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1. Database creation 

Acquisition of video and goo-location information (Flow Chart 2) 
F~ 2 .bows I pictorial rqnsenl2lioa of th<: ocanrti>Ia v.bid._ Tho ocam>iDj "'''''' ."."is<s of 1vI"O 
peop~ a dri,-er and a navigalor'. 
Tho shell containing ~ 10 four ameras it ma<le in ligbtwcighl and shod: .-niot'"l material_ H cln be air 
shipped wei quiltiy ID,)UIllcd on lap or on SUV. The ClmerlII inside !be ili<:U caD be ICttSsed Wou.llb !be 
vdtic:1e ounroof. 
111 202 the visual iDfosmali<>a is ac<pJirN iD lb. fOlI:1 or diailal vide<! "" ma~li~ t.lpe SIIppQIT u.inJ; 1.2 Qt 

~ dilitll camcOlda. mounted m lap of I vebick'. TK fiM 1'0100 camau fibn lhe side vXws .00 the 011...
t-..-o cameras film the irool and back vie",. These las! t-..-o cameras IR e<fIippcd witb f""~ lelll for • 
widt-or:gk view o(!he slr.el. In order ro practi« Ibc ~ention II Ita$!. 0'" video camen looking sideoiays 
i1-.ry. 10 1his~ the ,-"hicle ....... Id bave robe: driv ... twice tbrougll tbe same au..... ill opposite 
dincrions. In O<der to aajIli.-. both Ale of the smet It !be same time, the second side <amen can be: 
mlJIJoycd The IW<> frOOlond bact loQl::ing cameras ~ optional 
In 201, !he positional inf.....-nalion is acquired bl an incrtiaI naviglrioc system equipped will> 
aca:krolJleleTS, gy.oscopes and I GPS receiVff' <see Notel) 
10 203 • driving potb it deflD<d iD order to minimize the driving time .......... 'Y 10 acquire !I>c ,-ideo 
information for I ttnlin are .. Dirr..-eot driving <1ntegles will be .-d dq>eodiog on the o"mboot of video 
camen employed. The l.eamer:a ..,.,.usition scberne comiou in driviq around each block making Ilways 
righI: 1Um1 (sec Figure I). Alt.>toogb many olb.,. scbcmes Ir" pDSSible, Ihls scheme Iw the fbllowing 
"","""lIges: 
• Frequen( TUrnS allow 10 be wore robu$t 10 ernJQ in !he politi"" dnectio<r_ 

In pr.sence of de¥i.tions fran a ~Jar &rid Ittucture io the """" layout, it deu .... the likelihood of 
fliling 10 drive through and KqIIft ... "... sTreel aegmetlt •. 

• Mioirnize.s tho amounl o( 51"Primo ,. lite iDt.u(cIions. in the SillIeS wue righlll!l1lS IR allowed 011 • 
.....clligbi_ 

I In order 10 practice the inventioa. lOy mobile pla!fonn can be ~loyed. 
I The video io(orttIIDon can be ocquircd also us;"'; malog c.mens, rcccrding on any Iyp. of S1Onl~ .... ans 
(optical, magnetic: or silicon)_ In future rmbodimcnls, ~ may be desiMle 10 inclu<le "'" ... more cameru. 
One oould lniIgine. (Of example, 11$;"'; a duodeahtdn>n or camt:JU 10 ..."""rn aU viewina; directions. 
, 10 order to pnlCliee the inv..-.r;.,." """,oonal,ofonnation can be: ..:quired using means other lhaIl an 
iIlfttial navigariorr systnn 01 • GPS. such 0$ cOtr.pIder v;s;.", bose<! oI&ori1hms thaI 0110..-10 C(lmpulc at Iny 
time the position of the vehicle with ~pect 10 10 iIIiN! position, using the "ideo inrormalion from ODe Of 

mote video ca.~ 
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r ,,1IR I, l-CarMnl ln>'u s1 na ..... m~ 

In order 10 guarmI<C I suffICient raoIution in the JaUlliDg images, tK acqui,ition is dono •• an •• erage 
spcedofaboul20 mileNhour .• 
A laptop opel'ltai by !he ","v;g&1Of computes the =t position of tbe ,-ehi<Je b&sed on !he information 
received from !be GPS recei'"el" and the acalernrnetnllM provides vocal directioOIs 10 !be driv~, 
a.:cording 10 I p«derme.d drivina path. It lIsa moaiton .1Id remotely «1111n'>1. the 4 .:araeorders lb.-OIl'" I 
lA. ... 'C interface. 
Figure 3 ~lu,l"''J I bkd di.1.gram u{ ....... ia:¥ moJ Ilwir imf~ODS. 
In 204 the positioul infonnaticn. is =«ded in • oorq>.I\ef memory for further ptOC~ 
In 205 the vidto soquo:ntt is transf"""" 10 I media !hat lilows l'lIndom kOeS$lO Iny pamculaJ frame in the 
St:q\lence and 10 uy video pi>.C\ ~ ckmo~l) in W<h fnme. In the p<=1 nnhodi;nnll the video 
KqlI«I<e i. ~ ia digital formal on lnag...u.: 1IIf'PO" """ later tnnsf""d to I compulCr hard disk 
.wac I Fif~ ~isition cud. The video ~e is SIOmi in !he IXImplIter me .yutm in the Audjo. 
Video ln1erln>"t>d formo. (A VI). nx video.!rUm in sucb file c .... be either the original DV format or all 

be (»Olp<esacd to MPEG fo<. more cornpul stong<:. 

FllUn: 2: SC .... dng H hlelc 

• This .peed limitatiorl ;s imposed by !he Ampli"ll nle of \he video ocquisition. !iF """Plina: f1I1es 
W<l<I.Id dlow fOf fl.Utt l~quisitiOXl speo::ds. 
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tlgun 3, AC<J.ul$ilioa Sysltm DIa,,.,.,,, 
Note I. GI'S Sampling ra,. i.s fmite! The GI'S receiver cwnntly ..sed pcovide$ po$ition dlta at In 
Ipproximate ntle of I sample ~ny 2 scc.onds. During Il;UleratiOll and de«1=tiOl1 (espr:c4 11y during CIt 

~ and ,tOPPin&), this rate <Ioe$ not pt(Ivide ~ wnplco 10 ~tdy <kflr~ !be PQ$i.;on as • 
fuaetioon of time ~ (as dtfmed in Flgu .. 4). C'urr=l:ly, the path is t$limated by linelrly interpolating 
bet"f,' te!t !hewnp .... Tlti$ fml-orderapproxinution creales some dHIortions in the ~ If the speed 
is ovt"mlimatcd, the panorama. will be SIrt10hcd ($ioi;c: ~ !xli."" we .,.., moving when in fl<1 1M video 
<Ioe$ DOl change COTTeq>Ondingly). If !be speed is Imdcrestimated, the panorama will be s.,.i.sbed (.ince Wt: 

estimate thai we do not move very much wh= .. the video has allf!er molioft). 
A""," O<:tInte oohttion 10 this probl=. is 10 ~ \be GI'S po$itiOD data with 1Dertial N.viglrioo dll1 
A=k:romelm IUId grooeopes can mouilor the linear.oo rotatimll attelmtlion rileS" 200Hz. Tlti$ 
sigDal. can be inteserated 10 OOllm positioo OS I funo:tiott oftimo, and CID be combmod with GI'S ' ipals 1(1 

produce &<:cun.te positiort dill .... th 200 samples per ..wx:d. lnettial methods ore aoc:unte over dIon time 
fnmos tinc 10 the high sampling rate. but Clft a<>cUIlJIIbte mtegntioa error. OI'S, on the other tw.d, is 
iolaccural. &I ohon inkrvll. (due to Ibe Low WDplinx "'te) bul ClrI be lIoed 10 COTTed lorrtial integntion -
Segmentation and labeling of geo-Iocation data (Row chart 7) 
Geo-location data_isl of S<'quc«es of lIeograp1tic coordinalea (latilllde, long.itudc) each labeled wtllt !be 
lJTC time II "'1ticIt aoch coordinaleS where acquired.. 
no. following I""<'fi' i.s Ippli<xllo....,h on. of tho o.quenoe. 

lq 7(11 !ht (bt.1ung) coordin>.tellR convened mlO Merelilor coordinates (cylindrical projection of latitude 
and Ioogitudc). A splinc inlerpolalio<t (cubic pol)'JlOmial funclWm with Io<:al $~ppoo1) is obtained (rom !be 
two-dimomi<mal Mcraotor coordinalCl. The resulting spline functioct is paramelerized in .,..,.I'ngth. A _ 
~!ina of c:oonIinalc »rnplea is obuiIIcd /Tom the spline fUDctioa, amp~Dg uniformly ia ;aro.lenilllt witIt 
llIarc-length i:xrm>ent of I mttr:r or 10. In onlor to dttecl the pain" ;" tho Dew S<'queJto:C ... h",c a tum ..... 
made, an operator is applied 10 !be S<'q1>el>Ce tho. computes for each sample a value which is maximum ia 
the <;Ut<er of a 1UZlO. Su~h 01"""101 computea tile SIl\lIIer or the !WI> stngular valcea of. 2~N matrix 
COIIIaining tho N """"leo around \be <:unenl wnple_ ~.izc N of the ob$crva tioo window is chosen so 
!Iw the operator ClIlpUI is maxitwm in !be cenlCl of I $IIttI tum. The muima in tt.. 0per2l0I" oU!pJ.t m 
...at 10 scgmenillte S<'quenu in", a !is! of <Irffi segments. 11Ic umpIea conespondiq& 10 the emU" of. 
lIlrD ore 510red oa IIIlm1y of ~rum COOrdinales". 

lEI 702 Ibe turn <»ord..O>ate, are grouped in cluslen so tballums thol klo:os 10 \he ...... dusleT are turDs 

made 00 lhe same ....... in.",sectioo. All estimote oftbc COOTdinlllea of 1M street inleJ>«Don cent", is 
oItIIint'd a'-en&iaa the coordinates of !he turn cootdin.uea belonain8 10 tbe u.n'I< duster_ Usini the <tm1 
in_lion coonlinates, strai&hl sesme>tts Ire funlte. ",gmente<! ;"10 el<rnetltal)' ,1rttI block SO""""" at><! 
labeled with the "From'" ODd -roo imeJse<:tio .... 
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'" 703 tonupood'Qces bet ....... the ftreet rntenectiom toOlputed above and the .lreet iDtet=tions 
pnwided by a thin! party ,Ire<' ""'I" dolaba .. ore computed. fuh of!he SIJffi inlerSCCtions computed 
abo"" i5 put in c .... cspondencc "ith <be me •• 1Il",,...,.,.;on f.om the Itin! pany d~ .. ~ dial is the cJooqt to 

•• 
In 7Q.I .1e .... nl:I.ry tnett .. gmen!! are put in cooespondence willutreel .. gn.ents [rom !he third pany ftree. 
IIl3JI database us~ !he co!YeSpOllde~ betwttn the "I'romM lOO "Ta~ iDttrsections tompIted above. 
F.aoh segmm. io ~Ied. ~.ing information from !be dtird pony database, with ~ name, orientaUooo, a:od 
range of .~et nunt>ers. 

Nat~: the ...,hniqu&o d.scribod ab<1vc i< I"'rti""I.o,ly l'.Ii .. hl. f ... ,lw: l-cammo acqu;';'inn ""'o:me. In tho. 
cue of a 2--cament!1 K<lui<ition .......... the intenection eoor<1ina1es would be dettde<l uUDg the 
;,,~ion of"'-";"" .. gmen .. "'Ib<r than a"nagjDa Ihe coordinatn of the rwnt. 

Generation of synthetic images database (Flow CharlS,g, 1D and 1DB) 
G;ven \'i&o fOObt~ .--ewrded from !he ,ide carne.... ud $l~ m the format of a DV !lie (Digital Video 
flk) on a contpllttf bard disk and !be Injce,OJY of tbc YdUcle while ICC[Uirin& sucb information, "'"e ..-mf to 
COInpuIc the ~ view like the 0.,. lbo"ill ;" I'i(u~ 11. 
~ the viewing angle of !he vXIeo camrn is l~d,. single vicko ftame can only eaprure , smaU pan 
of the lItreet blad::. (Fia:u~ 12 i, orr nample of v;,Joo flamo) . One ..... y 10 ~ the !ldd ofview is 10 .... 
a dtort ... focal bullhi1 method introduce< image distottioII. A ~ ~ wauk! .,...,.i;t in incJnsiag 
the diSWlce ~'een the camm. and the buildings. but this is not al .. -ays possible 1m tile road i.limite<! 
<II widlh and lbctt lreotbtr constructions Oil !he oppooi!e side of!be = 
lbe method Wi: propose i. 10 syml>e£ize the ima,e tIw the camcn ,,"Ul!d .... if 1t were far '''''''y, usin, the 
1II"IIOk IC'I\IC~ of ima,"~ frames atljllircd. 

For CKb ,treet ~ synlhclic views of bath sicle$ of 1hc strctt are «>mpUted from tile video ~mc:c 
(&01). In 1hc C\IrrmI embodiment such inlllges are WJI¥lted II iocmtln>lI of g meton akq the street 
~t. In 802 _h ryrothcti( iatoge it 1I0re in a file in ./PEG formal willi I fil. name wt contains !be 
following info.'1nItioa: 
• A numerical index that identif.a the str •• t JCgIIIOl1l 

• the distaDcc (in 1IIC"Itn) of the location at ""hich dw. image was computed from the origin of 1hc .trect 

-"""" 1hc side oflbe ftreel imai;ed 
'" IlOl all the flies .... stored on ""'plio Slong •. 

Fie""' Sis. p;etorial descripcion of the method IISed 10 ..... t. m. .yntbcIic pmororna. Depicted in &fUD. 
ore !be successive position. of \be real came .. at the \-dUcle moves aloo& the ~ axis dlrccbon.1)q>icted i:I 
mI is the positioll of&be virtual camera thai -"'CS the larr view of the _ hloclr. The imaCtS 011 the top 
are ~ of"'" video frunes exlr1t<:Oed from the video SIOq .... oce acquired by the cam.n.. The im2ge m Iho 
middle is \be eud pmdw::~ the IY"lhoti<: panorama. "TIUJ image i, created colWI1D by colum:>, utn<1io$ 
each colunm from OIIC ofibe video fi1Imes. To ..... te column p; in the pat>ORJI1II (&be hluc column itt !be 
fi",",), We ba.-e 10 fUld the videa &arne that ....... acquirod wbeD the ridco-a.men was Iocated.I ... From 
the GPS "'adin£ ""'e fUld at " .. bat • .oct lime. I;, the camera was in that IOC*tion ($« FiC"". 4). We!hea 
utract from the vidt>o ""lne""" the vi<loo fr.",. that .... K<luin;d at lime ~ . From that frame we OX"""" 
column with iDdex (p; I 720) • 720, .·hm the fl1Sl 720 ;s the totallalll"lber of columns in 11" .. synthetic 
panorama and the 00C0<Id 720 is !he number of colw:ulo in the vide<> r"""". 

Virtual pat!Ol1tlOlS of me type slIowJt In Fi,ur<: 11 ore then g~mM. extncling the appropriate pixel 
inf ....... tion from ~h One of the vidoo fn,,,,,,, acquircd "'hile drivin& through the city bio<k. Th< di'''_ 
between two ad;acent panorama. orn1et"S it 8 mettts. PaJIOTEnlI imo, .. are StorM ;0 jpq fomu.~ no" 120 
pixels.M "bolt< 1~2I)KlIy" in ~ 
AI tbe same time dose·ups lDd f ...... )'O views m 0100 uncled from the video files. Both d<>sc-DpS lnIl 
tisb-eye v;ews are 360x240 piMls and about lJKByrcs in liz<. 

4 
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C\ooe-up vie ......... compuled every 4 mot.", wtuJe fisb..cye vie ..... ore ~ted evay 8 meters since the 
rate of du nge is 1DlIdI1o ...... 

Flo ... cbam \I ODd 10 descnbe in det>il die procesa of ae>.ing a ,,...1beric p...., ... ma otq> by step: 
ID 901, gi>= !he arc lenglll toordinate of !be oenler of !he j)3llOramu .. aD amy of e"\"a\Iy q,ued arc 
\engIb ooonlinatc$ «nl.red JroW>d "" is eompotcd. 

In 902, ""ing the ""'P from UTC time to .", kngth (.-" " .. 4) the llmI.y of lITe '''''"'' ~dinl! 10 the 
otrO)' of ~ kogtb «oonlinat« is~. 

