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USING OMLINE GEQCODING AND DIRECTIONS MAP SERVICES TO
ENHANCE THE CAPAEBILITY OF ROUTE PLANNING AND
MANAGEMENT SYSTEMS

Tragapomy Thaiupathump, Aeagehal Champi-inwad
Faval) of Enginaasiog, Cilsng M Unisaaiy, Chiang Mai, Thalsm
AR ERAng cmu ac th augchacg@natmml gam

Feoidbe planning #or prosiding optimal rarspoiation bateedsn offites and emplosees’ residencns for
lange organizations is a complax and challenging logistics problem whan them ane comples condifions
and consirainis inwolved  Etkective route planning and manageman! can help reducing operating
cosE. Typically, amployess’ address information, i mostl dolabases, & stomd n S foms of Gexd.
Roube planning asscdaled with geographical location dala is; therefore, ditioult 10 manage in such
cases, plus Hois dHeul o genanate dear, understandable msulis. T such bexd address daoda is
convered ino ladtude-longihude coordinate data, e problem invoking extensively uses of location
data wil ba much more efeclive in finding and displaying resulis. MNowadays, There ane varous
publicly avalabie online map sendoes that can be accessaed via applcation proJramming imerlaces
fom web appications. This paper s focused on developing & web application for route planning and
management thai accesses pubicdy avalable oning map sendces in order o shudy eMdency and
fimitations of such onling map sarvices in e processes of geocoding and displaying the esulis on the
maps; 10 be applied in a roube planning sysham used by eMployeas aMoss Ning provinoes in the
canimal region of Thailand.,
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Introdeciion
Wiltin an riensely compeliive sness emdronment. increasing revenses s difficull, ard as a resull,

cost reduction becomes a key requrament ol mary busingss operabions. Aparl irom production, thers
ae cther operasons that alecl cveral cosis, such as logsics. Efecinsly plarning ol employes
fansportabions can help reduce logistos cosis. The aim ol this sludy was o desgn an effecive
smployee fransparation route planning sysiom, whie mesting required condions. The lactors that
neadiend G0 be Aciored into (he demgn included the duraSion of T longest Inp made within ihes
comparyy, e numbss of vehicles and the dstance fom employsss’ homes o ther desbnabions. |
coukd be seen guie deary lhat these jcurmeys rwokee many coordnales, and o designng an
applicabon able bo display geographcal dala would help improve inkormation maragement. as wel as
e company s undersianding of such informalion

This paper desorbes e devslopment of a web applicalion, 1o be used 1o dsglay spatal data for
smployee rarspordabon rowe plarning purposes. The development compnsad three main sops, as
shosn in Figure 1. Step {1} nyolved conyerling employees address indormation froms the emplopss
dafabase thal siored m e form of fexl, nbz a lablude-longivds lormad, =0 as 1o be able b uss such
data as impuls for the rouls planmeng algonthms in subssouent step. The comversion of lest addresses
mio lattude-longilude coordnales can be camed cut by employping the gecooding techmiques.
Mowsdays, rumencus oniine gescodng servces are widely avalable. such a5 Google geoooding
maryice, which was wsed in s casse gy, Slep |2 ussd the Biude-lgnglude ssplopes sddress
condinates sl company bealians b salve route planring probleme, &3 the Vehicls Bauting Problam
[WHEF, ane designes o mmisiee e duealion of joumeys, em e gladicog points - akng ink
sceounl slops - and an G the fnal desiration. Details ol the sobtion developed ko ths step ans
shown in [Jetasraest 20100, The resuls of the rouling eserdiss werg then sorsd i e databass. o
e uged as parl ol & map display B s 13 Cunng this sep, Google Maps APl (Google, 20124
wesry pasd i grdier b anhace B ellecthvensss o e map displays 5o roote Ffermalion graen,

This paps wil discuss the dalals of e Sl and thrd slaps ghown i Fgure 1, in which the frsl gleg
mvolved cormarticg Lhe lex] sddressss nlo Bbude-iongituds coordinates sakng uss al e geasoding
maryice, o the thind glep meabees pgng anfins map senices 1o deplay dala within g web appbcation.
The details of ghep (&) am prasecked n CJrtawnas, 2000}
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Siep 1- Find lablude-lorgitude ooordinales
ol smplopess reEsdsrces

