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Wireless Localization Method Based on Convolutional Neural Network Using 5G
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Abstract: Due to the rapid development of 5G cellular network, its coverage will be increasingly better,
thus cellular network localization is a very promising technical object for research. This paper is inspired by
the fingerprint localization method in wireless localization. Under the premise that the time cost of data
collection is similar, a high-speed, high-precision and low-occupancy localization method is accomplished
by using the emerging deep learning technology instead of the heavy fingerprint library application and
distance calculation in the localization process of fingerprint localization. In this method, a convolutional
neural network is built, and the training set is constructed by selecting the appropriate input data format
based on the amount of features, such as received signal intensity indication, phase and direction of arrival,

of the 5G antenna signal. The trained convolutional neural network can replace the huge fingerprint library
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in fingerprint localization, which is very beneficial to achieve localization directly in 5G mobile devices. In
addition, although convolutional neural networks consume a lot of time during the training process, the
classification and localization performed after the training is completed with high speed, which can
guarantee the real-time implementation of localization. The trained convolutional neural network in this
paper takes up less than 0.5 MB of space for weights and biases, and is able to achieve a localization
accuracy rate of 95% and an average localization accuracy of 0.1 m in the real-world environment.

Key words: deep learning; convolutional neural network; received signal intensity indication; phase;

direction of arrival
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Fig.1 Diagram of wireless localization method based on convolutional neural network
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Fig.2 RGB effect diagram of localization area by wireless localization method based on convolutional neural network
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Fig.3 RGB effect diagram of adjacent localization area in Fig.2
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R DL BRI RS 52K 3X SRS 13 31K Jr & 4 WAETr 58 3 (9 &4t - 2oy i
LT TR PR IT PR REXT L AN 3 B o A3 3 wpal DAAS Hh , B2 S 3 T /N 0 K A
UK 240 42 300 2 B KO8 B, e 2 A PR RE T P 2R 5507 58 107 58 2 (0 FL 45 SR AR [R] A 20 4 J=d 30 4 ik
B AL RE S 02 $0L5 F AE — E T B b B AR E (SRS B2, 1T X K 2k [ 47 A AR R A7 A1) 4 Jmy R A 2 MO 9 A
UFRYROR

R3I ARISEHFERAMEREIL
Table 3 Performance comparison between Scheme 3 and Scheme 4
TR UIGRERMERA/ o MARERR R/ 0 MAKAR X SR BT T ] /s VI RAR P X028 /m AR P 4515 22 /m
3 95.66 89.49 0.044 896 0.045 6 0.1115
4 92.10 88.18 0.045 228 0.081 5 0.126 1

3.2 BREEXLELEMPHEHA

AR E N ST PR LA B X 100 m X100 m A 1E P IE , F XA 1 m>X1m
W IE P8 o 78 B R T A2 B 10 000 /S YN ZRAE AR 5 3 000 A M AR AR, Il 2R FE AR AT 70 dB 15 B2 1L
MR FEAS R FH 30 dBEME LY . 5 B 2% 3 26K 0.003, B IE TR 0 K 15, 36 4 N TEAR TR T I 445l 5
YNGR 7= A (R TR G 0 I, e rp R/ C 7R B (R R AT R SE B 4 28, R 90 R T 0 8 45 3. O T8 T4
BLRTESE AT S 150 T A5 58 PR IR VA 5 AT 5 50 B 75, S BRI B 4R BE NS 24758 29 i o
TR VA R I 1 47 BRI 810 B30 1) 4 2 80, DL b A VR 95 6 %R 7 R 25X 25 W I (R PR Fas iR PRl ek 4 H
JE R B T 1247 5 1250 o TR B E A I R A R T ) 6 N O R A G, L R — AT K



