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Abstract: the causes of errors in

household travel surveys were analyzed, the traditional

In this paper,

weighted sample expansion model was introduced, and
its limitations, especially the lack of unreported trip
records were analyzed. Combining the advantages and

characteristics of the research method using cellphone
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data on travel behaviors, a novel model of using cellphone
data to expand the sample of household travel surveys and
mining unreported trip records was proposed. A sample
expansion model was designed including five steps,
combining the household travel survey data, traffic
operation monitoring data, and cellphone data. Based on
the stationary point classification technology, a travel
behavior distribution model based on cellphone data was
established. The parameters of the model split model were
calibrated based on the revealed preference data of
household travel surveys. The difference between the
results of the survey sample, the traditional weighted
sample expansion model, and the proposed model was
analyzed from the aspects of travel purpose composition,
time of day, and travel distance distribution. The results
show that the model proposed reveals the unreported trip

record caused by false reports and omissions.

Key words: household travel survey; sample expansion;
weighted sample expansion; cellphone data; unreported

trip record; stationary point classification
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Fig. 1 Population classification for HTS
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Fig. 2 Procedure of multilevel expansion with loop
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Fig. 3 Expansion model framework of HTS based on cellphone data
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Fig. 4 Model framework of stay-points identification and classification
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Tab.3 Utility function by different modes

@iﬁ LT

BAT4 U(BIKE) =B0_BIKE + B1_COST * GC + B1_TIME* TIME

sl 4 U(EBIKE) =B0_EBIKE + B1_COST * GC + B1_TIME* TIME

JEFLEE U(MOTOR) =B0_MOTO + B1_COST * GC + B2_TIME* TIME

4 U(TAXI) =B0_TAXI + B2_COST * GC + B2_TIME* TIME

NRES U(CAR) =B0_CAR + B2_COST * GC + B2_TIME* TIME

ANZEHE U(BUS) =B0_BUS + B3_COST * GC 4+ B1_IVT *IVT +B1_OVT * OVT + B1_NTR * TRANS+ B3_TIME * TIME

M UMETRO) =B0_ METRO + B4 _COST * GC + B2_IVT *IVT +B2_OVT * OVT + B1 NTR * TRANS + B4_TIME* TIME

T :BO_ #2538 J5 2UROH s #4500 B1 * B2 * B3 _*F1 B4 * A4 GC(general cost) A1 X2 H s TIME (travel time ) iR 4T
FEMF; TV T (in—vehicle time ) A=A ; OVT (out—vehicle time ) HZE4ME] ; TRANS (number of transfer times ) 3%k .

F4 ERTIE(HBW)HITRBEA XK S ERIRELS RIEMR

Tab.4 HBW parameter calibration result for mode split

AR Ak 2% Pz . fﬁzﬁ 052 B
BAT BO_BIKE 2.32751 238 578. 00 0 1 oAk ok
Bhah % BO_EBIKE 3.82808 238 578. 00 0 1 Ak ok
FEFLEE BO_MOTO  —0.78281 194 648.00 0 1 Ak ok
fipiel YK BO_TAXI —0.066 64 194 647. 90 0 1 Rk okt
AN BO_CAR 3.017 67 194 647. 90 0 1 HkR Ak A
INBERE BO_BUS 13.53960  765621.90 0 1 R A
Hhk BO_METRO  14.27710  765621.80 0 1 HH A okt
BAATH/BhEh 4/ BE4E%. B1_.COST  1.73731%  0.07339  23.670 0 1.59346  1.88115
- Mﬁéﬁ{j\jﬁi‘ B2_.COST  0.006 17+  0.001 61 3.840  0.0001 0.00302  0.009 32
INBEHE B3.COST  —.026090%* 0.00668 —3.910 0.0001 —0.03918 —0.01301
L7RER ] B4_COST  0.043 27+  0.01044 4.150 0 0.02282  0.06373
HAT% /B3 % B1_TIME —1.20358% 0.05140 —23.420 0 —1.30431 —1.10285
- PEFLZE/HMAZE//NAZE B2 TIME  —.00435%*  0.00110  —3.960 0.0001 —0.00651 —0.002 20
HATHERT S5 o
AR B3_TIME  —4.86582% 0.55006  —8.850 0 —5.94391 —3.78773
LR ] B4 TIME  —6.774 18+ 0.34984 —19.360 0 —7.45986 —6.08850
INBEZE NI [ BLIVT 4.866 17+ 0.54308 8. 960 0 3.80176  5.93058
NN BI.OVT  4.83292%*  0.54048  8.940 0 3.77360  5.89224
B INSEHIVER BI_NTR  —0.747 88+  0.07133  —10.480 0 —0.88769 —0.60807
AL WIBT TR bR o X
HUBEAZIE A NI R] B2 IVT 6.687 41+  0.33666  19.860 0 6.02757  7.34726
B S8 R A ] B2.OVT  6.64873%  0.33665  19.750 0 5.98891  7.30855
U SSE A UEL B2 NTR  —0.916 69** 0.10532  —8.700 0 —1.12311 —0.71027
WL B4/ B3 % SM 3.026 38+ 0.19600  15.450 0 2.64300  3.41000
HIZZH FEEFEH /WA /INRHE PRT 3.709 40+ 0.619 00 5.990 0 2.49500  4.92300
ke PT 0.943 06%**  0.142 00 6.630 0 0.66400  1.22200

