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Abstract: Ultrawideband (UWB) is a hot technology for indoor positioning with large bandwidth, strong an-
ti-interference ability, and high multipath resolution capacity. However, due to the complex indoor environment, UWB
signal propagation will inevitably be blocked, resulting in non-line-of-sight (NLOS) propagation, which greatly reduces
the accuracy of UWB positioning. Therefore, identifying NLOS signals accurately and discarding or correcting them are
important to alleviate the problem of the decline in positioning accuracy. The majority of present NLOS identification
work focuses on scenes with building structures such as walls. Further discussion is needed for scenes obscured by pe-
destrians. Since the impact of human obstacles on the signals is more complex and cannot be ignored, the NLOS identifi-
cation under pedestrian occlusion was studied. By comparing a variety of machine learning methods and signal feature
combinations, the random forest method based on the three-dimensional features of the first path signal power, the re-
ceived signal power, and the measured distance was proposed. These features with fewer dimensions and easy extraction
were used to achieve a high identification percentage for NLOS. The experimental results based on the measured data of
different devices show that the NLOS identification accuracy based on the proposed method reaches 99.05%, 99.32% and
98.81% respectively.
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S U AL A K A R 4 S =, S
s S fin. SE6 = 4R CE LR gy . B
R BREYR. SERHE T WE UWB B RS,
4394 LinkTrack S F1 ULM1. F-T-Ab 354 14
% #& MacBook Pro, 4b¥EZS N 2.9 GHz X% Intel
Core i5, Hfs /LB E Ay MATLAB R2017b.
3.2 IHEEME

SEEG 3 R T GRS LOS HdE LR A A
i SR A NSRS NLOS #udli . H Ak
AL F 3l FbR 25 2 18] B A [F) AL B 2 55 5 7 AR A
R, 76 NLOS 375 T REHIRR, N\EH
TERE S SRR Z AT AE o A5 DN L 5 TR JE ol F b
B EY, AR 0.6 m K.

SGIEREET 3 MNEIEE. FAEEEEICH
S1, #7F LinkTrack S K£E, Hul S5HR&EMIEE N
12~78m, #&H 12 HEEEHdE, 4L s
LOS 5 NLOS ¥#E % 3 000 4. % -~ AMEIREICH

S2, [AFfFET LinkTrack S K&, ZEHREY K TR
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12~84m, KIIME 13 HEESEHE, 48
24 LOS 5 NLOS #i#fE 25 5 000 H. 25 =ik
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& 4000 4. S TIEMTE I, BaRAEENE 1.

AR RE TE R JGHEATITAL, DL 8:2 [tk 4
RNEREFNIRLE o
3.3 MREITNIEER

KRB F RS0 45 T PR 5
73HT-NLOS 5 LOS RHIHER TR 7 S IEMIFE A

S ITEREARRI L], RSB ERR L. Ht RO
TP +TN
accuracy = (2)
TP+TN +FP +FN

Horr, TP 7R NLOS FEAME IEM 73K H%E, TN
FIR LOS FEAHE IR 73 KM% &, FP &7~ LOS #
AWAE R HEE, FN R NLOS FEA AT iR
R

(a) BRI EE

(b) B IR

K5 seielpst
*1 HiRERM
b RV BB /m - CHE INANEEN
s1 LinkTrack S 12~7.8 72000
$2 LinkTrack S 12~8.4 130 000
$3 ULMI 12~8.4 104 000
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NLOS A% & 5 NLOS FEA S B LLE], HRE
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TP
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recall =

A3)

3.4 SIEEER

AREIAR SCFT A8 F = 4EHFAE [ NLOS #£ #%& 1K
ITERA RN, S T ARKRRIEA S, 2
A DU (naive Bayes). SCHFRIEML (SVM,
support vector machine). K IT4F (KNN, k-nearest
neighbor). HIHAHZE M4 (FNN, feedforward neural
network) FIBEHLARM T 8047 1 5256
3.4.1 NLOS -3 AT

EARSCARAL,  SCHR[181AN SCHR[ 197 R4 R FH 4%
A PRFIESE IR T AR NLOS U 2, Kitk, K
SCHR[181FN SCHR[ 1911 J7 1A N R HE AT EL L. S
BR[18]142 tH R BB S IR 558 — R E 5
FAENFEIE, FERIFH FNN 3T NLOS . SCHik
(19145 HEH DU & PR B Ay ME—HFAE, SR SVM J5%
HEAT NLOS W5l 7E55 3.2 AT 3 M4k -
BEAT T SRgexr b, TAEXFEL LR 2, 78 3 Mae
H, ARSCTRRA S ARG SR, SBEUES
Ty 22 A0 B BE B A DR R AE 1R B AL AR AR 7 32 11 4 1
RAH B g, #OAF] T 98.5%LL I,

Bt Hh, ANFERHE HLER5: 2] J7V57E ST 82,
S3 LA NLOS 5 LOS R Hl W3 3. 3R 4.
5, AR IEET = 4ERFE 1 BENLAR AR 7721
IR E BRI R m, £ 3 MNMERE LA
99.05% -+ 99.32% 98.81% [ HEHH K F1 98.54%
98.94%. 98.54%[1 4 1%, [FIIF, NLOS i - Fh
U AR B SVM 5 R0 NARAT A I 437 5t
R B T KNN. FNN Il RF 751

