F40 %5 H 1 L ARBEXFFROEZHAF R Vol. 40 No. 1
2021 2 A Journal of Shandong University of Science and Technology(Natural Science) Feb. 2021

DOI:10.16452/j.cnki.sdkjzk.2021.01.008 XEHFS:1672-3767(2021)01-0061-10

JET GPS K i 28 il i A7 B X B &% i a5 AN ik

ROK,INEBE, FAN,BE

(PERARAZRF ZEHARE ML %45, bFK 102623)

W EGPSFAMRERBEHEFTTHLSHERLEL., A —B#EL W GPS T MK B RATH R, R A GPS Hit &
W AT AR R B E A B AT XI5 5 3 5 4% 469 GPS #uif 4 3 &k % A~ GPS #uidk B A B DI 45 4F 69 R AL
AMBERIRH B RE GPSHER G B AFEX (AT . HT. AL K AEFF LI, AmF 2 — & GPS it
R EGHATEIXME, HEATOFRE AL T RE—F L TR EB A H 69 478 X 43 505 7 ks
I TR RE TR G AR mA R R AR, T A TR ALARG R AR K A k3T T A,
FRAEREY ARG RTEXATHEETAEARTRGT 1.3%: B b, AT X 5505 7 ok Kk Bk
T ket B2 B AR AT GPS Huik 48 AT XA H) ik 69 Fscore AR & T AN A %

KEEIF :GPS; M ALAMRABEA 25 SR B F o 8 BATHEX

HE 4y &S TP391 XkFRERG:B

Traffic travel mode and conversion point recognition algorithm based on GPS data
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Public Security University of China, Beijing 102623, China)

Abstract: Big data generated by GPS carries plenty of hidden information. This paper focuses on the travel mode
judgment based on GPS data. Initially, a section of continuous GPS trajectory data was selected and divided into dif-
ferent trajectory segments by conversion point recognition. Afterwards the travel modes of different GPS trajectory
segments (such as walking, riding, bus, subway, and car) were identified by using the random forest model. Com-
pared with previous studies, the present study proposed a new method of travel mode conversion point recognition
based on low-speed motion judgment, added the two distinguishing features of stable velocity and average stop inter-
val, and improved the existing travel mode determination algorithm based on random forest. The experimental re-
sults show that the average accuracy of the improved algorithm is improved by 1. 3%. The time complexity of the al-
gorithm is greatly reduced compared with the previous methods, and the F-score value is increased by about 4%.
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BIMERR AL 930 /A o WA A RO U AR AE X $2 Tt A7 B =R B v i R AR 5 B . Sun NS5 G5 R 2K
S Hr G Markov B8, T AL A5 B RIE 590 B2 SRR L 75 2 0 1 A7 B X 50 06 1 2 1R ity s i i 9305
Dabiri %17 fifi F§ CNN S35 I FH 2030 B R ) 25 £ 38 4l B 530 72 0 SRU50 o AT BG 22 i 0T 5 1 o A o3 32 T ok
10%.

— S RF 5 ) FH R B AR 4 D i B R e T SR AR B A R . Wang 555 4 H o A =X
WU 7 ik 4 & HUBLE B R 4t (geographic information system, GIS)BEAT AR BRI - il 75 i R A X119 1R
S EB S 98040 . Zong R A AT /W AT RSB 1 O TR L 7E 3 T A A% B vh U3 IE B R
100% . #KTfT . — B AT IC s A A v e ZFp B AT A 0 o A A o 0 ) o R ) e T S
oYU — B GPS H i v i AR )t A7 5 2 Ay PRI . 1 6 25 oA 2 2 46 ) 0 1) DR A 9 40 T =1 3
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FE TR 4 B 3 W 4 1) 2 4 5 R 31 5335 < Function TPRA(G,, T)

i A :— B GPS AT HUE SR Go
i Fei S ES T

1. Begin

2 WEWEERE . PAEORN A LK S, BERMBELSRM VO, Wik ST, KX PR w2 R A
3. while: << |G| do

4: 1E Go PR g5

5 W g: i A XA NI GPS #dli o datal;
4. g Ja At X[ AR GPS 4 2 data2;
5; S BIEA datal data2 WA~ X [E] PI GPS B3l (1 H 17820 Model .Mode?2;
6: If Model # Mode?2