1236 R EBLE Journal of Data Acquisition and Processing Vol. 37, No. 6, 2022

WAL & RS FiX — 2R REAS R — 54 3% Bl 0 00 ) e 2R REA . AR AW 74T Il (R ok
feJRR HIZATAESS 1290 Z J5 ¥ 0) % AT R WIZE ML 19 565 7 28 h 34 3 397 AN e o Ay 372
MW GE R ER KB TR TR AT IRT KB TH 2K, A6 RS EIN TH6
KA L2 RS B THE 1226, WRVBBHEMENAL F-ATFX ML EmBE I g —2
TE A 43 28 WA A A B, AR 0 TR U 6 I T DAPR T B30 40 2 e i 30 . () R b T AR A 0 3 R 1Y YR A SR
P40 3 5 T o

%4 100mtit 1 mIFE Tl GEREER

Table 4 Confusion matrix of training set in 100 m to 1 m environment

R/C 1 2 3 4 5 6 7 8 9 10 11 12
1 377 0 0 0 0 0 0 0 0 0 0 0
2 19 377 14 0 0 0 0 0 0 0 0 0
3 0 0 382 0 0 0 0 0 0 0 0 0
4 0 0 26 368 8 0 0 0 0 0 0 0
5 0 0 0 0 404 0 0 0 0 7 0 0
6 3 0 0 0 0 419 0 0 0 0 0 0
7 0 7 0 0 6 372 0 0 0 0 12
8 0 0 10 0 0 0 0 416 0 0 0 0
9 0 0 1 1 0 0 0 32 344 5 0 0
10 0 0 0 0 0 0 0 0 362 0 0
11 0 0 0 0 0 15 0 0 0 0 339 11
12 0 0 0 0 0 0 0 0 0 1 357

£5 100mit 1 mIRETARERBEME

Table 5 Confusion matrix of test set in 100 m to 1 m environment

R/C 1 2 3 4 5 6 7 8 9 10 11 12
1 91 1 0 0 0 6 1 0 0 0
2 12 102 8 0 0 0 5 0 0 0
3 0 1 108 3 0 0 0 2 0 0 0
4 0 0 8 104 3 0 0 0 7 0 0 0
5 0 0 0 3 97 0 0 0 0 10 0 0
6 11 0 0 0 0 119 2 0 4 0
7 1 6 0 0 0 10 97 6 0 0 2
8 0 0 3 0 0 0 2 104 2 0 0
9 0 0 0 4 0 0 0 11 94 0 0
10 0 0 0 1 3 0 0 7 114 0 0
11 0 0 0 0 0 7 0 0 0 93 6
12 0 0 0 0 0 2 3 0 0 0 4 102

MEASHALUEN HrRREHEHERILENRENS 2 — 1K Fao+ 128 Ho—4EME
A 428 0 IR L AR ¢ 2R AT, ok 46 B 3R VA 26 BRI O TE W 0 SR AR AR B9 28, 3X 5 1 T R IR SRR A o &S
B 4.5 0] LA B I ZR 4R 5 00 U4 A0 0 AP RE AT K o (B TR RIS SO YA RO AR H, Bk — 2Bl 22
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BUAY RSS =30 % AL R R R AT X OO B o 78 RSS B3 P i T 5 AR SCT5 125 A0 ) B SR A 7 58, BITE E f6 IXC
B N BE AL IE X (g, o) I LI DA A 1) o Bl -5y Bl X D 1) 90 8 1 54> XA G Bl S 7 0 07 X Js P
BE AL AR B RSSTEAT 5 2253 #T o

TE RSS =i & A1 77 i i H Bk B v, 5 4 RO 28 10 465 1 0 32X 48 A 1007 S8 AR ), BBORE AS 110 13 e 1L
20 dBo A A B 16 AR K 2k T 35 A BHk #R B 58 23 A RUIASCF- 2 4 9 3R A R R A R
SN E A S A R 2 N 45 7 1 R AR B3 000 A3 A FE AT PR AL L R TR AR il T A 2R R o B R
FEAE 3 S MERR 5, X Bk RO R I BR RS R 25 0 O 1 (0T 2 R 25 R R S e 8 I 4% ) S B B R
BRZETER 2R AT HO B, XF =300 5 007 Az 9 25 2 145 A7 B4 1 23 28 Ak B 5l e s = i 2 07 4% B B9 2 i
Uiig A AR 5 5 DX RS 28 AT X N DA TR AR A = 0 L B A B JE A5 R TR T R4 B DL DX RS
FE R I TR B A IR 22 . TR AAG R TP B R 22T, A5 A s B 42 W 4% T vk B4 M BE T 8 ds
I 6 FT R .