}

Stap 2 Roati plarning

l

Slen 3: Gisplay and manage roule plarrming
resls

Figure 1: Bain opsrating sliuciurs of the ssployes Fanspoialion rouls ssarching gpstem

Gaascding
Gapcsding immhas carmmding geographcal kcalicn dala Fom st inlo alfode-longlude coanifinstes,
& the elecivenesss and acouracy of 4 geocsdirg service depands upore (1] B compleleress of tha
el sddress inkemafion 55 be used A2 an inpul, and (25 the d@re ol e Galabsse ol mappieg dals
Esedwdan The 190 Sachdnesineda A Latiioecke-hong imadha (ogndi nales atlerad By & danics proricker. Cormnily,
geccodling senvicea ang sealabl in ieliowing theaa fomme; (1) onling Jescoding aanices avilaba Mor
RecEak v Applicalion Programming Innsrlaces (AP, such ae Goaogle Gapopding APL Micrcsalls
Bing Mapa Goaoiads AP, and MapOueal Cacesding AP (Goagha, 20020 M, 2012; MapOusal,
2013, 12 onlieg gecodng sanices availabla for onling poceas bal nol va AP and (3 stand-aong
acftmam packesd (Mavas AR Univarainy, 2012

Thia cams shady avpkopad e Google Mape AP senioss, wihich faalum A lange amcuni 4
gobal sddreas nlomalion which & updated regulardy and onsgtently, resuling in high lavels of
Eerarhsy. &i wall Ak Good EERvieR relinkilly and siabibly. Ao, AP seRiEE Bfe AREY-I0-usR, Rgh
slanddsed, with A wids varmly of opicng. In addiion, Goagla Maga API gamvicak are clland e o
changs, &IpAMING A Faxmum tembes of ericas am mquasiad within & day, and the sddeass
mlommalean i & W Sing &nd leiude-borgiieds coednalar ang ralerned in JavaSengs Clgadc]
hanatian (IS0 korm, or XML,

ine pdvamiags of ampleping the gescodmg mathsd e cbHain laide-Eegilede coardiraiag ia
s apeed and its aulakiing ke wEa wih g daln dal, whike ohlaming cosrdinala migrmaten ieing
o mathock ia Gtlcull sl coally, TR ussfulnese of T ooondnges dala afnsined by gaooding
cepands upan: (1] e complsenacs of e el address dabveend 3 tha gaooiding saniie and s
lawal of accuracy - which dapands wupon the level of completenass of the el address indonmation,
winich should indluda Tha city, the postal pode, tha sireed, and tha addness poini, and ihe st clemant
is ponsidancd thea most aocumie resull, and (2] the size ol the mapning dalabase hakd by tha serdos
prowides confaining the fex addmss imkemadion and laihide- egiude coondinaies, as tha amount of
data may vary in accordance with the density of a given community in a particular location
|Aoongpiboorsopita, 20100,

Ona disadvaniage of geocoding is thal amors may be produced due 1o a lack of mapging data
— aithesr feoel Bddepsses and'orn laliude-longiude coordinales in &m ansa, or the ders iy ol mapping daia
is nol high @nough, which resubs in arors when convering the inlormation imo coorndinates. For
instanca, F fere & insullicient sireal indormation, a geocoding sanics wil ratum the resubs as srect
canimids, o, in S0Ma tases, A% city caninoids (Roongpiboonsopita, Z20M0; Cayo, 2003)
Disar 0 Tz high guantity of imkrmaion usad in this case sludy, e geoooding #echnigus was seen as
a sulable approach o use bo oibtain the requined coorndinates. The proess Jor this shep is shown in
Figura 2, during which a wab application refreved e el addeess tom ihe database, calied itha
Google Maps AF1 geoooding sanvice, and recaied he resulls in the Jom of latude-longiude
coordinatas, which wana than stored in the database, to ba employed by the compary.
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Figure 2 Use of the gecosding serne io cormai he fexl adoress imkcemation inlo fatsude-iongriude
coorknales

E discussed. the rusug of peocodng may conian smors in fes of the fatnude-longilude

coordinates elumed, depsncing upon The dersiy ol mapong and et data avalabie for a gheen
fnoation n the databese. Hommally, the density of mappng data otained fom g mhiss is higher than
fom simaler cites S lowne lesding o slresl cenboids beng lumed s the geccading seslis.