7: g AR S T

8. end if

9. end while

10.  While i<<|T | do

11: FE T HREUE g4 s

12: g B At XA A Y GPS %3l 4 datal’;

13: g Ja At KR Y GPS 84l data?’;
14, 44 datal’ 5 data 2 {9 R B dis 5

15. PRAF dis Ry g MBERABE S 5

16: end while

17. while j<< |T'| do

18: if gj1Y5 g; METRIBEE/NTF ST

19: il g MERAIE BN T g, B R HE B8
20; T'=T —{gj+1};

21: else

22 T'=T'—{g;};

23 end if

24 end if

25: end while

26 T=T'

27. End
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Fa o M HE ISR 6 . Function SVE(P, SV)

B — Bt GPS Bk B9 45 E 8 P oo
i AR BE GPS Bl i B B R AE SV

1. Begin
2. Whilei<"| Pl do
3: Bt Pis
4 if abs(average (P,;—5.V, Py y.Vy+oy P 1.V)— P, V)<{0.2 m/s
than
5: m=i+5;
6: while m<<| Pgo| do
7. if abs (average (Pgity15.Vs Pgivmia.Vers Pyivi1.V)— Py, .V)<<0.2 m/s
than
8: MV < i B i+m fH
9. else m-+1;
10. end if
11. end while
12. i=itm;
13. else i=i+1;
14, end if
15. SV < average(MV);
end while
16: End
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TR RO S B A 20 A7 R R T 10 my/s 19 5 38 2o B 480 s DRS00 A5 00 R840 23 BE - M) DI R 2 94 628 ) 5040 3ok
A R 45 2RI A AT AR 48 5 fie i o 5 5 31 A SOn 28 20 & TR I 25 21
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S BT R FH B A S f 2 - oL AR AR X455L] 3 CPU, (4% /K) Intel (R) Core (TM) i5-5200U @ 2. 20
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Ptk . A ENCE A B — BOZ i FHL App 89N B IIRESE B R AR IR — BIS [a) N Bz i A0 . TR A A
T2 H Rl i B I AR SO I R B T R AT LA Geo Life project ™™ AAXI T App
W e i B AR WA A B BE LA Rl v L HE A P LR OE . S B e T Geo Life project B4 JF #EAT T Ui
L R R T 982 ZR B I AT BE AN A (65 4% 2R A BIdE S8 ik .

GPS 4 i1 28 38 H 47455 X7 31 i1 31 5835 : Function TME(G, . M)
ﬁﬁ/\ 4‘5& GPS &ﬁ?&ﬂlﬂ_‘ﬁ% GU
it G o %R ) AT P B M

1 Begin

2: While i <<| G, do

3 giLat=(g; 1.Lat+g;.Lattg;y1.Lat)/3;
1 i=it1;

5 End while

6 While i <<| G| do

7: gi=(gi1tgiv1)/2;

8 i=i+t1;

9 End while

10, T =Function TPRA(G,,T);

11. while j<Z|T| do

12, Go'={glgj.timel=g.time< g;i.time};
13 M o- = Random Forest(Go") ;