£6 100 mtt 1 m FRE T8N 4E

Table 6 Performance evaluation data in 100 m to 1 m environment

W 4 432 ET RS R AR T35 SR U AR
T (LJLJﬁ%)‘j\ﬂfﬁﬁFﬁ Ul‘?%$ ) UJ}K%?i’J J#mh? )
ff e /s PR2/m PRZ/m R2/m
95.71 92.30 0.046 811 0.044 1 0.083 3 0.465 4

A 6 Il SR A vl 3 5 DA ME B R T LU B A — o R 0 ek SO 0 A v A R AT
SRIRB] TR T AR o %k T A 1 Ak B AR PRSP E A R AR AT B2 1.56 X 10 © s kX
B 4 - 80 25 5 = i 0P 3890 25 T DA R B, AR S I T A L 1Y S NN B O T A G 30 A I
PO B, T2 1R 22 B B U % G — 30 5 S ) F 3R 22 BE B Y 17.90% 5
3.3 AEXEHRBEEZERTHERESW

AR IR A A7 X AT SR 4EHF 100 m < 100 m, {E2KE 2 B A B2 B AIG , F XS R/ 248 3 m X 3 m.
IG5 4 5 P08 4 10 R H 2 R A8 1388 A8 B 10 000 AN I ZRBEAR 55 3 000 A4~ I3 B A 5 HAR e HE 48 15 R
A5 YA H T 70 dB B45 MR LG T 0 4 4 FH 30 dB A fE M LY . B 3 0% S 0.003, B it 0k 15, 31
GRe R TR

£7 100 m Lt 3 m FRE T8N 4E

Table 7 Performance evaluation data in 100 m to 3 m environment

WAL IS WAL =iEfTY
IIRAEMER R/ 0 AR e R/ )
IR HERG R/ 0 DK HET R/ 6 ] /s 2% /m B2 /m 2 /m
95.98 94.91 0.045 227 0.1324 0.161 2 1.298 4

XA 6.7 AT AR, 4 — 28 7 DXCIORUST A 48 T4 395 A6 28 Y o 25, {ELA 2 8 I o R R ™ A
FR 1R 22 BB DI 1R 22 B B A BT BT o FEASERIGE T 1 XU K I 1 200 %0, M4 - 249 15 22 B9 A
T 239306, T =3 5E AL T X R 25 B RS R AN T3 200 %0 , AR S kP R R 25 UM 24 T = 5E LT B iR 2
(9 12.42 05 , FHHE 3.2 75 JIr i 3R 53 A X REIF R F W, U I AEAS 9 3R 58 B AR ST ik A5 R 02— Fh B AT (34
R L TV

T DXIORST R — T A A ) T BE SR, IR TR AT T 1 2 75 2% AR O REAE (i ECER T Hh 45 3
RLAF PR B 33X e phy T DX 0 5 L O 2R B B0 A B S O R LA R I R A R AR A TR MR
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TS B FEAE S R S I R S 1 B AT A SR
3.4 MNREHBESHEEERTHERESH

