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The Study of Gear-Shift Behavior of Freeway Bus Drivers

Student: Shiau-Huei, Wei Advisor: Jin-Yuan, Wang
Department of Transportation Technology and Management

National Chiao Tung University

Abstract

The gas consumption contributes significantly in the operation costs of freeway bus
operators. Previous researches show that gear-shift behavior has fundamental impacts in this
regard. Therefore, the objective of this study is to develop a method to distinguish the various
gear-shift behaviors of freeway bus drivers. In additional to gear-shift behaviors, this study
also analyzes the coasting-in-neutral-shift behavior which is considered extremely unsafe.

We first calculate the usage percentage-of-each shift-.under the circumstance of various
speed levels for each driver. Then,a clustering.analysis mechanism is adopted to divide the
drivers into two groups, which.are early-shifting and late-shifting. As for finding the
coasting-in-neutral-shift behavior, the calculation:is quite straightforward. We only need to
count the number of coasting.times in each speed level for each driver.

A real world data is collected from<@ medium size freeway:bus company through the

in-vehicle logging devices, and«the testing results indicatesthat'the outcomes are satisfactory
and the proposed method is ready for practical application.

Keywords : cluster analysis, gear-shift behavior
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HREE
(km/h)

B3.2 B V—JJ;}%{:_T‘I- ig}(”G%iﬁ—,f;% 1’;1])

*EERY R T FRERNAIT - TP HR BRI L A R
BT RS A2 2 BB T R TR TR B - o @ 3 ST
PR 5 3 Ap 112 T AR PR A AN R 152 0 LT A 1
g 2 FALEE o

Flp kg 63 16 AT R R R AT i R 00 G 3. 26 U
HORAE 47 R R o

3.1 #E 447

HEATA R NP ha BFREE Y DT R I AR S BEY R FE B
PR B BRI A A R EETE G BRSO A EE A AL
FIRRA T S AR R AR B R R o AP R kPR R TR R R TR S
AR 45 3 R R 2 E 0 PR T RER G 6 A HO R HE R AT
R ATRORE AP ORLRT A LA BN HE RN HEE B

BMw AEE o

(1) # &8 &% (Partition-Based Clustering)

AR AR LRTRERIERI 2 LR RE - HE
GERLERY Cap AR HEEREY Co A ZU Y EIEER
e B 5D BEE > MBED G E P e

K- 32;% (K-means Method) F1 5 Hfr 4 g2 iv;2 F s i 8 > E 43\ a 320
BOFARR * chs 2 HIgHEREHFAeT

PR BE
.

AT S E
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a. ATFHEBEK TG ERERKBTRETLEEY o

b. fI*Api A8 25t o Bt BEHEL WFRIERER T HEY o &
fo A, K +4g -

. WEFMY TE FLTHB EMPE LHEL T M AHELY S
%L,o

d RAHFCTERIZ LHEE? CETFHEL PP ELHEE? Sk ok
ipke T L LR TR WL’;‘«T CRLEEY e APl kT2 HEY
o PR A SRR T T RLE *%gi;—]ﬂ'. o K Z_ E'Jﬁﬁ?b,ﬁ%—ﬁé‘fﬂ
ﬁ’%ﬁ#%¢$%mﬁ%ﬂw’Z%E%ﬁ%bw’ﬁﬁﬁ%ﬁwli
AL

}¥

"J\

B8 T o8 chdp 00 R ML LT R e BT e o X
EooAp et E g plE oo ua‘f_ﬁﬁéﬁ(Euchdean distance) ¥
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LR R e F ek
LA

FEESL

BT X, X7 ek b3 Sk T KB AP
KBTS Xig, Xig e Xit

XJ —Lkﬂ} )gil‘ki-é' levszaaxjk
K 1/2
2
% 3 jE3r (Fuclidean distance).- d(xi’xj) :[Z‘Xid _de‘ j
d=1

K
§ # % 5Edg (Manhat tan distanée) s @0GX5)E Z‘Xid - de‘
d=1

(2) Fg & 3% & %% (Hierarchical Clustering)

