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ABSTRACT

In recent years, with the widespread deployment of wireless local area networks and
the rapid spread of mobile smart devices, the prior art provides convenient conditions for
wireless indoor positioning. Among the many positioning technologies, RF fingerprint
technology has the characteristics of high precision and low cost, which attracts more and
more researchers. However, due to the complex electromagnetic environment in the room
and the excessive random factors, it will undoubtedly affect the accuracy of RF
fingerprint location. Therefore, this paper introduces machine learning into RF fingerprint
location and attempts to propose a new algorithm to improve the positioning accuracy.

In the traditional RF fingerprint positioning system, since the RF signal is affected
by many factors, especially in a real large-scale complex indoor environment, the
mathematical model corresponding to the fingerprint signal and the geographical location
is difficult to construct. To solve this problem, we propose a radio frequency
fingerprinting method based on machine learning. The method firstly extracts the
potential features in the radio frequency fingerprint by inputting the original fingerprint
signal into the four-layer deep neural network, and then inputs the feature into a three-
layer neural network for positioning. Since the mining features have better adaptability to
different physical spaces, when the test set and the training set are the fingerprint data
collected during the same period, and the sample quantities are 8000 and 3000
respectively, the machine learning-based RF fingerprint positioning system is disclosed
in UJIINDOORLOC. 99% positioning accuracy on the data set.

Secondly, the experimental results show that when the selected test set acquisition
time is four months later than the training set, the positioning accuracy drops to 72%,
which indicates that in the machine-based RF fingerprinting, the positioning is over time.
The accuracy drops rapidly. By analyzing the statistical characteristics of the RF
fingerprint represented by RSSI over time, it is found that the RF signals have different
data distributions in different time periods, resulting in poor timeliness of the positioning
system. In response to this problem, we propose two RF fingerprinting systems based on
migration machine learning. One is feature-based migration machine learning, which
achieves accurate positioning by mining potential fingerprint features of different time
periods, and thus has better time adaptability. The other is based on sample-based
migration machine learning, which introduces a small amount of new fingerprint data to

change the original fingerprint data distribution, so that the model can adapt to RF signals
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with different data distribution. The test results on the UJIINDOORLOC public dataset
show that when the selected test set acquisition time is four months later than the training
set, and the sample size is 10000 and 1000 respectively, the RF fingerprinting system
based on feature migration machine learning can be realized. 82% of the positioning
accuracy; based on the sample migration machine learning RF fingerprint positioning
system, can achieve 90% of the positioning accuracy, which is significantly higher than
the accuracy of the directly trained model.

KEYWORDS : RF fingerprint positioning; weighted KNN algorithm; coordinate

clustering; point clustering
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R T HLas 2 I k. {F 2002 4E, Brunato M S5 \SRIF LA 8 G0 iHHLas 2 ) 51k
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FELPT B RS B 28 AL R AR SUE T RFIE I FR S0% P IR SUEAT ULAC, FRASILAC
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| |
?}\ Aip2 ((E RSSI, 8 I i (RSSII\ RS:SIz---RSSILX (X,:y)2> i
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Fig.2-1 Principle of RF fingerprinting positioning
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PEr, FEZ e AR5, FEAFI AR TR UG 5 )5, K ULEC BE A i fe

10



Bl N i 2 A7 HMT WLAN SR S0E (L

SUFATILED, SRULECHRSUE, BRI RDRZULEC R SUr A BEAE Al s i € S A B .

FERXAN AR, VUEL SRR BT 2 TR AL KE BE IR o) — N ot R 2% o DLBC VAR
5 S5 AR SU2 18] o PR S 8 SURFAE 2 18] P 0 DA RS 8 SRl 2 PR > 48 S0 AR B B
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2% auto-encoder (K771 B — 2 E ML ML 451, AMUBEE R m4E e
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(81U, K T A s A S R AR BR 2 18] AR ~F 7 ZEAF N3 R B SR 8 SURFIE AN AL
AR T (SR IR o — b A 2 o SRIHLER 22 2 S5, W2 ml e, BENLARARSE,
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2.2.1 HinfgaAYikEL

TEFRSUEALY, TR SRR v] DA Il & H 5e 08 I ik = N 23 (Al A7 B ME— PR IS 5
REAE () B, DR HA ME— 1 BRE A, RRONFR ST, TIHRSUMSEAY, nTLLE A &, EIE,
BUH U T EARSUE A, STE S0 HR Be 8 S e (AT ME— P I G2 L5 5 o
SEhp by A RIAFRS R SON 2% 2 AT LUR JUATREE, — &2 (R ME— 1, B S 4
JE 7 2 1k HE ST AR S0 (AR AL B AR BR 2 TA] R0 B0 Z R SEIE AL I, RIAE 2 N
A, NS AL RS ITR SO & AME], AEAERA [F— AN s s 24
S . ZRIERE N, BV N AA, — AN A A R 0 AT 3 ) A
ROV ZSe —FE ), BUNAZAE — B[R] N ORFELITF AR E 1, A2 IR B -
SRR G, BTSRRI, N G R B AT = T AR R 2 i R
EWNHEE AN, RISFHEE SO0 TR 5 i N R AR 1% — 5 B B, S
BRSO T AR A= A e P A — E LT s

