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Figure 1 Localization and nodes location-aware in IoT
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Figure 2 [Illustration of localization and location-awareness
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Table 1 Comparison of physical technologies in location-aware application

GpslEl Cellular WiFi UwB! cssitt Zig-Beel'®)  Bluetooth RFID!2]

Coverage * % *k * % * ok *ok *ok ok * *
Reliability *k * kK * ok * * kK * k% *x ** *k
Coexistence * *ok *k * % kK * % x _k *ok *ok
Mobility * kK * kK ** *k *k *x *k *
Flexibility * * K * * * % K * * * * * * % * ** **

Cost * *k * ok * *k *k * ok * *k * % Kk

Response * * % x *x * % * * k * * % X *ok * ok *
Accuracy <50 m 20 m 10 m <0.3m <lm 1~3 m >3 m —
RA P * % x * *k * % x * % x _k * —

EC © * * ** ** ** * kK * * k * * *

Application VANET 3G mobile Smart Industrial Robot Ecology Smart Staff

service City automation  tracking control appliances management

a) x: evaluates each metric of the physical technologies; b) RA: relative accuracy; ¢) EC: energy consumption

o8 RE RSN A5 7 VAR 78 40508 251 i, RRIRA L e A PR fe, BT N H R4 4 Landmare 12, GPS
P A A =, W N g, FRE AL RGO B TE T e N, GPS 1 UGE A 7554
Loyl JB REL) 1~3 s ERERAE (EC) Jr i, Kys e HAR M GPS Bmr, R E U ZigBee
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ARG A ) S R 25 BT 07 (R AR I i A T ik A7 )R RO M IR 85 5 (3R 1 o),
AR 8 AL LA DG 2R 3RAT 8 r i, BETTAR AL (ARFR) (5 R DR E A 7k EEm i =M 59
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m. H g s S N Al v nl 23k BE T 2IA W [A] /22 /1 (time/time difference/time sum of arrival,
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WRE T B 51 S
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Figure 3 Range based methods of location-awareness

Matched filter
; “ Time delay
(1) DP estimation
template | detection
- \\1 \\
m Im——— Threshlod baq _q(_)_r_p‘g‘r_a_r_r_ljc‘t‘f‘:‘r estimation

Energy detector

Time delay

N | DP estimation
“—»f Square law |—O|lntegrat01| - detection

)

4 MEERENL: FIEMGITAE

Figure 4 Range based localization: time-delay estimation
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lower bound, ZZLB).
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EZETIIEN A SES I ib) 2T S R ST B

P (d) = Py — 10n,logy, (d/do) , (5)

X, ny, WEEBIREL, P (d) RonBE B RIFEA d BN IPPER %, Py 2 EE 8 R S 8IE N do 4
PSS 5 1P D 2.
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Figure 5 Range based localization via direction estimation
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L2 R, RSS SEILSA AR, B, M aTE = 58— 1 CE AR T AR, it LU AL e REX AL 4R
INBER A URR. PRI SCHR [29,30] T6A A X L6 7 VA48 SV B 22 6 R 48, Ik A2 06 W4 R FH B s 3 7
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BEET X ARDOT [ 7 (0 W N 7 55, ) X BRI KR RSS YT il WU 58 ond N B3 () s A A0 1
. ORI 4 SE AL AR Y Fingerprint VERCSVE B899 m & LA RSS R0 ULACRAIE R, T2 AR A
BEAAREAEBEAT VN5, 57 RSS B[, JFREWs KB A ST, XAl E A7 U Bl T Wikt i
RFID “5H A [10~42],

SCHR [43] 45 YT Bl o0 e AR, 2 18 8 A ST AT RE R AN A7 A R A BRI, AN RE S i Bt e
RSS Hufls, ISV ARA SRR 25 RSS A e il 5 A2 MR RE A 5. SCHR [44] 10T IR 7€ (2.1
H, B E NI SRR S, 22T RSS KIS WSN M RFID SEA7, SN SR W% )5 S Re
SR N EALIERE, HAEIE T3 R 2R ML R AL

