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Abstract With the development of the economy, environmental maps are becoming more and more
important to our daily lives. The existing mechanisms of map generation are mainly based on vehicle-
driven GPS equipment for data acquisition and road network construction. However, these methods
have the disadvantages of low precision and poor efficiency, and the methods cannot construct the map
for some areas where the acquisition equipment is difficult to reach or the GPS signal is weak. In order
to solve the problems mentioned above, this paper proposes an idea of constructing a map through
mining the sensor data generated by the widely used smartphones. Based on this idea, a data fusion
algorithm is proposed. Firstly, the machine learning classification algorithm and signal processing
technology are used to identify the traveling state. And then, the segmentation mechanism is
combined with the dynamic time warping algorithm to process the steering segment. Finally, the local
map outline is generated by the fusion of the distance data and direction data of the effective segment.
The experimental results based on the data collected from the real road network prove the
effectiveness of the proposed method in the construction of local map outlines and the feasibility of

deep mining sensor data.
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Fig. 2 Overview of processing sensor data
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Fig. 3

The fluctuations in yaw data
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FEHEICH B P () B2 30 B S R 0 s B S e 1n)
AR phy Ak B A AR TT LA B, AR SCARE H ) K A O R A
AE S A B ] 90 AR A LT DR AF T B i A
AT B0 AR A SR A HTZ B E 45 &
DTW J5 44 158 115 09 %% ] £ s Be 5 2 4 B0 45 Al
BHEAT XTI A 51 S BiRAS R 5 ml i .

AN, BEARES 2 1 pr B iR v] DL HERR AT i 0 AR
TS5 O 25 K 15 B0 (5 iR T 2P A7 # e A
() 72 3 MR SR 23 X g — 20 B AT 3R i e i — e AR R 1Y)
SR X2 R) R AR S S A 0 i T 1) A% R 4R
i v SRR BE T ML O 125 K - T AR R ) A4 £ O
ATATHE D7 ] b 0 3ERE G 8, 1 4 i A BIRE A AE
TR o AT BUR.
3.2 RANEBRRHE

AR B AT 0 R A% S B L R B AR
I B Ak P AR 32 P A I R A Y 2R DL
PUNBLRL A g 2 3843, F k21 ] i TAEE
PAIE SEAEAR S PRI 7 T B A — € WA B DL AE XS
AR A AL B AR AR OSSR 21 ] AR
1) B8 4l Ak B 5 VR RN SO R E
3.2.1  FHRE X

ET- R 6 T U T ko F2 b A7 A2 il A [
() Ve, 76 AL B A% T R B A AS [8] AR 25 38 3 43 Mt
Bt R AR B TP Y SE R A2 B G B AR SORE 3 B
AR 2028 3 28 ATHERAS (i IR RS DL R N R
AR L, X e ¢ il V6 o 5 0 EL A A VR 0
FORBAFEAT RS LR B BRR A  SR L AEE Sb
Je 8 M V1 A B A A el AR L L AR R 415 1 A X
DR Z T UL 38T A SCHEAT TR SO S E X

TEX 1. A BCRES AR SCHT R A SOR S 1 b 3
FEONAT R SR T B EERE
ACVAAR G Ry 32 7 d5e 28 A B 1) 6 B B0 b 2 47 ] B
FrRif.

EX 2. A RBL I T A RCRE M & S, A SOk
il ML 2 2T /Y 5 32 % B 43 B 500 28 47 R SR
s 6 2 A ROIR S Y B B o A B
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3.2.2 YNGR 1 Az L B A Y 14 4

ARICE SR 5 FAS R B (42 s T LA T 1
R IR SR AR L SR 5 B2 HUEC v 1y o 3 R A TR 8 R
Jhit R B SR ASCBE AT 0 BT A B AL R AT R A R 4 1
4 25 JL o BRI ) S EB 43, AR SCIEHL T Random
Forest 53 vk ¥ 47 1H 5] 45 74 A #) . AE SCHR (21 19
TAE ,Random Forest 5k ML REC & 5 H A%
H By 7 #4228 5 Naive Bayes, Logistic, Simple
Logistic, SMO, AdaBoostM1, J48, Random Tree #f
177X HE.8 A DL 23 28 55k i P RE 7E 22 i AS (5] 73
FIRBR T YT T VAN Hh o B S S5 R R W AE LR
B 75 TN 8 AL R A B AN R MR SCRE R T 3 1 IR
5 TAEH, Random Forest 535 8 H Al 7 5%
RETE AN 5 1.