FEAZ PR R BAE 5 1, BT HUE 5598 % (receive signal strength, RSS)
RES M FH I |32 3028 1 JG 2 it AR 70 I A% 20 8 g 2% 0 G 7 S I 9 (1) % £
BP0 RSS, PRI S AR S0E o hfe ) 32 A8 S A0S 5

BRIt At To4AE 5 7 RIS RFE, 15 18 R4S B (channel state information, CSI).
{5 T8 /1) f o 1 B (channel impulse response, CIR), 15 i& 41 % i i ( channel
frequency response , CFR). {55 15"t (signal noise ratio, SNR), 1] LIAE A5t 4i
fRer™ ™, AESCHER[49]H, WE T E BIDEREL T CIR /R NSRS, 385 T 4HidE
QU ENREE, UERT B R S S VR R it SU R AL . (B2 X L A KR
YIS B R SU0 UK SE R T T BB AF A Re e, WG Ah A 2 30 T A I
BT, BRHARORBIRR ] T IX R A K R . I ASIE FE RSS AFE N SHAHE 8UE A
HHB S,

222 SRR
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RSS 1EAIRLA —ERIF, —. RSS RIZi03 118 SAE3E R Wl i o
FEMH, REMEREMRD. =, BT RSS 15 SR N M LR Z R 22BN
SH RS A ST B ST DL AR = N B B B 5 B B B AR S R
SO, AE [ — AN B N [R] A ) B S RSS e e 25, ST RSS A T
BORMIATRIE . =, RSS MENSAEN HIFREL, J25ET RSS FISLFrE P %]
R B — AN RS R, BRSO 2 A 7, (B IR MRS Hp ) 2 A
SRR EN TP EEAEPBE. LER = HREFE T RSS EIEN
SRR S0E A o TR SUPIIA% , 23 VBRI 7 1R 22, 238 BE AR BE R BRI
FERE.

NT S B A T REE I B R TR S, BRRE IR, SRR eI,
AR AT . B TR 8T RSS BB IR MEAIE = N2 2 &N R # 1
SO o AT, AR AR S EHE A SE I RSS A 175 114 79 /1 IR 2% B (8]0 22 18] 23 301 18 RSS
AL 3B R M AN G TR

(1) RSS =8 [ 4EE

S —:

RSS TENSAFR SR T RSS 7EA ] 125 (M A B B A AN FEUE, REe T
A 5 2 AR B A R ROC R o FEZE N 2[RI, RSS 715 S A& R f2 b IR 2%
FIHFERLTY, B RSS FREEAS SAL BT 2 AR 0. N T HUEX AR, AT
Witk T SE8—, JEFEFRFEA AP PEEZMEI N0 2 225 SR T RSS FIBEES 2
[T R G R . TESERRIAEE T, EFE—A AP /E AR AP, fREF AP FIRZ 1)
AAZ, TERE A IERT T BERE 0.6 SKEL—"rl, TERASH SHIINEK 7 30 HHL
P

AP2

0 2 4 6 8
distance

K22 RSS RILARIRES T 5C R
Fig.2-2 The relationship of fingerprint received signal strength and distance
SEMEE R, w EErR. BRI AP fEFE AR 2% i RSS {H
JAEAAEE), (H2 BAREE A R, U RSS IB#iED .
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S AIER S 58 A 308 I VA T R AT B ) R B 8 R SR EL, N TR
ERX AR N R R, ARSI E T 9 MHRR 0.6 KB £, 1E i ELfL
BAE, RN RS AP NI AP, 55250 1 BMIE, S SR 30 K
K E WA AP {5 5 9B .

524

y

o

o
AP2(dBm)

—58

004 @

Bl 2-3  or B 2% () AN 802 (A0 LK
Fig.2-3 Correspondence of Location space and fingerprint space

LI HIBHR AR, N B PR, Ron A E A E T S A 9 NS R, AR
TREUE AKX R RSS FREU AT A IR P22 8] TP ANEAE B R PR S R
HRk, W LUK BAESREUCE AT, feaUm R AT AR A5, A4 LUAH 6,
A B AT LR . RABIRSUE AL I JE B AT 1, LRSI AR 1 € £, 58 S it
i, EIRGUMRE RS, A S MR ER, SBUE LRI,

i LB SRS, 1T AT RSS 7ESEPRI S WIS, KRBT & T,
NEHHREUE N IR M 1 BRI SCRE o FIK, Gl S K B B [ AR SUE 5 S [l AN
FAEIIRI AN &R, HARGUAS IR TR AU AT X 70 BE 32 2 22 AN A 52 o DR e i
BRAUE AL B SEHUE RE AL BOR 3T e B AR KAk A o

(2) RSS HIR )RFE:

TS SEARRI R TR BB AE T A B ST PLR N A= A
bt AL B R WA AR, A AE [F) — AL B AN [F] A I 18] Bl S8 21 045 5
e kAR, RIFRIE 5 5 LRl A I B R A AN E 1

S =

N T Bl RSS AEERFERS RIANHE 1, ESCIRA BT E 17— A2 5 AR il
ASF i, RS 10300 s HWBCRE — 1 AP KIfE S 9RE.
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K 2-4  ISBHRSUE S RIS 8] AN E 1
Fig.2-4 Uncertainty of RF fingerprint signal over time
Seg s R B, ERALE, EESE R BB HE T m EEE E AR AR AR
FEAAR, HRSE—ME L NS SERAEN T, {552 A RS0 ER b
(] BAT 50 AN 5E 1