A I B R A XSRS 10 m X 10 m, F KBRS 0.1 m X 0.1 m, & X 3855 DX 1 #2 L
i) 5 3.3 5 A IR AR # 0 HEAT T 470 o YRR 5 0003 4 1) B AR B0 2 R AN A8 L A5 98 26 1 10 000 4N Uil 24
FEAR 5 3 000 AN RAE A 5 R T 568 ik sl B 4 5oy L 85 OG0T, X5 M L dE AT 4R T UINR AR FH 70 dB 1Y
fE R EE T AR 30 dB f AR M L o 2 2] B30 0,003, B TR TR O 2y 15, IR 45 2R A TR A 6 PR g ok
AN AETRVE R T SR, e Sy IR VB T 2 U2 5 IE B 2 AR 4B 1 AR AR WS  MEREZS AN R 8 TR o AT LA K
TR, 7 2 T[] 04 A X 5 X 8 K B R T, R XIS DX 19 446 o i K X AR ST 3 T R AR
RUP= A (52 M 5/ o WG 23R 0 T B T RE S T A 4B TR IX 2 T 1) 0 2R AR 5 R AE AR AL RR BB 11 K e
o, DR 2 P 2 BEHE X LG AT X Ar . AEAR AT A SCH A S E MR R 22 N
15.65% AJ5 8K o5 A 4 Xy e .

£8 10mltt 0.1 mINE T ML £ 3R

Table 8 Performance evaluation data in 10 m to 0. 1 m environment

WA R AETE  WRETE | Wy
PR B /% I  /
UISRREMED /2, SRR/ i ] /s 82 /m % /m 2 /m
94.61 93.11 0.048 946 0.0057 0.007 2 0.046 0

3.5 MeEXE S S
AT SRS 3.2 71 A TR A 07 FCER A BR 3.4 719 BT = 5E LA, AR LA T AR e R BUE

AL GERLAS 2 2] Bk TR AR A 800 28 09 2 o2 )5

BEAR RS L )7 8 . B 40 2 B AutoML ®9 RRE LT RIEREXT I

SO R0 Sk AT 05 B AL, A B I 2 A TR M Table 9 Performance comparison of different locati-

LR 9FrR . R 9 n] W 770 JERG HE A Sy

25 B DNN AL SVM P BEAR T , 4K i A

zation methods

oy MR/ AR /KB RERD S R

KTk 92.64 381 £ 60 000
SOOTVAAE A R o S 0 R LB IR T DALy 79.00 25 420 £ 200 000
AR & BUDNN, T 61 SVM {59 Y o 56 228 Wk g 1 580 L 88.90 54 195 #4510 000
ATy AR 2 (8] o5 S 4 26 1RE AR X AR S DNN 91.67 899 2455 000
W g B E R BT PO ARSI —F fipsvm 93.40 29 303 %2100

P RE L S R 0L 7 1
4 Sh3pik LI I IE

4.1 EHPEW
4.1.1 %=ByF

AR LB By T A 09 A X, 3 A JE 2 /N X ID 4 i S A E N X AR PCT=199,
PCI=4515 PCI=137, f:/> ik uli a] DLXS $2 i5 omi 52 43 3 B AN [6] 9 ¢ AiE - RSST, & I $2 Fif {8 (Timing ad-
vance, TA)fl1 DoA. H TA &5 HE #4561 250, 1 DoA 728 1E B8 b 343 A hDoA 5 vDoA , 43 %l
AR T 1) (43 35 T3 ) 73 5 88 L i) 90038 5 1) ) o REAS 11 308 R o A I 3 L DX, 7 3 DX
HE] B 10 om A2 A7 AR A H bp L TE IR — 25 B2k B IRIO S B 91301 .
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4.1.2 #HEXRE

TE 52 5 vh 2R 48 T A5 R0 HE A% X AN 26 10 /R, Hob pusch Ta 268 _EAT (5 18 A I [ $2 A&, K 10BR T
A2 — A 5L, B PCT=199 DX 1 A% 356 sl 45 (4L 1) 38 40 5080 A S 2 5%, ] DL 56l 3z [ g 50 0 v 0 5 s 1]
B 4 FARRAEAE

F10 EIHILRREMFHE

Table 10 Data collected from outdoor experiments

st ] RSSI/dBm puschTa/ts hDoA/(%) vDoA/(%)
2020-11-24 10:45:24 —59.25 18 27.77 5.11
2020-11-24 10:45:25 —55.25 —16 28.18 5.54
2020-11-24 10:45:26 —55.25 14 29.38 6.00
2020-11-24 10:45:27 —55.25 15 28.14 6.00
2020-11-24 10:45:28 —56.10 9 28.24 6.08
2020-11-24 10:45:31 —56.10 14 27.76 4.62