D) 0 ds i 53 B SRR 115

MNIEL 4 T A AR R ) i g ok R T DL R B R AT A
RURL S 22 HI 1 S T AT Be Be K M B e G T4
0 o3 B A B ) 8 BRUAE B TR AR 1 TAE h & &4k
L2 BT TIRABIWEIE S 25 F 32 0 B K 1 ik B
FEEARE R U DU Y H AR 3 A B9 R T AR SCTE B
Tia) B A0 BB 114 2 BB I S AR 1) Ay s v B R AT AR
I 1 o3 BOERAE G T A SO 9T H AR 5 B0 Bt
TR 25 Ty T BOEE 09 2o B AU, 25 7™ 5 1) £ 4
A0 B ) T RE 5 BCHE B n SR o K W 2 B T B 1 it
T ) R R TN AT 552 T A S 1% b 121 1 g 38 o X i
N AR DL K 52 R R B8 808 2o 7% 19 73 B, 72 50 Hz
ARG R AT AR SOR i BEBRK BRE o 125K
For Bk, AR i ] End-Point Detection J5 1%

Stepl Collect Sensor Data from the
Smartphone Being Used

J

Biep2 ‘ Filter Data & Segmentation
[
Step3 Y
‘ Compute Feature Vector ‘
’ Extract Feature ‘

Match Category & Generate
Training Data

l

Build the Classification Model ‘

Fig. 4 The workflow to build classification model

4 R R O R

HEAT 43 B 6T 50 23 BORRAE (4 T 58 L AR S i st
Bk AR DL B Gt 3 A O T AT T 45 2 i

@O W15 5 Rk

B 3545 5 ARF AIF 0 A5 32 2 2 RE 8 10 UL L TR A
20 1] SR A 540 S AL A B T EL X A 5 B i AT
Sl T (R AE T B e LA BRI B s AT A
AR SN 32 Bk BURE A% UL A 45 A B 43 o SRR
A I BE B B KA (max) | i /IME (min) P % SF 1)
{H (average) X 3 Ff # WL AR AE >k £ b AR E T 1Y
o0 T A 2 A R B MBSO AE B R T Y R
ST B2 e X R A BN B DA R o 0
IPRILIF S a () va, (1) va, (1) ya. (o) BEAT ] BA 3
Rea (O BITE N

a(t)=ya W) +a’@)+az). @b)
Q@ WA 5 R AE
AR 5 R AE B P B 3 B A T HL R 0% 1 il 75 b

FHASCHR v 0 138 3 1 W0 0 A5 38 1Y) — 2 ] S0 P A
TERARAE B THE b, 25 A5 5 B0 B AR AR, AR S0
Xof Fsf 18] 77 51) b >R 4R Jifr 45 1) 540 a0 A7 bR o ) L - 72
(fast Fourier transform, FET), UL i @t — 244
o Ak SHLESCHE 19 A0 3 A L AR S BRI A B R AT
R T AR R S A B 4 i (DC component) |
UEE L M 8 (peak Amp) DL B W {H Bl % (peakFreq) iX
3 AMMRHIE.DC component 32 2 2f i w24 i 55 98 Bt
R HE B 15 B . peak Amp FRAF 3 2 R J 80 45
Berh E R E oy B A RE B, peakFreq FRAIE 32 2 Ik
S5 W 5 B v e R W B L AR R O

T ST R Ak P A R AT o B AR BUIE AT n SR
R IR E AT P Bl Bk s e, I ] F (a0 R
B0 AT BE § IR R ] f RN
P AT BO AR AR B AN S B R
TR, HAH R

peak freq, = f s
j/:aljrg(m%lx‘F](a,-)‘.