Frequency

0 0
-80 =75 =70 -65 -60 -55 =50 -80 =75 =70 -65 -60 -55

Signal Strength Values (unit: dB) Signal Strength Values (unit: dB)

B 2-5 A [RJI T) B SR )4 S0 0 A
Fig.2-5 Distribution of fingerprint data collected at different time periods
Zr LRI, fERSTAAFAL L, RSS HATAHENE, HAESCHRO1]H iR 1 [F—
= WAL FIN 8] BUSUER IR SUE 5 B AR EdE 0 A £ ARHE E, RSS 45
g AL E A B A AR R &R, A5 5 2RI 803 ) F AN ™A% 1) — X — 1Y
KA. W FE TIRAUEE S 2B PR AT X 0 AR, KA EREMRE, 15
SENLREEE T P o

23 KRENG
AR, H2EMER T S S0E SR M S A R AN S 07 R ER, I M B4
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JE RILE L E AL AN B BORHE T ISR SUE ML B . ARJE 70 1 S Soh Fa 20
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3 ETHEEFIGTESUE MR

BLAS 7 > RIS SRR SUE AL K 46 BOA T IR — M AR HOR, KB H 5K
S 2H S5 v B 0 E s SR AN LA 7 ) EE I B AR AR S I SR SR IS IE
= WIS 2 ) EVRAE S i te SO A B R ROR,  DLIEBALAS 2 2 R
ROUEN S5 G IR ATYE . S e, E0r i AL A% 7 2] B TG0 B B2 % (R KA )
ENREFBUEM M EA R @, RS-G-S TTEN R SUE AT T Al
B, W T PR T LRIREME N R E N, FRE R E AR A
UJIINDOORLOC _E#EATIGAIE

3.1 BREND

ARG UESE T LA 5 > B SOE AL R GUAE 2 P AN 1€ L PERE
FESCIR IR AL 1P EE SR, — N EEE R A TSN/ = A A R A1
IR SR AR, 7 DR RN Z R 2 Z S A [ RE N2 IR
Yase, DUED RN HNA TS .

3.1.1 SCIGHIREE

AN T SR AE /NS () SE BRI G P S AR SUE AL PR RE, T8 8 JLSE )
SE 6, AR SEE NI T 4R R TR A, B S AR R R SUE, 1FN
PPAl 8 A R LS e

1 S

AT E ) S8 Yy Oy AL Ul KA B =R — s, BE IR
K 20m P54 15m, EFEEE HAR1E N L2 H: A\ 2¥ (access point, AP), A T RiE Wi-
Fi 5 5Re A BB A=, AU EME T 6 > AP, 2% S AIRE A 0.6m.

TF JHEE

15m

K 3-1 SEEGIES

Fig.3-1 Experiment configuration
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2) SERF A

AT T — AT Android R —MESMERSR . L RGH = MEHAH
B — N RAE S RER, — M5B, — AR GUE IR R K
R, BRI A EE FILA W E Wi-Fi DR R R — A e
&, A& SRR PIT R RER BN L E S, FRMERECN 30 K. fEXAMR
e AMESEEES, RANE. AP LR, BIESHmE. EREE. £
FEAL B, BT RSS BB IR T E RS A IR R, FHFEXNE— 2
% B 2 IR RSS #EHAT IR RE, ROXHFEREAN 275 S 2 IRIEE I 4R U
PUE. TEfRSUFEESIIBL, WS RSS A B [ X MR R EIX /ML,
AN A E R B AR PRR R, 7R RSS & 5 2 A B — /N 4R
RSS 5 B3R R. fEARCLR T, —HEi 7 225 N&% i, BASF N ES
Yepi i 8 4, Hal 6 4E2 R AN AP HRIE S8EE, 28 7. 8 iS5 HfE
= NI B AAFR

®3-1 RHILEAE SRR

Table 3-1 List of information about received radio signal

B2y i 5% BERA 2845

Time SRAF IS [ datatime 2019-01-11 12:48:27

SSID AP ZFR char TP-LINk 6274

RSSI B T o int -55
LinkSpeed BT int 65

3.1.2 AFHIEE

N T ISR AR SO B R AR AR @ S = N IR N IIE P, ARSI T
UJINDOORLOC AFHHHE" . ZEARELIETEILT Jaume T (K221 2 HEHF
BN — N B RS 2 (R e B, 50 4R 5 7 X ) sl T ARl 108703 <17
K, BE =M, BHREEEEANZEERTE, EXSEXEIRE T 520 4
AP BAT B IO E K2 LR, A BAE T R ESEE o e — MR T
SRR AL Z AR o R B A . BRI R T AR, kA T
20 MHFH 25 DB A TRE IR AT T 933 4 Wi-Fi 2% i, H 21049
it Hd A 19937 BIIZREERT 1111 fItaE . B Eods 5 2 e I 2 80
MUY HREEH

ZEIRER 529 NERE, HART 520 4ERBGREME, BT AP EVEES
PR, DRt R IR RE Y, BlUE 59 EEN-100dBn R s S AEF S, 1
55 0RE N 0dB KonfE SRR SR, [RILAT 520 455 HUEN-100dB #) 0dB 2 [H] .