IB !l(l3, ""ins the time ph.~ compu"'" in .~ calit>rotim """ (J« IICllI sc;tiQn), lITC time is Mllverte<i1O 
video time. 

la 904, fo, each , ·ideo time, a co"""" of ROB pixd »:al"", i. utr>c&ed fiom OD. 0< _ frlmo, in tho 
video sequencc. 

In 90S, .11 !he oolwnns of ROB pixel values art ilXUd ride by side \0 aate the synlhetic paoomna 
bionapwbicb io!bOll converted ill . format""""..utable for effocienlSlOrage(JPEQ, GIF). 

, 

\ 
F\ture 4, GPS . adlng % .. %(t1mo) 

Flo,., charts 10 and lOB describe ",,"0 pOssible .... Y' of computina exb coIwnn of RGB ""Ne$. 

, 
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Figure S: PkloriaJ daoription ortbe motbod uK<! 10 uule ,be .YDlbttk paaaro ma 

SiDce ~'le camrn video sampliD& TalC is flOite. vieiro £runes are av&i.bble only 31 flllite times, mul:iplt of 
!be video sampling pniod of 1160 _ ( .. hen using u,,,,,laoed fieLds). Siaoe a video ffal:Ol: a1 !he duiud 
time ~ ~ not available, ...... need 10 cunpule it from !he available hames. A first 0Tda IJ)pI'Oximations 
(descnbed in flow clwt (0) is 10 ..... !he clo<csl vidt<J frame. n .. iOppI1)XU:no.ti"" is ><:O<p<>bl< i f Ihc 
camen moves leu than the distaoec bef.,..eftI. paroorama columns in half of !he ""'P!iDa n.Le. The dislaDCe 
be\w0(t1 two cohutlns is ~8m'720 - 0.066 em. th=("", tbe max sp=I is O.066rn1(1I12Osec) - 8 ""_ 
.... Iueb is about 20 milesill. 
I.n 100] the field time which is !lie closest \Q \he desirc<i time is detected. 
10 1002 Ihe =t video oeql>ellCt framc is sel lO be Ihe 00< &C<j.wed at <bat tim<. 
l.a 1003 the column of ROB pixel vii...,. is exuacltd from lhe currmI frame buffer. 

6 
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\0 cue ofhigher <2m<n. .p«d$ or low", "mplio, I'll .... it will be n=-ry to ",eOOS4wct th/; f~ ~ lime 
~ usina: lb. two 0< more adjacent vi<J<o.framo. (!\ow chart lOB). This is do"" COmputini opti<al now on tbo 
video sequrnc:e. (lpIiclilllow is I _lOr field that mign'i to each pixd in the image I 2-dimensional 
veloci!)' ve<:ror. This oJlows!(> p~iC1 .. "",,~ th< ~ dtnltnt picl>lKd in pixel (i,j) ill trune ~ will.,..,. 
up being pic1umJ in th< next f~ n+l. 

1"010 I , Di$tortioa lIong !he vertical direction: Ihc method described above inlrO<lucel. di5umiOIl 11011& Ihc 
verticil (y) dire<:1ioa due to> the fact that we ~ IlOl obk 111 apply the WIX "'upliDS technique that "'.., 11K 
doug the borizooltal (I) direction. SiBcc -r;e ropy III mIire oolumn of pixels 1$ S«D by OD< of!lte Vttd 
<arootU to a coIWIIII in the pauorama, the perspective view ..... 00<&id is "'" the: .orr""t ODe. 

Fig"'" 6 exnnplif ... this <:<>n«p!. Objects A and B oppea: to> bc the ..".. .itt in tbe ~ .ame ... wbile 
they appear to haye .wr ..... nl.izes in !be: ooITect penpecti,-. view of tbo virtual red cammo. When ... .., 11K 
!be rolwnn of irmge brigblnW of lbe greea came~ u !he roluma of image brightneiS oft!>e red camen., 
!be object! in !be i)'D!bctic view will appear distorted: objectS cl ..... 10 !be wnm wiD appear taller tb3n 
!beir reol .ize aod abject! far o,.,.oy will appear shooc:r. III fisure 11 this effect iI. not very lIOIiceable oiDte 
all object! .. ., JocoJed ... """",imo •• 1y lb. WD< ~ from the ammo. 

B 

Y'IU..., 6 

Fig"'" 7 .bows • paDOI1UQlI iII .... bi<;b Ibe d~ effect is Ume visible:. The yay ~ c~ Iv the camera 
:oppnn to> be \an .. Ihen 110I1l101, Ibe two cars .1Opped It the interseC1ioa oppou with !be: ri&ht up«:' ntio 
and the ear .nd the oon:Jominium in the b:ackgrow>d ;sppea,- sboner dxo:Itheir DOrnIal <itt. 

FllU"" 1: Eumple o f <ii<tortlon alOll1 wnkal di...,.tioo 

This type: of dislOrtion can be com:cted if III estimate oflbe dtpth of each pix. l in !be: panorama is 
..... i1lbl •. Sucb dq>Ib (!be: distance from \he CII.JDCf1I) «II be computed lISing opticaillow. "The .. pe<:' ratio 
of oath pix.1 will be adjude<! base on the di!Un« of th. objeC1 viswIIized it! that piul 0... drawbAd: of 
tbls $OlutiOQ is thatpps berwt:t:D pO:.e1s might be CfU~ (in Jlj2 ~r. 6 !be: red objec1 occh>des """,I of !be: 
bIDe objec1 in the po com=; new. \0 the ~ amm y;- parts oflMblue objecl bealme "isible but it's 
_ possible \(I b.ow .... hal thooe pans loook like since !be: p-een eamen. doesn't 2(: Ibt;m ill that view (
how<vcr, the ....:ao&ry information mi&ht bc IVaWbk in Idjacem views where the red 00;..01 docs 001 
occlude .he bI ... one)). 

Ooc possible .. lucien to Ihi. probkm ~Id conJut iD &C<[~irina images from an an:ay of two or more 
...;.x., cameral 0l"T0Ilie<! aloog the venic:al nis. 

1 
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Note 2, Assum;>rioa of straight patb (no turns, no bumps): Th. method of gene .. ling synthetic pan<>rlJ:Ia$ 
~ in Fi~".t S ~Iies On !he usumptioo WI !he vdricle path is aloag l $lrai,hl liM. lfrl\u is 1>01 !he 
case, Iheu. !he choice of column 10 s.amp~ from a panicubr vidC<l f ...... "';11 be i..correct. Figure 8 sbGws 
1'11'0 rypes of dislortioas WI can occur. (1 ):At !be left oflll. image, !he ,..,ruc~ uncIergo<s a riglll_haDd !Urn 
OQto Color.>do Blvd. This crntes I distoned (bent) view ofCoIor:ulo BI>11 (2): Near tb~ firs, palm tJte I! 
CnoIe&.Ba",~ !he ur puseo o'..,r I bump. This tilts !he Clm.JO, el .... ina; !be ""'!rIeled colUJbl$ oflht ima,. 
10 IIIDI be in vertio;a] :alignment "';!h !he ~vemen~ aDd induces a " 'lIvy effeel On the s}'nlhetit panorum.. 
Fleur. 9 shows !he crreel of ~ La"". At thc: end ofth. Crocodile Cafe buildiD&, !be at make. I 
s1i&bl leftward tum 10 change lanes. This causes !be: camml to pan left ("""",ite the trav~lin& direcOOcs) 
atod indue« :utif_ (mirror imagin&) in the panora:na. No~ the also !be Ippan:nt chan,. i.u beight of !he 
boilding d"" to the faa tha1 Ibe camer:a i< cln<e< an".. chant:i~e La""" 

fltu •• 8 Distortions due 10 lumi", ODIo I 511"«1 (ldl $ide of lmale) n d PIlSlI1nt ." .... a bump (our 
Crate&:BlRl palm troe). 

fie"' .' 0 1010.lloD d ... to cbanglng I • ..., (rigllt .ld. of Crocodile Clff building) . 

The distorIiODS due to bumps. boe tIwl&e. deviation from I strai&ht <kiving p3111 can be c:omcted to some 
degree using Optical now 10 <ktcd $l.OCh sirustioO$ aoo ~1\SII\e for !heir «fect. 

The p<e$<'nt mcIhod is . comprorr.ise ~.= quality of!be synthetic image IIId aJ&orilhmk comple>;ity. 
Mu<:h mo~ sophisticated and computationally intensi>.., tc<;lu>iques for- ) dimensional =<>mIIuCtion of !he 
KCI>O are .""ilable ill !he prior an. Ho""",,,.., fOf !he proposed application, !be quality of!he panoramic 
imageo is .uffJciem even in pn:se1llCC of oome distortion. 

lUlu", emlxldimeolS of!he in~cmioo <WId p' . ... m vidmlimage dati in different fusm.J ... Fa . xomplc, 
mhcr dwr usin& I camen facin& directly to ~ stmctlide. •• li&JUly forward (C6 bath,1II'd}-lookiDa 
.:::amtrl could be used II,! pI(lvide I pa>KnITIk look up (Of doWll) the .scrcet. Also, if S\Iff)l;ielIt o;amcru to 
co"",, IU ~icwimr; dircctio<ts = """" (110 05 II,! pIovido 360 de!,,,,,, oh"' .. ) images (.,.;I syn1iletic 
1"''''''''''''') """"" ...., d i....,'i ..... of"", .. " kr-eonrrollab le con be prov;dod, "The .ynlberiel"''''''''rrUe view 
em llso be maCe ;"10 ~omiDg ,ideo (by computiDg !he panoram;c view It iDc~meal$ of 10 em or 110). or 
even I .tre.mitqI; vidoo with USCf..:on!n)lbble viewing dirt<:lion. ..., ,laIt example. \he synthetic 
panoramas could Ilso be compu.~ ill _enl rnolutio..s (movin& !be syche1i<: carom closer or further 
_Iy (rom Ibe . tud "" n to xc kN or more of il) '" p<OVide the UOtI" with roo ... Ie...,!. of zoomiog in or 
w< 

Sequences calibration (Flow charts 3,4,5 and 6) 
For !he prodt>c:li<ln ofbigh quality syn1hetic inugos, it il ne«Ma'Y to ba", all acruntf: S)'I'Chronizatiool of 
!he ~ideo willi tie GPS position dau. Fiawc lOis .. example where !he GPS dau is late by one secOl:d: II 
!he se<:(lnd tree, !he at has actually stopped movine and IUbsequent video mm.s a~ III the some. BUI!he 
GPS dau say. _ are moving. 110 _ get •• tretched tree {ltatiDnary video gelS '''''t~bed llong the patIIl . 

• 
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lmmediolely .n.....vd. !I.: car SUifIS "",,·ing (video chaogn signif>eanlly every frame), bul !h. GPS dati 
~ we ..., slOpp<d (or movillg akrol]y) $0 the tre<' P squllshed (I Io! of video fOOllge gOlS ~uisbcd 

III'" • small clwtge ofposrtion). 

A poSl-]"II"OCWC!g method of a(:,;ur.urly S)"1I(hr~ vidto wi!h GPS is described in flow (han 4: 
10 401 we detect • IaadnwI:. whidl is driv<:n by ill boll! directions (exzmpIe. I Uee in I _ divider). ]0 402 
!he lime mlmlaJ beN."ftn lb. fWD pmings of the Iandmart can be measured to withiD 1130'" of I $CCond i. 
!he video. [n 403, usiDg !he GPS data,. fUDCI;.". can be compu!ed I<> de1efrnine Ihc iII!CrVa1 bet,....., 
SIX>CeSII;,·e pasIiCI of any poinl 1100& Ihe ", .. I oegmmL Sioce the !WO passages ..., ill opposile directions, 
!he funclion is moootonic, and thll$ an wwnbi,uous ..... ao:unl. dc!cnnio:alion ofm. GPS pooition (aDd 
lime) of the 1a.o.dmuk COD bI= delmnill<d (404). Thus !he time of piLSSIl!~ ill th~ video -.l ib. GPS dati an: 

"""". 
Flow chan 3 describes • mclbod '"U)' oimiJar 10 !he previous 0 ..... h', abo based 00 idcr:!;fying a I.n<btwt 
!hal is driven by ill both direcUoI>$ (3(1]). II requires. sarcl!. in lb. time phase space. "The ... Jut ofm. lime 
pbaK is initialized ubiuvily (302) -.I theo rnOOifJCd (lO~) in order 10 ~ m. ~ disW>Ce 
befwt.eIIlbe two poUus 00 the: vehicle U"ljccwry thaI correspond t<l the time ill'llaolS ill !be video scquetn 
... hen: the landmark is _0 from !be IWO side. oflbc strec"I (l(3). 

SyDchronizarioa of video and ,..,..Iocation sequ<OCeS <IuriDi . cquisition (flow chan 5): 
Vide» aod GPS can alto bI= syndvonlud automatically <k&ring xq...wioa. by delerminint !he 
connpondencc bclwftn the camcordtr timestamp m:I GPS timcs~ Each GPS &ample R«O"ds !he IJfC 
(Univ ..... l Tim< Coordinate) of !be ItICUUfcmcnt. When !be camera begins =ordU!& !be umen dock 
lim< is .... d tlrrougb Ihe LANe \nlerf..,.,. A trrC card OI! \be PC rorreb.~ !he • .",.,.. lira/, to UTC, aod 
bet>co 10 the GPS amples . 

Figure 10: lnuog. dilto rtioa due 10 [n.ee.l"II«: ")1Ic bronlulloll of video .. "II' GPS dati 

Flow durt (; dtscribe$ I fourth. m<tbod fo< .ynchn:miziDg the ,..,.Joari,aa ll:I<lll-.., vido:o ~ •. TIl;' 
roobod requim !be comp~l.ation of opIical now oftbt bonom pw.1 row in the video sequmce. 
1be choke oftbt bonom row is based em the: assumption thaI the camen sees some of Ibe curb or of the 
urt:d Pilvell1Clll in that row. The lvenge veloo:ity for tbox pixcb is directly proportiollli 10 the vcltkle 
WlJ,enli.ol velocity. "Therefore. the limo pho .. ~n the two ~"'"'" can be dc!cnnined as We tim< 
delay !hal nwcimoza the alignmenl of 100:11 muima IlOd locll rnilrlma beo:woco ihe overage pixel volanty 
mmputed in 60] from the video ~ and !be ""ilklc IaIlg<1ItiaI ' ·elocity computed in 602 from !be 
p-\ocarioo coordinates (6(3). 

Gemmd;un of relatiunal database 
In order 10 .11"", cfficicnl.ccess 10 !he data from. d;"'~ iIIformatiOD. '"tardio, sllftt .. ,men!! is 
orpro-I;Q the foIlo"';ng T.b ... ofa ",b.rional da\abo.sc: 
s.c ..... So-&menu T lbk 
Coataim One entry per slreet segmcnL In the cue of. loQlIleR tcqIIisition 'Y'tem. there ... two .,..,hide 
InIjccto<y SC""""" 11111 correspood 10 w:h Shttt segmenl. "The fields in ncb record incilldc the folio ... 
dati: 

Slreet ... _ 

• Sid. of .cr .... , ""itll ,~ ItJ maio city street (N. S. Eo (N. WI· ThiI: JW:l''''''~ 'ppe2W in flon! of the 
_ ... me in an address. 

• StI..,r scg:meor ID 
• F..nd·poinl """lfIiioales afthe third party city map segmenl cOO'Ujl(Ml(iing 10 Ihio """"",,I 

9 
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• Amy of Kgmmt IDs of the sqmeP( adjacent 10 the Kgment stan poUtt ordtmi by direction (called 
die "from" address) 

• Amy of stgmmt rn. of!bc ,"pnt odjaccntlO Ihe stgn>mt mel point ordered by dim:tioa (called the 
"To" address) 

• 11K di 'laPCe ito meten of the stan of me vebide Injeclory ""ime:>! on each ,ide of the ,\Teet from the 
"",in eil)' S1reeI (""lied Oimnce to Hub) 

• 1he length in metm; of lhe vdUde tnjectory stgme:IlI on eacb ,ide: of the street 
• Offset in mc1CR for ea<:h .ide of the 0ITee1. SIrteI numbers "'" ossig:Ded to p'opertleS bast<! on tbru 

distaD« from the two ml.in city rtrttts (one I\UIS N-S ond one runs E-W). Someti_ u.~ l~ 
deviati<m< from un. rule and Ihe$e two off$d$ ..., Qrd 10 ac<>JWl' for 1ho$e d"";ati""". 

Panoran •• Coordi .. t .. Tabk 
This lable wntains O!K rcwrd per S)'IIlhctic pMIOfIrnII OOIIl.1ined itt !he ~rm an:hhl'. 
The fields of the =on! arc: 
• Sot:n"'nl ID ofd>. _ ~ ~lIy "iou>J;ud in tbe imaj;& 

• The ,ide (even.'ocId) oflhe l lrcet ~I visualized 
• The di,W>Ce from the segmeru origin of die cmter o(the panorama i:t meter. 