25 LR AR S i A o SR A U R S0t A% X < SRR PCTAREAS Hr [8] PCT R ] 8 HE 3 437 A [
MREAR IR R A G — DT INGRBREA . W3R 11 From , A S2 8 b (ol A i A A% 2008 3 X4 X T
W, JER [ AT B B0 ok B AR TR PCT, 1 18] 1) ) 28088 AT A TR) B 5 AR 28 28 o 3 7ol Hll A1 16 12 i SC I 3k ) A 48
Bs A5, BA SN E AN E & — S BEROHEAE . i T REAS o B R A R AR B0 L S 6 o D
B R 22 R0 265 1 1 DR A B B — 2 5 00 o e, AU 2R X KOs 22 BEAT T AL B JHER TR S PCI%&
N 3ARYREA o R, DN AR IV Y S RS R B 2R O B 2 AT O 2, PR O A — A Y
S AR AT AT Ak B B % 2H 5 B A KA AR A

Fz11 EHILEENEEERX

Table 11 Input data format of outdoor experiments

PCI199-RSSI PCI199-TA PCI199-hDoA PCI199-vDoA
PCI137-RSSI PCI137-TA PCI137-hDoA PCI137-vDoA
PCI45-RSSI PCI45-TA PCI45-hDoA PCI45-vDoA

4.1.3 A FEIB &R

SRR S o0 Y R 2 B BR ) DG vk LR AR AR 22 R L B e T e S R il BE R [l A A AR
AN B R AR AR, PO A i i AT AR R AT ST 1 E 6 R 0, DR S B M S I S 0 b i A B R
FUAAML o A5 L 28 ) 4 Ll 1 BEAT USRI, ol T R0 A B 2 20 02 S A, AN F 06 LS i g 7, T2 B
A A 0.001 24 ) S R PEAT IR R A3 BB S5 RN R 12 MR 13 PR o XF R 12 5% 130 LUk
B, o T3 A A A I B O R O 25 TR AR S PCTECEE AN 2 3 BUREAS , S BO il 4R 1 7 2R 45 R
FEA T — L8 I ZRAR (19 73 JE 45 R R R AR A R 9 B AL A R

KA — LG T 25T PR REPEI RGN 14 vhoal DU B, AR SOT7 i e 2 19 3 2K A
E LR AE L B AR I A v A R DI 2R A M R A 22 B AR W DL T A A by O E L H X
S TR AR PR R S YIRS B BN B U S A B o SEER R R A S iR 22 KT
3.4 Oy FLrb /N DX R BE PR BT T B A P R 22 L XN R AT IR A KRR AR 5 PCT/N T 3 R A
SRR R AT TR 22 . A BRI X IR 22, B AR PCTER G AE AR 15 1 0 4G B 5 2k 1) e A Oy 2 02 DA 17 5
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F12 ENZBRARETINEERBER

Table 12 Confusion matrix of training set in outdoor experimental environment

R/C 1 2 3 4 5 6 7 8 9
1 224 3 0 1 0 0 0 0 0
2 0 214 0 0 0 0 0 0 0
3 0 0 226 0 0 0 0 0 0
4 0 0 0 229 0 1 0 0 0
5 0 0 0 0 201 0 1 0 0
6 0 0 0 0 0 219 0 0 0
7 0 0 0 0 0 224 0 0
8 0 0 0 1 0 0 201 0
9 0 0 0 0 0 1 0 235

F13 EHNTRHRETMREREHERE
Table 13 Confusion matrix of test set in outdoor experimental environment