19



BB N e 2 VAT ST PG ST A PR SUE AL

521 3| 523 RGN T %S % SENENLE., 45, BE5S. 524 4ETES,
525 XL H B )2, 526 tr e B E N RE, 527 & REH S IFRIR, 528
TR AR, 529 2 SRR 1] AR R

32 HEEFE IR

BLAS 7 2] o — T IBES 2> U ) 22 SO R, il i 8 K& B8 ik v SR RE
% BRI ) BIEAE 2 TR E 8O0 &R, 4208 s A Y (VB AE R 3R, ST AR WL
P, ghm i sEBRIn . LEs I LT ERIRE, SR IFATI
Jital, BInBENLARAR . BRI EE . BRI Mg, DU BRSE, Hiye
BT T ARZH WA IR

AT T = APHLAS 7 2] B S B R g i 5 SRR SUE A 1) Bk 3 5
ITEERNDA, TSR SR A AL XN, Bk AE B PR 555
HEE T mAS AP, FER T n NS S IG5 58 (RSS) X = (x', %%, x7,.x")
e XANESRE, P REEj, 0B IE ML,
X =(x),x),nx]x)) e R, XK RSS H, KoM j, MIEIWEKE 4P 1)
He Y=0")" .y s V") BoRML EFRE M R, Hy RRE M E R8s, Hh
yt = (yi, yD) TR T E IR AN . 85, n S5 5007 E 1) S A AR S0
EHRN T BEIRAE . TATE X L R IR AT LK HR SO 27 B Y

3.2.1 1E%B% (Nearest Neighbor)

VLA — PR I B LA 2 S vk, TR IHB R — Rl B 7E e R Bk ™, 3
SENLIZEA AR, £ OE @ B AR SUE T, LBHER €A I & i UR &
A R BT AT SR S0 B AR, S BB 2 i sy (1 i SR B0 L PR AR AR A
AL B AR o LR AR AURE BE ] F 1) B ELRE WG ) . & e iieh S5, H
[ 5 2 [8) (PR T, ARDVRE OBy, FL b RS B TS s (3-1) .

d(x,y) — i/(x1 _ y1)2 + (xz _ yz)z 4ot (xn _ yn)z (3_1)

T AR BT R BRI TR — N R AU B N AR AR E N R E AL AR AR, T
FESLBRE L, Rl FAR KT REAE B IRSUE R 2% i b, RIEA i R 2 f
RKARZ . I K U248 (K nearest neighbors) 1E NITAREE I SO SEL, 7Rk
PR AL AR SUm EAR TR S s IR, s K MBS E. R
JE ¥ K AMRSUN B AR AR AT P38 RIA5 215 5 AL s R AR AR ) B, 78R 20an =(3-
2).
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(x,y) = (B2, e (3-2)

K T AR T2 Xt K AN RS &0 B AL FR B R P45, 1 K N8 SUMAE & fr
MRS AT R R A A A, DRI R 7 e iR 2 . RN K I 26 (Weight
Nearest Neighbor) 14 K 48t 5%, 78 K AR E AR AT 256 I i,
ANFE g BRI R 8 A7 AR SR A K ARSI & AR B SR
AR AR EE, X AR BRBEAT IR AN BP9 157 e A7 m AL AR, A5 45 T (1) A4 A 58
#edfh, 5 A EG-3).

(x,y) = (W1*x1+W2*9’C(2+"'+W3*xk,W1*Y1+W2*}”(2+"'+Wk*Yk) (3-3)
w; = Xdosy / daoy (3-4)

3.2.2 [EHFR#R(Random Forest)

BEATLAR MO — i 8 L (I ATLAR 27 S SE AR Y, ) B 2 — i P TR 28 1 5
I BENLARARTT LIOE F T4 JER BT i R, 40K 52 6 B A E — AN B0 vl R, R
SE— ARG I B AR (A — AR Lt (B R A, e A i S A AR, AR
T B3 LR H8 SUHUR P A A i S0 v BRI B A AR A B 2 AN R PR SR (decision), FLHe
FEAN B U R SRR () I R B A RO AR RS E S @ ok B W LA AR AR 200, ELAEAN AR
WA FATI, SRIEH 2 A B VA6 00 45 SR A% HR AR S AT 44 TEIX MR,
W AR A HU A BT 4 A BT 2 W b 7 2K

TR SRR A2 — o ] BT 28 B (R WL 25 ) B0, LSl e o i B A RBAR 2, FEFR AL
i) 55 2% [A) P 2 5] — AN ST, 7538 0 R P T R 23 PR R AR S0 B i Fe 8 i
Xof L[] — AN B A AR [ B o 8P T SE B R 2 AR SURFIE 2 F8il A R, BRI
HRYE—A AP HUEIERE— AR 5t P TRl R i 2 vh, &5 77 046 -
SR, [FEMEI. BB R, HhXG-5)MEEE, (3B-6)hEE R
3 A =Ry 7 R SRR A BIFR N: ID3. C4.5 - CART. HfEfsgue ik
Hr, S CRAT [8] U ##

g(D,AP) = H(D) — H(D|AP) (3-5)

Hrr, FHE AP X TSRS D 15 BN g(D,AP),H(D) TR 1)

2206985, H(D|AP)AUFIE AP R4 5E 24 T B4 A00

Gini(p) = Xko1 pe(1 — pi) (3-6)

