrance and exit nodes of Building

=2, BB AOTSE

Entrance ID Building ID Geometry Reserve
1 CESI NULL
2 CESlI NULL

Table 3. Floor information

F3 EEER

Floor 1D Name Geometry Parent-Node-ID
F1 F—)2 CESI
F4 = CEsI

Table 4. Vertical arc-node

F4 BEHIER-TRE

VCC ID Type Active Node-ID-Set
V1 0 True 1,2,345
V2 1 True

FET IONHM 2= 22 BRI 205 B8 B 50, R 12 A OB 9 LA Sz CESI ISR ¥ % A B D R A7 A 1 20 2
AfRIAE, M N ETE R — R R P—HE R P — X BRGDU AT BUI R o (4] 2(a) A TE S PR RFAE
FEAZZ T, BN EFIPA GO xR, JERBCE AR L, nl&] 2(a) 4 (¥ CESI 5 M R viE
B2 P — AN S R 1] 2(b) T RIE R O S ZUR N . b i) CESI K. 5 MR, HEZE Z A1
A5 5 TR ELT A AYIETE . B RO TE R SRR B S (RIS R N ), INBURIE 1R R 2 T8 IR A
LJE %l 2(c) 9 CESI KBEPURSHE R I IX B A, DURRHEERRI 72 u(a)s (D)A(C) =X, K 2(d)i&

?l, Horpr “A” RIEHRMER ZAIRERRA R, “x7 FORIR X P 8] (45 R
Pl 3 O CESI KM NUBER X B 2% Py 8 k9 45, <] 3(a) Ay DU B 55 A B TC A 20 A1 17 L » 3() A L FRT 19X 2% [
AR BT, fJE 13 5] IONHM 23 JZ B8R0, 09 5% 2 ) B AR Kl an e 11 o

FE

NS AE LA E TR R (20 JR R G F P, X BLORE i — B 51 N 3 A s ) (45 AR B AL AN 1
JRBRAREIESE), AT LE, Friais i@ IE M 25 a0 B 4 Fros o i 0 Bl o1 s 80y 1865, BLEL 632,

DOI: 10.12677/gst.2018.62016 145 MezBlZEHA


https://doi.org/10.12677/gst.2018.62016

Block A

(©)

C San
’\., ’ A Block B
}

Block A

X: Block node
/\: Floor node

(@

Figure 2. Street, building and floor level road network
E 2. #hE%K. BERMERKIKM

(b)

Figure 3. Block level road network
[ 3. XREKERX

KA RIS [E 12 A 2 AR, DUNIE S RI2D 38, R Dijkstra B THE P S5 1] B408 J51R1E 1
Rt T ) B R R T 95 PRI ), DR SR FH R A [ P s DX A 28 - 5 s R B AR P AR I TR) A2 12 P o
5 NPT I BA08 F| 1 4% H 1) E FOBS RSB (1 B 4% LA R T 5 I B R I R) (7 . FELBR BR AR AN B0
BEEERFIN TA]) . Dijkstra SV [A] 2% BE 2 O(n?), RAALGI s —IRBASE AL, T Rra 7 i E & 22
5iz5i, B408 #| 1 #E2 &N K s H A 18] 29 300 ms. BRI IONHM 43 Z R, 38 o 25 [a] B v idk
ITHZ A5, B Z R R ER D S 5850 54, @ TiFE Mg, WK KR TisH
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Table 5. Node information
5 PREEE

Node ID Type Active Geometry Floor Number
1 0 True x1,y1,z1 1
2 1 True X2,y2,22 2

Table 6. Block Floor Information

6. HERXREER

Block ID Name Geometry Floor Number
A Block A NULL F4
B Block B NULL F4

Table 7. Arc-Node of block
7. XBIEE-Tmsk

Block Arc From Node End Node Direction Floor Number
A A B 1 4
B C A 1 4
C B C 1 4

Table 8. Block-Arc
#<8. XHR-3NES

Block Arc Arc ID Floor Number
A A 4
B c 4
C B 4

MIRCR, HUETH5E BAO8 ZI4 AN HY I ISR A AR s S [ AR /D, 2079 10 ms fedy o BARA S CESI
KRR, WRAZ, AShr EREEAMSREER S, 820 REH, RS 58HNA
BB AR 2, TR, IONHM BERAN T 87 2R, 10 H6 T3 A AR — 44k 42 B B A I 1] T 41,
RE AR 1 B IPERE -

4. BB

ASCEN S E NG FAR IR DS, TS (R BRI R, R 1 P T B 0 294 SR R )
JERSY, JFCAIE AT BORME E N e s 5, SEIL T IONHM BRIRCRY, - 12 8 WS RY FrOAE 7R ey 2 DL
LB ARTH SR 1200 R RT3 A ANIE I R 26 B 22 B 2 AR, RES AR 221 i % ] 472 2K
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Table 9. Arc-Node Information

9. ERIIER-TRXAR

HCC ID Active Direction Node_ID_Set
HCC1 True 1 101,102, ...,104
HCC2 True 1 C
HCC3 False 1 B

Table 10. Room-Arc relationship
F210. FElE)-KERINE &

Cell ID Block ID Active Name
101 A True B408
102 B True A401
201 C True C201

Table 11. Levels of Network of building
F11. Fbuilding4y /2 B M #HE

P E IR RETE B Bi
Street-building 5 5 I AMETIE B A% B tH N T
Building-floor 26 20 HRAIREE . BRI B
Floor-block 24 10 M ER X (AL B, C)
Block-room 122 36 HIUE A XS E R IRBGR IS A5

Table 12. Distance, Time and Calculate times of pathfinding
F12. BRRRIEE. FHEFNHERE

F- 1%} 5] (wayfinding time, ms)

Exit Distance (meter) Time (minute)
Node-arc CLNM model
Stair 1 102.2 1.42.03 312 15
Stair 2 152.6 2.21.52 310 16
Stair 3 130.0 1.52.20 322 12
Stair 4 148.4 2.10.11 332 15
Elevator 60.3 1.02.03 298 10

RHIE, REA A8 AT RIS TA] . 32— D MR B, BIAEAE Y R BB N AT 4R T, SAemt
FHARFESRD . UL RN SR S A S8 — AR U, X T3 PSR & R AT B0 = g
[ )82 S A AR S 1), AT PASS Y B RO 5 3 R, D9 %0 1 TAE LR sk i 3 i ok 5 S0 H

TENE WAMLEAS B R G B R FE e, 1A = A A — AL A2 S A R 2 A fr it — DAt
Jo AL IONHM BRI, fngh i, JEIE DU JZ 25 RSBl H R R REiia T TeE T L0, Mok
T BRI, (iR = IR P2 (] R i, DA RS P TR X Th g, 50t = 9 S 1) 45 XA 7
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Figure 4. Road Network of Node-Arc

B 4. 5ol ER &

Figure 5. Floor Level Network

Bl 5. #EEHEEM

ek oy kg, itk B EIE, HEES R R R g R 1 (2], BURHE BTRON 07k PR
IONHM 73 JZ M 2% (IR I S, & R — 2B ARSI TR T 17 o

EHEWH

“H =7 EXE SR TTRIEN RSB EMSEN GIS HK) (2016 YFB0502104-3)
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