R/C 1 2 3 4 5 6 7 8 9
1 340 5 0 0 14 1 0 0 0
2 0 356 0 0 0 0 0 0 0
3 0 2 353 1 1 0 0 8 3
4 0 6 0 317 0 4 0 23 0
5 0 11 0 10 318 0 1 3 0
6 0 7 0 2 24 322 0 2 0
7 0 0 0 0 1 0 359 5 0
8 0 0 1 0 3 0 0 334 2
9 0 0 0 0 0 0 2 19 356

F14 ESPTWINE THERIEN B
Table 14 Performance evaluation data in outdoor experimental environment
NGRS R/ 00 IR/ % WA RTE /s IGETHIRE/m LR %E/m
99.60 94.99 0.038 237 0.000 76 0.012 5

R b B R Ay AR AR S B i FH B R 6% 7 S IS ) P (Ot A SR 0 e TR) R R T R R A ALY
B RCPE | SEBR 43 S IF AT 3K 34 PCLIR 1] 4 5405 Bk 1] R 3 ) T4 34~ PCT Y 545 49 il g A K530 5 27
BEREAR PCTAR [l 5048 A B 55 - B 8500 AH 25 2o 3 Bl ™ 26 RS B 2 2%, D)7 >4 DA 35 L 38 1 50408 A B
T A T R I B A D A5 A R A B LT BRI R R ok L R R 2
BEAS , I3 17 AH B PCLE SR I RE AR .

R T B UEAR SCTT A WA RLTE | TR AR SO 1 5 F A 4 28 O T AT AT L B R N 3R 15 TR . fEAR
S5 (M RS H AT B 3 A AutoMIL AT T 4% 28 43 A 1 AST L fift T DL el S0 006 £ 1 88 2 B0 B
TRAETIPERE T, M fe Ak 09 2 BOIR 25 T 16 T 20 ) 8 458 780 52 % 2 D RUARE 43 0K 1 SRS TR Bl e 5 A
FE# R, T = E A DOA  TDOA 5 AOA %53+ 8 8 i JC 48 & 1 B v A =S W ik (5 5
TSRS TR AL AR AN AT AT b o AR 15 ] LAAS ), A6 S5 B BE b BUAR iy T DRI 9 3l
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2% L0l I AN AT 22 K43 0l 0 18] R AIE (8 7Y BE
SRS REAS N B R AE 8D =AU 1240 A

1241

F15 ESZWMEREXTEE

Table 15 Comparison of outdoor experimental per-

— il B o 2 0 A O AR ST R AT R R 4 R formance

ZHRFEIE TR RLEMAEBEA RS £ 2RE ER/ 0 SR /KB R R

GARBUE N S PR % ) R WES R LT AN 94.99 349 £ 84 000

A7 AR B A DNN 4828 07 g e e % = IRAERE 93.07 162 #5120 000

HRE A SO 8 B OB . TEAR IR M B p iy JRECELL  93.29 337 #4171 000

THREAR S 2% B I ELRE AR R 3/IN AR 3OO 1k 7R 25 ) DNN 95.19 730 2 44 000
et SVM 92.48 272 £ 20 000

di b 552 E AP Te kAR DR B AR
SCTT AT R 2 — v A R RG B I JC R L T
4.1.4 ZS ks

PLE R T EI LR 0L B S g0 25 5 . h 52 iz F I 00 £ SR 48 A2 B 1 7 X5
A FH B JC 2k S5 il 1 5B 7 ML BRI, DRI b £y B T A8 D 6 i A B A X 4 U 48 0 2% A it 4 AN T
FLHEE AR 28 2o 6 33X T 3 /0N R B A8 o LA B B S 80 R B 5 AR SO IR AR LB T 5 06 F 0 L3R
BB KT 92% B8 AL HER I8 B T 10 em GO Y 8 ARE B R 25 B BRI 8 R RE .l S A
SE LTV G L A IR ] T A B 28 I 2 B AR RE AR 5 B AR AR Y T R L R A AR LA R A Y S R
B
4.2 ENXR