Hrb, p IFEAR SR T2 k SRR
FEENLIERE A, — MV GRS B 1 R S0 18] A ) — Al 23 BLUR A ) ) B
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JCHIAL B AL PR . FERFERI > e AR, 2 CRRT [HIAR R B2 8 K
W75 RBAREUEAZ H n A AP FIRIUE SR B ), B4 AP HIFTREMELE
-100dB £ 0dB 2 [A], 26 TAT AP [HIEFE 4> AP, JRJFE 1% AP [FIFTATH
B, MRS RIEATRISY, HEIHEZE m > AP HUE s, [E50 % AR/, B4R
B LA A, K ik B (3-7).
min [min (Loss(y;, ¢;) + min (Loss(y;, ¢3))] (3-7)
FER RS BRI i T MAN P RIX S, RT, R2,..Rm, JRAREAS X0
HAEBECr, = ave(y;|x; € Ryy)» BIZIP RIS i fy (o7 B ARAR )T B0{E . FELRE
iy, EfFEA ABEESERE T m 4> AP KRG SR e, MRE R AN B
7 ST T TR 12 48 S0 B 7 B B AR RS 70 R DA, 2 IXEont B F) o B A
A LS5 ARy TS

3.2.2 BBERHE XL (Gradient Bosting Decision Tress , GBDT)

B ST S — M2 g ] [0 3 0 2 e A B 2% > R AR, [
o —Fh B AR R e A A

HoE (LA AR, ARE B L g SC8E i Hh I FR S0 AL B AR i i 2
ANENHRSEA (Decision Tree), KA RE 2 RO 4% fE A S oM N 21 &5 jfe— 4>k
Tea ) &AL E AL BR 2 (R AR S ML ek B AR AN [F) T BEALAR AR 1 AT I B T =X,
FERREESRTT S, REMUR SN (IR N T oRAh AR AN L, RITTE] 5
PRI RN 2R AL SR AT IR A5 LI RE R, Fal N\ TRV B AR EURFAL, A Hh 17] B2 Xt I 14
B B AR, ARIETESUE T B IEAT U2k, 22 3] R RSO B 2 18] 9 AR 26 1% pR KL
FERXANERET,  H bR AR IR K R B

L(y, F(x)) =5 (v = F(X))? (3-8)

Horbry JARARAL B, F(o) MR S 3T (R S S AL B AR bR 2 18] ek o
W AERMRIERER, BRI AR 7 BE Ui B gk, 383 ok b BEI2OR AR
PR H. RAAFRTREONAL B 2 A AR L iR 5

3.3 ETHSEZE IS RS EN

P4 (1 56 A6 S0 R )72 2 TR SO0 R UL RS A 58 T, (B 1 S 05
SELIRABE P 2 Z B 2N B AT AT INEEBEZ W R, FEEChRE
RIS 158 DA BE T I T B e ARG B o DAL F A2 0% Gt B 5 12k
FEA R IR, A SCES S LA 2 AN R SUE RLREAT 1 G0, R AL HLAS 2
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SVRFR UL E IR E , X TR B BUR A A T, A R se B &
W, BA— @RI IE. AR X Rk, RS — 4k i) S Ao 5
IS UE = FRHLEE 2 S FIRAE SR SUE A BN FRCR, IF 0 AR IR A R
SRR R

3.3.1 EF KNN B8 E L

BT KNN MSHIHRECE L, BILEA R S, G R AR A,
T A T B FR 2 g —Fh s, 6 5 Bt Bk, KON S B e 2 0
K AR AR R B 6 6052 B4R B0, LA B 75 G R0 0 72
T KNN SRS 2 G DU TR b, 2 B2 B AR S0 3R 58 5
FRSORUR BT AR SO, FELRM BT KNN BT HEAT 52 0.

(1) SHE R

B W B A B4R B0 X = () LA A R
Y=y oy Y AR AR B AR SUE T, AR B BORE K 4R B 0 4R 40 &
x = x] e x! xl) € R MRS PR SUR SR R B, 126 PR R URE 2 /)
MK AR, IR kA IR G0 B B A RR BT 0 (va,y,) =
erteeat ybevbeesol e it B A

(2) SESHT

74P KNN AT G B TN Ao, K OHEL R B 2 Rk 1 0 S B 22,
I, SCASEIE R R K (R e GRS H ) K 1

(3) YT

AT KL T KNN I S0 o 3 e Sk bt BB 1 7 AR 76 %
SEe T, ASCRH T SNEIRE S SRR, ZEAREILE 225 M2 FE A B
2% RUAHEE 0.6m B AR 7:3 RIS UISREFINNASE, FHorh XS b i) e Aok FE
Wik phros:
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2.2 1

2.0 4

@ 1.9

1.8 4

174

T T T T T T T
0 10 20 30 40 50 60
K

& 3-2  [A]J9 KNN g hittEfg
Fig.3-2 [A]J3 KNN positioning performance

I IR, JHaRIx, S K ERER, AR EIZEIG A, EhR
ZIFIRPFEAS, 2 K EBS 10 BrHE, AR EIAR R AME, EAMRZEN 1.65m,
M2, BEE KR, EAREITIR TR, BIRESE 4510, AR E) KA
TN A #F BEW, KA K A8 N2 3 BUE LR BRI K. 04
JREA, AET24 K AEBORHII i, Tl i) A B AL bR 2 52 B S A B AU,
2 KB BB IS /NI e, TR 0 A7 B 2 52 1] W8k 75 1) 2 i 17 58 A5