M 3 Ik 4 ) RF SR TLEH, 7EEdRE
S1 I S2 o, A5 A B 2 s AN B — B AR S 5 TR AE
RFIE )50 545 IR 5 BT 6 = R iE 73 28 45 SR AR L
IS A ZRIA K, B 5 BonT7E S3 FidE B
N EBWE 5 DR A RHIE 2 —Re iy Rt 2%
T, HJF AR RS S1 AT S2 RAE B % LinkTrack S
(SRS 5 DRI PR EUC, B N AR 1)
NLOS #8555 LOS M85 N EUE B H 5. gk S3
KA ULMI LS 5 TR I 7 MR B e
FENARIERS 1) NLOS #5555 LOS PhE N E,
PRI NLOS 37500 MBS 5 DI AN K
ATDA R PR R R B . 56— IR M5 5 DR RFIE
3.42 BfREfe

ANFEIBLES 7 S FIE AL R R W3R 6. FE532K
BOREUT ) KNNL FNN P& RF 7799, KNN
I A5k, FNN FEZRAS MK, {H KNN # 24k
BN kA RER B> FHKEE, 12T
R HI 7R EEAW A, AT TAEE R AT,

&2 TAERSEE ! ‘ X
o o . BEMLARAR VB0 TAE D, IR EiEH, iR
SCHR[ 18177 SCHR[19]77 % ESTiFS e b PN .
Bl s ARG e, A& NLOS 70286 &% BAE S ik
MERaZE HEE  fERER HBE R HEE 343 AHEiEISYE ST
ST 79.53% 79.98% S54.82%  50.85% 99.05%  98.54% N T IR P8 7 e = N WK IE RS T /Y
‘[:]IZII Ve N \En& \/\ ﬁzﬂiﬁ‘f& N H—»E“ﬂ;—: Al
S2 77.04% 78.32% 54.77% 55.60% 99.32%  98.94% NLOS l”dji ROR EI]J"E‘ Ha B SR R HE
S 1 = ’\‘_"Mo N HEIZEE N »—‘—»/\\““ =1 N
W FiAT T 3 HSER. 7. BEEE. FAEER T
S3 86.44% 79.10% 53.01% 81.14% 98.81% 98.54% - Al N s
SEIS I S U 6 BTN o S0 J sl 3O B AT 2 N I
#=3 REMEE. WEEFSIFAAE SI ERINLOS 5 LOS iRAIREE
naive Bayes SVM KNN FNN RF
REAE
TR 2R H el Z TR R Hlal % R FENCI B R H[a| R HERIR HalZ
Md 53.78% 40.44%  54.82%  50.85%  91.14%  85.45%  86.00%  73.37%  90.94%  84.93%
FP. RX 76.98% 8031%  76.73% 80.43%  79.46%  80.13%  79.53%  79.98%  79.47%  78.69%
Md. FP 76.69% 80.55% 85.20% 82.56%  98.80%  97.93%  9833%  97.35%  98.72%  98.19%
Md. FP. RX 76.07% 81.58% 85.88% 80.37%  98.92%  98.10%  98.34%  97.40%  99.05%  98.54%
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4 TREMHE, HEBEFSIF5EE S2 EHINLOS 5 LOS IR
naive Bayes SVM KNN FNN RF
FHIE
HERfER FEICIES 2 EEJEIES biIES Hlal % biIES EEJEIES biIES EEICIES
Md 56.10% 50.38% 54.77% 55.60% 90.20% 83.95% 88.33% 79.41% 90.22% 84.40%
FP. RX 70.58% 67.15% 70.90% 61.86% 77.02% 76.65% 77.04% 78.32% 77.07% 78.32%
Md. FP 70.28% 69.17% 89.28% 84.68% 99.24% 98.82% 97.85% 96.34% 99.21% 98.84%

Md. FP. RX 70.45% 69.51% 89.59% 84.57% 99.26% 98.78% 98.43% 97.38% 99.32% 98.94%

x5 TEHFE. HERF A7 S3 LM NLOS 5 LOS iRFIIEE
naive Bayes SVM KNN FNN RF
FHIE
HidTES EEJCIES HidIES R CIE:S HidTES FECES it ES FEJCIES HidIES FEICIES
Md 54.52% 63.89% 53.01% 81.14% 94.15% 90.14% 93.33% 89.57% 93.92% 90.31%
FP. RX 67.90% 63.10% 82.41% 73.58% 87.26% 80.55% 86.44% 79.10% 84.70% 82.32%
Md. FP 57.87% 43.89% 72.32% 75.52% 96.32% 94.02% 88.65% 86.82% 96.23% 95.36%
Md. FP. RX 66.74% 63.35% 86.05% 81.04% 98.23% 97.27% 94.46% 91.65% 98.81% 98.54%
&6 TRENEF B AL ERTE (B s)
Hnsk naive Bayes SVM KNN FNN RF
S1 0.56 48.47 0.55 17.86 5.46
S2 1.22 119.29 1.00 79.76 12.71
S3 0.29 104.86 0.52 32.24 12.81

HEWHIRBE

SERS PR

o [1. fEE. FEEH T KRR

WIRBTEAERNE, BXIREARAE 0.6 m AT —Ik  MEWE 6 HIE AR, HAHEE 30.5 cm,
W, A ERLE 2 000 44 NLOS Hdi. 18 REGHN 1.2~3m; KRB R, WE 6
P s E 6 R E XN, LHITRMEA  MRGXKEHR, E8EBRE T, REHIREH
BN, B 6cm, REGHEN12~24m; BEEEERS N 1.8~24m.
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