A, WU P RSN T i B 7 ¥ R S P S LA SRA S B B R B 2 A SR TR I
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T (¥ 23]

4 ETIAEMREE AR E R
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FE0 5 5 A7 4 A A R R T 5. 5 range base ANIA], JEDNE E A AN AT ER B (B 67) I,
117 A Al 4 T PR R e 0 i A 25 R JRTA e PO T e D, 0 T 7 R 0 S

4.1 ZHEPIENEEEM A

DV-Hop (distance vector-hop) J& 37 (I EE 2 47 /7 v 491, HLEEA IR BN 6 B, Bl (20,
30, 50) FK/RETT S A, B R C W2 IR Hop FH 25, 6F N P4 AR SZFR IR 25 (Pa, P, Po) A (8.75,
8.33, 10), Wl Py= (20+50)/(3+5) =8.75. IEFEARKNTT mi X FUEG 1T RSB/ AL, 1B X P
BEEE S, B Pp. R ZEE SR PR S A, B 1 C HIFEE 508 (16.66, 8.33, 24.99), fix o M
BT S BRI B AR X AT

SEAE B FR AR A0 B 5 A g V2 AR BT RUART DG R I i O~ 2 Y e i (R
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Figure 6 Range free localization: DV-Hop
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4.2.2 EEM

HEFENE (connectivity) A& EEARMER 10 53— A1 BE. T 17 2 (K50 07, AT PR B
P A Y TRl A PR A LT SO e . DAIRT 6 S, ANTG S SR EO B 2, 815 60 A, B M C 1Y
FOL BRI X L.

HERRANERF I M 2% 22 T s DR AN L BRI R LTI BOREBGE 3 B0
A, TERIER A (holes), 1 H1E RN 75 S8 25, TR 1S INRBONIAH N BE B, I 5200 5 58] A7 11 )L
TR A,

RIS , S Bm IR I S DR AR ) BR 0, PRI A0 B S 4 e P8 5k A e
EEXRTARRI BT 2%, F T P8 R, 005 B S o 2 3 S s P ) DAL 3R BEAT T 2. R 2 TR gl 1k
SRR T PR R MR T I — AR R

4.3 MEESIEMEEE LA EXT EE
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Table 2 Studies of node distance measurement and connectivity in range free localization

References The proposed methods and ideas
Wu, et al, A relative loose distance measurement, Regulated Neighborhood Distance, RND)
20100511 was proposed to replace the Euclidean distance. The designed method was to cope

with the Ambiguity issue and the idea was based on the principle of dividing the

anisotropic network into a set of isotropic networks.

Node Xiao, et al, Various causes were studied, which can lead to anisotropic network, such as the
distance 20100521 blocking of obstacle, the sparsity of node distribution. The entire localization
measurement network was separated to a set of isotropic networks and anisotropic networks.

The localization robust was investigated.

He, et al, By considering the received signal strength and connectivity, a Regulated Signa-

20110531 ture Distance (RSD) was proposed and its feasibility in large-scale network was
proved.

Li, et al, Through the study of geometrical characteristic of ‘holes’ and to find the least

2010054 path of nodes, a Path compensation protocol based range-free localization method

was proposed, which is suitable for the anisotropic networks with fixed number

of anchor nodes.

Connectivity MacLean, By assuming the round coverage of the node communication range, the local
et al, area connectivity was investigated and the localization performance bound was
2008(59] studied.
Chan, The log-normal shadowing was taken into consideration in wireless environment,
et al, an analytical expression of the localization performance bound of range-free
2011[56] method was presented, which can be used as a benchmark of the performance

in specific node connectivity.