@ Gt BUE SRR

SRS RPN SR kXS - S U V- DN S R IK (E
FHAEAL AT I, 28 % 25 5y 7 A o LA IR S8R E
B R AR T v 200 ) ) AR R KON S JIT DA AR SR R Ak B
B B ge U0y T R IE AT TR, E Rk
HPR) R AIE £ 355 125 2 90 Bl (range) AT J&F (kurtosis) 1%
2 M. range 322 1 DL 3R AE B8040 B Hh 5 K {E AN
o/ NI 22 () 19 355 3 T S kurtosis 87K 1Y 42 20808 B
T X5 B0 WA (BT v I 53 A 10 1 T E L T B R

(2
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WA 7 R n BoE  H ay BRS¢ 41
BEWSE j AR H @, RoRE DA BO T A R
FE RS- (A 0 A 43 B I B kurtosis TH3H

n i (a; —a)!
Kurtosis;, = “j:l . (3)
(Ekaﬁ—anﬁz

2) YINZREE 1 Az 1l AR 7R (1) g

i 3 UG S © 43 0 BCE B R Ak Bz HOE I AR
A AR SCHEAT T U0 SREds B 1 AR T AR IR B Tz
YR LA B 10 A5 28 SUIAIE T3 ¥k AR SCk AT 1 R A5 Y
P25 TAE  FL 20 SR AT 38

@ % Bk A BOR S 3047 8008 R 4R L IF bR il
Ty B ds BT IR 2. AT AR IE ) walk, bR BB AR
iE M stairs, B 1L FRIC K static

© Mol sy T 45 A SR 0 T 7 AR ) I AL
I3 SR 5 AR B S 1 B B AT BUHE A B 5 5 1)
1% R AR O DR A — B0, A9 b B A% I i B9 O3 B
1) S R E N 50 %05

© X 43 B 5 8Os AT RRAE B R, 3 B A4S i
3 5 T B9 %F AE : max, min, average; 35 38 5 1H A9 4
fit : DC component, peakAmp, peakFreq L F 4 11
3 7 T BY4FAE  range  kurtosis;

@ MR B RRAE ) 5 VT B X R AR A
A N B 4 AR R T 10 £ 38 LS TIE U5 iE R A
Random Forest 57 & 57 43 F AR AL,

MR L3R 20 B AT R AT A3 B R IE AR T 1Y
O3 R SR 4G G S PR L5 I8 R I eI R B 1Y
A it B L AR AR R 22 TT AR R AR B A A T A 20l
SRR B by R DL R g3 AR ) UG B K R
AR TSI NG B P AR AR SC IR B AT 1T
ARHIE Y B TR, B AT X T A RRAE 14 0 1 O %
REF A 2 B 1) 38 2 %) B0 46 e E 52 19 i A 1 48 ik
FrVPAl A B — > X 23 2 0 B2 BTk B R 19 AR 7 4R
VE D B 28 i 10 I B R AE 4R 5 20 38 5 7B A P AG B0 4 32
LA RRAE AR A T B BN R R 55 28 TE A 43 28 3 i AR
() TTRR B T A R AR HEAT HE 24 L SRS FEAR B8 i) 5 SR
W Top-k MHRIEL & N FRIE B ARy e A 0 ik Je
a5 A DR M AL B 1 AT IR AE
SR 48 5 T B A AN AT Z 00 ) i s A 2% B D H TR
FE AL HRR RS Z W1 B0 T 48 0 11 B B ) O 4 O
257N, L 22 0] g i BRI A R ) R
W 256 25 EAC DR R B 9T H A DL R IR IR A 1Y