14. End while

15: Wi M

16: End

3.2 HATRSURAMA IS L &R

R RN S 5 B 1) 3K R I B R A X DA S T AL AR AR B AT R R Bk R AT
St R R SIS S B Tk A R B B R AT R L

I B 7253 U S5 R0 I B3k R E B R AT AN TR D AR a5 2R A B AR L E A R AT 30 il
o FRH . #5477 30 YBEBSIINGR 7 2 30 Fr BEALARAR . L 30 F7 ZRM 114 1 249 vl o 5 40 Oy il o I 00k B 2 10
HERR A AN 1 TR o BEALARAR SR I Zhad R b B (9 B0 B R D 17 A8 280 1 o A 52 {H 24 800 Bk — JE 7
JE 5 o B 2 5 A g BEAULAS A AR A DR 55 5 O B AR AR O EL 2 RO S R A i . 2 22 ]
WL E A AR 60 BRI . Ah . SRR TR T 30 YO B MERR AR A7 25 0 BA S © A Bk R e AT
Tk 2 B .

1 ORMBFEHEN/FE 30 XINEGRANERER

Tab. 1 30 training recognition accuracy before and after adding new features %
/5 Hi/J& /5 /5 /)5 /5
87.3/86.9 69.4/87.7 92.6/88.1 68.6/89.7 81.1/84.2 81.5/83.8
90.6/88.3 90.8/91.4 69.0/90.3 90.3/88.9 84.6/79.9 88.1/86.9
85.4/88.1 87.7/92.8 88.3/86.2 89.5/93.6 88.5/92.0 80.1/87.5
86.4/89.7 85.4/86.2 88.5/85.0 89.7/72.9 86.9/88.7 89.5/86.0

89.9/89.3 88.1/86.9 88.5/87.1 91.0/79.9 89.1/86.9 90.3/91.6
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50 A Bk R AT I F 2R R F2 OFMFHENEEBE LR
FFT 1.3% N BT R S O ks . 48 Tab. 2 Contrast of accuracy before and
R DR P44 45 I S A after adding new features
FIE R T 4B S0 95 020 A 0 A RV R
L2 e 5 % 0.001 695 5 0. 003 941 7
R HAT RS UM o B TR AR TR 7.2 5.9

o Rk JEE 8 1) R kA P ) v ) B S g U1
I T P 280 A9 50 250 g A TP 9 9 3R AR RO o e DR S 4 T B o o7 R AT R A B 2
FRAE o TS I0HT B R AR e SR E R A /N B T 5 3 BT S 0 A R X T A (R A 0 X3 e T A
it

TE 30 J AR K A3 U S 5 D0 A R MRS TR P A 00 e A A R B TR VB e I3k 3 oo o TR A MR AR
DRIEFE R T OB 70 2 5 2R 0 S B I A4 (L RE 08 05 WA 3t S e 1y AR (B 5 O SR B OG 2R o 7R U e 18 19 156
AT U KA b R AR B AR TR 22 B AR S S P R 30 55 030 3k 6 T 03 R A 25 A B2 W T ot AR ALE ARk
5347 o

R3 RMEFFAER/ATHETRRREERE

Tab. 3 Travel mode recognition confusion matrix after/before adding new features

o = /i —
ST Walk Bike Bus Subway Car HER 2R/ % BH
Walk 213/213 11/11 0/0 0/0 0/0 95.1/95.1 224
Bike 9/10 132/130 0/1 0/0 0/0 93.6/92.2 141
Bus 0/2 5/8 20/15 0/0 0/0 80.0/60.0 25
Subway 0/0 0/0 1/3 0/0 3/1 0/0 4
Car 0/0 0/0 2/0 0/0 91/93 97.8/100 93
K 222/225 148/149 23/19 0/0 94/94 487

1 3 0], A2 B0 H0HE BRI 2E DI 2R 45 bus il subway A8 5CH A 78 I o B PR BE AR G 4005 X
il 2R AE - AATAT bus A1 subway 858 2 PR 531 38 B0 AR T A s X 0 RO HE B 3 78 % 0 A i i 2 A5 4
FRRIE 22 )5 bike #5520 A U HE B S8 A 3271 . bike HiR Iy walk H1 bus A5 50X A7 36l . 2 B 9 il 45 fiE
A B T v R A A E