PR st s iz d SRS AR IR B O] B S E SR IR B ES Y
2. % % £ 2 (agglomerative approach, AGNES) » & 2. » » & m#di ~ a3 27 4 3
s 17 > fz 5 4 47 (divisive approach, DIANA) -

Fifg 5t 3 inie & ¢ A - Ak Jr#’” AL L g T VR R g
i’?’}%b#ilk’m&‘lﬁi@: » i f~4f??} ERHEFRL B G A A
ww%ﬂma%@ﬁ ST R e BL LW E

‘1‘>

a. 32*—?’}3:&6:11-41@; ALEEE (T L w2 HE o

b, JI* FHEAAM AR T 2 B fpiuad BHEHE4 & FH > A58 - 373
%’%%F%?ﬁﬁﬁﬁwmﬁ%’%k%rmo

c. ERAFHFD LIA] ATERUFRI - Hh
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A A SRl 7% - P B W33 - Bl BTREY
- BRI TR IIRLE MDA BHESC DHES BT R0 DEE
SRHE L H o GO E S - FBHEE Y KT R f R TTE
A EG o AR FA AR BRI EHL A A FABC D EEFA HE
heg A F = FH o Pl g FABEC-DERFE= BEE -

RS-
ssimrmrmrrees
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]

I"‘ R E———

W3. 3 Fak ¥ o Fizn LR

g E%?Fbﬁ vordE Rz HEBEAR R oSN ﬁé\i‘l“/’:\“i%”ﬁ B3R Rk

b 2 A R BEA T A A AR IR ¢ R R B AR
- B

SjlEh BOEFEHE 0 T Pe:E

“%

a. H- 1#@%%(Singlelink) * 3+ 5 L #HF ¢ 7 2
BiT2 A FHEEE o 4Rl 4(a)
b. % Eid ‘;H% (Complete Link) : 3+ & & ¥/ & 7 2 FTALB2 SR FEYL > TP
EERITZAEELE o 4eB3. 4(b)
c. Tz (Average Link) 1 3+ 5 ¢ ¥/ ¢ 72 Tl Tioppdt > T 2
1’%&&%4‘: 51? Z_ _Iij ) T' ;I"j[t Wﬁ’»}i—l‘;& _% II}' o &V@S. 4(C)
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(a) B—iEkE =%

(b)y e BBk

(c) FEERE =

R3.4 # 5 P L F

3) BARHES L

%% (Density-Based Clustering)
&R A 3

%

}_‘-P_

?K“t*‘ﬁq"%ﬁ*ﬁﬁﬁ&mﬁmﬁkgﬂi/} » F1H Ap R o 5N

%?; L Eg A0 AR SR 1'm/,,\#41r%5 = Bl 25F At

€ BRI RPN K 0 g & TR R m%f‘?e’rrﬂ i’%&.‘aﬁmpﬂw?ﬁ}ikw.

?"‘“T'J’*’ PR BT R EY RS R EDOTHARG - 'B*i?ﬁ v@ B R MR G SR

FRAASEET Y AHER R LERREAE B BB R AP

% B B id F B 4 302 (Density Based Spatial Clustering of Applications with
Noise, DBSCAN) -

2 8] L FH

b

0 FEE AR B% 4R > DBSCAN(Martin Ester, Hans-Peter Kriegel,
Jorg Sander, Xiaowei Xu, 1996)F]* Eps&Minpts= B S-dic sk % & FALEL % 3§ chikiT
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FREFARER -Epsit & FALRY Bl 20 Minpts£* K37 EpsL /2 4
PFTORELTE R E > BAPM LR A

a. tiEH- BEALELE T E REpsi ] AT R O AL T A BT R
E‘ °

b, F R FHBEMITRIE? & 77 A3 MinptsenF L 8L SZF A BALZ 5
s de it oo 4eBl3.5(a) o

c. BArF R BpHhiz¥ & X o d gfuliT R P o BT BT AR S
"vd g2 &7 £ (directly density-reachable) | e 2 o fv & Jf i3 R e
Hood WpR - T L PR At pi e g3 - TF D pEAET E o 4r