ST AR SCIE A 2 FRRAE B 2 7 125, 01 AT AR B
1425 InfoGain (information gain) WY HE & 3 47 HF1iE
AL B PEAl LT A 0 D S AT 34 O
InfoGain(Class ,Attribute) =
H (Class)— H (Class | Attribute). (4)
Z2 M T R A SR A R B MR SRR A ) A
AU TR R 58 B X0 I 0 PR AR an Bk 2 BTk,
O BRI Y 23 B A AR A B 1 AR 1) 4 BB
Bk 2. VIZRER iy A LM 73 R A5 1 i) 4 e 5 7
BN« 98 MUY B B 0 B bR A 1 A B A
Ru.=1{8:}.i€[l.n];
By 1« 73 AL Model .
@O & SCHEE Q o » T AFTHCHE B i1 32 85 4% J%
o R B WA AN A5 A B KA L DL K 2 AR A
BT AW 3 BG5S B 8 A o
AR BRI Qe A nulls
@ for each S; €R ..
©  HRIS, Hhp A% A 0 R AR A
P8 — 2 BCHIE 23 0 A N Q g XS I AL
B
@  for j=1 to length(S,;) do
® THERIEE AL AR 19 B A @ (S, (D)
S, (2),S,(3)) LL B B AL A 1
HRERUE a (S, (4),S,(5),S,(6))

IR RB I B Q o XS BB F 1 5

©®  end for

@ FIHG N Q B T IS SRR A F 52
TR 5

XS Q a AT PR A L I 218 6 5 A 01
FEAE A T35

@ end for

W C S} = {Quu T T AT A [W] 4 FE | 1Y H5 AE

1H )
@ if S, =stairs
@ C{S,}={C{S,},stairs};
@ else if S, =walk
\) C{S;}=1{C{S;}.walk};
® else C{S,}={C{S,},static};
@® end if
@ end if
@® fd 1] 10 4% 22 SCH R AL BRI 2R 50 a0 5
O Model =RandomForest (C{R 4. }) 3
Q0 return Model.
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Bk 2 E BB oy BUBUE R AT R AR A 3T 5 4R
VR BN s 2 240 4% 4 Rl [R] 15 g 1E 3 S 4E
5 RO R SRR AR I G ] A R A 4R
JEBRFAER TAE O (N B[] A 58 800 107 F)  iE 5
JI LA AE TSR I TR S 28 B2 0 O G XND L i s Oy
S BOSCH TS R AN T SRR S I FE A7 2 1]
33 ANERHMHBEITE

AR 3.2, 1 745 X A R B & 1 %E S, AR SORE A
BBV BAE T EE o G PR BT R PR 2
o
3.3.1 LEMLEIT

8 30 28 gt 20 O I T AR B9 5 ) BE ST AP A
KO 4 07 vk KRBT LAy R 2 F D FIHT GPS % it
SR B E B BEAY S B L AR R RIS B A8 R R A
B I B I 18] 1 FE 25 0 0BT S N 184 28 0 2) A6
e AR B e A A7 A rh = LR B Dl I R R
FIIE 5 b PR R 25 B M 75 5 ik — A0 B 5 1 b
Tk B T — L4 By s B N AR Y R T AR
191 o — L6 137 P 2 MR Al P 0 o B B A7 gt B
15 UL L% Bt 8] Az B — 3 £ 35 4% T iz 3 5 B iR 3.5 2
Mol 2 P T 5 T A R 9 A b AR A A TR Y

Acceleration/(m -5 )

I8 HAR A SCHR T — b 22 s R 0 v 0 47 20 0 48
T AR AR D BT AR

1) ) - 8 B 2% 476 0 7 % I B3 Tt 5 B s
HRE RS AT MR 2 R AL

2) GG LMk I R 2 SR A 08 B R R DL KT
o) e SR A 0 £ BE AR R o B A R AT G B 15 3
A 4 5 ) B A 1 5

3) B A5 B8 T 5 B R S 0 B S 1
{EL o BF I AELAE A Tk B8 5040 7 20y 1 356 o 5 (L, BT
JEE R A8 00 2l B 7 AR AR i B R B

4) THE LR I R R O R 2 2 T Y A8 R
(point of intersection, PD /N4, F i 28 S AT
5 3 AL HL