% 3 MEEFNIEN B RELL

Table 3 Range based and range free localization

Range based localization Range free localization
Accuracy High, need localization measurement Low, no need for localization measurement
Error source Multipath, NLOS, timing drift Node distribution, connectivity
Complexity High, need additional positioning devices Low
Application High requirement of node Node with mass deploy scenario

R EERIR, F800 T3 AN B IR AT AR (0 R K01 S ARARAE, TSR0 BT A KB B XA A4S
PR AN R N P 3 5%, G A7 3855 e A SR AR R Y AR PR N P, AR S A7 B L A
LR ARG, T T P2 R 7)) X IS e M A

2) RIREHNH].

DB SE AT VARG BB, ToiR T s a2 5 LAl S D RE (W1 GPS BN 47), BT A K
SE AR Ve, TR S8 AN T i (K B R 2R AN TR, RV e A i R e (07 5 R 4
JS, AEE AL AN R AR B , Jovk e, ARDN R 7 0k R RUELIE, X2 A LT B M B 2K,
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RO A5, MR T ZEATA T w0l VR DG U0 A, IMh 3 PG+ 4% B AL SURPE 0 IBC 9 5
AR, H R EORAENS KA <P 1Y Al

4.4 MEESIEMIERZNGES

TUBRANAE DN A7 ] A S A AR VA SGBE2 TY st I B EIOE S AN BE B e, X i AE AR
[Fil J5 P 5% A LA, A5 S A RE B 5 T B2 50 2R R R R 4 R e e I RE PR 0 i %2
AR 7] .

VE R B ERE AL T, 35 T RURAS TS 18 AN RN fL B Y AL, RSS AR I 2 A5 7%
AR AR, S — oA X g B AT I 4T  Te) B (053, DR RSS 32 FH SR e AL, BERESR ALK
o 2 T PR AR A, SO S T RS AR R, AR ERAR A rh Oy g 19358501 SRl B 5 B 1Y
FC G A AR FLAR 1K, o2 4w K M A7 B R T S 1 2 i 2

SRR BSCHR [54] A [56] 3075 RE T AN 0 A R I A B S SV N T AR R B I, Ak
LT H RSS MW B M SOE AL L S o0 TG B S 2 IR R 49 1L, INHE A o7, et
TOA, thr] J 50T milal Sebr b 8, #1455 ZBECOERL. SCHR [60] FE7R T 97 U7 B RIAEIRET:
DEYSMTIN r K N P, SRR MAC Y R PR B, B ol AT SRR A 5 Y R A LA B ORR, e
TR AR GEER ] 1 DB AR I 2 A N A

4.5 WMEXENM

DR /AEDUER ) 58 A7 HARA T E#E PRI, JEAS I 57T SOREAE 58 i), AR BIb AR S o R k.
PMERE AL (cooperative localization) J& &t g A7 14 BE A T 5E M 1) 55 FH v

WISCHR [61] AR K], JoZk 2% e A — Mo B E UK, 400K P00 37 B JR R A i 05 R URH B PR R A
XN BACH, Hef e T M2M I iz N 62 i A O AR R e
A1, ARAE B AE B Re4h A7 B AN A 805 . W07 S IR ] AH HE A, FFANEE SR e (VR 5 AL, BB
S LI, X AR S 3G I 2% I AEFN[R) A0 740, SCHR (63] 25 H — Tl b i) S92k [ ) 5 ol X 4 74 i [
AN R TN 7/ B A S S e RN | B < 1 ) X ER= Wt VA (/S B =i

5 HIEXMENLEE WA A] EALME
5.1 MEELIRE

PRI T2 A7 T R 2 A 164 Ik o S5 A A AR S S 1, T DO < P B 4L
A, WATBUE <o ek 1% IR e R R AN R 2 IR RN 2 2, R SRk e
JSE LA B SRR

PR WA SE L 7 A2 TR MR AR I 28 R R R i 5 58 AT R IR R, 01 W 24 5 07 I PR i DB, 77 L
Fe—0E MR E AL SE I < BE A 0 28 S5 R 0 S x5 B AR AN DR 3R 48 G rp ) S B ) AU RT A1 45 04 T
(AT TN 0 S A7 I PR A IR SRR [66] B2 H B 2 W 4 Hp 1 2 — I R — PR A (K B E R s X
s T 760 25 T Y o RS2 AR P 9 8 A 0 171 78 B A7 . IR R 2 MR T RS B ALY, S IR S Al o
SR AV T 2 TR i A I 5T s A7 I ] ) 85, ) 3 e TR R 75 50 2R M M oK 5 B