332 ETHENZHRMAVIESUEN

%T Random Forest (5 SR SUE AL, PRIEA E M BRI, TN T
HATN BN 2 —MEE, fEEhd 2, Random Forest i@ i & 7. 2 Ml i 5%
B A E AL B AR SR G B i e AL B, R BRI S0 BT PG U2
TESE T AL AR B FR SUE A FIESEIE FE B 2R BOMR A S48 PR 58 S 1 48 £C
A E AR oUE, R4 BCK A Random Forest ByASLHA B IHASL, SRHTHET
Random Forest 5 5514 SUE A7 B € AL 2R

(1) FkJEE.

BENLAR AR I EE 7 2 A Bl ) SR S SEILA B R E, B2 B [a] A ek
W SAREFR SR B X = (x', 2, x . x") FALE AR Y = (3, ).y ., y") BESL [
I EREL, 7EZR M BURERT O SRR 2 AR PR USCER 2 4R LR B A € — N AR BR (v, y2) » FERE
K UM 0 1 AR AT A 1 I T B (v, ) = (LRt vy eoiydy

(2) BiFE5rHr:

FEAL FH BENLAR AR ZEAT 57 B AR R B T It A v, SRR (R 85 B A vk o ARG
—ANEERER, P, FEARSCE G A R EE W RSk L BOE MRS E, SRIfE
BRI
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(3) L4t
N T RS A6 T BEHLAR AR S A4 SUE A 5 e AE 56 B g LA 358 T 8 AL RACR,
FEZSER A, ARSCRM T AR R v scia o, 28da Rty 225 %

x5, BB S 0.6m, BRI 7.3 R MR E, HAitse b
1) 58 57 K BE R B
> L7751
’ 1.725 A
160 180 200 220 240

K] 3-3  [Al)4 Random Forest 7€ fii 1§
Fig.3-3 [A]J4 Random Forest positioning performance

s EEZR, JHIRrIm ik, BEE R AR NG R, e HIE R, €
PLRZEIIR AR, HORRMBOE AL 180 WM, EAKG OB R NME, iRz
N 1.675m, FZJR, HEERBEMBEIIER, EARETTIE T KIRYE LR
S5, ANIRL R R SR B0 T 58 A B A o S35 RO, MR (i X RT S8 i /N R 2 3
BUENAGFERIIE Ko oA IR, AT 2 SR SR s R e, T000 ) 7 B AR AR A
DRV 1 S BOE AR BE R B, 2 DS AR S NI, T ) 7 B AR AR A
DY SR T B8 K P e

333 ETHERABENIELSUEN

5T GBDT (SR SCE AL, IR @A AR BUF AR s, T sch 1 B R
FHBENT 22— 5. R i, GBDT il s AT 85 2 Fik 5o it , ARWrik
e SR RO B AR 2 R AR LR M iR 3, DURELIRD 48 8052 2T Pt B 52
FEA/NTHR, K308 Tk 7E B8 2R BT S 56 PR 5T S (148 SO i L Fe SU% , TR
BCRH GBDT SEA B, 54135 T GBDT WS AR S0 AL B I 2 L8R

(1) HiE

[ B HLARAARSAL, 56 P B T SR 32 ind 7 37 22 A [ U e SR A Sk S 5 £, (L4
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RS ) ST AR T 2 A0 A e SRR ZE RS ) R SR R O TR R R B R ke SR A
H A& AE TR A HI AT [0 U R B 8 A 1R 22, B 24 22 SR R 1 1) [ A el B0 A i
2 S A EIE ISR

(2) HEsHT

FEAL FA A FE 3R T+ SR R AT 6 B ARR B Tt A b, e SiEmt () 8 B A vk s A
R — AN EZRER, B, fEASGEIS EEEA R R PR R L EUE AR B, ok
ff 2 S R IR A2k

(3) L5 5Hr

T RIS ST KNN ISR 80€ A1 2R G e SEBR 8 6 8 55 1 8 A 80R, 1R
e, ARSCRH T ARSI S SR Dy SR H s, 2B 225 N2 E
RS SR 0.6m, BHREILIR 7:3 QI IIZREE MRS, ol B fr
R ANV

2.15 A

N
o
o

accuracy

2.00 +

1.95 A

T T T T T T
100 120 140 160 180 200
Number of decision trees

& 3-4 [ElJH GBDT EfLikAE
Fig.3-4 Random Forest positioning performance

s EEZR, JHIRrIm ik, BEE R AR KGR, e HIE R, €
REARZETTIRFEAR, SR ECEI 130 AR, ERTRs IR B ME, EALiRE
N1.93m, HZJ5, BERFMEERMER, 2RI TR IR Sk 45
W, AR PR ECE I 8BRS A 525 i, B0 e KA (/N 2 5 5
SENRGEE IR . M IR IR, A T 4 R AR RO I R e, 000 F) 7 B AR AR A
BRI 5 T BUE ARG T B, 4 GRS Bt /N I (e, T g7 B AR BR R DN
IR R AU T BUE RORS E T B