~cw;lIh'" Look .... p Table 
r.. onIer 10 be; abk II> fmel in "" ctrU;icnl manner !he: ><P""'" 10 of tbe oepn<n' !hal .. !be clooc:" In OIl 
amitnlry K_Location, I Look....., IIhlo: is built I. foU""",: the ei!)' is divided in • RgIIbr grid ofsquand 
bIocb. The $in of!be block is cbnse:n 50 1hatlhe "veI3&e Dumber of strftt stgmentl crossing I blocli: is 
sufficiently small (for example, 10). for each block, tbc list of segJIXIIllDs of the 51retl segments crossing 
the block ;, determined. 
T1tc: daub ... labk comam. one I"IICOfd per list ckm<DI of ~b block. The ficlda Df <a<:b re<oN 1M.: 
• Bloc\:: [)btl (for u.ample, bloc\:: center coord;..., .. ) 

• Stgmenl ID 

In _,0 pracIi<e!hi< invention. .t..... C1JI to. many u..mati.e ""')'I of organizing Ihe iDfonnalion in Ihe 
database lad !he ..... deocribed above is what _ used lOr lb. prefemd embodime1r.t 

In addition, OCIC or more databases «IIItlining various cype of information indexed by city ~" can be 
oacd to annotallC !he synthetic pollon."" ... For example, in the present erti>odimeru a busilleslli,tinjl ~ 
used to lnDOtlilC Ihe ponoromu ",ida infOfmlltion obouIlhe disp[)yt;d bu$~ (name oflhc business, 
_ addIe», phoDe wmber, typo or acav;!)" hyperlinI< to • wcob $111;). 

2, Street Browsing tool 

Description 
"The principal tommodity is • visP] database of 11rftIS in !he US. It COIIIa"," irNg .. of ~ ,·k " ,. bod ... 
• ...... -er resolution panorama of . side rtreet bloc\:: (",e Figure II) IDe! u bigher resolution d ote-up vitwl; 
of bath • specific property (sec F~ 12) and of lbe Itrcet vic .... The video dalltbuc is indexed both by 
SIreeI address MId by cwgraplrical CODrdin.t • • (lltitu<k and longitude). Each clemonwy unit is '.iP<1: 
image with ovm.ge $izc 1 SKbytes lOr pano~ and 13Kbyks for linlle inm<:< Illo-ol1n& for fas, 
~ and. low bt<Dcy. 

In !be technol"!)' oecricm we dexribe the modalities ",-itb which 91<: will build such l data\>a$e ond !he COOl 
lSOOCiated 
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FlIU"" I I: Eumple of.-l",,"1 p.n ........ ' male 

The Scout Tool (_ Figur. 13) is the user iJltml« that ILlO\\'S ICCm.iq: the video dltabue ill several 
IDOIdalilies: 

IlIdre!/; m~: tile ~I typa in CiJlIIddm.& of!he wtionlle wouklUe to mu.1iD: 
c-Ioclt'on mode: It. user dieb on !he map the location bclsbo would like to visualize 
bro"~mOOr: !Tom the rulTtn1 location, the usn ao click 011 the lIi=OOnal bullOll$ to litmUy \IIi"" 
Ihrough the dl)' W<X:IS. n.e ",wildl view" billIOn allo_ "",,;.oJ the olber $ide of lho ,'un 

Alaay time, lho user I;Jn dick on I spodfIC pmpc:rly 00 the panorama 10 obtain I highoer resolution dose
up Yir:w. 
Since each borizoot>.l coordinate on the panorattI>. is lutomatically indexed ... ;tIt the correspooding strm 
twnO ond addrcu. I table ... itlt "yellow pales" type ~ .... onnation call be sbown on lOp of the panora .... 
imago including. byporlink to the ...-b ,ile of tho. property. 

!!f." 
~-

-" 

f""'lure Il: Jls~",ple of elu.e---up '·'ew 
The .Ip~ vemon of1be client-side of the ",1'1 .. = is implemented in VBS€:ripllUld ~ run imide InterDel 
&plorn version 4 o.-l::igber. The user is 001 rcquiIed 10 download aay spox:iaJ pluS-in iD order to usc: &be ..... 

11 

Page 12 of 117 



• 

Fi~ ~r" 13: Vtdort Swut Tool 

Implementation of address look-up 
F\o<t;thort 13 <Ir:s<:riba the method of a«<ssin, !be video database liven a desired scree! add:ns. 
In 13(1] . Ibe user Iype$ in tb. desired oddre<s in the ScoutToor. sired ""tiber, Itrcct rwnoe. dry and stale 
rex! input fields. 
In 1302, wben tbe user prclSeS !he ""See 11M

, Ute address w; ""'110 !be lICn'et. 

In 1303, the KJV ... perfomu a query 00 Ibe database of $lreeISCgmer.1O 10 r",d the _ ""p"ent thaI 
oocuspoDds to the desired ~ "The quny scan:heo (Of olI .. t .. """nU tIIln ....... h !he desired .treet 
IWl>O (and city and SUle), and for whitb the ' lrectlllllllber llei .... ithin the MFromM and -rOM street numilm.. 
The: 5<'lrch r('hIm$lbe IWIO!)fiaIe fegmedl index lIUmbu, as ~U as Ibo re!alive posilion of the desirtd 
DWDber along !be SlJeet SC&rnml This ,.lalive positioa is C"","",,IO:<I as tbe dista~ in ""'.,,, from the sun 
ofllle ~ ~1 (!he " !'rom" rtrtel numbfr) b2SN 011 the f3d Ilw. _, numben i!l<:rtmml by 1>0'0 
C>'eIY 12.5 feet(eoery 3.8Imctm)_ 
In 1304, tbe query reIlllt (scgme:d iDdt:J. number and disllllCC ~ion& 5q1RCDI) is sen! back ro the clieDt, 
aJoag with • I><'W map of the """'lion if ne«smy. The map is lenerw;d by Ihird_party toftwar<: sucb as 
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~ by Navigation Technologies or Et.ak.. The software is ~a~" of ge>Jeralin* a IlJ'teIITIlP of 1 
IocItion givm I ~ ~$$ with .. hiell !O eenler!he INp. The map ,..,.,~!ed elll be """,h larg", !h2n 
~ poniQn vie_hie by \he use, on the clien, mac:hiot so thai Ibe IIOcf un """"I around withoul havinl 10 
~od I new map '"<1)' oft .... 
ll> DOS. lite c!it11t ~ from the serve. infofn\J.tion about the _ . _ seamem 10 be ","wod. This 
iDformalion inc:b.odot.: !be geographic eoc.-din.tC$ of the start and stop of die Itr .. 1 stgm:1ll (4 entries 
because ibey may be slightly diffetem r<ll"!he even &ad odd side of!be street). the "To" &Dd ~From" s= 
nwnben. "" ~ Ude .. f !be IU..." the ltnglb in nxlCrl of Ibe "'gmeDl, !be dis1lU>Ce of!be SWI of!he SUet1 

segment on each side of Ill. Slltt! from the 'Hub' (dx: H",b is • refarna: lotIl;on from ,,'hieh SIT«\ 
IIIIJIIbm = definl:d Fo' example, ill h»d.na Califomi.l, the Hub is \be iDlCJ$eCtioo of Colorado 
Boulevard and Fair o.Ia A vnlle. SUed oumhm SWI from that i:ltmco;;tion. and 'NOfIb· or 'SolIdi' all; 

~lative 10 Colondo Blvd, EasI·Weal = ~Iati"e to Fair Oaks ",,,etI .... ), !he positions &loag me segmenl U 
which sJ'llthclic panonrnu hove ben. c"'''puled, .....,..tioo information ( ..... h .s bu$i""",, listing 
infonnarion) for pruprnies v;'ibl~ Od """ sesment. 
ll> 1306. the client requests from \be ""'''' the synlbetlc pa:nomna CCIOtainina a view of the desired 
addreu The c!;etu cl>oose$ arn.onest doc lisl of computed l )'IIthetic paoo:nmas for that S<'&""'o~ tho; 00: 

widt the closes! distance 10 !he desimI address ("'!Iieh ...as uansmined to !be climl in S1tp 1303), and then 
down~ that opec;!"'" panonma from \be ..,rver. 
ll> 1307, Ibe ScoulTool diopJay ;' upatcd with oll 1he"",w infonoalioa. Th;' indu""'. 

displayina: !be ~ panorama, 
displaying the Dew map (01 oentering tile .. ew 00: on the currenl .sdress being v~), 

Upda!ing !he car leoo and view dir«tion leon 0\1 !he I1\lp 10 graphically represent !he rumn! vie....mg 
Joca!iOll and d:m:tion, 
IIpdatiog IhI: possible "oviptioo bull<m< in accood .... th IhI: """ible diIecticol of motion &om IhI: ........ 
=.01 poiIi!ion, mel 
dispJoyin,& icOlI$ or busin<ss lot<>! or aDIl(>totiom above the pII><I<8mie image al lhl: appropriate 
lIorimoul positioIl conespoll<lin& 10 the property III which the information penaiDJ. 

Implementation of gea.location looIc·up 
RowcIwt 14 describes !he method of visualizing a lo<:atioo by cli<kiq 00 a Jocation on a map. 
ll> 0Iep ]401, the user click. OIl a locatioa OIl the map displayed by !he c!ient-side aw Li<lr.tion (tho 
ScoulTool) . 
1a SIep 1402, the map coordinates are coo.vemd from ICfftn COOldiDates (location of_click) 10 
..,lative MClI'IIDr coordinates &Dd ... 11 to th. K1Vtt. The COJIvenion fn>m mou .. di<k Itfeen coordinaleS to 
",lali" M~ oaordioa1eS is.x- by: 

mrio"ing tbe poUion of the """"" dick ,..1ati"" II) the screen origin 
adding the map di5play offset 11) COIIIJ>UIe the ..-:n COOTdiDa\e$ ..,1ati,~ 10 the map origin 
convening fum .... p ICteeII coordim\e$ to ",lam.., Mercator coordimtcs by the ap;oropriate sclling 
1l1li offsd fuDCtioa wed in !be creation of the map. 

III 11qI1403, thoo """tt lUlU a q\ltf)' III fillll tbo 11UIeI oegmom !hac II dooest to the da.irod g ...... loca tion. 
ThiJ is done by ftnl ..,lecling 1M ",levu11 segment block. Tbe lW<HIimensional block iDok1 is C(lmp.I1'" by 
rouaIing the tfqIJated Mercator coordim!es to the 1IC~11tundred. The segmenl block inrormation 
(...tricb was g~ during the e.-eatiom of the dotoha",) holds I lis! of segmenl indexes. The desim:l 
locabQa IS .ompared ....,tb each of the ",gments lISted '" orde, to lind !be close.t ODC. S,," oath "'smenl 
Us. stan mel IIOP coordm.l~ (the "From~ and "To" coordin>l~') .l1li is ~I'" as. Iii>< segment. !be 
~bf,;1 Jegn>elll is foImd by 

cboo$ing the segment f,om !he list for which the perpmdicular di ......... from the segmttlt to the 
da;ired 1<ntioo is 11N11es~ mil fOf which 
!be projection of the _tor from the "Froro" coordinate to the des.Ired Ioulion 0010 !be lin<: containiag 
the ."""1 .. gtDCIIl li.e. witbiD die ~From" coordinaIc ..m tho "To~ <»O<dinate. 

In step 1404 the irldex of the d o.cs! sttec1 "'grnenI is ~tumod 10 !he ditt'\. Addilion&lly. a new map 
oentefed on the desired iocatioo can be lmISmittcd 10 the o1;'nl if \be prt"VioIIs I1\lp did nol cove, In alClll 

large t:rM:)Ugh to allow the display catered on the desired location. 
la step 1405 !be client requests fiom !he """tt!he da!Ohase ,ecord ptttIining 10 !he deNr(d street segmeIlt 
(_ ... top 1305) 
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[0 0ICp 1406 the c1i ... t d<1tmtines .,bich or tht Stg:mn>t', associakd paro:nmo. $bows the tbired \on.1ioa 
and retrieves tbc panonroic image from the senter. The selection of the panorama is dooe by: 

tonvettu\g tbc MetC&tOf coord1IIa1eS 10 • d"W>a: a1Dn& !he .trtt1 ~t ($in« !be kftglb oflh< 
o1ree1 .. KrTrDt is known. and die rtaning Ind endirJ& Merelto< ctIOrdim.tes are lmo ...... I position aIoa, 
tbcstreet ~tlD be~kula1ed) 
flDding the associated panotamI .. ;Ih tbc closest dist.oce 10 !he dcsirro SlfW d~. 

[0 step 1407 tbe ScoutTool di$play is pPdated wi1h tbc !leW inforrm1ioa (ume as Step 1301) 

Implementation of navigation control 
FJo>..,dwt IS dtsctibes the method of DlviR.tiM by moving the =t pOOition iocn:mtDr.al1y in • chosen 
dinctioa. 
III SIep ISO! die user e1icks OD ODe of the elDbled diRction bu(\OlIS 10 """,e Ea>~ Wen. Korth or Sooth. 
In Sttp 1502 die =t Stgrro<nt iDda and cum:nt panorama Ife ¢ ted accordingly. Tbo cunent positina 
i> iD<n:m<ntcd 8mc:1<n "" ~'" ncou .v ...... blc 1""'_ ...... in Ibe .!re<1 oqmo:aL If !be coo o r !be >lreel ;. 
racIo:d, o r "",,-cmem 01110 the oclIoo" streeI at an in1Ct"$CCtion is requn!lOd. I .... w .. gme:ct It"OlSI be retrieved. 
In 0ICp ISOl die cli ... t retrieves the inronnation fot tbc ....... Jtreet StgmefII moved 10. 1M requirnl 
~t indcJt is 1atow because tbc segment info r«Otd bas fields that deoole wbicb segments COMOct 10 it 
011. ei1bcr end in !he North, Soulh, Eas~ I;>i\ WHt dircction$. 
10 mp IS04 the client n:tricvn die image for the now curnnl pos~;.,n. This is eilher die DellI plDOnma OD 
the same "'g:met\t, 0< the flISt (0< Iut) ~rI\I. on !be n<.'W adjlCt"ot "'gn>ent_ 
10 S1<:p lS05 !he ScoutTooi display is updated witb the new infO<mltiou ( .. me as $lep 13(17) 

Implementation o( selection of closfNJp image 
Flowchart 16 dtsctibes Ibe rnetI>od f ... ",lecling and di$pLaying a close-up view 
In aep 1601 !he 1IScI clich OIl • ptrtic.llu io.;.o.lioo. in the synthetic image 10 be vi • ...-ed in close-up mode. 
b IIep 1602 the relative polition oftbe Iou.tion clicked ..,;th respect 10 tbr; start of die ... gmont is 
t>lUIpU1ed. This is done by 

rclrieving tbe IDDUSC coordinates 00 the screen o f the Iou.lion cliche! 
coovenin& the mouse coordillata 10 paooI'unic imlge coordilwes (addiDg the coordiJr.ale offsct oftbt 
image) 
computing !he di$tance Qfthe Io«tion clicked from die Joelli"" in the cOltl,r oftbe JWIOr.unic im>.gc 
ICCOrding 10 the f<JltJlUla pot - {cooo1inate -~_ "';dlhll) ' 64 _wcterslirnage_..-idth. (Each 
paoon.m.a rcprestDl$ 64 meten of $beet) 
computina the di>tan<:e of!be \oQ.tion clicked from the $UIt of the SU<>e1 $Og:meat by adding the 
relative diltaDce nom \be ceDtct of \be p.noratI>I .., \be distaDcc of the ~ama from !be Start of \be 
W",,' $Ogmtnt 

1ft mp 1603 the clMest c\OJC:-<lP image i> computed by rouodin&: !be «KIqIut«1 dislml:C from !be .tart of 
\be tegment 10 \be DCareSI 4 meters. . 
In mp lti()4 !be clo$e5t cl~up imlge is ffirieved sp«ifying \Q tI>e XT\"e\' tile st=! scpnent iDcklt ;and the 
""--"P dUl1n<;e (n:>uodN 10 the...,....., 4 m<1en). 
10 0ICp 1605 I "",w 11m""", wi ........... npened which di<plIY' ,he clooe..up view 

Implementation of display of bus/ness lisfings 
f\owchart 17 describes the metbod of dUplayin& b..smtu lisling ilIfonnation (OT any 0Iher localion_bucd 
IMOCation) 
In mp 170t. fOf each business icfo bsting ossocioted with \he clUTe,,1 $II"tCI: ocp>C111. it is checked ...-bether 
....... 1 the t,u,ineu if; visible in tho eum:nl pan<nmL This;' done by converting die ItJCeI """,'0<1: in the 
bus.i.">CSS info inlo I horizontal pi>;e\ coordinate in tbc plll<nlt>ic ima,e. This is in hln1 .. docte by: 
su~ the SlrtCt oc~ MFrom- address from tht ,treet llIlld>er, muJtiplyin& by 4.81m and 
dividing by 2 10 obtain the dimlW' of the mOOD from. the JUIt oftbe SCgruetll (m meten). 