For the Thai data used o 1hig shody, B e Banghok urban sres e syeage s raniss babesen 10
A A0 melees - with g maskrots smoe ol sppradiemalely 200 mmetens. In e disinct ol other grovinces,
o wwags ettor lies between 100 &5 JH) maters - with a macmm emoe of approcimalaky 50
Fresbiens, Al in soral anisd, the ssage soor rarges rom 200 1 500 melar - @i 3 macisos amae al
spprocirata by B0 malan

I roral Areas e Fgh amoe sl & dos o s sgunis o wlommalon and a los densily of magpping
iclafa availabls in ems ol ok e e addresses and 59 de-long fade coordinales. Ore soduion el
Friay B uned i reduce the amaurt ol e 15 b manually aduet the b ede-orig Budies oondlingbess ans
= & lise, ag shosen in Figurs 3 This mathod: howewer, is lime comsuming and so uraufabls wien ons
i n lege amounl gl irerralion. sod for asas who g nol lamilar wih the mapping data - a
grotem keud i The Gass gledy company whame masny ssplipees bad diliculy vnderstanding tha
mlgrmaton on = map

Angihe: method wiich maghl gererale 8 higher lavel gl scowracy would be 5 Fepolple addesses
fom sumsundicg Bocalans with more complsts infomalion géng 8 kipwond in tee acisling s
sikdreen o paarch Tor a meschy Esalen thil conlsns mome corplets dila
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Figure 3 Adfuziment of a kocaben obtsined By geacoding Fe bl address 1o ¥ rghl

Data employed in the cass sludy
Thi dalh ussdd in TiE 2udy i e pddtics Ffonmalion o 200065 wotkers acnes @ Thai grndncas,

Fase bing Phaa Mekhom S Aputthaya, Banghol, Pathoss Thani, Nonihar, Sarabur, Makhon
Mepnk, Arg Thong, Logbur sod Singburl. Tha casa gliedy Compaey iE Boaed e Bang Pa-in gawc,
Phra Makhon 5i Ayulthaya, as designated by the & symbol in Figures 4 oG

The disiriouion ol the inlormation used in the study was didded into the Bangko® orea [27%) urban
aroas (G8%) and rural areas in othar provmocss [T4%5 with am avecage erar ol appeootimaleky 100
meelers, an error mmgn which olowsd for pnmary rowiing.

Adter comarting tewl address inloemation milo EHuedes-ongiude mordinates, Googe Maps AR was
fhen requesied to display geogropnical dota. as showm in Figure 4. which shows the locason and
densty ol empioyes address coordicies. This map helped (o esiablish a betier undersianding of the

dafased s dspersion.
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Figuie 4: Locotonsdes -:ll_:frrpln:-'.l.u :H:Idreu-:- oocecknaies