1275



TR BRI A A BRI 5

(a) (b)
7 MBI ESRT

Figure 7 Rigid network with discontinuous deformation. (a) Flex ambiguity; (b) flip ambiguity

El 8 AREMTIRD AW EN

Figure 8 Network localization in different node distribution

SENL. A RE AL L TSN 2% AL 22 T A 38, Wk P aifly . SR . JOERALIR IS TR
2% [F) D 2245, DRIE e S5 BB R 9 26% 5 (82 1) B BE R AN 1R fig 167

5.2 A EMMERR

TR IR 2 o 5% 8 e g e TS A = 2 B . SCHR [68] M) P T8 R P BHLAE 0T I 5% 4 7] 5 s
Pk (localizability) ¥E4T T Z0B0EE T, — e, RUB 584 MITE R 99 2% T 58 A7 1 78 2 45 1F, AERITE IR
T REACE IR AR LE B AR BR S8 e MITE. W&l 7 Bios, B 7 (a) o BERORI, REN A X ATIER AT
RELL B FrEAum N e e IE SR R 2, Wl 7(b) P, SEEERE (B, 0), KIB{A, B, D, E}i#t
IHESA A, KB MLEMSY (B, C) KEAZ, #45 (B,C) MARE TR, BE ™ i
25 P T CRUE P9 25 PR AW (99, B oR 60740 s T B 3F = AN IERZ (3-conmectivity). MEIR Ik, i
EE R RE Al E 08 ARG THERA 2 1 B U7 (A5 B BANEAE IR P2 (error free) A HTHE.

SCHR [70] W T i al e A2 AR RS, RIS TR R AL A A [ AR AR SR, AT
Z DY RO REBOE AL ? S T AAAE A BEBOE LY 2 Tl I B M AN S, AE R AT Hh A
PR P IR W S A7 755 1 (RIS A il i, 465 SR RT3 340 DA S 67 L FH B 0 4 e 7 2 1) A

T T B 5 o R 57 N FH IR B B AN S e, T R A B e AL PR R, Wl 8 P, mILL
TILAERTT 53 A, B A C LA B PR 3 A I AR die 28 AR ZE NN A B SCRR [71) AT 18 MR 2 e
TUT TAAAEIR N P S AL VERE Y. 2, AR EE TR E A7+ 32 M BE RE A7 7 3%, R R i 15
ZE [T TT, R AE IR A S A RE I AUE AL IE BERTE T HH o 4 2 A

PGSR, DA N B A NI BEE LS A AR H R o B e R MR RE TR 3k 0 AR
CENLIE—VE), MASTR] S BERIE REAS [ M R 3R AR w] g A, 2R 4 XX 7 I A SRt ot 7 ik —2b
).
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Table 4 Studies of localization performance and localizability

References Objectives, methods and ideas

Sugihara, Considering the localization with error, the weakness of Rigidity Theory was pre-
Uniqueness and et al, sented. The localization performance bound was studied by using the semidefinite
performance of 2011(71] programming approach. An iterative algorithm was designed to resolve the SDP
localization problem under large-scale network.

Zhu, et al, The Universal Rigidity (UR), which is stricter than the global rigidity, was inves-

2010(69] tigated. The proposed localization method based on trilateration graph, which

satisfies the Universal Rigidity, was able to remove the ambiguity and improve

the network localizability.

Liu, et al, The localizability in 2-D space. The generic global rigidity of point for-

20100421 mations in the network is the necessary and sufficient condition of network

Wan, et al, localizability[42:68] Under the case of the non-rigidity discontinuous deforma-
Condition of 2011(68] tion, the equivalent conditions for global rigidity should contain 3-connectedness,
localizability redundant rigidity and at least 3 anchor nodes(68].