4.2.1 ZE®BIHF
Vel 4 181 V9 B0 SR 42 App 1 1935 SR A BT :
VA I B S T B AR B R A 5 z
F KB € BRI R AT K LB 30 10 4 B e )
3 31 40 L 4T 5, PRRU o 55, 1 0K T 4 2 (OIS . =AW
Fh, S 40 B 10 9 1 B 2B G5 7 5 = = -
R 2 D1 DO 1 1 2 6 @[] . ey L[]
LR o o] | [¢] PRRU3 = _ PRRU4’ =

4.2.2 HERE

B R AR I B D ) e RS AR 1Y 3
K358 3 m, AU S AR X 38 T — R AT
H 2R 55 AT D0 K 22 B0 R0 R 4B IX S 4 7 AR
1~T7 47 LA e 55 3~15 %1 6 Hidir 4 0 R1~R7 L K C3~C15. [FIAEHE , fh BREE I Al W, 8 T P A2 76 350
T 67 DX, S 43 T AR X Bl R AT 0 R T B L A R2C 12 Bl R B A 5 L R3C 1A FE R T
S WIS T P 0Tk B0 3k DR HE R AE ARG F X 54, W RE ( C6~C 103X A A — 2 i FL gk £k F
FELAf 1) N JA il B S %) DX, D0 T AT S A R AT B R AR

PLSE— YRS ], 78 R34S DXk b SR 4558 T ML IR) e a4 7 25080 SR 4R, SR 4 32 3 DL Bg A — Yk 14 45
oK ML RE A 2 1Y BT A B 3 0 4% F 3 1 45 S 45 R AE E SR R ORVE N — AL B0HE . e RS T IX
HRAE 1 min, R R P TR FHLAESE U F X b o0 1007 B E s ISR A i) 280 . X B3 R 42
A B BT oK V5 T ML A ARG B S A ) A Ak B K T A A A T G A R I B S R A 3 16 TR,
Hr, Asulevel ¥ FHLFE S5 E , RSRP A S H(F 5 WK, RSRQ W& % (F 5 Ui i .

1 X Ab B A5 2 A BOHE SR VEAT A b R B, B A XS AE A 134 B O A B RS B R0 4% Sk

I:l

M4 2N SR R

Fig.4 Indoor experimental environment map
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o U FC A e P ) PCT 250591 45/ 7 30 1) 16 EAZRREFEHRE

2% Lk XF B 9 RSSI.RSRP 5 RSRQ 1 , 31K ¢ 1k Table 16 Data collected from indoor experiments
FTHEAT , e M R — A~ 13X 3 M B I, B A R A ke by Asulevel/ RSSI/ RSRP/ - RSRQ/
N AREAREWINGESTING ., Y~ Ad %5 dBm  dBm  dBm_ dBm

A X 13 FRiC PCT iy 3 A4S 588 1 5 k2 1 87 46 —95  —94 —14
A RSSI.RSRP 5 RSRQ 8 LI k44 {5 — 131 . — 1 214 46 —95  —9% —18
131 5 — 22 JEA7 LA , 3086 B 45 8k 8 F CellSig- 1 215 50 =91 —90  —1I5
nalStrength 2 v Xt 137 3% 7] 8 9 {8 8 F B . o ok i 1213 50 -9 —9%0 -8
HE R B AR ARG O i T B/ PO e L %0 0T s mEs s
B RE AR X o 2 I 4 72 A g o R TR W a2 PlE 46 5 e s
FIpa 2 215 50 —91 —90 —15

'Mgr/il‘ﬁbo
4.2.3 2R &AL ) % 2213 50 oL 90 8
2 366 57 —83 —83 —13

R T Z i ) 28 S0 S0, A 52 56 R BT {68 T )
NFEA AL B 2 (R AEAE, O HOR NS U= 19 48
OV R — 2 TP UL AR A (RO T A S 58 RO S 195, Ay B3 AR v T A 2 64 4
AR ST, 6 98 58 I e B X 28 1 5 56 e 08 T 1) o 28 I 285, 500 26 1 )2 46 BUZ AT B R R 5 Bk
(14 16 B B nT R AT I 2

AR S TP A B B I 45 Bl i B BRI AEL O 34>, el 4171 R G B AR Al KA SR 1B BUZ (T 33
MBS 3 3R KRB . 7EEAT I8 2 22185 K BLi% 2 80w o 3R AH 2 80, M A s R R
PR A S A R O 2 300) S R AP 4R 22 R 0.15m) .