14 

Page 150f 117 



• o 
I\. 

" 0: 
+ 
" I: 
• 

Sub!t1Cling W di<lan<~ of the pmoranu. -100& !I:e suet! ... gment fum !he distance of the location 
from the sWl oflht ... gmml, dividin& by 64 melon and multiplyiag by length of the po.DOram& ill 
pt.tls (nO)_ 

lrw resulting pt.~l position oflbe IDeation is withio 0 10 no pixels, it is visible within W panorama. 
Ia SItf> 1702, if !be business info lies withio the pan<mma. a busiRw info i«m is rna~ and piau<! at thai 
horizontal position above 1he pan<nma. The index of !be business info eotty is also ,1OJed in • list of 
created businw lotos. 
1ft.1Cp 1703 Iht bush>tss info icon is p.-ogr:unmed .. thaI when the ",....., is passed above it, il wiU 1fiucr 
!he display of Iht available business iofonoatioo abcro·e!be: icon. 
III step 17().:1 the busiot$s info icon is proenmmed 110 thai if the associated businc .. info ;"dudes • website. 
eliciting 00 1he bwinm info icon wiU opc1t IOOtber ~ IUId (fuplay d\al weOOite. 

NOTES: 
The description ~ 10 embodiment of tile inveoorioa wh.", the datlb&se only ~ the city of 
PuadenI, Caliromia. The same invetttion can easily be adapted 10 CO\."" larger geograploical "'r,ions, RICh 

0$ Ihc Wlir. UIliICd SUI<:$, by inochldiDg KW.-d f",Ld$ of city and stale into Ihc data~ and modifying all 
\he queries 10 ir.clude that informarioc. 

1"be curnm embodi.....,\ of the invemoo is I nvigallle image database oltl>e city of PaudeIlJ, California. 
The invmlioo cool<l also be u>ed 10 aule IlIIvipbJe image databa..: ollocole, other thaJI urban slrm 
~ where iI_kI be useful for a user 10 visuaUy IIIvi",t. tluougboln 1he enyirtmmenL For example, 
...ing "" .l",,!ric golf can ... mobile platfarm, • <10 .. _ of. museum ooWd be ~UI<cd. "The: end ...... 
coold !hen visually ..a,·ijate throughout the museum. zoom in on ... arb of art. and fQd associattd 
_ 1m iDformatioD. 01her exaqdes arc the CreaUoR of • IllvigabJe database or rMney World.. the San 
~ Zoo, or Yosemite t-'. tiOlllt Parl<. 
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P.I~"u ruru:tlon buc_ ••• st oncUctll 'As Bool .. " 
If l>UIIIOV._ut <> •• Theil 

"'v'9000 (2 ) -" <"" "",<tlOn 

.~l.n. r\u>ctiOtl bt_SOUU.oneUck O 'u tool"", 
U ",_S""Ob <> •• Tha n 

MOv;9n. II I -" _ fUnction 

~d".l. ""'leUon ~u'S .. H_on<hckO 'As IIooluD 
'OUrch f(»O ..,. " ,"",U' 
Dilo sqlh.ult 'As SU I"" 
c.a ' qUA 'Ao SuI"" 
' ,opl_"" "'Ht ,.._ opo" .. vitll undouoous for C<OI <.""on 
0 ... t .. eth,.. '/u Stdn9 .. .....,t~_ • hpl_,u<S<T_<_.VoIup, • " , ',') 
oql.,.,ult _ , ... U.{:penOkl.' "http://- . VroUl.IP, 

·IOCO<InO<llfM<lr ... ZI.Oca<'On • • "e?$<reeU~.'-- • Ut'ueet_ •. v .. ~ •• -'~<T •• t~._- - . 
• trut __ , "U1<'oo:H.-' • """.· .. t~D/1IS( ... !.~~S . • olO<:"<O<lln<le" I) 

, "tu.n, "_ntlndox, <lbt....,. "l""ll ___ n, In _tero 
" .ql .... ul< <> •• n.o» 

.qUA - Spli t l oq ll' .. ult, • ") 
It h~d(; ( .q ls.o.I O)1 ltIu 

0 .. _..s.<j ..... Inte;oor 
" • ..seq _ CI.I>i(·qlSA!Ol l 
l~ "...s.g <> 0 tllO" 

DI. <_otOlot 'As Double 
, eql:e&tDi.t - Cdbl (oqlSA(1) I 

'retr; ........ ho ...... _n" and. tiM tb. clos •• ~ pu><><_ 
11 l.etd.""N. wll._nt lnto(n_s.q1 TIl"" 

cu,St ... tSi<!oo' C!n~ltxtSt .... t_r."d.,.) >lOcI 2 
d1a _""'de ...... ~ to ratur R t"", va) .... 
~S1de • FindClose.U..:or _ICIlrS h eeU,de. re .... e .tO .. t ' 100\ 
o:»d." ,_~ . a-,p''''''''''''''''O), 
,"".Stn . ,sl ... _ c,., ,,,..~I"'U)) 

'd..\.ploy it 
Up4>"N,vl9>"on~ •• on. 
Di.pl.j'Cu«U • • .,.o, .... 

~H 

" " ·_eo. <loot. " ... ulo' , 0' "< ....... lI.l>le in our d.otOI>oH 
_~ "n .. a""r ... h not .10 ... 110 ... 10", _Iy, """"<eu not .ouoo" 

~ " 
~ " 

..... ' ... ~"9. Vo l." - M .. I . Op<MW\l. l ·~"p,II ..... . ~.~o.~_"o-l"4' i.~I.~H'~ld'U"I' .... - ) 
Il:O<l IV>Ctlon 

prl .. U. l'UnctlOfl btll5. 1tcnvl . w. oncl1c t O . .... 8OO.l •• n 
''''-0< if ""_._ ... 1s, _ , ... ""," , 01 ... or , .... n, .. , 
'dolo', .wuc:II 1~ t!>oro &r.~ ' t ""y! 
.r _ntlnf_.no ...... n " c.rS" ... . SI ... ) <> " Tne. 

eu,st,ee,$i<le - I " CU"''''o,"'''' 

"'.ph j'Co, ro,,' P.nor'" -" Dw:I l'JIIC"on 

hi .. , • • 5u1> """""'-......... 1.(>0.<10 
'100M:, Not •• re if this i ......... to ptlt initioliution 

711 ..... , .. ,~ •• ""lvalen' or To, .. ...,"" 1 .. oom<L 
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bt'_""~""'.I • . • ";bU lty '.»1bl.

OM 
b."""".t..ot. Style oidbility "hlddon" -" 

" "'90UI <> 0 TMn 
b<AMov •• ortb.'tyl •. • ",blli.y 'vl. lbl.

n •• 
bt"""~""''''' $<yl0 , vI olbill ' r " hl""oo" -" If seq,, 21 <> 0 '"*' 
•• """"",M .... St y! . .... l b U I ty "wl.lbl.

Uw 
•• _ .. n. Styl ••• ,,,WI itl - • • <!<It," -" It '.9.(11 <> n n_ 
nmll,w."""<.b.Stylo . vulblU ty "vlolt>l." 

Uw 
lKl\IIOVeSOUtb.Styh vlol~lHty ", Ieden" _u 

' ""-'to 0 ... cu .. ...,t poU t l"" 1ft _,~.t.,.. """,,,,l • .au. 
Pt.. C\!""'r~l2I .... t>oobl e 
(."U ..... r~(OI - ,._~tln !<1tOl\o>pC<>o,,"'o<~n(GI - ._nt'n!OI'r~r_r<:n'CI' 

I '_Mlnf"..,.....""._.,eorSt ... tSI .... 1 • II] • •• _ntIo!OI'r ..... pCoo''"''''rc.ot IOI 
"" .... r elll _ (._nUn!otor.&pCoo"'" ucat(l) " "_ntlnrOl'r-..pCoo,d.'Oo.cat( 1 11 

I (._n.,n._ ...... _. ("., . 5« _ '-" ..... ) • I), • "",_ntIn!<>I"r.-..peoo.,""".c.ot(l 1 

'=-PU" I ... ~. ooo, ~lr.at .. "i. ... o urea'e, coo"'I"", ... 
cia • ....,oo.d.(2 ' .... ' n<o"." 
l.II<JCoo«!' IO) - """".(I(1~71600 • ""'''''<;(01 • 8~'.7)) 
'_,d.ll) ___ 1t-15"0<i0 ' cu'IIO,,,(ll "346 . 171 

'cltp l r-d .hift "'1' to cut .. "" current 1"".,,= 
pia top . "qht. ""ttao. l of' ..... ot . <)o, 
top - 1_ ...... (1) _ llAP C ......... Y 
<1qht " lAgCoo,d.(O) • MAP CmtD. X 
ldt _ IQ9C<>o,da(O) - ...... 3arn:~.i 
bot« ... _ lag<:oo.d'UI • IIAP. CD<I'U.. Y 

'cl,p .. I or do . or po . .... to t op, 'lqM, ""tt_, Ion 

'''''' ..... 1 .... . 

(cu,'.nlnd •• 

_ p.ny ••. cbp - "u",, " .. top .. "I'" - • " 9b. , " I" " .. bo • ...,. .. "'P" - • 'ott .. "1'.," 
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c",,,"pClIpIO) left 
C'OrH.lpClipiU top 

'.--it!"" "" ocr • .., .... k ..... 10,0) be " IMoo.> pbol 20.20 
~p.$tyl •. l'" _ -Uf . . ....... _LEn '.hU, '"_ 20 by Cllp.1Hl 
1_ p,,,v1 • . ' o>p _ -top' ....... TCIP ' shift 1<_ 20 by clip. top 

'odj •• t co, o.d dot 1000. 
Sel"' CUe H_fttln!QS1<1eO'Hl.>l> 

Ca • • "EO, • • • • ".', ' w" : 
1""",."""".0« _ °http,J/" • ""CD.'.' •• ·/SOOUt~ool/c .... . qU-
I1119DotlCOD . Styl •• l o n _ ...... L~" • CM .COII """ X 
I"'1DoUcon.Styl • . tO\> - ...... Top + C&Jt Ie.:. .os y'. 12 • co,$«OUS\.;e _ 11 ' 

DO'!' 1I:C._l>ELt~ - - - -
<:.0 ... ".", "D- , ' S', " s", 

I~'~'''c - "http''' " < v""",M , •• "/Sco",y""l/corNS .<;U · 
_, ,'~. OOtlcon.St yle.lel t _ ...... LS"" • CAA_ ICOII_ I'QS_ X - ( 2 • eu,$tTntS I60 - 1) • 

!:I<n _ ICOll ~_ 
ilOg""tleo<>.StylO . top _ ""P.TOP "",,_,car.""".Y 

...., S<lhct ·_t. lQCOU"" into "" ..,_ ... 
htS ..... tN_.Val...e - .. _ntlaf""tr.tt N .... 
•• ,.ct.,... •.•• , .Ct .... , "".. _ c"" .... tEl<OlSt _ ('._" t I •• "" 4OOfllUb) 
·~U oW,.".I .. to . ... .. ~f'" 

01. """""'" .... '.'O<jer 
~_. _ •• _111O_oUoro<oh.a"""r<Oe&ut>!cy,Su«.SI ... , • panor"'Dh.!ey,Su_'SI~., 

cu'POQiDOe~1 I 100 - .e~tIDfoOf f.et (cu,St, .. tSl"') ) I l . 11 I 2 - ~.5 • curS,r.e.Sld,) • 
cu,lt_UI<Ie 

tIt St .... N_T.~al ... _ n_, --
'find tb. clo .... panon .. _ ..... 0140 of til •• " •• t 
• M.S.c ,~t"'O' .~ ...... ,.d , ......... . ~tr.e.~i ... , '0 c ... "" ... _ ...... "" o"~' .... l ..... 
'(U .. t, chect H ,b.,. u .. ."y p&IlO" ..... . _ ,be "<a of.be , ,, • • t J 
It ........ n'lnf_.non .... ( .. "" .. tedStrHUlde l pO Thu 

'"" po"", ... __ .be< 01 ... , .,,"eII h .... "'ho, 
• ( . h . D.b .. will !>ay o pA»Or ..... lQ' .ur •• Qr .h • • h .. ~_~, 
• ,",~l""'t ... . n the dot ....... ) ,.qu ••• ~tr ... Uld. _ 1 - r .......... e<!S ..... "'i<a 
' >IOTi U\1s !w=t for con.ctinq ..... , ..-r wHI !>an «> "" .• . 
.. tS .... t_, . v.J,~ •. "O$" ... '_r.,·.I"" • , -" '_ tiM e1ouot pono,_ 

Cia panInd ..... U ........ 'n''''''' 
DUo ..... DU t .'" Do'.>bl. 
b.-tOu. - 99"9 
"'n'nd - -, 
,,,' ""nind _ 0 To _ ntlnf_."',..m "("q\I\Iot'dStr •• t~<Ie! _ I 

It ...,.<requo>tDl. .. - ponor_Dl .. !'ooquenood.S ... "sl .... paM .... )) < l>e,,~h. Ttl .. 
!>eHI"" - P4nln~ 
bo.,DI.., _ """1""t>OUDI .. - pano''"''''Dl .. !''qu .. t.<I<I5,,~.t.S.<Ioo ........... )) -" ""n . pml.:><I 

.... po_I40ll ) 
po.._l~'(OI - bootlnd 
~!,,"(I1 - •• qu .. t.CS ..... tS1C. 
rir>dCl 0 ........... , __ po_ .... 

El>d "' ..... 100. 

·"i.ot~ lub _.>-.. !.Oqo<.)"< ............. '"" ... In<.o90< , .""aI =<!.Oqo ... '~<.g ... loqo .... " .. "" ... 
_10) 

It "",,!.oqo <_ lWI.l.OOO 'tIHIn 
l~oBu.i""."odl='''''9<>J _ ''' .... In ... ' .... 
sol.et co ... ""1'1.090 

c ... 0: 
l>oq!.oqoC.tUlo - ..... 1 ...... nf""""!cu"".uSl .... ""31n ... ''''') 
1ag!.OqoO.Styl •. l . .. _ 1<>90 ..... ";.i_ • 1ag,,~"" .-...o tf.ULoft 

I>oq!.OqOC . Styl. • . • bibllUy - ·wbll>l.-
Cue I: 

l.aoJl.<I9<>l. Tit10 - boas' ..... lnfOUJl.lcu<.tt ... tS1<1<. .... •• n.ssln:ll 
1A\IL.o<JO',~tylO . '." - '""",roo'''''''' 1A\I¥.no<_."" ........ 
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iD;L0901.S'yl •.• ,s'bil;~y _ "yl.,bl.-
Case 2 : 

~L0902.Titl. _ boInM ... "fOlJk!.I""'St< •• Ul ......... I_ .. ,nd' 
• ..,1<>Q01.$tyU.lon - loq<>l'O$i.i<JII. • 1 ..... "or ... . oH.et""n 
i ... L.ogo~.StyH.v .. .t>il1ty _ -"lSible" 

C<ou I: 
Uo;JL090l. tit I, _ bu. i ..... :nfOlJRI.!c.rStt •• tS, ... , ,,,,.In .. ''M) 
1 ... 1.090).$'110.10« - '<>90."u,>on , iag'.""'_."U"U.of, 
i"llt.o9<>l . Style.Y1dbih,y - • ... iI,..· 

C ... I: 
t.;1<>Qo • • ~i". _ ou.' ..... " rocaL(CUr.'r •• tSi .... bo>.> •••• l~ ) 
ill\l~ . S'yl • . lett _ ,,,,,,,_itlcn' 1"'l •• nor-...oHoetc.ft 
' ... Loqol. S'y1o. vIsibility • 'vhlble" 

C .... ~, 
iSo)J.<>o)<>S."''' ,\ ~ _ .......... .,n."""'-("".~" •• Ui.... ....,"u.t"") 
.... ...,...,5 . Styh.ldt _ 1090.oo1U"" • '-"'l •• ""'_.o ........ " 
1a;I~ . Styl • . vislbiUty _ 'visible-

Cu. 6: 
~a6.~ltU _ .... >1,.. .. ,n.<>IIIU.IC'~..,," •• tSl ........ In .. " ... ' 
>&q!.Oqa6.stylo.loft _ l00q0Pooitlon • 1..;J'o"or_ .otro.t",tt 
~L0g06.Styl • . • l.iblllty • -.I,ibl . -

~ .. e ,: 
lagLooJol .11 no - boo.i" ... ,ntOURLIC<."S' < .. ,SI<Io. ""01" ... 51"") 
is9L090> . s<yl e.I ... • 10000oY""IU",,' 1>o;.~",,<.-.o'he<Le't 
1>o;Loqo7.Styl •. vioiblllt, • "yi.lble" 

Cu. I, 
1..;1I.009<>I. Title " b"dn ... ,nfO\lIU. ("".StrouSi.... "'.si~eoOl""l 
iaoJl.O<Jo8.St,le.lett - 1090,,"itiOft • l'"'lp~no< .... . of!oet!.Ort 
ia.;!olqOII.Style. yhlblll ty " "viaibl." 

c ... 9. 
u.;:i.0q<>9. TI tI •• DUs!neUlnComu. (cunUeeUl<1o, txtolneUI"" ) 
is9""'J09 .S<yl • . let.· 10000...,.ln_. h.g l'~nor_.o.u." .. ft 
I.ooo;ILo9Oi . Style . .-1.ibil1ty " " .-1.1.bl." 