334 =ELRRG
gf b, ]Ikl S BIFR SUE MR Z BRTE 2m LN, HigiF W ek
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JERTLAIAH) 1.65m, HHHAL GRS A7 7%, BABUFHIE M RBUR, L g
MR EUE ML S & AT

[ B A SO = e F (1 59%:: KNN, Random Forest Al GBDT HiZ [ 2L
R BRSNS LA 1 73 BT A, BT R LR 3-2. JEE X HE AL,
KNN SR MGE R EAMEVE R 08 L RA RIS, BRI EoN 7 — BN 2
i I S AR SUE ML B

AU IR S0E AL TR W TU RBEAT T BN RS S AT 78 . A2
A AR ZE S IR O b, BEXF H AT QUAL 5858 AL 7 iR BEA R R, S5 5 hL
A S INEBAT T RIET . BAE G VLECE L%, AR SCRHR S TR GiblL e >
AR SUE MR BEVS A BAT BAR A A6, AR se A BN wf e, B
—E MBI

R 32 SNEERE
Table 3-2 Algorithm complexity analysis 1

Bk KNN Rl?:r‘l‘;“ GBDT
SENLKEIE 1.62m 1.675m 1.93m
ELDADZS o(n*k) O((m log n)). O((n log n)).

VLR IRPE i = [
FESH K=10 N=180 N=150

e Hor kg KNN BET K E, n ZHEASH, m 2R

PL BSOS RAE T, SERR AR B — I RS T SeBLIR e AL, (BAE S AT
TR E R ET R, BUAEVE 2 158 (037 5 A A8 AR IR = N S LIS, 1T A% ST LA
57 S FLRAE R 2% [ KA 2 23 [ ) 5 A (L AR 30 B8 mh 2 bl 4% 2 ] A ) 2R
BE 2 Ve P BUE M RCRAR 22 o DA AR ] gk iR AE IR B2 2% = N 385 7 142 62 1]
AR, PR T RRA TR B B (R SRR RS

3.4 ETREZFIIMGHSTESUEN

BT E, ARG RG] BEAR M & BRI 22 45 ] ) 8 N8, TIAE B
SRHEAIIAET T, € NI 2 A KR ) 2 WY R 23 TRV 58 LA, FEIX Rl E 234
BEN, AR GHREUE AL I T DUIE RORh 2 ) 18] 10 22 e 1k 2 BUE MRS R B
117 BB N A 22 P 28 AN PR T A SR BB, R 22 ST el LT A i 2 I PR RE Sk 1
RZ IV, PRI A 2l e 4 2 X 2 S AR S0 S EAT 45 A SR ok 2 A ]
Al NI, ASCER T R B TR e I 2 AT R E AR B, AT R
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P EN L, FHEKRIE) A T8R4 UININDOORLOC | HZ B HE T UG IE .
3.4.1 REZFIBILNE

TR 31—l 22 J2 A48 X 28 R 8 F 2 STABS TR % AR G (R L 3 2 ] i 0
TR AR AR B ASOR, T ad VAR B 2 ST AR AT DA e AR5 AAF 4 B B 70 JE AR
PEHCRACE N TIRHURHIE, SRk 225 5y S5 A 25 S AE 55 ROR

FZE M %, 1E 80 FEATIFLA RN T N TR Rerr it Fe#iv s, Hod i % N
AT R ST R EA,  H 2 2 4 Jo A 42 To TR I A [R] B 2 22 T 20 1
26 o 8 I 25 E H A ARTIECA W P R 9 (R B, AHRR T — P B B R S0E A B
HoE O A R B R 2 2 A e 2 (A& Sz, AR H8 0% T 2 > BB 4L
R A R Y A EI LU E S5 A2 v e sy =X DACK i S 1PN b P p i E T
B X = [xq, X2, oo, X LETH PV RN EARKRY = [V1, V20 oos Vn] 52 Z R B0TE 2R
KR AR BOE R AL, R R, @i i A& F AR M & E Tt A
(AN E, 75 2R E B n] 15 28 S0 m) AT B AR 2 18] 1 2 14 2R 5L

342 ETHRMENFZIIENEMNRE

AHEH T — P T LR A N KIS TR SUE AL R G, HAR RS G
3-5 Fin. FEREBTE, WSCEE B ST SO/ — DU 2 ) B gt i 22 X 4%
(Auto-encoder)™, #R 515 B F5 400 B PRLE G VB ERAE . TR B, Tearm Bkl
o CAFE BT K H g b I 248 SRAG IR 4E JS HRRE, ARSI — A DY 2 il 22 Y 4 S 3
RERIE . EILRGH, =YL NIPILRIES0A Eifid Auto-encoder J& %% b UL 4
£ BR J2 R AIE 1) B o FH T2 R AIE M) B2 B 08 S B Pk 2 R A R S &, PRIt fR
B T HRaUn E TP IR E IR IRHIE . BT AE RS = NS, AP ARG VE
B, DRUAE S SR R SO A IR SR AR e o DRt ad b 2, FRAT T2 EX
S AR S0 IR ERFE SE I E A7, B T e AR
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Encoder ) Decoder
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Fig.3-5 Offline stage framework
Encoder Classifier
RSSI1 | B.R
— 5 | >
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K 3-6 TELEM BAAESY