ARSCE LAEATHE DT 10 FAEEATE 128 AR
TR B 5 ARl ST . 2 B AR o R b
S SCTEAH SIS i W B3 35 AH &8 i 4% 2Z (R AR 4 1R 1y 25
BGE v TR AR SCORE AR Sk e ) A AR SE 174 5 A B
FE SN IEH B B DL o b B R R R
2 KD RRE ASHN— L ZIEEE L2 8
(109 L G5 e 14505 2) Tk B 4 A DR 1R e 1 )
AR T RS P K AT

AN

Fig. 5 The definition of single step

& 5

SR TAT HE 7 1) b R HHE A L 1B 6 B
N BT FREFALL T 10 AT 3E 0 B, AR SOREF i i
BEAE o S5 ) A AT RS HEAT 2, T LAAT 5 )
IR B E AR AE y Bl xR 2 AT LB 6
PR 7 e AR AR pitch B9 BOIE 250, 78 p 68

(a) Coordinate representation (b) Coordinate side view

Fig. 6 The calculation of synthetic acceleration

6 i BE i A R A

B E X

A3 J7 1) A e 29 A7 15 5 1) B 00 38 2 i e
T HBUES RN
D lace = Y iaee X COSY piteh — Ztace X €08(90°— ¥ ). (5)
3.3.2 BRMIHE
R X 28 B8 KT 55 Bk Y 2 S R A L DL
M) A0 R T AR AT HAT B &l 22 L BRI 25 K4 o
B H S R PR 7E T OH Ak B R AR R TR R
B2 A UME AR S A — 2 TAETE A P K
Ip A E 2o P A AR B AT Be p T H L T
ZWE T NEE B Y 2278 R RN A 2 M 2 I S PR A O
T RATE R P O aE s B B BT LLAT AR [ E
F S Bt 2 11 1) T 2 45 — > 249 50 1) 3 2 i O (H 20
(925 K ST B8 PR R Ah S B B AR B L X S U
T SAE B 20 X8 7 1) Jon 3 A AR 3.3.1 TR
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I RE LR LB AR L 25 8 AR SCR A 3
JE Coo) BBEAS  HIR R 7n A7 N0 3 4 1 1) 2 B2 1%
F8 i PR AN T A 2 ol DX 0] o T DA e 2 A A
PEAT 47 SR R B U 2R A5 B THZE T AR
SCHIFH I S8 BR 73 05k E AT A 18 D i) o e S0 1
Ab BRI ELAE R B 5% ) B IR A B O B 2
vy BLE T — AR B i w0 B B2 %0 AR
Ab PR RE % 7E — E B8 HE b 2 il AAE T A vh 3 0kt LA

1) & T 040 4k B 5 50 45 A R 365 H 0 19 o
B A OB R S AR DL R IR OC TR D
(9 5E S ok 2R Y 15 b B A s B AT 2D B S it
2) TP AR BE T R R B b i E g
o TR A SOHs 55 Ak BRI B 0l R A B0 R B, O
X i B4 B B A v i R R AT L AR A R
IR ] P 51 45 e ) R A0 A
30 I = 3 % 12 D) 25 5 A6 1Pk ) 3 R A I s
Xk B AL BN B B8 B S R AT B AR 3 AR A B
ALK
4) F BRI EY R B A o Bk b 4k
177 3R T A KR A0 B (2 1 RO 300 o A RA T
R BRI 73 BO B B K.
5 IR AR SOR D B e T R D K
MRS R AT T 45 & O AT SRR I
BR 3. T AR N A R TR
A AT ROIR ST B B B D CRL AR £
R A SRR Al L T 1) A S A 1 AREAVD 7 AL 55D I
AT BN B BEWI R L o, RSR[5
il PR EBE K segDistance.
O EHRGIRE D, R RIS B prcfd
FEHEA5 2 (0 B 5Bl R AT 7 AL BRAS B R
ARSI EE D BIURE segDistance =03
@ baseValue=mean(D.); | * i85 D. BF3H
{HAE N baseValue * |
@ #D. i SR BE I 2 baseValue 1355 1)
EAHBAES dif 52 X Prod =[];
@ for i =2 to length (dif) do
® W dif G Xdif G—1) KA 8 0
Prod H;
©® end for
@ 3 Prod HIEMHE R 0. F(HE R 15
® sumPI=sum (Prod); | * A S » |
© £ 3| Prod W {EH N 1 XF N BT bR H A A
IntSeq ;