®3.5(b) -

d. BArFHEprd g 7 E ~mgr 7d e BT E > R\EFHR o g7 d
¢E &7 &> I F AT URH L T 7 d g7 i (density-reachable) ; 2
Fitolp iy d T REPE - AP EoATIgR - T U pE e
4o@l3. 5(c) °

e. BArFH Bplrgii T d FAtEoT Ei R pfrgT MR S S =)
(density-connceted) ;227 3 i+ 4= 345(d) °

[ ] [ ]
) ° P o ° °
° . ° [ ] o [ ]
) o o ¢ ° o ¢ . ° ° () N
[ ] [ ]
[ ]
(a) Minps=4 (b) pFd qE &7 i
[ ] [ ]
[ ] [ J g [ J
[ ]
[ ] ® [ ] [ ] .

(c) p¥ d @27 iE (d) pBqit &

®13. 5 DBSCAN =_% 4p B¢ B
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T ETF
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3.2.2 H®EAHES
B A SRR R AR ARt R R R A R s B U E R A 2
Faz A8 o2 MK TSPSSszt g 4%, (89)?P P F R E N BHE 2001 2+ »
UEAK-TEERAEE F 2 BT R FENAYE D AR 2 BB Bk S 7

ATiE200 > FILEBPEE NAHERLAES S E c FREAHES F40T

(D 8B & Lphiepper o] 43204 FERRTLLBAFT AT P
A bl s B - FRARRAFE RO AME RS 6
[aliay '}'inW}i?vﬁ‘*ﬁﬂ;}%x’*‘iﬁx%ki}%lf_"; Bl b > e dogl e L IR 0 @
BF B 5 0-10ph ot ) 5 48/(48+83)=0.37 » % % % R _uw $0.42
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« EEHIRN X
0-10 I 037 o | 18
10-20 1 0.63 |0 83
10-20 2 0.48 | /113
20230 2 BOPV/SE
30-40 2 0. 01 1
10-20 3 0. 01 5
20-30 3 0.4 | 143
30-40 3 0.54 | 195
40-50 3 0.06 | 18
20-30 1 0. 01 2
30-40 1 0.22 | 99
10-50 1 0.52 | 237
60-70 1 0. 01 s

(2) fl* HBIT RE L BERE 2 4=~ FlIR(£3.3) 8 27 PHRERR &
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ﬁﬁ”#%ﬁﬁ’ﬂ“ Fo 3t R g @ 0t B2 iﬂﬂiﬁﬁb“;