Fig.3-6 Online stage framework

TEBS AR K25 HESE T, Encoder #87) &UR FE M & M 28 1 — 5, FH T id
FE TG B N SR E] 27 2] SR G Hd 56 BOn e 4B 08 R AT PR 4E A 3, DASE IR SR AE
[FIRFAIE, Decoder #5731 H W2 Pk & H AN IFR S0 . Witk Zk Encoder-Decoder
H H 2 Be 8 2% 27 4 A\ T8 SUC8E BT TERRALE

TELEEB I 25 HEZE v, Encoder & FH 2K 56 Bont 8 SUEHE 198 7E R RS2 B
Classifier &R 2 B (8 SCHE VB AERFEVE NN, i 2% tH = 42 SoftMax 2,
o th )& T 10 L arREA T @ AL E 73 KR . RN FE Classifier () F& 5802 2 [ ff
TN ZEFE, I I 2R BB 22k = 2 IRl R, DLsmibi M 2% 7 > TURROR,
N T S5 30 B 4 9 A 5 o FE AU 5
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343 SLIGOHR

T RIS 8 A R G KRR 2 @A) IR R e T R, TR K
I, ARSCRAT UJJINDOORLOC A FFEHEEIE NI . ZHEELS T 3
JRE SR 13 A2 I AN 0 I SE A, A B S 38 200
WA B FR 208 BB RSR I FR R, R e BRI () = W IR S R gk A7 e o B
TRRHIBRER T o RN Z B IR 2 2 ) 5 R 25, e %5256 Hh e
] RREE A B — A 3 2 ). RN DR T B8R 3 (0 SV RIAL BE A HL 88 2 o) ik 2 [a)
X, RISt T 78 BT sp 3R B SRR AR e RS s . BARSEIG &5 T -

R 3-1 WL 2 SIRNPR B 22 2] 0 LU BTk () st 45 21

Table 3-1 Experimental results of machine learning and deep learning comparison algorithms

Algorithm KNN §2§2§f GBDT Auto—encoder
YIE 92% 90% 89% 99%
A5 64% 62% 61% 72%

e,
accuracy | accuracy
1.4230 0.7831 0.5661
6 0.1449 0.9824 0.7281
11 0.0906 0.9961 0.7443

16 0.0546  0.9968 0.7335
20 0.0517 0.9971 0.7335

3-7 HeF-LRIR L I E A R G I 2R A2

Fig 3-7 Positioning performance of positioning system based on deep neural network

FEZSER A, ATKIL, e T-BERA M2 1) E AL 5 Gt b AR T,
SE NLHERA R IZHTHI N, B AAEVNGRERIE R T 99% I HERA A, 1 AE M AEEIE R 1 72%,
HH ECAL G BLAS 2 2] SR AE I 2R 80 G AN 2 48 b i HERA 2804 1 L i ek
=, UEMIE TSR SRR AT

B AR S 064 S'E,%?%EF?XH%’%E’JEM%éﬁ@f%ﬁ%qﬂE’J{Eﬁﬁﬁfﬁmﬂiﬂ:T
UIZREE T (R I, S I Ar, BATRIL TSI Kot 5 b S AT ZRER IR R SR I
FIFZET 4 1 H, EE/W—EE/J%QQ BRI RSS $5EU5 5 Bl I 18] AT 558 1 AN
ENE, SCHFAEDYAS F I ] B 2 A BRI A YIS T RE R AR T BOR AR AL,
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L ST PR R4 K 2 T 25k TS S A0 A6 25, A DI )
(R BUEAZE A TSR, T S RCPEREAE A L W 26 F— e,
e £ 5| AT SRR

3.5 AKENEGE

B T AP BRI, SE L AT EAE SR, TR SO S ER o) i
TR IR IR T ARSI RIS 22 S A SRR R . e m PRANA 4 T A L3R
T 2T LA 5 S B SR SUE A SR A S i R

[ ) AR SCAE [ A A A 22 2 3 AT ST Rl b, Bk RO L% 27 2] SR o i i
KT 2% = N e BB R ] 7L, 45 5 R BER 2 M 28 1) TR EAT 1 B8 . Bi%
G E AL, ASCHR I TR R A X 45 1K 18 SUE 7 HOR BB 78 HAT BLIK AR
AN AT RSB B ) = N A BE AL B e, B I eHE.
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¥

TREUENL

4 ETiIBEFISESUE M

W bE—F PR, AT =N E A R, IR AR 2 T BUN SR 8L
5T MR A R AR, G OE AL TERE I R B . S BRI, FE RS B A b
BTUSCER BT I B SO AR R BRI TR RRAS o Bl T I8 5% = B8 A o )11 2R S Ak
SRR B AN TR BB 40 AT 2 ST R, DR AR SO T RS 4 3] AR X
AN, FRH T AR TR S I RIR SUE M HE, FRE AT E N B A
UJIINDOORLOC #HT38E &%

4.1 THFIIEILNE

AR, L SRR A SURBUIS IR I E R, (BRI as27 >) Sk 00 2l B 4R
A EZ v, BIUIZREEATINREE A R (Kl 70 A o 1R SEPR L AR 22 7
[, XAMBBARTT AT REFFANRAL o FESERRAA BT, BEE I R 3RS, 2 i A th
FERAEAZAL T 24 ) SR 508 S AN 98 UE 50 B AT AN [R] B H5cdiE o A R IR Ak, K22 2
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