@ if D.(IntSeq[1]—1)<D.(IntSeq[1]-+1)
@  startSeq=1;
@ else startSeq=2;
® end if
@ for i =startSeq to sumPI do
®  Seg.=D.(IntSeq[ startSeq]:
IntSeq[ startSeq+27);
@®  vel,=ones(size(Seg.)) * v, +
Simpson(Seg, ,t;);
dis, =Simpson (vel,; ,t;);
@  segDistance =segDistance +
dis;[ length (dis;) ];
® i=i+t2;
@ end for
@ return segDistance.
34 HEHRE
TS 3 10 20 TR B AT R A7 A 80 B Y B (e i
TR T R e e 1 O 5 R T S R AT 45 B ]
A T B B 1 e R AR A X Ut AR SCHR A T
PREUR] B9 B BE Bl A 55 7% (state-recognition based
data fusion algorithm, SrcDFA) ., %% ¥ 1Y I fig
FEUM B 3 B A ARAS L DABCRE R0 A A SOIR S 1Y)
Bt o3 B O ) BCE S PR R S AT Rl G A iU
b P A A e 4] HE 32 SRR AT AR Dy
1) 3 5 H A0 Y Ak B VR R AT A A MR S
o Ak 2L 5 W7 I R A
2) BT AT SRR 0 4 R AL IR
AR 255 07 190 4 B O ORFAD A 208k 106 AT 4 106 07 1) 19
LEIHEEN
3) R EEAS MR EAT o3 B AR IBUS BUEG
4 43 50U A B 53 B X AR A 1A R 5
5) A DTW J5 20 A &8 Be 5 2 $2 I0m)
Il ) AR A v A SE BRHE AT XS B [ I ) T S o R
53 R B i AT B
6) A4 A R Be it B 1) 1 0 RN AT I R R E AT HHE
Fl G O T 3 1 5 s s I 5 o
7) IS U R R ).
bR R RS & 3.1~3.3
W HEAT TSR AR B R 45 R R
RV ERMER
B 40— B TR U Y B LS Bk
(SrcDFA).
A RIS EAE D,
iy < M P15 B AN T 91 Seq ouine -
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O X E s % D, AT WAL HE AR

@ E 5, = EliminateFluctuation (E$,, ) [ * %}
JEU6 B yaw ECHE ES.. oE AT Bk 2 TF BR R
YE S EH yaw B0dE Eo ¢/

@ Al.=SyntheticValue (A7, A5 Eli)s

[ T P o 3 A% JRR 2 Al 1)y ol 4

Az Bl BSOS DL 6 Y pitch B4R 7EAT
BETTIA] p b B 2 i Al < /

@ Seg .. =DataSegment (D, Ey A" ) ;

® for each S; in Seg o

©® State<Model (S,);

@ if isValid (State)

r<DTW(S!™ ,Templates) ;

©) s<Simpson(S,);

©

HFFH < o5 B IME] Seq ouine T 3
@ endif
@ end for

@ return Seq ouiine.

