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Imtradusctian

Wik the Bounshing of s-commans, distnbuion maragement alo bescomess mors and mare
challenging o e kgietics and disinbulion companiss, Thers ars moms and mors jobs with a aingle
parcel 2t each delessy poinf. oreogss, fusiomens may reguire that the delvery o be doree wilhin the
prodatarmingsd delfan 1me window. Tha Vahich Roding Problam with Time WindrassVRPTWY,
which i al the core of Mandportalion logstcs, s commonly ween in mal lile spplcaions, for axamgla,
reglanihment of wieding machines, dalivary of consumar packaged goods o milslonveniee
slores and cuslomers. mal colection from posl-boxes and mal debvery 0 houssholds, i,
Exfenseys shudies have been dons in e anss of VERETW over the ls) three decades. with the loous
on developing exact and heuristic algorithms for sobing VRPTM optimally or near optimally [Laporis
12834

Witk an increasng spesd of urbanization, whan reight nso sypstem o Gity Logisics, becomes
more and more popuiar and iImporiant So the urtan ecoromy. Unlike intercity delvery planming where
fraveing Ame pays a signibcant role, service ime §oadinguniceding| in by kogi=ios consdiuless a
high percentage of e owerall delvary time. In order 9 develop an effcant vehide rouing and
dEpalcFing glan in city gislica, il B ngarand 0 have accumie fervicn limes, Vieagsl and Jani
(2004 showad i Ametardam thal approsimatsly 115 of T Sma & spant driving 1 e 3arace ana,
1% of e imes o losdingluniasding, and 51% of e Bme far wailing or devng babessn cusiomen,
and 5% of the bme for $we drives's lunch ime or personal needs. | is dear thal these vales ame ciy
dapandent bul £ also shows hat servics tira plays & oriical roke in city kgistios.

Miad ol thia rassarch wik on WRPTEY asumak bl e sanacs Bime B K although Ts fdy nol
e e Accurals esreice lmes s ssserhial o foming sxeculable delescy routes, bul ko el
rarspordabon companies. the serdce Bme reskdes in ths divers’ brain and is known lo the drivers
only. Moreover. il = ok easy o cblain the =2race lima lor nes el eny locaiions which feve nod been
vised batorn by any drivers.

Thig paper provides a ramesork 10 colled Bislornal data and uss the hislancal big dala 1o reliess
samvices lime, Basssd on the hisloncal serice Sma, il iz able I effecively pradicl the sarvcs e o
fulure delpery obs. B B noled that we use “delivery” job in this paper Bk both delsssry job and
collection job serdce Sme can be predcted using T Same malhod

Thed iviaars faeisdreh Soszus ol his pagssr is 10 Savalop & thedrabcal Famessrk 1o pradicl fervicn Tma
bagsd on Global Posifionimg Syalam (G5 track data ared Elsclonic Proal of Delrsary (EPCID) dala.
The paper is orgonized as follws. In Section I, we describe e proposed famework on how io
colect GFS and EFOD data as well 25 how 1o process §e GPS dala. Then we present an apprasch
o ik GPE frack data ardd EPDD B refriaaos sardos iima in Section |l Expanmenial dats anals=s &
ali pragentad i Section |, Laally, condutiang and fdun eeaerch diredlions afa summaszed in
Sechon IV,
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Dt Soolkeciion and Data Progoesing

The primary idea heme is 40 analyse histoncal GPS data and EFOD data o revress ond predict
sanéos Sma. Based on ihe GRS daia of a delvery man and EPOD data, B & possdie to anatysa the
cilearery man s spad [Feaficla spead Bred wadking fpaed ) and cation ko anch defivary b and hafssa
Pk BR T8 LA sl ard 1ima, A algoeiim was daveloped o eirEve e DRl S8 e sarkng
froen e Sme that a defvery man siops his weiice b carry oul hes devery o e poind that he st
his wehide sngine again for e nest delveny job. YWhen e iransooriaion comparies buld up encugh
calsery hishorical data, they oan predict the sardce fma acourasady