T« 22 70358 (McFadden) £ R? = 0.374 996 3; FEAKIN = 533 36, IEARIKELK = 2450, o * 001K 7E 99% .95 % F190% BAH

VSR TE

4 FHERBBIESUERRSM

&t A0 e R AT I A R DT 1 TEAL SR AT

VAP AT 2 B R C R ILR E R T AL MREEGERCR

HAF AT RS AR S AT SR AT AT EERAT
FUAYRG R R I A AR ATRE B, UL G 2 4 Al
SR INERZESR L

{5 B A U SC A AN A 2 () 0 A U A D5

YRS AP A+ TALE A
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4.1 HITEHH HATFEARY B R BE K T EGE L 50km H AT i Fbik

TE AT R A Hp i 80 BGE 2 AT H A SR 23
FHC TG iR, 1K 67. 3%, AR AT H AL S
1.5%. f PGS P A s o, 7EAE 31 % MR
W4t AT, AT B B =N AR A S AT
WGsh . WS FR, 456 G B & A A A #E oy
RIS RS IR AT B ISSE TR R R
FTELBIRE N 12. 4% . SREA BOMA FERY S5 A
Eb, 56 F FHUE A 3E A 0 R AR TR i 45 5 rh 3k
A B/ 2 AT OB — 2D AR R R
HCAb AT S A TE S 3N . 3 A Rom A
FLas /D SRR, 32 B3R Hh /N A T T AL R o
AN AT B B e LA i AL AR
FERE AT H S LR3I, ol DU LGS
A Bt U2 A TS S S I 4 T

F5 AREHDEFEHITEMEREHILE
Tab.5 Comparison of trip purpose composition for
different methods
%

ATk S RGEY R R AR
P REA 67.3 17.9 13.3 1.5
JIIEE/R=S 55.9 16.8 14.9 12.4
FHLEGE S S5 48.3 18.1 17.5 16.1
4.2 BHES %

MR I ] 31 A (ILIET 7)) , PR A A A X 3 8l
I B i B0, 185 B IR AT 75 R B A B
Ji ke A — s R b S AT IR oA A S
e, SRAMITEER AR AL . EMIBERE , FHLES
K e ) e W R SRR ST M SEPR o

R AR I - TS
Sl
2
g
+H 2 L T ey
00" 2 4 6 8 10 12 14 16 18 20 22 24

i Z
E7 AEYHERHITRES RIS

Fig.7 Comparison of time of day of different models

4.3 HITEES

MHATREES A KB (W2 6) , A FEAR Y JE it
BORATAD & LR, KR AT A X b . E
IR BEREE AE— E FEIE_ B IEJHATAEAS AT
BT 22 (R R TR0 R A A AR L
A BRBATCIEAS BB IE , AR A 85 IX a5

6. 100, X 58k OD | HAH % OD Sl s H HESR BT
PRI OD Bk A5 iR BE Bt AT i A7 R —E 1Y 22
S, JCRETHLAE A HER A5 AR 25 (8] 73 A AR 25 A1
ERA SR AR

F6 HITEBHSHLLR
Tab.6 Trip length distribution of different models
PR/ JAARE AT FHUE| RS/ JRAR AT FHUE
km A&/ % ME/% A/ km AR/ % HE/ % A%
0~2 29.6  28.9 28.7 | 156~20 4.2 5.5 5.0
2~4 21.7 16.2  19.4 || 20~25 2.1 3.3 3.3
4~6 12.8 10.5 10.3 || 25~30 1.4 2.6 2.2
6~8 8.8 6.6 7.8 | 30~40 1.6 3.8 2.8
8~10 6.4 5.4 5.9 | 40~50 0.7 2.6 1.8
10~15 9.5 8.5 9.3 =50 1.1 6.1 3.6

5 45k

T THUES BRI S AT IR A R A o
se— M5 BRI 05 o i K JE R FHLE
A RIEHEWT A VU 20 A1 K A7 OD , FEH T s R
Frifl A fir3RA5 RP Bl A7 3 Jr s /- AR e
18173 B i 3 2m 77 3 AT OD JE R, 97 RESE R fiE
e —E PR XA M AR BRI AT B IE . X 1L
FRGER A FEJ5 1%, BT BRI At A7 56 3 e H £
LR IR AT BB AT AT Sk A D T A
SR R AR s DR G A1 DT Tl ™ A 45 A TR
AT R R TT AR 3 3K O TR J B R AT I A 4
FERRAZ TARSR AL T — R e B, (B T FHLE
ABYEAR L 0 P R A BRI ML AT B AT
FEAHRE M, Jen] 52858 75 AR B A5 R IR, ke T
EAREEBLZR N ER I TG RHA . A,
Hi T TR JE PR AR S 3 LU IR AL 5258
AR IR R4 TG A R T AR bR i A A b 245
B ICHRE AT Rt — L i br e ML . FHLE
AR S BT B A B ARG R AT RE
A 5 Sl AT B R BRI , A B T B e R R
AT SR, IR Al 28 SR B S AL s 1T
A PR SR FR R Hl

{EE IRk H PR :

Wi/ . 2 5 BT A 8 SCRESR T 1B SUfE
TR

MRt : Z S0Pk i 7 St FIsiit , K
BTSSR E B T AR
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