FE B B A9 15 BT bus 05 bike, subway , car #5530 45 58 41, 76 IR I 45F B8 AR AE J5 L U R B B 1
Tte BT854 bus BRI 405 B R AR A AT 32 TR 00 A <

walk 55 bike B o A A 500 ~10 20 B3R (walk 51 bike 2t bike #5120 walk) . 9255
T DL B2 AR AE D T walk 55 bike #5837 B2 b A BRI A 0 T U0 ER 5" A BORE R . DI
X Tt LI X 73 walk 5 bike #582CH 377 5 T ZLEAS 0 AT LA X 20 P RSE SCAY RRAE
3.3 HITRAEBRAMLILER

H AT R s UM SR T T P AT B R AR e . B T — B A R VO FIE K S,
W NPT N 1.5 m/s, HAMRE 2 AY IE 4 32 T334 B E A8 2R 7 A 09 A0 15 0 F15 52 IF 1] .
B WEFIE O Ar=300 s REAE HEBR MRS DU R T-40 . K 300 s o 11 P A F- 22 3 32 5 3 12 IR (2 9 (i VX
FC  BEAS A7 20t X 0 2P AT A AR A A 20 [l I 2B /N2 AR A S i e i o 10 DO /0 77 A T 0 S
Bl . AERIE R B MERR R AN 00T 0] RE M4 R K RE S A AL IR ]

X e R ol TR — B E R R TG TR B 3R U v R 2 DL ER R BT ik

precision 21 YER AU H 19 B2 4 ok TR ) 4 TR A 40 m B L A1
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— N/
j)recz.szoanfpo 4)
recall ;#4238 AN 0 1) B0 S B 46 o5 o S PR 4 R A 46 A1 L A7)
recaZZ—Nr . (5)
F-score : WEMf %, AR A MR 5 28 4 S B (E . 8 S R0 0 v o
(precision +recall)
Fscore= o (6)

2
Hor e N, 2 R0 IE A 09 e 4 s A0 N, R TR Y A R R AR N RSP AT R AT B B A R
B F-score 1y T U3 14 W Afly 3T AT 00 X 0 531 2 A6 i TC A% R0 T T ) AL 45 Ay S 0 3 il 3t 3R 1) v
B et SN HERS AR AN 4 PR

Hi e 4 WL, B 52 10 U5 VA 0 A e R R4 FBRAASEBESILL
1o T A SR AR . AR TR B IE 8B — Tab. 4 Comparison of conversion point recognition accuracy %
AT DL A v SR AT T A 4 R L 3R 3] AR5 LB 11010 B
TR H 1) 2 46 i B0 B 3 S ) 4 A precision 77.8 81.3 72.3
Bom s 2, BRI I R 40 ST RO . B recall 87.7 76.5 81.5
AR B TFARTEEETEIIE D F-score 82.8 78.8 76.7

(PR 0 7 ¥k AR Y 7 TR Y Ok AR B R RS

T T AHESE R I E A R S R B BT 1 TR S L 5 B A M RIS M 2 TU AR AR .
S5 B AL 16— B GPS Kot B 88 sl 1 07 35 A 7 sUBEAT X BE o Oy sl G i 4R DR 3008 552 56 245 2R 19 %

M o %ot [ — BB #EAT 10 YRl SFUN I [ AT 2 s

16.00 14.95

14.56
13.91
14.00 | 13.08 - 13.0613-2999 9113.0113.07 § 13.15
12.00
10.00
= 8.00
= L Fiy'a
6.00 ' | - eBHEn
A0 . . .
2.00 ‘ '
0.18 0.17 0.17 0.18 0.19 0.20 0.22 0.17 0.17 0.19
& . 2 i e
1 2 3 4 5 6 7 8 9 10
WHUR
2 FriG SRR E X b E

Fig. 2 Comparison of conversion point recognition time

TR B B T AWF 58 b T X B0 8 47 38 17 138 R AE 0 B ER B s b ) B AR B v . B AR X B
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