FAARTTREK) SrcDFA Bk AR, 5580 1.
B 2 DU 3 1Y FLAARRAE 2D DR B AT R AT fe 2 1Y)
Hby P %S B ARS8 0 2R AR AR SCHE 48 B
A P S 6 0o D) 3t AR ST B AR ) % SR O vk A

4 LHHE

4.1 HIEFXE

AR ST S B A4S 2 34 - 1) B FH Ok 4
S i) AR L B vy 3 AT A5 B ) 43 SR 5 2) B s
B 50 UEAS ST B b [ 5 R AR AR I A R
X 4 HRHE TOAF it KR ), B B T LA RS sl i S
SR SR A5 B 1 B0 Lt T DU B 2R IR B RS
2y vy FH 14 Az B b P16 5 1) 0 L Ol T 1 UL
Ab 33k R T S A B SR AR SO B AR R AR S A
fith B BCHE 56 0E AR SC VA B A SO DL Bl A H B K
B R 2 7%, R AR BSR4 S 305390 4% walk
K45 33000 5% stairs B4 .88 975 4% static 4. 76
KAEM R 50 Hz - BB Kol 12s ST, Lk
B XN 1 o B g s 3 i o 897,96,269 B
4.2 HiEsE

AU 5T 1 H b 2 DR 8 2 8% 2 2500 19 )
BN EAR  TRAE U8 1% B 2% B A 15 2 32R A7 1l P % e
oy Ae) A DXL BT A ) A TR i B30 12 %o 1 T[] — B ]
JP 91 o T DAAS SRS 3 AR 1) %5040 Ab B 5 72 1) 2 800 AT

TG —UE T B AR 1R AR 455 T A B I
B 5% 1) B A K P 4 s TRUAIASE B 50 1) o B L M
Y 25 B A R ] 2 B0 BB B E Ik 2 BT

Table 2 Settings for Basic Parameters

®2 BERABRELIBENENSHEE

Parameters Notation Value Description
Samplin, ) Data sampling frequency set
pling Mz - pling frequency
Frequency by data collection software

Truncate Data Dols 1 The length of the

Duration invalid data segment

Segment Unit

winLen[s 12 The length of one segment

Length
Overlap 05 Overlap rate between
o0 .0
Rate data segments

4.2.1 J7 1) B B0 Ak PR R B ) A AR HY

XF I R AR AT B 1 K, A SCE e LALBERE 1Y
TCA B Y AU B 0K D i Sl A 1 s B R dls AT
Y153 5 2R D oK D 1) 5040 A B4 i 0 e o 5 B g%
DU 160 175 DL 9 20 BT 2k B DL B 1) 0416 B i 2 Bl —
BRI LA A 7 v 3 2k B N 6 BRI A
e BEF L35 A0 35 N A 5 3906 mE 5 2 AN J7 1) 5 cdh)

Clockwise

/ Anticlockwise

Fig. 7 Display of the actual roads
7 SEhREK SR B

Pl 7 % Beoxs I ) S5 B i A0 £f 41 1818 Ca) B
7 o A5 1) i Sk 48 2R O 1) S I £ Cclockwise)
J5 ) hRic A C, 22 1) & Sk 6 78 336 B £ Canticlockwise)
Dl FRic oy AU R.C 3R A £ 9T % 2k R 247
R BN A EE  RA FoR 0 EHIT R R RET
B A Bl Al 4 IR I 8 Cao AT UK B, AT
N AE 1 A7 FE I, J7 1] 4% J2% o H 4 R A R B Bk A8 %
P 77 Az TGS S L3 B 1), 38 T & B M i A )
SR LT R e B 3 5 A R T A B
Bl AEAS S % BE AR 34 1 B AR RT3 (90°, 3607)
0 AT — Bl R SCEE A 3007 ARFEAE 1.4
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(a) Corresponding raw yaw data
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(b) After eliminating fluctuations

Fig. 8 The yaw corresponding to 6 routes

B8 6 A% L Xt 17 14 i A A Hd

SCH SEH R 7 ) A% S h e AR R Bk R A RS
HEAT T 11 1 AR R A5 B 40 B 8 (b) BT s 4
SR T R Bk AR IS BN HEAT T A e B B Y
S IFPRIBCT R UL TR B WS B 0B AR AR
SO AR AR 5 3 I8 73 AR € D A2 45° 5 290°, Ho,
GRS B4 2 1oy iy 1, 33 IR B2 1) Ohy B 5 RE T GR 45 2R A
% 3 i, Hitp, Maximum 3278 8T 51 H Y
I KNG Minimum 75 BT 51 5 fe /MEL
Span Frm I B 15 HEAE.