Steven, The generic framework of global rigidity was systematically studied. The condi-

et al, tion of rigidity was investigated in 3-D space, while the network localizability in

2010(73] high-dimensional space is still an open issue.

Liu, et al, The evaluation and verification of localizability. In order to identify the localizable

2010[72] nodes in the network, a WHEEL method that satisfies the global rigidity and the

optimal distributed localization algorithm were proposed. The effectiveness of

Localizability the proposed methods was proved by prototype testing system.

Yang, et al, Node localizability problem in sparse and moderate connected wireless networks.

20121701 The definition of node localizability was derived. Two required conditions, RR-3P

or RR3P, were investigated.

6 MM IFRAERMINESMS

YIRS 5 A 570 22 SRR A AL, R T 3RA YRR BLAR E DLAAEBEFER B v J2 N,
2o YR BRI R R RE 78 20 P IBR 0 AR 418 56 B (87 S AT DG R .

6.1 ZIRTEMAIGIE R

4 AR B AT TR 2 T 0 e SE AL I, 3R JH )T 0 4 19 4 5 AR FH T 38 0 S A R XU AL 3.
YIRS )2, IR T RE AR Z AL, SRATE A5 R e e T 5k 254, B PRk
TR GO AR I PR e (72731 (7 B AR O T T4 s AL RS L. Ik o b 1y AN
PR, boan) 2 AR R e TALNC A 7 2 RN B e, K2 H IR T A I BEAE BRI ol A%
S N e VI ey L RS N WK (£ 111wt ek Vi s NI B2 S E AL L VA RN TRl N Sy e &
PA5E Iz Bl R R, S () N WA 4% (dead reckoning, DR).

FT, ToZkE A 5 2 A1 AR 455 ) U 220 U500 7 S ALV g PR A B 19 A7 " e e S mes . (A4 2
s, HIPRAE R (GIS) RUAHBITEAR 2 st rp 2 e AN nl /b iy 74 ORI R B SR &, A e = M &
5 A EE GPS 8552 L T B Joik TAE.
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Table 5 Location-aware via wireless localization and multi-sensor

Method Technology Measurement
Wireless localization GPS/3G/WLAN Range measurement
Accelerometer Acceleration
Gyroscope Angular velocity
Non-wireless methods: . .
Barometer Altitude/height
lti-sensors N 1 li :
multi-sensors based localization Magnetometer Heading direction
Camera Environment aware
Cellular A VANET
Bl o
H _ 3l WL X Dead
g e s i reckoning
GPS/BEIDOU  |Position & e
, orientation Relative =
position i
Velocity&
—> . .
orientation

Estimated

Feedback position

GIS

map match
Filters Context (map < )
(EKF/PF) fusion : : //_/
s 1

A

4<Calculated position >—>$

9 FEWMEMMRERAGIMEMEESME

Figure 9 Data fusion in vehicle tracking and localization

6.2 ZREEME

BT 2 U5 A PR B RN PR S 1) S A . P 9 IR o0 I b ) 2 A R i R R4 e A T
B, Y] T ALCEAS BRES HE. B R, M GPS B 14 E A 3RAFER B A5 5L, 4R 3
I VANET AT JR00EE 2 07, FEA7 30 rh o] R & i B KA . BT . BRIRACAE, S8
FUUREAREIN, T DD b PR A B, A G G R S B R AR, AR I 0 IR 5 1 2 b
Mg B, BA R R, RIS T 280 5008 A S SRR

bk e LB Y AN E AL VAR U SN L g VNI A T o I = B vp et TR e U Ay R VA (= = /M
e, A SR [75) SR TR @ ALK BE MBI T 8, SCHR [76] B AT 5k NLOS &35k 2038 16 55 58 7 Tk fig.