En<! s.l4'Ct 

~ " .. -
prl •• t. Sub Mi ............ .,n'oO 

<xt .. . l n. •• • nf~ . 3tyl • .• I.lbllity - "hlddon" 
bU~U"" ... o._r ••• . S<yle.ylu" .. ity _ -bld03n 
txthu",,,'ofo_. Styh .• lslblilty _ -blddo,," 

~-
frint. Sub HI .... u.I_ .. l.qc.O 

t.ql.o<jo'l.$tyle .... lln1> t, 
t.q1.<><J<>1 . Styl • • dUb! I1ty 
1aq000O<,Styl •. vi.lbillty 
IaqLoqol . Styl., .-1""lI1<y 
is9l.09<>4 . Styl •. vi.U.lIi ty 
ImgOOqo~ . Styl • . V:SlbI1 1'Y _ 
1>o;L090~ " 'yl •.• i.lbili'y 
1aq1.<><J<>1 . 3 t ,I •.• i.iblli t , 
1>o;l.09ol.$t" •.• I.lblll • • 
I.ooo;ILoqoj.$tyl • . yi.lblllty 

I:!>d. S~b 

"MMen ' 
'hi_" 
' M_" 
'bl_o" 
"bieldo,," 
"hidden" 
"n'd03,," 
" hieldon' 
"h.I~' 
"hi_ft' 

Print. ",,,,,Uon iaoLo'loO_oncllct!) ..... !oolun 
'clic tin~ on "",.ine. l09oll.to o;>on. ne" "<,,.~ ... to n,<1< website 
" '--;J1.OQ"". ~ltl. _ •• o. '-"'\J_.~1tl~ _ •• ...... n 

M.'j"<>' ' web H.t ,nto ... "Oft not .v~'IAble.", · UIU. >:ot u.ilAble· 

"" "",,_ftt ."".entv;"""" .wl_. _" ·.up./' · • ''''''''''''''' "'tl.. · ..... ''''' .. Un ... i _ 

~ " 1:0<1 FUnction 

P<int. ",-""Uon 1<><JLofoO_oncHck () 'A. &001 .... 
'cllctln,! .,., .... oIn .. l""ol1~t<> _no ""V b.".",.,. to their _""It. 
I! 1~1<>qoO , TIU. _ - . 0, tDllL0900.TIUe _ " • Then 

""980. -"b ho t 'nfo..., tl_ DOt ~v.IlAbl • . ", 'Ull o.ot u~IlAbl~" 
U .. 

Docw.onl,,,,,,eD' NindO¥. vi~.opon "bttp: ll" i ioqLo9OQ.Title, ·"",.I~SSLin;Window" -" Eo .... """"tlon 
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C 
t1' 
C 
o 

PrlO'et. FUn<:ti_ ~l.o901_oncllct!) ' .... ~oolo.n 
'clickl,q on ""sl".. logo/IMO open. n.~ e ...... ' to tMi ... DoHe 
11 I ~Loqol:htle. ·· Or \-.gLoqoL Title • • • Then 

"'9!<>' 'web lin_ l"tQ~H_ not ov.,loble_", 'un ""t ov"Habl.
C •• 

0<><;_" ... <e"t~.""o.'-vi_ .~n "h, "" If- • "''ILoqoI _ Tnlo, -""" ne .. W" tWi_" 
ED<! If """ .......,d_ 

P<lvn. run<:tlon lJo9~_oncliekU 'A. SOOU." 
'cl i e\. nq on bu"n.. \~lin'Q open" .ew boow •• , to t~.i. ~lt. 
If aqL<>g<>2.T1tlo _ • • or 1..;!.09<>2.ti"le _ •• T'he. 

"Og""" -.eb U nk 1olo<anl_ not naUabl •. •• "oJU. """ .~.il.bl.· --""""-nt.p.orOflniMool. ,,I __ "P"" "h<tp,,/", '''''l'''''J<>2_Ti.,., "bu~'n.uL'n ""'_ -" EtI(\ runctiOCl 

Prj"o'. I'\mc:tlon la;ll.<>o;Iol . ""cllc\U ·A. fool .,.,. 
'c'khnq 0<1 .... 1""'. loqQl1n'o> opo.'. no" br_ur tc, thoir _o1to 
" _1.Oq01 .T1U. _"W Or UIlLoqoJ.T1.a _ •• .,..," 

",qBox "lieb Un. 10'"rao<1"" 1>0< ov.Il.alll •• ·, · 0"," 00< avdlablo " 
&1 .. 
~"<. po •• " ...... "" .w.-._" "hOOP' II" • 1""l~. t. Cle, • ..... ' ". •• t.inkll._· -" £nd FUDCtlon 

Pr'.ne fl>l>Cd"" i'"'lLogo).oncUctU 'M eocl.aQ 
'cHc t inQ "" b<!s'_' l<>ilQl!n!o _no De" b,,,,, ... , 00 tn.1r weboite 
If 1"'11''''903.T;U. - • • Or 1 .... !.<o9<» . Tit1~ _ •• Th.n 

" "910' 'lie!> lilll: i nro ... U.., not ,uaHoble.'. ·UfU. 1101 ,vallable' 
C .. 

~t.Pf.re»t1Ilt>(IQy vl_.".,." '''ttP:(/' ' i .... I.O<>OJ.ht:le, · bu.lAe.n,nkWindoot· 
_U 

"'" "",""Uon 

p'I .... l"unetlon '''Pogc • • ""cllctO ' ... Boolun 
'cllc><"" on """''''' ,,,,,"/inf" _. nev "rouse. to thel, _sit. 
U ....,L"90 •• UU •• " 0< I"'lLoqo'.THle _ • • Then 

"'9101 • ..., Unt ItIfont.l,I"" <>0, avUUl>l •. ·, ' 0)<1. ""t avallabl.· ,,-
~ •. po Ten •• ind"". window.open 'httP,II' • i1IIoj!..ol;J<>'. TiU.. 'bu.ln ... L1n~Windoot· -" .,. ... """'tiM 

Prh"" I"ur.cU"" t-;I~~."neUc'O .... 00010 ... 
'dleUn9 "" .... 01 ..... 1O<j<>llBtO _ ....... b<"",~< to tho" _b.1 .. 
a 1aq1.O<jO' . TU •• _ •• 0, t.Q!.<o9<> •. T1U. _ •• Tbo" 

"'~IO. • ... b Unt Info ... tl.on r><>t nUI."I •. •• ' <TRL no. 'v.Uanlo· .... 
Doeuo>tn •. !>&'.nt.iMo .. ... I_._n 'nup,l/" • l"'11Loqo'.TiU., • ..... h .... I.o.o • • I""""· -" """ """",U"" 

Pu .... I"un<;U<m t.Qt.00:<>6. onclic'{) .... Bool .... ~ 
·cll.U"" "" b,.dn .. 1"90/loCo _. n ... b'''''H' to tn .. , _ .... ito 
ft l"'ll,",»<>~.Tlt1. _ .. Or 1oo .. ~.Tltl •• •• TIM" 

"S9M> ..... Het Ift!" ..... ~l"'" t>O, ~v.lloblc.·. ' 1ll\L ,.,,. ~v .. l~bl.· 
n .. 
~nt .!>&,_'lIIndoo<. wl...scw .cpu • nt.p, 1/' • bog~. Title, · bus'n.nLintWin_· -" £n4 """'" L on 

rrl .... tun<;;Uoo 1>o;L090'.OfICIl." t " ..... 0001 ..... 
'cHek' "" "" 1>0.>.01, ... I,",>o/i~t" ".,.n. n~" b'_H' to '''''i, _bo ... 
If ."'ILOQol .'i.l.··· Or i"'II""901.TiU . _ •• Thon 

""9BQX '~b H" " '"'0''''«'''' no. avol.an! •. ·, "u .... _t .nUob .. • ,,-
ooc_"t .p.a<ent."'"'''' ... ,_ .ope" ·t,ttp:/I· • _!.OQo7tltl., "busiooosL.n.Wl""",,· -" CI<L ronctio~ 

'rlvate FuDctlan iB<I~.onollc. n .... Boolu~ 
'''''"''"'"9 .,.. on'ro .. ',",>oiln'o _no ne" b • .,.,..er '0 .n •• • _". 
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It J..ooqL<>\lo$.Titl~ • 0- Or ~!.0908 .Tltle - - • ""t" 
~'9I1<>x -_ lin k 1,,[OrNtiOO not •••• I...,le . 'UIUo _ aVOlla .. l.-

OM 
~"t. iH'<e~tW ln<l"" ... 1_ .~n "http://' , ll119!.0g08. Title. " t>Il.l'.eUUn kWjo"",,· 

~ " 
""" FIonclioa 

~d¥.t ..... ""Uotl. ..... .......,'_ono Uc~[) .... BooI •• " 
'dKHnq on buo1" ... i"'lolinfo ope"' new I,.' ..... " to their _boH, 
11 iagL<>\lo9. '1'1 no •• - Or i"'ll.o0909. T1 tlo .. • • ThO" 

MoqllOX • ... b ltn.t In!Q .... t iOo> "'" • •• H ... l •. •• "UItL "'" ovall.Mo-
UM <>OC:.,... , .~rentWin4ow wi"""" _ope" "h«p' I,. , ImqI.oqo'. Title. ·l>u.I.,.u!.inkM1n~ow· 

~ " U'" O\Inn.''''' 

n'.n. ''"'' 1z<j"">900_ot.oI> •• ovoru 
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t.tlu.,ne •• ,ofOld4r •• • . v.lu. _ t..ol" • •• ,nfoAddr ••• !ourSt . .. tSido. l~.lnt •• l06IQ)1 •••• 
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h t .... IM.unloFllone . Val"" • "l'IIone : • • busln ... Un fOfIlOo'lOICU'StreetSI.... It>;lOB>olnu .... '11011 
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-,~ 

hi .... . S"" la!oI.oqoI __ .eo" .. O 
·Ol.pl.y tho "".tn< •• info 
L< •• u.io ••• 'nfoo ... . v . l u •• ~1~ •• I"fe .... (cu <$,<~,SI~. lD90~u.ln ••• 'Bd(I)1 
.... u.I ..... ' • • _ro .. . v., ... _ "".I"" .. 'n.o ...... T .... I""r~.r ... t5l .... 1_.I ....... ndll)) • - " • 
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....... In .... UoPI><>IC •. va 1 co • -"'Gr..: " • bus.,...nn'O._'"",",ntS!"". 10901001"",,,''''11 11 I 

O!.opl.y!lu>inu.IMo (~W9<>l . .,U •• , ... ft) 
~,~ 

Pointe Su~ I,."~ __ o • .,,..rn 
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t.tlU.,".,ol.f~t •• ,.v.lu' - bu ....... ,nl~' ••• ICU'St' .. t$I ... . lC9OBU"~"'~(2 ) • " " • """ ..... .,....,"Nn ( •• Ioo<:":""S . • doct •• llodex) • " " • totStr • •• _. v.lue 
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DUployM01 ... u:nto liAq~ • .,thet ... tt) 
~.~ 

P<l .... o s ..... 1*"JI.oqol _00"""0 
·otopl'y <be ba£Ino •• in.O' 
tIt.~.in ••• I.t"' .... v.lu. _ "".lno •• ,nfOW ... lcurstr ••• Slo.. 10000u.lno •• ,ndllll 
t.lIu.lll~ .. ,.ruAclcl, ..... V"l"". bIOo1"" •• lnrOAi.lo.hU'I"",!I<WLSldo. lOO}OSUOIMUll>dllll , " " • 
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D"?l''''~''_ .. 'n.o IUoql.OgO) . .,thoU.ottt) 
~,~ 

p. h •• t. Sub i ... ~_OMIOIl •• o""~1l 
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-~ 
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••• holn •• .,"ta&dd. ..... V. l.,. _ buoi ..... 'n.o .. d ...... 1C'U ...... UI .... l_".i_ .. ,naIS)) ." " • 

C<>o> ... .......... otl.-'.Sl$olK ....... $ . • oloc:Udl_.) • " • I • • tSUutH_.VoIu. 
",,""nno.Slnt_.VUuo" "....". : " . ....... l:>o .. Info""""'u=n ..... S'd •• loqOl1UOln ... ,odl')) 

Dlspl.~B ... l_UI~'O 1''''1l.OgO'.otroeu .. t< l 
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• ... 
!: 
o .. 
c 
" 

pdv .... S~b 1"""""",, __ """ •• 0 

'~IOPU~ th~ busbe .. '"'0 
t~tlU.in ••• 'n!OOOO>o.v.lu. _ bU.ine" 'DtdO~(CUrs<r •• tS1G<, loqOBuslne •• , DO (611 
<>< . ...... ... 'n._ro ... Vd ... _ bu.; . ... , •• _ .... 'C\I,.St<_tSl~ . l""oeu., .... .,n~1 61) ••• • 

ccn"uUIu.ToEIIIIS IS<lloctE>'-"S . •• loc~~Io.:Iu ) , ••• hlStrut_.Valu, 
......... I ... "ofo""""' ... o1"" _ -1't>Ot\e , . ....... 1_ ... Of".~ .... (""<St < .. '"l ... . 1<>goB. Un ... ,,,",611 

tilphyBu.lnosOIMO 11~1.09"'.oraul.Ol!t) 

~-
~".ote S"" i "llLo\lol_, .. ""ou .. o"" . U 

'Display tM buat .... . into 
t ...... ' nHzlo._. V.lu. _ _ '"~."nf""_("".~ ... ~,",,,,, ''''ln8u •• '''' .... '''' P)1 
txt .... do ... ID._' ... . vol ... • ~.<Si"" ... n ro'.dd ..... (N'S«_tsl<le . ' 0110 .... 1<00 ... "" 01 1 . - " , 

cO<l""n""""o~S ( •• lKtI:WS . •• ).«0 .... ,,.,..1 • • • • t.tStUot ..... VUue 
Ut .... in .. oln.o_ .val ... • -_, •• b ... 'Hne .. ln .o _ (curSt ... ~tSlde, '09oll,.ine • • II,d(l11 

DisplOylluol" ... ornt" I !JoqL<>qo7 .0' "Ul.Olft) 

"' ... ~ ... 
PriTne S~ llIIIILogoi _UQV<!r O 

'Cl spl.y the bu.r~ • • In/o 
t . ...... M ... n'_. Vol"" - bu.l0 ... loI0ll_ !""fS'feotSl<le, 1000000.i"" .. lnd (I) ) 
t.t l~.I"" •• I"foAddr ••• . V.lue • bu.'oe •• lnfcAddr ••• !curStr04tS,de, 1000000.l"" •• ,nd!I )) , ' - , 

OOCI .... .. --.o .. "" C.d...,U: ... ' S .• dc<: ..... 'ndu) , - - • ,,,,",<o.t_.V •• ,,,, 
tn .... ln ... lt'n_.V.loe _ ' Ph""" , - ' bu.IIM!Ul n!of/:""" !OlfSlreetSlde, I nqol!udneulo><I( I )) 

Dhp"y~" S!M"'"'O ( ... q...,.,.,.. c . . ......... ) 
~,~ 

o<h • • • sub laq~~_s.onro 
'ct,pl.y .he ~lno •• In.o 
t~ tb.ine .. 'n. _.vd". - bo>sI"" .. !Mo~_ !eufS ..... tSl ... , 1_".l ...... li><I(')) 

u.M. l n.uI .loAddr ... . VOl ..... ""Un . .. !of~ .... !C\l rS .... tSide, I_. , ..... l ndl ')) • - •• 
cenyut l<UllToEIo" S !Hloe,DOW •.• elOCUdlt'Mx) • • • • ._<$<, ... _ . Vslu. 