M VT35 43 5 B2 LA K A 0E 0 7 1) AR SO
) BCHEAT 1R LA S g I B R T AN IR 9 fi

AN 4 A FE AR P9 Rl AT AR L R A
A R 2 o R (L £ T S A R (L

Table 3 Span Calculation Results for Common

Steering Conditions

X3 BEREOBEINBEITEER
Sequence Mazimum Minimum Span
Templ 406.553 3 357.614 3 48.939
Temp?2 396.1251 349.4612 16.663 83
Temp3 88.27879 0.365 605 87.91318
Tempi 360.439 6 262.919 97.52052
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Fig. 9 The steering templates after simplifying
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4.2.2 Gy AT L)

TEA HE 3 SRR 22 i AR SR AT T IR AR 1Y
A TAEARGE R 2 U2 1 A0 B2 BOM Bk 2 /9
A R A SO S T R A R AR N B AR
PEEAT T 53 BB A, SR 5 MR 1 SCUT IR 43 AR AE , A<
SCERAA T A BB X R 04 R AR AR, T T 5 08 KR AR (E
mkE 4 frmx.

WX 4 FTRRRAE A BT AR SRR Bk 2
AT A REAE AR T R IR B0 4 L 4k i AL 10 £5 58
SCHUET5 s s AR SCHEAT T 43 AT (g A S AR i i SC
i A SC IR B A AR B0 25 BV R RRAE AT

T 6 I B T R S B R AR SR R AT T A SRR
o B JE A R AR SR AN 2 5 B R 3R 6 MR 10
o ey TR 075 25 S AR A G 23 AR ) P RE.
Table 4 Different Features on Accelerometer & Gyroscope

R4 BETFMEEERFEENRBEMEBETENSES

Categories Features

x,ys2:min, max,average
Time Domain  abs(x,y.2):min,max,average

a :min,max,average

Frequency x5,y ,2:DC component, peakAmp.,peakFreq
Domain a :DC component, peakAmp.peakFreq
Statistics X,y .2 :range, kurtosis

Table 5 Selected Features After Attribute Selection

x5 SAUEBEREENSTESE
Sensors
Categories
Accelerometer Gyroscope
. y:min
Time X sy sz :mean
. 2 :max )
Domain R a :min, mean
a :min, max
:peak Amp, peakFrec
Frequency yib p-p 1 2 :peak Amp
. 2 :peak Amp .
Domain . a :DC component
a :DC component, peak Amp
y:range, kurtosis X
. . v :kurtosis
Statistics 2 :range,kurtosis

2 :range,kurtosis
a :range

Table 6 Comparison of Basic Information About the Model
Before and After Attribute Selection
o6 FHEREMNEMENSEXERAERFEIXE

Information Before Selection After Selection

Total Number of Instances 1262 1262

Attributes 85 27
Time Taken to Build Model/s 3.73 2.39
Correctly Classified Instances 1249 1251
Accuracy/ % 98.97 99.13

a b c a b c

a 83 0 a 85 0

b 897 b 897

c n 269 ¢ 0 269

(a) Before selection (b) After selection

a = stairs b =walk ¢ = static

Fig. 10 Comparison of confusion matrices before and
after attribute selection

P10 R i 5 8 S ) 2 ) i 2R MR 1) 4 IS4 R X 1L
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Fig. 11 The information about testing road 1
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Fig. 12 The information about testing road 2
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