4.2.4 A EBERLE M

K BB AR WEAT BELAL P AL BR, F A LA 7 30y LA 23 A B2 A8 S A o IR I 2Rl 2 4
Ja L, BEAT N ZRA BN 2R A 03 52 10 98 0 P (R 20 O S5 VI R4 (D 46 70 28 M 5 5 o B R 22 45
WMFE17T~19 P78 o 3R 17 18 BR BRI vT LUE 0 T8 2 7 KA 5 0 1~ X B4 55 7~ X5, HRE
AR Z A RAFAE B A AR X B TR s R G PR S I e VR R R O 1R AR
SRR, T RS T 6 408 14 5 DX, HE =2 18] ) R A {22 B T 125 3 B 3% B R, TR e 2 L R R [
TS AR A B, PRI T ) O B AT AT R0 A e i A o Pl 3R 19 TR, AR S B 9 U1 2 5 R AT 7 A U
&, I AE Y R 55 R4 T A 29 2300 IBEAR BERR IR 7026 0 7E-F SR 2 I THIE IS, YA 7 X s [A] 1Y

®17 ENIBRHETINEEKREEBER

Table 17 Confusion matrix of training set in indoor experimental environment

R/C 1 2 3 4 5 6 7 8 9
1 276 0 0 0 0 0 0 102 0
2 0 386 0 0 0 0 0 0 0
3 0 0 381 0 0 0 0 0 0
4 0 0 0 393 0 0 0 0 0
5 0 0 0 343 49 7 0 0 0
6 0 0 0 0 0 378 0 0 0
7 0 0 0 0 0 416 0 0
8 0 0 0 0 0 0 0 164 0
9 0 46 0 0 0 0 0 0 370
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F18 ENZBRINRETMLERBER

Table 18 Confusion matrix of test set in indoor experimental environment

R/C 1 2 3 4 5 6 7 8 9
1 122 0 0 0 0 0 0 60 0
2 0 174 0 0 0 0 0 0 0
3 0 0 179 0 0 0 0 0 0
4 0 0 0 167 0 0 0 0 0
5 0 0 0 137 17 7 0 0 0
6 0 0 0 0 0 172 0 0 0
7 0 0 0 0 144 0 0
8 0 0 0 0 0 66 0
9 0 28 0 0 0 0 116

F19 ERNZWINE THEETENEE
Table 19 Performance evaluation data under indoor experimental environment
IR/ 0 WREWER R/ WRE SRR /s IIGEFEiREZE/m W F R 2 /m
77.52 77.60 0.552 612 0.7311 0.739 5

D& 22 B O Dbl AR B B AR R A SR, 5 O3 2R 2 R Dy LE W 2 SRR AR Y 1 DX, LR 22 R
NER 3me 22 MR AR (01 25108 22 JF X LU 43 R A5 R mT R0 78 A AR 0 K A 85 %0 AR 1R Ty 3 S AN
WX PP A H WK E AR EAEAR SINEE PR IRENNHREA R R EDAH
95% LA L2532 th T I iR AR 5 1 R AR b ) A S R AR 58 4 — BOIT S B, B LR T A R e i A2 1 KL
TEAS S 56 (9 PR RE 6 Lok A2 o, 38 o £ ] AutoMIL X6 3 T 45 288 43 28 245 0 455 8 45 ) D0 307 0 4 i R
SRR R DR B PE BB S AN B D0 A B9 2 BOIR S T I T 3l e AR 10 52 2% 2 LI ARLARE 73 NG 2 5 B R A
LRGSR COOME#AT R SR MK 20 s . 5 2ZH0 M E AP SRR, B T =3 5E 2 \DOA |
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