txt .... I "" .. ln l ol'l>o< ... val""· ' fll<ono, ' ' ~.I". ... nfo_{='Str .. ul ... , 1<>;0""""",,,,''''(9)) 

D'oph yBud"" ... o . O !i>oo;l!.<>o;Jo9 . o .... t<-ett , --
Pd".t. Sub Di.pl.~I" ... !nfO!.yVd of""""'t , . II , ,nt_I} 

If Qu •• tL. n < >aqp. no' ..... Q .... ,"" •• .....,. 
ou ••• ""n • ag •• nor .... o HutLdt 

~ " 
:f oUse.""n > agP.""ra ..... o H .. ' ...... I"'l P.ano, .... . W.ldt~ _ 200 Tt .. n 

ot .... "" .. _ agPOllOU .... O ..... LUt •• aq • .ano ....... Wiolth - 2QQ 

~ " 
u • • ">ln.u'~ .""_ . Style .lo!t _ " ..... """ 
.. tBu.:llne.~lo!_ . Styl . ... lnblllt1 _ - .. hil>le · 
tx'.u.in • •• lofoAdd •••• . Styl •. l.t, • of! •• t~f t 
...... i n ... '.foAdd . ... ... ylo. vloibl lJ.tY • ·Yidbl.
",tau""" .. ldo_ •. Styl • . lett _ of he . ... . . tK.h" ........ orllOlle . .. yl . . .. U>biIHy _ -,,'ubi.-

<1ICD"f ... 1"" .... · """"' •• 9-_ r.o.od" 1IGCOU:lO<'-'Cnrf6"> 

<CNG 1 .... 1*1 • •• 0._ "'-· ' aq'o""r _ 0<.,.. '. otyl_'MU~T' 12Ops; Ltrr · Up", I'OSlTlCOl, ab",l.", 
TOP, ~O","I WI"",, 120p0 ; ~ - :"op, 111- ndg~"120 _l d,Il·no "" .... . . " 

<ING oHo-v.II",! .... p. I>Qrde.-() hOl'i"t-9~ ••• _0 III.l ........ p _ _ 1nq!top HC- ' .-"hlonk' 
"yIo-· REI..." , 'lfPl't u:r., 12"", ","'Tr{lll , ..... "I.t. ' ,""p, H)'PI" WII'!., 'I",", 1-'. On, lQoO' 
",~p-" wid'h-tl ~> 

« D:tUEA coh_2~ l .... u.!>ebu9 ........ U •• 'ul '''''._ , .tyl.-· Ul ...... ' I Up'" LUt, lI"1px, I'OSlna;, 
ab."luU, TOP, 7)(1po, W' DTH , US""' ._. ~""" , lOI · ,...."A' .. </l"<l<TAI<£II.> 
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<1JOG lo-l>oilM]l>O __ I00g"'><loO or".." styl~_'IU:I<;:IIT: 2.p.: I.U!: 12~px ; 1'Qi$1Tl<)lll, .~.~N,", ~ , 

HOp><: ~t~: 24p'" I - INO£)( : )02-> 
.,"" lO-~!.OqOl "-'- iAoJ""'lol nc--' ot~Io- 'Ii&IGat: <'p., ~, 1~5;»<: _InOll: ablolut., ~, 
<711p><; .. "'", 20".., ~-,.""", 101-> <,"" 1 .... 100g1.<>102 ~_-j'"'l''''''l02 orC'"- - Hylo'"""'<>KT, H"", ~, I~~",,; _,,.,001, ao.oluto; TOp, 
H(Ip><; UO'\'II, 2.P>" ~-[.!lEX, 101-> 
<,,.; 16-1l1l\I1.00<>3 ...--iIo;!.oqoJ .. .,.-- otyle·-H&1GI!f: 2."", UfT, IZ5~x, I'OS If [COl : oblOlute; ~, 
Http.: .''''''H, 2.11'" '_IMt>D: , 102", 
<>~ IO-Uw,J~' ~l.aijLoq04 .""-- s< 11. e_-IIl!'lGtrr: 21"", UI'T: 12,;>x, POSIT'CtI: absoluto, ~P: 
" .... , M.DTH, 24"", '-I~DC<' 102"' 
<>~ ,0-;"..1..0905 c_i.."l..o<jo5 •• c·-- .tyle· - HU ...... ' 2'PX; urr, 12Spx; PQS,""OOI, o.l>.olu<e, ':'OJ' : 
4;01'''' ~IO'T", 24fo, I_'MD>;<, 102-> 
<I ... l.,..uoq!.Oq06 ...... - _!MIO, •• c--. otyla'-IIElCHT, 2.p., =, 12~px l _,,.,001: 01>.01"<., TOP, 
.'Op>e, ntrTH: 2.p~: 1-1NOCl<: 102-' 
<100:: 1 .... 1""11.09<>7 n_L"'l1.OgO' He--' o'ylo'"M&1GIIT: Hp" ""'", 12Sp" _1'1"1010 , .~.ol~l., ~, 

470\»1; . "mo: 2'p'" '-IMoel<, 102 - , 
<1M<; ! .... 1I.il.<><Jo8 D_-agLo<]<>ll u"..- - o'yle_"HEIGHI" : 24px' =, 12~x; .... ,1" .. : all. o'ut., ~, 
<70,.., wlO'tH : 2 ' 0" l_IMDI;X, .02-, <, ... 1.0'1",,1.0<;09 ...... ~l.o<Jo9 OTC9-- nyle'-HEIGHT: 2.p'" UFl': 12~px; POSIT!": .~'Qlute, ~, .., ....... ' w,""', ~.".., '- 1~t>t>< , .02-' 

<1~1'In l ,," ,xtS:'''''_" nue-'~t$u ... t_r .~yle_-HEIGIIT: 22p>t' uFT , u~, P(l$ In(ll!: &b.r.olu,o; 
tOP: u_, MI OT1I, ~lpz, '_I"DEX: u,- v.l_o 
<SELECT id_.oIotct£DS ..-o_.oI""U ..... "yl.' - IIETGH1': 221"" L&r.: ~2~px : _11'1011: .~.olu' ., tOP: 
llfpot: HIO'/H: 3'!!>x: 1-I"DI:lI : II~' ""u •• · SOt,ooctl - ><OPTI(ll! vU ... _E>E</OPrIC*><OPTIOII .. I..,u.o 
v.I"*_M>M<IO~I"><OPTIOH v.lue_~<IOPTlON><OPTtOO v.'ue_S>S</OPT[CU></S~> 

<iM ..... 1 .. _.nS .. · ... UI_ "....,_.,..Cltyst ... o<yl_' ",," : 570pt : """'1'1"" : .bsolua, 'NlP: Illp''' 1-
IHD<%: 10.- v~u.--St ... t >dd •••• -, 
<1 ...... '<I-,nCH,.sUt. __ txtCIt)"!It .. ~ .tyl ... -LUT: 4f6px; .... ,TIOII : .b.oolute: COP : HO?", E-
11II)p, llO - vUu.---fu_ ... . CA-> 

<, ...... Id_~tnS"'t _ben',," o<yl .. """FT: "~p;., POS,TI .. , "b.olu'" 'NlP: 21n"" '-IM"": lib 
I'Ct:GllllOllD-COLOa : l Uff...:" .Yl"""I .... "'" v.I"",,-s..w Itl-~ 

<I~"'" ld_tx .. u.iM.OIat"" .... r.-_t.xtB<uI"",,'n'''''_ •• yl •• ·.E.GorT: 2~x; 1.£fT, 12Jpx; POsIT.OI< : 
.bsolutw, TOP, 40Opz, IIIDTH : 2SOpz, '-'NoEX , 103' .. Iu ..... ~ulddl> 
<lMP9T 1d-txtlu. lDC •• la toAddress ..... tx '8~.loe •• lnfOO4dre ••• tyl._·H£IGaT: 20p«, u:FT, IZ3px, 
_'T'CW, .b.olut., TOP: 'Z Dp;.' .'DTII, Z~Op>., t _II"'EX: IDJ' ... l ........ Ktfl.ldl> 
<I~"'" id_t~t"'Ol""''' 'Q'''Q'''' _ _ txUuOln ... lnf""""". otyl.--IQ:I~I!'I": 20p«, !DT: 12jp~, _'1""": 
&b.r.o'ut.; ':'<)P: HOp.I:I UDTH, Z~Op>I, '-INDEX: 103' nluo"'oxtFieldl> 

<1M ..... '<l-MM .. I.elwl .... ~fl.!I .. l . c .Vle w ny'ea-KEIGIIT : 26(><: In"f : ~07f"" "",,'1"01<: ""'olote, 
TOP: 1421"" IltrTI: 14"" .-.. DC<: lOt , MClGlIDJIID-<:01.OIt: IUUcc- .ype . .... "CII .... ".. · . wudl .. 10,,- > 
<1~1'tIl' ;<l-btnllo9 • • eot __ ~.oIIoYeH .. t otylo--BICIIT: Z'px; 1.£r':: Hap., tOSl':'ICII: .boo'uto, TOP: 
In,,,, .'DTR: III"" I-IN!>&>< : ID~: BM:JCIlOONo-cQl.OI., HUlce; fI:WT-ItIGliT: bOld' ' __ butt .... 

<1~wr 1d-btl\lloV<~" __ bt_~ ... tyle_·Ol:lQ!T , l.p., 1.£FT, ~UP" 1'05I",lar, ob><>lute, '1'0<' : 
lHp;., .'DTH, lOp", ~_IMD!:X : ,06, BAC""~: ! ""cc, """-W&I<;J/'l', I>Cld- type·"",ton 
~du.--"> 
<IMPIrr I <l-b,,,,,,,-,,,,n. naDO-Il,_lIOrtll .tyl_·8£1 ...... : 2."", 1.£", ~26p., """UI"": ar..olut., rop , 
1I:Jp<' "DTH: 3'1'%' ~_ , .""": 107, OAC.~~: otfU"", ..,......,'r ..... : bold' <l1"'""o.IL<on v.l~."'> 
<I~""" ld-b<e"""Uo .. t~ _ - bt __ t h «yl.--U''''''": 2.p'" '"" .. : 'Z'px: _ .,,"": ~oluto' TO.: 
372px; .'DT>I, 3'>p:&, 1_1"""", 101, BM:~<>-COLOR' " U'o< , FOlI!-H[1~"': bOld- type -b\ot~"" va).ue- " , ., 

. ,~ ,d_l~"~"" __ i~H:""'" or,,"'- otyl ... -:.tr.': l"px: _111001' 
1~O£x, lIl '~ <, ... l.o_1>ogDo<lc-x> __ iAgDoUOOR or.,."- styl ... ·L&r., 3181'.' """ I TI ON : 
'~lIZX' 11<-' 

<:....~ c .... 'd<UIO' .U~92H-,.80-IICr-97S.-0CO\ ... OOCOO!O. i d_l ... t I 
"yl"-.EfT, ~%, TOP: Op.'> 
</08JI:CT' 

</II(m'fX I "'OIl.> 
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Appendix: code for creating GP$ coordinate sp1ine 
functions 

i Ge~e:al~S~lines.~ 
1 :.GCOO~C:; , th _"a~~~,~cy in '_'11"." '3 'P:'~~"' C~"LC .pllo ... d" .. r:...d job of 
inU~l.:ion 
\ wt.er ..... nAtI~ sui! ; t~ncu,,~ bee."..,. :I~Kc". tl nuo"s t~"' •. 
, B"l~:ior. ; ~.e .... """'~~i"q ~p1."", l,,:n . <>~, 114<<1 L~ !let; .. c\Ol> , ~ s~_""~~ir.\I 
. pli, .• :0 , 
llne.r 
• 
, LG4l 00'0~ (0<;9\",,11' c.: l ecl E".,..,le_ca>p,,~e'lo! S . ") 
, NOTE: I hav. ~~i!ied th~~ f ile 30 th4t it will 

• • • 
'"" . ~ tn.o~gr, &1. 101'1e sequencu 

3 .0 "," : _ :0 file . 

\ The fil.mA308. 4 :0 cf fO:T-"t 
t<;L venPsplin .. , 
l to 11 

• • 
iT~;'v.r.P ~"iI.~S ' Time 'ii?~~ Pos Hion ' , the v i c.o t 1De cone.por><! ;.ng to • 9 ..... n 

(absolute ) position ~as_"ed .Ion; &:c len'lth ot c~ra po~bJ 
• 
, Tc.u. $pll" ••• n 1.' • .0 I:y \~~:::or~\synthr~" to qenu .:e synthetic peupectlve 
ponc:u.ic 
, Vl.W' . 

U Consta n t . 
OR I GI N X • -2. 06167~8 1 1 0 9 911 ; .l 
ORlGllI-" _ 0 _ 63 ~02n1200n~; 

usad as oriqi~ Cor t ~ ... _r.::no, """.OhAtu 
\ t ~pptad ~~ t ~e ~ean o f the coo,di~.te. i~ ~.q. 

MHf_lIAHPUS_ DlS"l" _ h _ l ; " Mina ".. din .. "". b<>o w .... " <we CPS a d 1. c.n t ""'P16O 
\1 In :~e ~.cotO" coord,nate sy.tem. ~sed to ~liDi~ate 

" ~~l •• q~rat.d 
SCA.LI.: _ ~~12HQ . ~nO~ ~H ; H ,",_rcator 

til List of 
hi."...!! ! 
Cll."""", 12 ! 
t il ... .,...I J) 
f iln .... H) 
h l .. ,.... 15) 
til .. ,,-161 
til_I l l 
f ilerwr.e ( 8 I 
CU_( ' 1 
til_n O) 
H L ........ {lll 
fl l .. ....,..,112J 
t ll .. ...-l iJ l 
fil .. ,.....I U) 
f ll • ..-11 5) 
f ll._116) 
fU • ..-l ll) 

files t o be p r ocess.a 
' Ju.~~21GPSl ' , 

' Jp~~21G?S2 '; 

'.!une21GPS J ' ; 
' Ju.~.21::;PS 4 ' ; 

' J=.e29GPS J ' ; 
· Jcne29GPS 2 · ; 
'J.",. 2 ~PS S' , 
' June29GPS 4 ' , 
' J..>ne29GPS ~ · ; 

' JUlyIGP$ I ' , 
' J y lylGPS2' , 
• JulylGPS]· , 
· J~lyIGPS5 ·, 

· J.lyIGPS6 · ; 
' J'"lyJ.GPS1 '; 
' J~l yJ.GPS2 ' ; 
' JulylGPS3 · , 

~.~ ~ad the cal l ~ •• tion ti l. 
la.d c:\u •• rs\luls~tlab\framEnr l co\.~r l l .L i . tc .. lie_txt 
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u 
o 

" w • -I' 
.t 

" • 

" c 

" II' 

" C 

for fll.ind _ 1: 11 
~'''mt::' · I>Cr.E: ~or cc:opu~I."", ~:l . ;;llr.es:'!\n ' : 

ev .. l (\ ' fll - tepen (. ' e : \G?S~<)<:~d.\ ·. !il .. na.e(H)ei~<lI . '. tH ·· .. . n");' II ; 

n~l.s _ hcan((f1>,' ld ', II: 
coord - re.h~pe (he.r.t {til, • H ' , 3' oultfll •• ) • ) , n.amplul ' : 

Hi ':'1M! ~i ..... ~r n .. fir" '."Ph .Il.o~l<i bot ru", be! ",e c4Lic.~ ~h. c:e.on~p~p~o..ta 
runc~lo.~ botcause this o. 
tU ,to ..... ple ~ha ~ ~ui. us*<! to co;o;>uta t::. cdlbu: lon 
Flr.t~leUTCTlae - COO~(l,lJ; 

"t Conv~rt to Bereato, coordln.:e •• ~d .~tr.cl ene ...... n 
fl'l"~U) , cH, 
an_t • !!.aorrol.et ;on ', • """0'"'0(' ) I 
[coordXp,coordY~1 ~twdtr .. nlcoord! : . l).coord(:.31) : 
coordXp coordXp - ORIGIN X, 
eoordYp _ c",,<dYp - ORIGIH-Y; 
coo~ • coord(:,II: 
neybo,ud 

\110 C1",, " up 
\ I.GO~OjOJ 

~~e:\. 

dAt~: replAce c'uster. o! s~les 
t:o, C4,..no~ fe=Ye d.!Il~pcint5; c~ 

, ..... t.ned "",vio\l ) 
\di.p~ · ... cle.nlnv ~ •• ~ple.· ); 