DCasa Callestian

in this shudy, an Androld sppbcatnn was dessiopad 10 nen of Andmid phone ax dhsinried i Figures
1a and 1b. Tre Andmoid application is mstalied on an Andnoid phomne which is c@amied by the driver o
delssry man for the whols delvery irp. The mobile appiication & wsed as GPS tock logger and s
also an EFOD o update job slaks Nole that T GFS aok dala will be coflecled in background
ddomaicatly Gl e upsr egice PO e mobde apedicaten al the bedinreg of il dalvacy g, Tha
GFS dalh mdida’ lalieda, kongiiade, et (Which B ha Bme e Sla ), s and eoracy, as
ahirem in Tables 1. When a job s Tmabzesd: the user will cick “Done” in the spplcaSon o ussfale job
slats and EPOD data will be caplumed ol The same ime, The EROD data fisdds induds Suslomes 10,
Posial Code, &ddress ared Dubvory Time a5 lesimaied in Tabkke Z

Figare 1 Lish of poke Fipore 1 Coomplete o pob
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Tabln 1: Sample GPS Track Dats

LK) LATITUDE | LONGITUDE | TIMESTAMP t:ﬂl:I'E*L ADDRESS
REMONVED FOR
1553 | 14450 104, 7R 1420 1017 | 730Tsd PRIVACY
| REMOWED FOR
1234 | 1.44E3 103.7053 1462016 10023 | 7F30Tss PRIVALY
REMOVED FOR
1355 | 1.4464 T, FHEE T4SEE 10 | T30FSE PRIVACY
REMIYED FOR
15 | 144485 0. TR 1462006 10082 | TEIEST | PRIVACY

Table 2: Sample EFOD Dot

Daka Procakiing
GPS data scquston desices hove Been prosen b Bes useful looks 1o coledt sehicle fack dala,
Hewmpsr, arrore may appear in lhe collected aw GPS dala. Commen sgumes of amer in GPS dala
cigam and Matiesy 012 ndude =adden =gna loss, edrameous o oullying dala ponds, speed
driftirey and signal white nokse. Espacaly whan sman phone & wsed b oollac? GFE data, the GFE
dala accumacy may Be alfactad By ndoor anvirenmants and tha daribulion of B nearky oyl
Wewvara, AR tha delreasy man wall carry the amad gRone whan ha i Gxing the delisany, the walking
spesd will ales ba capturesd in the GPS rack. In Fes shudy. we sciopled the similsr GPS data fifraion
process proposed by Adamn and Matiesw (20129, The GPS dala fliralion process is shoen in the
fiol lowving sequenios:

1. Femows duploated eocords and data with nagaive Sffemnial Sme

3. Faplacn oullving dats pord

4. Fillin apesd and lmestame gaps in GPS rack dats

4. Femove sero-speed sgnal drifl aed resel walking speed fo zem,

Ramoyve duplicaied records and data with negative dferential time

Tris sk mmovas any data points with dupbcatad Smastamp «auas and dala poinga Al hina
ragaliea of 2an difleeantal bma, The ks calouletes the diferendial Sma values for asch ol tha dala
printe and Ten remove any data points with dillsrengial Sme walues ks than ar equal s pera, Wie da
this siep firs? as & = nol possile o estimale missing spesd or data poinls besed on
dilernrialimegal ime infemation P a duploated record or negafye dffermndal fme asis in the
G5 irack daia.
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Replace citlying data paint

in this step, any emonecus dala pocks, such ag single-sampls Bigh speed dets spkes or missng
spesd dala, ame replacsd with inlerpolated dala. ¥ the speed inthe GPS row frack data fals ouiside ol
tha range of ¥ pre-sal Ky and high spead §miss, the spesd il be mplaced By e iniorpoiaied
apaad Wa derva tha inerpalaled sgsad By calculalivegg e granl-ciicks datarce Babeann led points
(Chea 21E), which &8 the s dealancs over e aarth's suace Fom e rssighiouning dala ponl
wath good accuracy in GPS rack deta, 8 accuracy = within 50 mealemns,

For exampln, e dsianon batenen poinis (133230, 103 S968) and [1.3781, 1032232 in Table 1 &
233 medars ared thin dilerordal s B 45 seoonds, e darved spesd B GSRmhor. Thearefone, thi
miksing spaad s tha figh spaed spie |128kmhou) in Tasle 1 e rapiacead with B darved speed,
whith is B5kmihour,