%ﬁ” W W Fﬁﬂa"f\,i,ﬁﬁ ’lﬂg—#ﬁlu\,i,ﬁﬁé\;}]ﬁ

24



23.3 P42 A pet IR E B (R 2] 2=10)

|, ERRER s | b | E|F |G |n
Gy | 5
0-10 1 0.74 | 0.42 | 0.37 | 0.65 | 0.61 | 0.48 | 0.46 | 0.46
10-20 1 0.26 | 058 | 0.63 | 0.35 [ 0.39 | 0.52 | 0.54 | 0.54
0-10 2 0.02 | 0.00 | 0.00 [ 0.02 [ 0.02 | 0.00 | 0.02 | 0.01
10-20 2 0.80 | 0.76 | 0.42 | 0.54 | 0.65 | 0.63 | 0.58 | 0.55
20-30 2 0.7 | 0.24 | 058 | 0.44 [ 033 | 0.37 | 0.40 | 0.44
10-20 3 0.07 | 0.04 [ 0.01 | 0.02 [ 0.02 | 0.03 | 0.02 | 0.04
20-30 3 0.50 | 056 | 0.27 | 0.36 | 0.43 | 0.32 | 0.43 | 0.43
30-40 3 043 | 0.40 | 0.61 | 0.59 [ 053 | 0.64 | 0.54 | 0.50
40-50 3 0.00 | 0.00 | 0.11 | 0.03 [ 0.02 | 0.02 | 0.01 | 0.03
20-30 4 0.01 | 002 | 0.02 [ 0.01 [ 0.02 | 0.01 | 0.02 | 0.01
30-40 4 042 | 0.35-[-0120,0.17 | 0.24 | 0.16 | 0.24 | 0.25
40-50 4 047 | 053 | 058 [~057 | 051 | 0.48 | 0.54 | 051
50-60 4 00091010 [-0.32 025} 0.22 | 0.34 | 0.19 | 0.22
60-70 4 0.00-|0.00-[-0.02{ 0.00 [-0.01 | 0.00 | 0.01 | 0.00
70-80 4 0.01 | 0.02°[0:00 | 000 [F0.00 | 0.00 | 0.01 | 0.01
30-40 5 043 |0.05 [ 0.03 | 0.03/]0.03 | 0.02 | 0.03 | 0.05
40-50 5 053 | 031 [-012 | 047.] 014 | 017 | 0.20 [ 0.14
50-60 5 0:30 | 0.41 | 0.25.470.24 | 0.22 | 0.27 | 0.39 | 0.27
60-70 5 0.03 |0:22-[-054 | 0.55 | 0.50 | 052 | 0.35 | 0.48
70-80 5 0.01 | 000 | 0.06 | 0.01 [ 0.11 | 0.03 | 0.02 | 0.04
80-90 5 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.01
60-70 6 0.16 | 0.06 | 0.17 | 0.02 [ 024 | 0.20 | 0.14 [ 0.15
70-80 6 0.00 | 0.00 | 0.00 | 0.00 | 0.01 | 0.00 | 0.00 | 0.00
80-90 6 0.01 | 0.01 | 0.01 | 0.00 | 0.01 | 0.00 | 0.01 | 0.01
90-100 6 0.14 | 0.10 | 0.07 | 0.09 | 0.07 | 0.09 | 0.08 | 0.07
100-110 6 029 | 023 | 027 [ 0.31 [ 023 | 0.26 | 0.27 | 0.22
110-120 6 0.40 | 059 | 0.48 | 0.57 | 0.45 | 0.44 | 0.50 | 0.55

HEAAMAR NG T3 2 > JI* X Ppppt EEE T T A2 T i95E
WoOPERTZAFRELEE ) LEE2ZEREIA3. 4
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0 |0.341]1.283|0.739/0.562(0.801(0.559]0. 719
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.962/0. 344/0. 307/0. 108 0 ]0.095/0.130{0. 086
.801]0.404/0.135(0.127]0.095] 0 |0.108/0.074
.909/0. 156/0. 212{0. 171]0. 130{0. 108 0 |0.043
. 719]0. 267/0. 131{0. 122]0. 086|0. 0740. 043| 0
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! T ¢ o Tiag | oE

(km/h)
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2009710712 ==

05:59:37 696 | 09409019 .| 87128 | 434341 | -68 | 1388 | SCANIA

4.2.2 78 p&FTHEE

AL AR P h G R T R T TR O R 2 e
L, E R % 3 #U/%_gi A7 BATF A i 2 R B A R R 8 ) L SCANTAZ 3 dF
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ZooggfgiTzérﬁt 677 | 09503024 | 44 | 1136 | SCANIA

30



423 KRR FHGEE

KRR L A P LR I TR S R AR TR AL g T
PEFARE PG T TR R E R RF A 8NN B e T A R
BT 2 TR SR R A 15000 L o AT 2 Ak b 0 )2 M
A CheBl 4. 1) > Flt AT B PEE T 15000 £ ERE A -

T
(km/h)

B3R (rpm)
B4 LFRBER 82 A4 = B G 4 &)

~?%}"'£§30~,§ﬁ'§* F ;IJ)\;V

TAMAERR LS PERPE LA SR
BT S 02 ERERE D64

o FlFHEET B2 BRA L 83 A daE
B AP E®A L 96 £ o

4.2.4 FHRFE
FHARE (- ch & p n T b RE2 T fhiesrs TREH I - BIRE TR
BAVROERE c AT TEY 2 TR I BEEERRLAFZTFF 0 L EL AL
VPR Rz E A A g R - FFHAEOREERAE Ea L FE LS 0 T
wamﬂypgaw,¢%ﬁ&ﬁ &ﬂ+ﬁ$w’ui%ﬁrﬂkﬁﬁ¥%%%@’ﬁ
FEREEL RS2 ToflArd 450 B DN HI I H 2 2B SN AeT