~ith j~~' ~ne t,~st pO"~' o! tne 
~.., lOC5" i,..~or""tiOC'l (\:Ofl 't koow 

1Icoo rdX.~oordY.Sa3p: •• Ind ] _ c!@&nUpGPSC.tA(ccorjX , cooraY, Ml~.S~~PLE5.~Isrl; 
lCOO,dT · CO"Hl(~""" ... ¥·IJl<l ,: J ; 
(coordT,coo<dX,coordT) : Ad1ust~.pa.t.dGPSdat~pOint~(coordTP,c<>ordXp,coordYpl; 

nl Convert ["a. = ti"", to vide<: tJ._ \uln.; tl>e cai.H:utlon dau 
coordT. V - coo""',, - F!ntSaq>leUT<:Ti<>e • ~vr_lel,.htc..Hhlfi1eindl' 

cluste~ 

uactly 

'" ~uu ~.'" "pH"", Y • t(KI >file'. x u uc le~~th 1 ~ ""tn •• nd y u V~dlK> tt- in 
'.~OOd~ 
_.9l""n.t _ cOlllflO.'t.Sof'l'2Ieoo<d1'.V, coon\X, coo«1Y , SCALE), 

... lll'save '.q ' DWI>2sU(fi1.1ndl 'P<jive:>T P<jt""~T5pll~e' J l ' 

, I.'i; C<.vp"\~ ~pl1"" for liAe Un •• ,onds) .. 1ven ere l.n.~n po.i.tie~ (~n ""'ten) 
, loGOC0903, uee snoo:h inQ l8~ order spline, vit~ O. ls ~ol.<~nc. for fit 
T\I!vanp.plin. - COEPUt.r9iva~pSDootnin9Icoo~.V . coordX, coo<dY, SCALE. 0.1), 

e vei((' s.ve seq ' n\E2st«filalnd) 'T~iv .. n' ~l""nr.!,ll""ll' 

end: 
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tunet l0~ (coordf. cootdX,coordYl - . djustRepeateOG?Sdatapolnt .(coordTp, coordXp,coo rdYp l 
" LC~(I.;;a3 
-, ,,_ '0 ~., r,a ~~ ~.up<>;'n.~ ~I\n h ••• <I><> • .".. .~.c< C~S ~ondi,.ues l>4caun h 

'c ... "" 
• "P .c.~ 'il«!_~_'''''''.po.~t1o, .• p~I::. 1>,e don', have & one-to-""", r"'"lcU"" any:oor",. 
~ E:x~c' ~""" CPS =<:,~hates c.~ h~~l""'n .. ~e" ... on caapl .. :"l}, .:o~ . 

Hlut ~,,;e'e •. ;, ~<a;>ol!l," wan c~e euct ._ u ... ! [i ... r.~u :ra.;.ou:/.C<i~u,t,,,,, 
01 GPS dau: 
delT _ (9 9, dlf!(ooordTp)), 
indGood tind(c!dT--QI ' 
coord't'q c¢¢rdTp(ind<;ood), 
coordX<J coordXp(indGood), 
coordY~ coordYp(indGood), 

Uir.d d .up",nts ",it" U"," UACt coo'd~ 
, add .. d=y e"t'l at b81'n.;.::~ .0 t hat .... e l On are .... she, .n~ tt. flu ••• _. is 
sl ...... l.~ 
, " ith dlf~ 0 
~lX ( 99, dlf! (co.m:tX~») , 
dd Y ( 9 9; <li!f(coordYql l , 

(ddX __ O) . • ("-lY __ O) , 

, ... will add ... h"!< th.: • • on • .u:lion.h lhe .1 •• of tbe .~~ll •• < ~on - ,.,o ola •• nc. 
~t~n d.~.poin~s 
.... U K laax ( (ain (abs (~lX (ti.nd (doII X-_O) J J J 1;..6 .. p s J ) , 
"".1011 Y "" ~ ( (lOin (~1>. ( <1<0 1 Y (!Iud (d~ 1 Yo _ OJ J J J 11 .. 6 "pG J J ; 

coo<<OO;i • 
coordYq • 
coordTq ; 

5.dlX ·~hift, 

SNl II Y'shltt, 

35 

Page 36 of 117 



• .. 
" " • <> 

" 

function . tur.t_"pl1ne - C""'PI'teTqivenPSlOOOtllinqlcooc<!l', COO«1)( . coordY, SCl<Lt , 
t ol ..... n<:4I) , 

~(I'O! try • .o=cth.~9 :atner th~~. lnucpoldc;'nq 'pi,,,.., 
• ~(l80~ modi!ied rc~ ~rloo·. ~~~~.So~T2 . ~ 

'. «,leane" lr.p"t poora."!lf!\cc .pe<:i:.u .. "",,=:~ <>t .... =t~;.c_<;; (tole • .once u 1 ... 1 cf "'cQ: in 
...,tenl 

\h Gl .... n _ set or i X Y tl coord;~HU c"..,~a. t~e t - ~U) "j .... ph~. :~nctlcr, vl\e:e s 
i. arcll l@ngt h in ~t .. o. 
\~' L~ t I •• i~ in ~eond. 

d. sq.t la"", (dl U I [coo~<lX coorclY I • 1. J;) • A2.1)) ; 

d. !d. (11 , d..]: 

c"""PUteSor'T2 1<X><Hd'l', cQOc<iX . coord Y. SCAU); 

\\1 Gue'O .. set ot IX ~ tl eocr<1~""tu ccr:v~:u :he t • f l.J ti"" .p!~"e ~"nctio:: vile:.. • 
1 ... c~ ;'en~tll i!> _teu 
", and t I. tl~ in s .,cond. 

d$ MItt (SUlIl (diff ( (coord:< coor dY I ' L lJ . "2, 2) J ; 

s _ c~umld'I ' SCALE, 
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"" c 

Appendix: code for computing synthetic panoramas 

t~nct'on ( pixF~ameV.ctot , tltstPlxTime . fltstPixFr~.J _ ~.n.r.tePix.1V.ctorl.equenc.rD.tO) 
,~C~OS~~ genoro oe?ixolVe ctor . c (cop.e~ and ~i~1 ' d 1,0. ge~raOep.xel!i~., 
,:;.;CJnO, 9~noo<.aP' x.lr~_~ . " (cop,.d her synth.a" .. ",~ , .... not.~ O~O~02 , 11 

~ ~e" .. ro,.p' xelv~c:o( : 
, lo~ ~.@ by Enrico ' s V8 pr09~an th~t u ..... Dire~tS~~ !.!:e. geaph ~o acee~. 
\ .aw' hl~. e ~ f1ci .. nd·" and budd t he .yn~""dc '",,"q •. , 
t '~p .. t : ,.q .• "~.:O : to 16@ntHy t~. vidoo<> .~d GPS 5eq~ .. n"" ond a~u :h. aWropna: .. 
\ ;>OO(tl.,. and ti".I_J 'pll"e5 
\ ~~ ; t'='<: I~ viaco cor re~pol\dln~ ~O tb~ cc~:er of tht J><.no~c.., 

• 
• OU<p~~: 
tr= "ltoet. 

• 
;>4:;<:= ...... 

• 
~nric~ ?O,n<od out 'l 

• It the va lue is ?Q.l~iv .. , 

• thoo~ 'he t,.,." Hold I~nd, Hh, 6t~. T"" o f 1_9" ) sh"~ld ". 
... ed. 

• !f ch~ vatue 's ~e9ali~e. , ':'hef'\ tne Q:><I fi e l d (In . ~rd . 5th .e .. cf ' ... qel $hC~l" ~ 

".oJ . , 
• , the l'~ I.econds! in t ne .avi of one 'irs, .,~ to Do "sed 

Ithe .avi f rame t~~ t will be nSed tc qene:.te the 1st cclurnn of 
tho ""nor ...... ) 

• 
\ N01£: "SJq"';'CM' 
, Pa..'>C~a""c L""f,je is 120x 240 
t "inane. co~,OO<! .alcr-9 .can p"th by par.e ... ",.. , 08", 
, H_ ,"n .. DC vldtoc , J~ !ps ???ls i t aally. r ' ve .... " 29 .9' .~~~_"e? ?1 

• t ge~er. t e P i xel!ia.s , 

• ?or ~s_ by v.sua l ~."lc . 
, o\.I"o<l tlll>' 
~ F~r ea~." piuHcolum.~ ) in the syntMllc vie .. , c<Xq>'Ute • Co"~uP<>"d,,"I viceo title, 
, T!".U io d orA uSlnq the GPS dat. and Em-,,,o '. r~~d".,s H.&t 9'"""'&te a . pli,.e 
!unct len 
\ whic h c=utU ti1t ... qiv_,.. arc leng th pOsltior. a long (>11 th. 
\ '!"I"~n '~e can Ut!te : use o .. t~::al t ie" to C~Ute pin ! <Uoa \11t h sutl!UM 
\ ",cn~ of! "il.eh col= ' ~ t1ae to t ..... c .... o .. t !r ..... anc c~py <~at ! . a.". ' s 

U\ T!lSTl ~C; 
, seq~cn=.l~ _ \ , , Jun.21~V l 

, to • 310013C , , "."UT on h# ... 3700 

\ InPl-'t ' 
, s"'l~.c.c. m , 
• • 
I CUtpc.,, ' 
, «pi xel ) 
.yntl>.tic vih . 

'Y"t~ 

\ 'J.rlablu 

• 
.! Iptxe.sJ ,F [_ten] 

center tim. (seco~s) . 

n ... >T' v,"_ cOU,,"pOI>Cic'i to en.. cec.'e= colwon o~ ''''9''' 

f ocal lO~9~h ct CiOmO'. used 
toea I d; .tanee 01 ne~ ,y".~etle view 
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a 
c 

" Lr.; 

" +' 
< c 
• .. 
c 

" a 
c 
c 

~e~ue""" ) 
'_ d !,lnl) 

<;~" p"-Ht."'" 

" 
s".. ... ::en.Un:.. 

t :>O'l'E : fen", u.~ .. O. 29.~iO, r.O~ 3~.CI)O ,,' 
flW'It_AATE. 29 .913 1 \. ,~'""'!~ f"'" ~~co"."-l 
CA.'It:lU\. ¥t D'l'H - 720; • n~r e! p., .. l. ~n a~. '-9<> 
~~-KEIGH1 - 480; 
CA.~£AA:FOCAL· ~8; • (".-1. "'l",":a:.c.\ ~or )~ n:R ~11'" (troor: SONY TRV-ItO ,.."od l 

~al .edStr~tv l ew • • s , 
~; ... 
\ Choou a di~unce Z"c tn •• yc.:.:.e,ic vl .. ..-
t :! _ n ... d to • .., 49 "",teu o! ~tr ... t tc ~"" ' I".tee tha~ ~he hou.ft Is ,n -'i.e" • 
• tt.en tl,. clou.l ,hH."C~ It" the syr.t".l1c vhw is 
~ ~, could .~bu .. o. out ~,.:.~",ce o! c"""'~~ to "o~~. t 'Onl~ . 1. • .• • ~~uet ~ ... a." 
F • CAMtAAJOC1\1J3~ · t 8 ; 

, C"""",:e f oe.l I_t". ¢~ =""",~a it. pi"eh 
\ freo I>4nual : foe,,! l e t.Qt h n wl"e ,~ eq-cH of 4~= for 3~= =ll" -~ <0" .~ 
(C. O~20~5)61; 9516 ~; 
, ~lr • • dLhl! - ()~/2)I,a .0 
! - c.Y.~-"OC"'U 13::'1 ' (CMt AA.V!D'I'" I ; 

1 Coro .... ,. arC !.c.~1'l ct:'>tUlC .. !'OCOI c~nt<o< 0 .... fo~ .. ~~:, C01U1'11 0: til ... yntn"Uc 1_\1" 
1 If ~l Kel. 90 froe I ~o 12C, ~n~e< pixel is l60.S 
phe! • • n,CA,MEAA IH DTKJ (loCN<E.AA " ID'I'H)I2 ; 
d - pixel./ f "F; . . 

, FLut looo! 11' _w<opriat .. U ..... 91~~nJ>Osit!on .plir.e !u.-.ction 
' r~i""nP.plin. _ lo.od!'~iv.nhp!ir. .. (.eQ~e~.ee I O) , 

evell [ ' IOOd " , \~.eu\lui.~'I.b\!rO<"..E~."ico\.eq' n=2.nl .. quenceW) ' Tg;'von f ' )) , 
U'qivenTspHne - lo.oopq~ven"U~lIne(nquenceID) ' 
.~. l([ ' l".d e , \u.er.\lui . ~" I.b\fr~~ntico\.eq ' num2attl.~.nc.ID) ' ~iv.nT · ) ) ' 

, ~u~ Catput .. Absolute p.oth po.ition COt: •• po,,~\".~ to clesit e<l "enter tl".. to 
d O _ fny. l(Pq i v .. ~.plin. ,t O), 

, an~ eOtlPuto ab"olute patb posinon, tOt tr.e .ynthet Ie .... go col~.s 
~ abs _ d + dO, 

, Fir-ally . compute t~. ~ct~e.~,ain9 vldoc tl~. 
t . f n ... U 'l"qi""" hphne ,d. ab5) ', 

I "".".v .. rt U_. '" t n .. oa. 
f r """''' • t· 11\AME. RA 'I"E, 

• ~JO()8IC : <!~ ~~ .c_ p""b"'''',n.o~e",.ci .n th. " P:.'" ~.,ner.ti"r: •• o.-.~!", ... 
\ _ ""va bacO; on tlDII. 1'0'3 o' rI<'~ 1<>= ,"'pec(a:Jy t OT the ~r~ph fLat ~hoC" on:y 

:.ov .. ~ !o·word in '.0 ... 1 . 
., AA::O<: lolutiM, ~~. cour_""d"8i.frTD~~ ncn-dtte,,,"~,,.~ _ 

for i-2 : I"ngtb( r~lfrr&me') 
If l"Ound<O<lllal t rr .... s(I)< r~"l fFT ... $ (1-11 

tOundedHalrFc~.li) _ roundedHat(F'&me3(i- l l , 
~, 

end, 

J8 

Page 39 of 117 



• 

floorrcame~ - f loo . ( roundedKaltFr~s) , 

rounded.~aIf Fr ... nltel - rouMled!l&HFr ...... s-fintPlxf, ..... t 1; ~ s ::a't c~""ting ~ l tl\ I _r.d -, 
!locrfr~s~e l - floor(round~Ka l ! Fr_~ltel l ' 
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Appendix - Matlab code for Database creation 

filen~"'e : fir.cT\J:rn5 . • _ 

ti\ Post-Process the GPS dat~ 

1~\ Con-.putes, tor eacr, se:JOen.::e , a spllne H,~erpola1:ion ot U,,, d ilu. dnc 
the coordinales or lhe t ~~~s 

.tt Output {to a filei 
t\' coord (3 x ~Sa~pies) dec~" laliluoe , longitude a~~ ti~ ,n 
seconds [or each 5~mp ~. 