Fill im sypesesd 2and Himar gaapss: ini GPS track data

The filrafon algorithm iies i oomact for gaps in the speed-lime GPS wack causad by any reason, for
exhfipda, salalile signal is biockad by hagh dse Duiking, aveling n nnal o parking wahaia in
Eagaranl kbading Bay whera salaline signal & oat Tha Sker araminas s limeslamg inkemaien
pulied from e GPS rack dala and attempls o nlepolsts oy signal gaps wiech B longer than the
Hme inlerval based on the samplicg rate of the underdying GPS track dala. Tre same nberpola@on
mathod in replacing oulying data oind B used o inlerpolabe speed and times based on e GPS dala
samgling rabe with monoionically incraasing Sma signals.

Bemave sero-spaed signal drift snd resst walking spead ba zera

Thie speed given by GPS desios may not B rero when the device & in a slabonary state, an atlec]
caled “zomo spesd orft”. The GPS devics will recond @ wery kow speed walee, which degeends on the
sansifyly of e GPS dovios and soiellie signal. To mmown the zenc-spoed signal drifl, the fhe
expfmingk (ha apeed lor al data pords and i aped B mplaced wilth Zam spaed wabs @ the fre
spesd is krwee Than the pre-sel lower speed Imi

Az debvery man comies e omen phons when b i sakng, e saking spead will be al=o ==t 1o
Zuro in order b delect ¥ smaf desvios's slalonany Satus, which B used O i servioe dme. A5
tha human average waking speed is about Skmhour, we choose the upper waking speed limil o ba
10k Ter i onder [0 coriider tha varalion ol wakieg spesd, Thamlon sy dala ponls sl spaad
hass Pheam A lkmihour will be e o zeen,

Equre 2 iz the row spesd dala with zerc-speed drifl and waking speed. The Mered speed dala s

showen in Figura 3. A&s shown in Figunes 2 and 3. applying e 10kmhour speed Bmit makes the ack
dala srcalhes which is mons reflectine of ihe achusl deltvary ogsragion,
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Fugura 2: Riw spaed in GPE rack dala

Filtered Speed
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Figqure 3: Fitered speed

fpproach 1o Retrisve Service Tene

Descripton of the Proposed Approach

Wi use both Miered GPE doda and EPOD dala b0 raifess sendck e of delvery jobs In tho
proposed apgeasch, wi malch the lisestese of EPOD 1o the GPS rack limastamp, Than we iece
tha vaRicla’s slalidrary stata and them gal tha slar e ol and s ol 1ha slalcnary stala bagad on
the mero spesd dala points in e Alered GPS tack data

Thee: slens 10 reirkevn Serddo Timae Trom e Miened GPE data ane sammansed &5 Mlioss
1. Sort the EPOD by non-decraasing order of imestamp
3. Malch tha BPOD smeslamp e GFS irack data il e apessd in B GPS Fack & 2and, than Snd
the firs! &l last dala ponds of the vehicle slabonary stale, the mleral of the by Hmeslammps
will ba e senvice bme Ciersss, ignors s EPOD as the EPOID data may be mealid
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3. ¥ other EPCOs aka 8l in e Sme cleral chlaimed in Step 2. then thess delreary obs e a
chsster ol delreary jobs and share the same sarvce Sme. CHhsrese, go s Skep d,

4. Find thie rexi EFOD which fizs yol besn dhecked agairs| the GPS frack, go 1o Step 2. F
EPD0s fase boan chackad, shop the saarching.

Exparimental Data
Wia uss the sampls EPOD dala in Table 2 and fhes lered GPS track dals sheessm i Figues 4 ag an
examds 0 [lusirate hos The senice Gmes (S nedriessd

Siep 1: Son the dmesiamp of EPOD data

Slap 2! Tha sl EPQOD dala & Tor jab 1D 1332 with EPQD Sma 10:17. Feom Figara 4w £an
g thas frsd zeen speed deta point Eimeslamp before 10017, wiich is 10:15:30, and the
imestamp of last zero speed data paint in e sehicks stabiorary slale after 1017 &
105442, Therplore, e somvioe limee 5 Irom TO01ECH o 100829, winich i TH
Frinukes 42 sononds.