I35 T A el 76 Rl e A rh RAs S A B R ZE T 3 2, i o 2 208 R R 2080k A
(Kalman filter, KF) ki fy€J% (Partial filter, PF) AR L% )8, IX WA T A7 &5 B R A i Wi Fl
RAL 3R 60 T O EE B R R BB T T E AN, X T A A LG ) s AR 2R R SR
PR A THRCR . ARANIE T HAT Z WA o A i AR s s 2, e anxt 90705 s sl R 9 e (. Y, 78
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% 6 FREBEEFRFIERK
Table 6 Kalman filter and Partial filter

Kalman filter Partial filter
Principle To minimize the least mean square of localization error Monte Carlo methods, randomly sampling
Predict Gaussian model Sequential importance sampling
Measure Unique measurement value measurement value for each particle
Calibrate Parameter update via observation Particle probability update via observation
and actual values and actual values
Weakness Unsuitable for non-linear and non-Gaussian Particle sample deletion or impoverishment

NLOS /5 FHRERIERs, WA I BRSSO BTt « B0 1l s 5 i, U KF F Aty
S T L. I R TS5 0 22 W (A4 A A IR, 3 A3 L4 B
SEIO A I, S R R R (EIKE) AEMAM I B 4 b L 77,

P T U o AL IRAS 2 A IR B LR AS T SR 38 P BRSO T DL, DR
BB BUNESE, SR TEERERRE (15, U0 6 A0 A B TR A R 2 Jr T 8,
T R PR TP 2 A e Al W00 5 o S, SR PR SLAM. R h 32 H (790, Sk [s0]
U T RTINS LIS B A TSR 0T (. PRI BT 4 O . DB FIE IE, Wik
6 T, T DA EAF PR S R T M I P 0 52 2 i 9 P B, A 1 2 B
e, ORI 300 SR PR G, DU A PABILBCOR S8 TR S S PTG 25, -/ Bt B LR34,

6.3 I & IR E AN RO B I E £

IR AL N, 2 PR B RS JE R e B P I L R G P, A/ N A IR LR T R
PRI BRI S5, SRAHE 22 U B R R AT TRt e

1) GPSone.

GPSone PG AT G, Al ARPIL A7 B I ICL MR S5, T B2 HI K R v i it e
B NGUEARIERERSE. GPSone £iG T LR EM GG EN (LEIHT CDMA), F4h L 24
By GPS, 76 GPS JCH i 3k, T3 168 53 e il A fRALE 52 A7 B T % GPSone RZLEATIX P FIE
P B U — R TR — ANl T DA SE e A 1207 R BRI E AL BOR, FFAE IR 34

e~ =N AL 61

2) First Response.

SCHR [82] e T —Mbleadt 5o I FRIIBE R e ALV, 235 2450k Es, 55 UWB E0i45 &, M EKF
PAFGEE e G Y KB BN T RAT UMERUEAL, FTLASERL 3D EAL H A s s R 2 A2,
PEEAS L, U TP M A, a8 S s 2 T o . 35 I RGN G v AN/
WIIF S B AN, 78R T M5 DA . UERGE R AL E A5 B R

3) FIH WiFi 5 5 REE R 2 95 5500 i1 2.

SCHR [83] WUH Y Unloc A& — bl S IG 1 4 N i 07 BRER T 58, @& HT T4 N IREE T I 1Y
SERLNH, Wdr AN G X D A, ZRGEAREL T 2R SRS, Y iR
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B AER] RFID, 5EALIN A WiFi 28 IR UL RSk, I8 S BRIEAN A 17 2 Rl st vl A% s « sk
il IVE

SCHR [84] HEEWETT WiFT 48 RSS [ [RIOCR, FIFEAERY 148 B THL L0 (1) 2 S8 AR, 4t
TR E, S R RSO R B S N E AL RS, LR GRS AP AL, SCHR [85] 4R
WILL 2485 A, FIREAEBD 148 RE 2 ¥ 2 IR B R4, ANAR BP0 eA BA Y A, il b s
CAYIE, WHRR S Bl BB BT I WiFi (55, FFRIUE SR, 10 L, T T BN L
FEP IR ZE R, DL EARGEN I AR AR 76 P05 ) B e i,