H e

X 57 EAEEL R4 K
O s * LR
U3 T iaE

31



#4.5 FAER G2 RSEBUFRE P

v i PR BE B AR ER *if@_ it +ij@ 23
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HPRRRE S H R A

2 T L TR A

@R EHF e #FE HE2 >4
(kn/h) S|z | Tme | wTme
0-10 1 10.993103 (0. 954343| 0. 954828
0-10 2 10.0068970.045657| 0. 045172
10-20 0.429885 (0. 2705011 0. 272493
10-20 0.5218391(0.617129| 0. 615938
10-20 0.048276(0.11237|0.111568
20-35 2 0.272727 [0=181046| 0. 182192
20-35 3 0667789 0. 721698 0. 721024
20-35 4 0. 059484 10..097184=0. 096713
35-50 3 0.235294 |0. 196796] 0: 197277
35-50 4 Qe 7071610738202, 0. 737814
35-50 5 0.04859310.7054525! 0. 054451
35-50 6 0.008951 (0-010711| 0.010688
50-65 4 0.356436 (0.31259| 0. 313138
50-65 5) 0.467822 (0. 505208| 0. 504741
50-65 0.175743 (0. 182171| 0.18209
65-120 0.0136781(0.017759]0.017708
65-120 0. 986322 (0. 969679 0. 969887
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249 BE U E=10 2 4875 THRA

wRER b HEL | ¥E2 B i Mann-Whi tney
(km/h) Tz | ToE | aTE | B pvalue(BE)
0-10 1 1 |0.951816] 0. 954828 N
0-10 9 0 0.048184 0. 045172 0. 001%
10-20 1 |0.183353 0. 278436/ 0. 272493 0. 027
10-20 9 0.67419 |0.612055| 0. 615938 N
10-20 3 |0.1424570.109509] 0.111568 0.518
20-35 2 10.1631470.183462| 0. 182192 0.571
20-35 3 10.726379 0. 720667] 0. 721024 N
20-35 4 |0.110474 0. 095795 0. 096713 0. 743
35-50 3 10.14725410..2006121 0.197277 0. 376
35-50 1 0. 7758 0. 735281| 0. 737814 N
35-50 5 | 0%06754110-053578| 0, 054457 0. 387
35-50 6 | 0:009406-10-010776, 0. 010688 N
50-65 A 0.25062 10317306/ 0.313138 0.316
50-65 5 | 0.5631510.50084670:504741 N
50-65 6  |0718622010. 181814 0. 18209 0.758
65-120 5  |0.01174770. 018105/ 0. 017708 0.144
65-120 6  |0.988253 0. 968663] 0. 969887 N
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2410 BB 2] =20 2 My 7L FRA

wRER b HEL | ¥E2 B i Mann-Whi tney

(km/h) T e | TmE | wToe |k pvalue(BE)

0-10 1 0. 944099 |0. 959649| 0. 954828 N

0-10 9 0. 055901 |0. 040351| 0. 045172 0. 263

10-20 0. 253714 | 0. 28157 | 0. 272493 0. 287

10-20 0. 623375 |0. 611736| 0. 615938 N

10-20 0.122911 |0. 106693| 0. 111568 0. 258

20-35 2 0. 156674 |0. 195637| 0. 182192 0.113

20-35 3 0. 736349 |0. 712077| 0. 721024 N

20-35 4 0.106977 | 0. 09218 | 0. 096713 0.537

35-50 3 0. 18049 10..204468! 0.197277 0. 287

35-50 4 0. 760924 0. 726654/ 0. 737814 N

35-50 5 040486 7110:-058006| 0. 054451 0. 697

35-50 6 02 010327--0- 011022 0. 010688 N

50-65 4 0. 315984 |0. 306486] 0.313138 0. 840

50-65 5 0..5022490.50856110:/504741 N

50-65 0. 18176610, 184906/ 0. 18209 0. 938

65-120 0.01931770. 016831( 0..017708 0. 452

65-120 0. 980643 | 0. 96481 | 0. 969887 N
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09709020 15 28 74 177 629 316
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