Stap T Joba with ID 1324, 1325 sl 1325 am 650 in B mareal of 1009530 e 1034001,
Thasalaa, tha elal serdca tme ol the feur peba s 18 minukes 42 saconds and tha
four mhe dorm a delteary duster, which means the four jobs are compledsd By parking
o= pehiple ones Himes only.

Sinp 4 Eiop as all EFQD doda poinis hawve bean chackad against the fhered CGPE ¥ack. Tha
SordcE fime ven obdainead 15 Shoaan in Talbdie 3.

Filtered Speed
w10
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Faguia 4: Musliation of sefvics lists darivad Trom GPS rack data

=
LK) LATITUDE  LONGITUDE @ TIMESTAMP ﬁ L mu SERVICE
1321 | 1.4488 1. THE T4ASEE 10017F | F30Fe
13234 | 1.44E3 103.7a53 1420106 10023 | Fa0Tss 18 mirins 42
1555 | 14464 104, TR 142 105 | 73075 whcinte
15 | 144485 0. TR 1462006 10082 | TEIEST

Tabbke 3 Chislor servita i obilained tom GPE track dala

In Singapore. sach poslal code represants cne unigue delyeny Iocation and henee jobe 100 1323 and
D 1324 are g S mama location and  ghare e same “ovedread” me, whch i= the Bms bksn o
park the vehicke and walt odrom the bulkdng. Bassed on e postel code dala n Tabde 3, e al=o ind
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thal jabe wih 10 S32381324, job wilh 1D 1325 and job with 01326 are o d¥erend GosSons, i e
Hiucy, ws gplR the chelet sarecs oo each indrsdual lcalion. Frem e deftvary chsie, we sl the
sangos tme of e diffeenl kcations using The midpaint of e fwo EPOD tmestamps As dusiraied
in Figrn b bodow, 4 addeesses with 3 Sfferent ocafons ara wished. A% Dook 758 fhes 3 dofivany joba,
wep conithie thi asrlasl dalivary (o 0 1327 & the Teal dulivery (FIY) s the leses) defivery (job 10
1334} a5 B lapd dakwiry (LD Tor The saima devacy satca, The s mathad @ osed 9 delfing any
runiver ol defivery joba o oo sndgls Block . 115 Block Fes anly omne deliveny. i sl e Both the Tesd and
haat delbvery.

[ Trasaem — Tiarea 1 T * Tiersn
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Equre B: Flusiration on hos o spll e senios Hmes

Based on e melhod desoribed sbows, T sendis dme |5 splll inlo Pvoe serdcs Smes based on
e Salrity oalies B st o Tabla 4

FOETAL SERVICE START |
I | LATITUDE | LONGITUDE | TIMESTAMP CODE | andl END TIME |

135} | 14458 1. 7851 | TUEI0HE 10T | TP g T— |
15239 | 14463 100, TH53 1-1-.'l5|'2'|]-1I5 1IZI.2:I- raarsa

15225 | 1.44E4 103.7HL 142016 10025 | TATES 024 o 10 30:30

1538 | 14465 103 Thad 1-1.'E|.';E'|]-15 1032 ]_?E!:II"E.'.' A0S0 e 105 21 |

Canclusions

I e pRied, wa popcssd B Irataweil G reltes e deboary sdrvica Gma I wafechs muing.
Crelrenry emraics ima can be rebisied from GPS fack dota and EPOID dala, Moe sendcs fme dala
can s coleched when more ond mane bistorcal dots ans colledied and processed, &5 the weighl and
voluma of the product dokvered by differant ransporiaSon compankes may ba very difforam, tha
hishorical serdco imo can ondy be wsed By e company Reel Basod on tho progosed framaswork,
recs poriaben camgeniad g abka 1 predicd T sarica lmes of dedivary s Based on tha Releicl
sanice fme relneved from ther hslorics GPE rack and EPCD data. Themiore_ il i posaile 1o
ceystap more alfcent sod aeecifabls dalvery mules which ars very Impsriand ke on lime dedivary
LT LT

i this sluddy, wa did rel shady e relatiorahip bitwess cangs wiichL Gango volume, addmss Type,
prochuc Ivpse, wahichs Typa and aandce e Foibad s can B dore B mudy e relalasnsieg
berlwian thess factons and service trme 0 deder o predict more rotess| sersce Hmes. Moameover, the
sendcs Ame may be bl o be used cross differsrk companies.
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