6.4 ZIFMERMNSESMEHIRABE

VI A2 AE TR BE T« BBl DAL W S M) (R A P, A0 5 A N FH P 2 7 A R B it
BB R P XL

(1) 2“0 IR Wt H AT S, 5 5P hs e B 37 5% B (K€ LB, FR8AT S Ibs ik
T 2 SRR LAy B A5 SRR, I Bk, 38 1 RIER 5 T8I I G Se e R RIMR I RS REH] T €
iz, W AEF AN FIRUR A AL B A B, DR MAE B v Ik I R Gk SR A7 B R 5 AL ) (01 SR L
B REREALTERETT SR« M KA R S WIBC I I FH 1) W 8 A 1 S5 22 DN 3%, 4 PR DU VA5 R, A
EBZ B P E.

(2) A A X FALKAR S (WSN) Efz, ALK i, HEIRAEAEZIR, it
R P AR R E A AN A U MBI AT R RE T RIS o Ml 55 R 45 22 g Tl i T
WSN. PRl i A7 55, AR 2341 2 AL AR 171 R T 2 Y r B ek, B rp o R Sk mr
AR EEGEE IR, RS TRATAR RS W A AR L, 11 9 Rt Ko 1 SR B 17 B b R A 5
R A RFRIUE e

(3) Aty 2 el 5 55 S L BRI R0 AR  mh N RE ST AE TLHR, 8 A7 AN AR
ACHSEHET SR R8T 65 1041 S b 3 b % ol s 7 3 AR 5 VA Y £ 2% o 1 R DG s i) 22 5 2
IR G T B SR IR AL B A B B, Ui, A ZERAE AR A VAR L
1, W H TSI E AL 5 VE S AF R R A A

7 (ERH-THRGE

PIIR I 2 19 22% 5 45 ISR R N 9 8, 8 2 BRI B ISR Ik I 3 e v (R ELSEEBA Y, S 5l
SCHTIR P, AT GNP e AL AR BE DTSR UL

7.1 BEMREN

ARRADIR A £ RAEAT BRI B2 TR TE I ANE RN, B IR RS R R A T T HE i fe 2 a3,
AEE TN R RIS 10 A B, DR s Y RO ANDI SRR ). AEIXSRN AT b, o] DR i SRt 53—
AN T F by B0 BN ORI E A 1 i AL E AR B, TR REAT Y RO (A1) L. B H bR e L
AR, — Ui, <P RS S R AT, TR YRR GRS MK A5 SR U 1
AT R AR, XY Th oy BT RO R AR AN BT, R FURRIK A% 5] B8] HEEFDIAR S STy
AR R T 547 U BRI TR AR AR A2 ¥ B R )3T ) BORMA IR I, AH H g RRE
B ) BT 55 1)
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7.2 ZHE{LCR

GRS Y-8/ 2 INVALTI= I 7/ R CVARE LN D I ek VA W 52 NS 2 o 1 =1t Z: ) D) B VAR LR VA
I GPS REW PR =4k (3D) Abbrw, HE5 G BN A1 45 S b M TN, 220 1 R A L. AR 2 AT 55
FEH T 2D SEALIEER, WA KRN SRR 5 BN DR g%, 285K 2.5D %Eqr, RV 244
SE HARAL 00— J2 1 AN 5 A (4 i BE AR AR, S B I A7 AR 1 22 BORUER 3D 7 EAR B35,
FET, S8R0 3D S8 LI 7 BN ER 2 AL T I SR A A ] ), AR e A . eAh, STk [90] 45 H
VIZEST 2D BEN IETCIE EEN T 3D 5%, 5 2 AR DR e A7 732, Herh g 4 IS s
SORRAT R e 2 FAT S8 P T SRR 0.