The latlude-iongfude coordinales of fne employees’ addresses and S company locaton could thus
by umed oS inputs = lo sobe the routing probleTs; which corsisisd of teo parts. The first pat was
used bo carry oul employee address clustenng, so as to generate the siooping poines, inoluding e
risnber ol slops, fhe marimaem dislance from a resdensal oddress 4o noshop, and the aserags
chegtarcs rom @ mesdenial address o a slop. Al the oplimal glops weee chlared, ey wore Then
weerd as mpuls The sscond pan invehoed incomarating thass gloos inko 1he malinsg glannng avdlem
Eamed on the reguired corcdilns. BFesa beng the rumber of soules, the rumbes of velegies, and the
rraxmum dslswe o duralion ol sach rads, The resulls of the route planning scesEee wers 2lamed o
e dalabase b b oomid lor the Sispley and mansgement ol the geagraptecal inkoemafion. Thare sns
Fres additionsl imparlan] dalahsee sodifes nom e madls in this slep, thess beng 158 mules He
minps. and wehichess,
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Figure & shows the resulls S routng resubks with the belp of Googie Maps AP in cisploying on the
map. Winin the sysieem the connechiors bebween siops alonsg esch roode ars pslimated wsieg o
=iraight lee - lor sase and speed of depday of the cesil fealuies such as slops, connecliog bnes
Eetwvenn pinie. and lhe larthes] slgp an sach routs. Figune Somiy showes glops gfang 1he noode and 1tho
conneslisg Snes bobesen elope. wiile Figures § demonskraless the slops and a map ol the medls
sxirastesd hom the cluglming =lep - 190 lnd the aplesal =leps 1o vse, When defaiks ol a roule ans
radquned uters can cick on & roule and e appropiste delnis Wil aposar . as shoem @ Figue 7
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Figure &: SGeographical routng resuéls displaying only the skops
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Figure T shows the delals of a speciic mule by making use of the direchons sonaoe comaned wihin
e Googe Maps AP servicos. displagping the rowds et passes a speolic sot of siops aong ihe
chaosen mouste, The droctions servioe provices The dstanos bebween conseculiye slops, and the lme i
tzkps o reach these siops, which s caicufaled oy Google Maps APL The figures obtained can be
used lo estimale the tme ol amval al each siop, assuming the depariure ime is se2. Furlhermare, the
routes and sfops can be adjusted oo the direcions service fhen e-cakubiles the new reules. and
provides rew disanoes and Gmes. The esulls obiained can then be opdaled in the sysem, B atkow
e ‘wed appication 1o schedule the optmum siops and routes, The distance of sach rove obtained
kom e direcion:s servios, incorporaling e reouirements |o pass spectic ponls. can be wsed fo
ascerimn olher information, such as the jolal distance of sach soule o e iolal doel posls The
duraton betepen sops along a roule can also be used for limetable planning purposes, and 10
erbancs the uilicaton of sach vehicle.

F can be seen 1 the geographical data display &0 mot onsy Felp improve: the co 5 lewe o
wderalanding ol the routes vesd and help & 5% deal wit ool adustents. ot mdy abso be used da
igererate slher ussiol geogeapticsl inforsalian. For esampls. pseds sray wand & bnd the nesresl siop
Hung o roube, Gr when 1o kEase B ocdey e resch a parfiasly desinaton al 3 geen e, 11 can
Freraions ba seee Foal 5 ssanch g infomakon based an dots held in the fore of ekl tumbes god
fablos migs prowe cflbGult. In confrast, || such data & held o0 an dppropnale map desglay syslem, as
shiran in Figure @ (which demonsimles |ha reares| fve stops). a0 usssl logeier with B Google
Maps AP direciions service, users should be able & acceds mlpnmalon on the nesresl siops,
chetarcas sl sshmated Irassling lmas. doudieeg The anteal times ol the rext vahide, albng & grean
routs. As e be geen, e map depley, workiesg in andss walh Cosdgle Maps AP canobs oaed Tor &
warety ol ks, g wil sol i higfer roule plarming sficiency
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This paper has gvan defais of a solulion daveloped in ordar for the shidy company 12 camy ool mone
eican @mployee rowe plannng aciviies. The solulion Uses & wob application conrecied 10 onine
map AP servioes, and uses & geocodng senAca B corwer Wod address infamaton inlo tiede
ongiude coordinades. Tha system akko prowides diceclions — 10 Ind what roules pass cordin
stopping points, and usas 2 map APLs o constnuc geograghical data, S0 enhancing e eMoency of
fhe mapping display &nd e management of informaton. Evan though kocaton indormation obtaingd
hom e uee ol geaccoding services 58 conlais omors, ths papar Musirates the usolulress of an
appiicalion used i resoko aphical problems making use of a publdy awalabke onfng map
seryices. ong which tan be emp eamby and guickly. and st provide good resdls in berrs. of
dspiaving mapping infomabion. ang thal may be used as e Samework for a primary sofution o be

deieloped, it this case by the sludy company.
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