7.3 MENUERFEERE

2 B RAFA AR B WA AL I AT R IR AN AE TR, 45 46 2 R FA DR
ok T EORBk 0. XL P A E AR EOOR T AR B ZEIATY, B RCRAR IR AL S
TR G EAN SRR A BEAR DL e /KI5 S A R AR AR TR SR, A 20 [ B 35 1 S I )y
ST U B XA R RO TR, AR B AL, s R, R AN, R
Jol ™ L (1) 2 4 .

D - SR = W 1 WA VAR (VA 7 o Bl =2 . S a7 S SR KD SR VAV N = S e 58 Lo A [T
AL RE AT A KL, ARG S 0 A S8 A 2 A VERE S . SCAR [92] BH0T i A% 3 1 430k M4 1
A, B th— g AL AR, SRR B DR AL A BRI AR 8. B0 (o7 75 A Uatiade mT RE ChAe ) 4 S e 1,
B WEALTERE. B, BRI SR A AR SR R IO AL B R L S DRI AT AR AT ST

7.4 FBENERINBER

SCHR [93] IR T —Fh R BN — FEEFEX (smart community) ML A neighbor-
hood watching HI pervasive healthcare, % Horft [ H bR ERFIASIUEE HY 1587 0 i 8. 388 55 016 14 S Y 3
SN IR E A7 5 BRI IR TR R TR AH SCIRR 1, B <4 (A2 B4R (mobility pattern) FIFSBRHEATEE
TR AH SN, A 4=T00 Y 2 T EAETE BRE HE N , LA E R S AR AN 58 BENL, wT DL T P MRS
A PETI 04,

AR REALIX, Wy IR T 2NN o3 A 2, — R R A s 5 h), AT DA
MCFIINZRoK e A B I — R Wi ST 1), 31X — 2R U4 g AL X H RO R 4,
WAL ALARAT Ay . 0 IX LEH B0 Afr RIS S s AN s S B 54T R 2 s B i, UGt 22 ok
FEA, 0 BN R 255 WAL AR 28 1 OB AL, TN I 45 R 53 2% I 24 55 B 1R AT 7% Bl Re AiE 4y
Hr 991, IS5 GG DR RS (CPS) SRERIT AT IR v 7 %8 1961 DRI, 2% 18 AT b 1A% Bl At
RIS Bl B WU D9 A7 B8 I FH 55 5 v 1 o 2 80

7.5 REEM

AL (crowdsouring) 5t FH T Hi 3 LI A7 A (18 1 2R = 1 2B 2, BE A b A B30 Kok T4
ST 25y R IR R B PR A ) . T () DL AR AT T AN I AR B AR U T &,
TK S T o3 A7 X ) R e RN A
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ARALIX & RENS AR A U] = P AL v, o R o b (A s il AL BL Wi FiRSrUL i
BEATZ A E AL A, R ARG AR BEZ S, 2 A RO WIFL {5 51 RSS I A A5
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8 HRiIE
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Localization and nodes location-aware in Internet of Things

XIAO Zhu'?*, WANG Dong!, LI RenFa! & YI KeChu?

1 College of Information Science and Engineering, Hunan University, Changsha 410082, China;
2 State Key Laboratory of Integrated Service Networks, Xidian University, Xi’an 710071, China
*E-mail: zhxiao@hnu.edu.cn

Abstract Internet of Things (IOT) has gained wide attention in recent years. As an emerging research area,

IOT is regarded as an extension of information network to the real world. IOT turns out to be a crucial growth
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point in the economic field of China and will play a key role both in the future scientific innovation and social
progress. The location of things nodes is one of the significant features that reflect the status of IOT system.
Furthermore, nodes’ location has a major relevancy with information collecting and related information exchange.
In this paper, we focus on the key technologies on the location-awareness for things nodes in IOT. We introduce
localization theory and approaches, which cover the range-based and range-free methods, network cooperative
localization and multi-sensor location-aware issues. We offer an overview for nodes location-awareness by taking
various aspects into account, such as network layouts, application scenarios and localization requirements. Finally,

we conclude the current challenges and future research trends.

Keywords Internet of Things, location awareness, position measurement, range-base, range-free, cooperative,
wireless sensor networks, data fusion
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