Us traj sp ~"t>ic splb. which pass a s throll'll> tile sa"", Ies 
, ., curve (1 x ~~~ooroJ vec t Or of curvilinear coordi~ates oven~y 
dis t.ibuted along the s p li ne 
." Tur.~ln'b pointers ;:0 :t.e c<.OrvC veCtor of locations o! "urns i n 
t!-le sequenee 

Ul CONSTII.."'TS 
MIN SAMPLES DIST a le-7 ; " Minimum dista nce betwee~ two GPS ~dj~cent 
5a:",le5 -

to elinoinate 

sta~ior.ary 

WIN SIZE . IS: 
Cornerici ty 

., ir, the _rcatOr ceoc:!ir."te system. <iseo 

~l Size of observaticn windcw used to c~pute 

MI N CORN - 1.5e-3; 
:0=;1 m.>xi:r.a 1n 

" Minimum corner icity r equired to c l ~ss i fy a 

MIN BUX:K S!l.E 
p r ojeCtion 

~\ in cornericity as a t~rn 
1 . Oe_$, \\ Tn ~he r~rd;n~te~ pro~ided by ~he ~eIca'or 

U Used tc fin d the turna t h.at '-Ion", t o t~,e 

8a~e intersecticn 

ORIGI N_X _ -2. 06167581109917 ; ~, Used as ori9in !o~ the ~ercator 
coordiMtes 
ORIGI N_y _ 0 . 63502761200326; n Co:::p"ted as the mean of t~e 
coordinates >n seq , June17GPSl 

COWR_SEQ - I ' :' ' ':/ ' ' 0 ' 'y' 'ro' 'k']; 

til LiH of 
filename/ l] 
til<lMme j2] 

!iles tc be processed 
' June21GPS1' ; 

H l en"",. (3) 
filenama{4) 
filename(S) 
filename(6J 
fl1ena ..... [ 1) 
filename{B) 
file""", .. ( 9 ) 
filena .. e[IO) 
fileMme[ ii) 
fil"nam"I12) 
!ilename I 13) 
rllen~me IU) • 
l il"nilt1\"j 15) 

'June27G"52 ' ; 
' June27GP~}' i 

' Jun.2?G~S4' ; 
' .June29GPSl' ; 
' June29GPS2' ; 
' June29CPS3· ; 
• J~r.c29(;PS. ·; 

'Jun e29GP$~ ' ; 
'JUlylGPS: ' ; 
' JulylGPS2 ' ; 
' J ·;lylGP$~ '; 

'J·~lylCPS5 '; 

'JulylGPS6' : 
'Ju l y3GPS1 ', .. 
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• .. 
10 
I:) .. 
I:) 
I:) 

filename ( 161 
!i!e na me{l71 

' July3GPS1 ' ; 
' July3GPS3 ' ; 

for fileind - l:le ng t h ( f ilenamel 

~,. I . Se~n~ sequences te detec t corne,s 

'coord 
~eadG?SDAta( · H :\users\dioe\GPSData \GPSDAta\ · ,' June27GPSl.dat "; 

ueq!la~., _ ' ,Jul}').GP51.txt·; 
seqn~e _ filename(fileind) ; 
cd h:\usera\d1~\GPSData~tlab 

if (e xiat ( (aeqna:.>e , • Tu r na . Nt ' ) ) -21 
disp([ · .. . seque""ce ',seqname,' haa al ready been p r ecess. 

Skippi"" ' 11; 
elae 

cd h , \user.\dibe\~tlab\qps 
disp ( ( ' ••. 1o.Jding sequence ', sec;n.uoeJ I ; 
.,val( [ ' II': -

tope" ( ' • H: \users\dibe\GPSData\Lookup'l'ables\ ' , seqname, •. txt", . 'rt ' . ) , . ] 
> , 

n . .... p l es - fscan f{tI':," d ' , I) ; 
coord - reshape ( fsean f {fh , 'i £ ',3' nsa mpLes) ,3,nsampLes) ', 

nt Con.·crt t o motc~tot coordi.nates ~nd subtr<l.c t the ::te"",, 
tiqure(l ) ;clf ; 
.. " e s o« 'M&pPr oj echon ', ' ., .. rcotor ' ) ; 
[coordX, coor<!Y] . f wdt r an (eoord ( : , 2) , coord ( : , 3) ) ; 
coordX coordX OIUGltl x; 
coordY - coordY O~IGIN=Y ; 

in Las t part o f June29GPS4 i s not "cod af t e r sa:;.ple 1141 
if (stre&p (seqname , ' June29GPS4' )) 

coordX - eoordX{l:17 47) ; 
eoordY _ eoordY{1:17 47) ; 
coord - coord(l : l i ~ i , : I ; 

end; 

tll ~lininating second half of seq JulylDV6 oec,,"use vid.o s.quenc. 
is ~ol ~ood and wa s r edone In July~DV3 

if (straop {s .. qname, ' Jul yIGPS6')) 
cooral< - coordX( 1 : 3Iij) ; 
coordY · coordY{1:)18) , 
coord _ coord (1:3IB, : ) ; 

end ; 

tH Clun up data : replae" ::-luster s of sa:-pJes with j <lst tt.<> first 
point of the cl~ster 

dhp (· . .. elunin<; "p salLples ' ) ; 
(eoordX,coordY) _ eleanUpGPSo..ta(eoordX. eocrdY , MIN_SAMPL£S. DI ST); 

'" Compute pp-spl ine 
traj a p · esevn(lcocr dX coordY)'); 
ttr"j.sp. csaps(eoorc.( : . l) ' , (coo,dX c<>ordn ', l) ; 
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'" '" " " of' 

" c 
• 
~ 
C 
C 

" o 
c 

~\ Pua",.,terl~~ ",~h .ore l~n"th and define cooroin3te u==>plu 
:axINT - fnbrk(tra j ~p,' in tervaj ' ) : 

numSa~ples - floor(lOOOO/Z ,91*max INT(Z)) : 
curvC _ (O :m~xINT(2 )/nUftSanples :~xINT(2)): 

newCoord - fnv al(traj_sp,curvCI: 

fi9Ure( 21 ;cit; 
plot(coordX(: ,l l,coordY( :,l), 'r· ' ) ; 
hol d On; 
H :lplt (t !.! j ~p, ' r' ); 

plot (neweoordll , : ) , "....coord (Z, ; ;) ; 
duwno .. ; 
axis{ ' equ.l ' ) ; 
zoom on ; 

\tl Compute ?p·spline derivat ive 
dCd,.,p - fnder(traj.,p ) : 

n cc"",~: .. Corr.eric~ty 
disp (' ... finding tu~"s') ; 

corn .. ricity _ zeros(l,l .. n9th (cu:vC)) ; 
for ind _ (ii"IN.SIZE'1)/2 : 1en9th(cur vC)-( WI N.SIZE.l)IZ 
\ cis;>(~r>d) ; 

[U, S, V) - avd(fnval(dCda ap,eurvC(ind- {WIN SI~E-
1)/2 ; ;' nd.(WI II SIZE-l)I2)) ' ) ; • • 

Corn.rlCity( i nd ) _ S (2 , 2) ; 
end; 

" ,ind cor"cr~ o~ local m~xiao of Corncriclty 
1 Com - (Cor nericity (2 :end) Cor ne r icity (end ) ); 
r·Corn _ (Cornericity(l) Cornericity(l:end-l) J; 
Corner t nd - find«(Cornericit y " 1 Corn),(Cornericlty" 

r Cor~)'(Cornerlclty " MIN CORN )); . 
. CornerVal _ fnva l(t raj $p, cu r vC(Cornerlnd )) ; 

fiqu r e(2): 
tor ind _ 1 : len9th(Corner tnd ) 

turn h{.no) • 
plOl (CornerVa 1 (1 , Indl , CornerVal (2, indl , ' k. ' , 'Mar kerS i ... . , 10, • Li "elo' idth ' 
, 3) : 

.nd; 

an'w _ Input( ' J~ the r" any tu r n you woulc l .~e t o e' iaj"ale ? ( T f~l 

',' s ') ; 
while ( CII"3Wu · y' ))l a,,~ w ". 'Y ' )) 

diap ( ' Click on t he turn you want to .. l1Jt.ina t .. and then ~it 
return ' ) ; 

paus .. ; 
ind - find(9CO __ turn h) : 

i f (isempty(ind)) 
disp( ' No turn ",as s elect ed ' ), 

e he 

plot(CoInerVal ( 1 , ind),CornerVal(2 , indl ,' ~" ,' MarkerSize ', l 3 .' LineWidth ' 
, 5) ; 
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• .. 
I:' 
I:' • C 
I:' 

bad iOO 
end ; 

an .. w _ i npo,lt l' ls t l>e~e ~"Y olh .. ~ lutll YO" "",\lId li ~e to ell tfl Lna le 
o ( YIN) '. 's ' ) ; 

end : 

disp ( [ , ~l i::u_na t i ng t u ~n .. : ',nWl>2s tr I ba d _ bd) J ) ; 

fU nllnds - Corner l nd\se t di H (r I: Io",qth ICocn .. clnd l J , bad_ind ) ) : 

di s p ((' Sa ving data for this .. equence i n 
n ' \u .... rs\dlbe\GPSDa ta\~tlab\ ·, s .. qname,·T"rns · I) ; 

e va l« ' sa ve ~ : \uscrs\dlbe\GPS~l~~tl~\ ' , seqna~e ,' Turns coord 
1urnlnd s t raj_sp curve: ' )) : 

end; \1 end if e xi s t ... 
ed h : \ us .. rs \dl~\m~tlab\GPS 

.. nd : \ f o r f l1eind 
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• 

Filename: Findlntersectlons.m 

.;. find:;:nt ersec:.io". oui:ds .. biq .... td" of ",·~;;"al dlStances betweer. 
T~~n:i ~nd ; :: e Lp" t~e", in _nl ''''sect!ons 
, .. 
, to O",:puts 

"to AllTu::", 
~\\ . Val 12,. NulnTurnsi (He!"catcr ccords - OIUGINl '" all the 
t ~rn s 1n Pasadena ... .Dec l2x nu.ru ~nsl dX/ac clIne tor all t he tUT ns i n 
Pas.ldena ,t, . seq ~lx ~rUtn"l inde>c of the oriqona l sequ .. ""e each 
~ur:l b'e l O:lQ's t" 
\'\ Inters"c;;i"" [ Ix ~umlnter"ection"J 
Ui . 'i'urns [1 )( """tur",,) indexes to the Tu rr.s " a ria!>: . of t;,,, 
COrners th.at ... 
inte rsection 

~lo"q t o this inte rsection 
. coord [2 x 1] (t'ieI"cator coord. - OIUGUI) of the 

'" 
t" CCNSTII..>;TS 
MIN_ SAMPLES_DIS! • le-1 , l \ ~i nl&~ dIstance between two GPS adja ce:l~ 

" in t he ~rc~tor coord,,,at,, .yste~ . Used 
;:0 elimina te 

t, "a~le" q .. nerated while the ca~ was 
s t , .. icna ry 
WIN SIZE: • 15, 
Cor;;"dcity 

\\ Si~e of observatio~ _indow used ~o conPUte 

MIN CORN - 1 . 5e-3 , 
locil "",x i ... i n 

\t Minimum cornericity reqJired to cla s s i fy a 

\\ in corner icity as a turn 
MIN 6LOC~ SIZE - 0.15e-5, " In t he coorcinates provided by the 
.erca t or p roject i on 

\\ Used ~o f~nd the tUrns that belong t c the 
same interse~!on 
MIN TURN DIST _ le-6, \\ Mini!l'.UI:I distance bH_en to turns of the U"e 
intors ection but different side~ 
ORJ Gili_X - - 2 . 06161581109917 ; i t Used as oriqin for the Detcator 
CQ()~djmlte" 
OR J GHI 'f _ 0 .63502 761200326, n CO&putad a s t ~. ", .. an of th. 

coordinates i~ seq , June~'GPSl 

UlWK_:;1:Q - !'r' ' 9 ' · b ' 'y' ' m' °k'l; 

t" t.lst o' tll .. ~ to ~ processed 
f ilen.,.e( 1 1 ' June2 7GPSl '; 
!ilen~me (21 · June21GE'S2 '; 
f i l ename !3! ' June21GPS3 '; 
fi l ena_( 41 ' JunenGPS4 ' , 
filen"",e( 5! 'June29GPS) '; 
lilename16! ' June29G PS2 ' , 
f I l ename (1 j , Ju ne29GPS3' , 
filename!lI ) ' June29GPS.' , 
fHennel g) 'June29GPS5 ' , 
fHename !10} • ' Jul y lGPS1 · , 
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f H ename( l l ) 
filename(l2) 
filenaBle ( 13) 
fllename(H) 
fn .. na"..llS ) 
fil .. na .... ( Iti ) 
fIlenaBl,,(I ?) 

fiqure{l);clf; 
Hqur.(2); clf: 
Tu~ml. Val [) : 
Tu r ns . De r ~ tJ ; 
Tur n., . seq; - (] ; 

' Ju: ylGPS2 ', 
• J"lylGPSl ', 
' Ju l y lGPSS ' : 
' JulylGPS6' : 
' July3GPSl' : 
' July3G~S2 ' : 

' Ju l y3GPB '; 

for f11eind - l :le ngth (fll ename) 

(lis?([ · ... load ing data t or s .. q . ',seqname] ) ; 
ev;;tl «( . lo,o d h : \u~crs\d;:b<>\G?SData\lW.tlat>\ ·, scqnamo, • "I'urns C90rd 

"I'url'!"d s tra :Lsp curvC ;' )) ; 

'" Convert to ~ercator coordi nates and subtract the ~ean 
U gure( l ) ; c U; 
.. ~ .. sml·Map?roj.ction ·.·~rcator · ) ; 

(coord)(, coor(iY I ",fwdt ran {coord ( : , 2) , coord ( : • 3) ) ; 
coord)( coord)( OIUGltl x; 
coord~ • coordV OIHGU(V: 

n.WC:oord fnva 1 (t raj~sp, curvC) : 

tiqure(2) ; 
plot (coord)( ( ', I) , coor dY ( ', I), • r . ' ); 
hold on; 
Hnplt(uaj sp, ' r' ) ; 
plot{n"wc:oord(1 ,: I . newCoor d{2, : )) ; 
drawnow; 
a x is !' equ"l ' ) ; 
zOOlO on: 

'" C~ute pp-spl i n .. d .. r ivat ive 
ded".sp - f nder(tnLsp ) ; 

t h isTurnVal 
thisTurnDer 

Hguu (2) , 

Inval{traj sp, curVC{Turnlnds)) : 
fnval(dCds·sp,cur vC{ Tu rnlnds )) ; 

plo t (thicTurnVal ( I , : ) . this"l'u rnV .. l (2 , : ) , ' k+ ' , ' M,)" hrSi .e ' , 10, 'Linelohd 
th ', 3) , 

Turns.Va l 
Turns . Oer 
Turns. s e q 

end; 

["I'u r n s . Val t~isTu~nVall : 

[ Turn~ . Oer th i 3TurnOer ] ; 
[ Turn~.s.q t i l .. ind ' on .. s(l ,size ( t h i sTurnV& I . 2)1 1; 

\\ find inteaectiollS 

45 

Page 46 of 117 



IT 

" r. 

" IX) 

oF 
<J 
C 
• ... 
C 

" • C 
o 

dlsp( · ... bui!d;"'l the big n.atri x of .ut"al d::'stance~ · ) ; 

numTurns - le~th(Turns . seq) : 

TurnOistHat - tercs(n~Tucns .num!urns) : 
for i - l,n~Turns 

for j _ i:nu~Turns 
TurnDhtHat(l , j) - nor,"(Turos . Valt :, l ) - Turns . Val t '.j » : 

end: 
eoo ; 
UIpI'.at - TurnDht~.a t '; 

TurnDistHat - TurnDis tHat • tril (t~tl ; 
di. ~p t •. . • tbrc~holding t~.c !lUI tri l< to 'lroup t urn3 i~ to 1 r\::U3CC;: i0:15 • ) ; 
TurnCorrMa t _ (TurnDistHat - - O)'{TucnDi s tMat < MIN_SLOCK_SIte); 

disp{ · ..• scanning the cor respondences to find unique intersections ' ) ; 

int ind - 1; 
Al r e a dyPiCked - ( J ; 
Intersection - (l , 
fo r ind _ l,nuaTurns 

if -ismember {ind,~lreadyPicked ) ; 

corr_iOO - f indCorrlnd{ind,ind, TurnCorrHatl : 
lnter sect ion (int 1OOl.Turns _ cor r ind ; 
1I lreadyPicked - union{"lreadyP1cked , ri.nd corr_indl l ' 
int_i nd int_ inc! ~ I : 

end ; 
end; 

di$p(· ... co~u~tnq the ccnlcr o f t he i ntcr3Cetion') ; 
for ind _ i , length(Intersection) 

\Interaection(ind) . coord -
Beee' (Turns . v"l ( :, Intersect ion (indl • Turns) , 2); 

t urn inds - Intersection(ind).TUrns : 
t urn-coords - Turns.val("Int ersection(ind) .Turns) : 
turn-slope _ 

Tur~~ . Der(2 .Intersection(ind) .Turns) . /Turns.Der(1 , lntersect ion(ind).?ur 

ns) : 

turn -yossiope _ ind 
tur n_neo;lslope_ind 

turn inds(find (turn s l one >- 0» ; 
turn=inds(t l nd (turn=slope < 0)) ; 

tll ClusLer turn-yosslope_ ind tunns 
tu rn_dist_ ... t TurnOistHat(turn-POsslope_ind,turn-POsslope_ind): 
tu rn ccrr mat (turn_di5t_mat--o) ' (~urn_di st_mat < MIN_tuRN_DISTJ ; 
int_Ind . - 1 ; 
~lre ... dyPicked l l ; 
i nter corner - ( I; 
for 1-· 1 : len9th(turn-POs~lope_ind) 

it -i~r (1,AlreadyPlcked) ; 
corr ind _ findCorrlnd{ i . i , turn COrr ~t ) ; 

in t er_corner lin t _ ind).Turns - turn~sslope_ind(COrr_ind); 
~lreadyPicked _ union(Al r eaciypicked, ! i COn iod]) ; 
int_ind int_ind t 1; -

end ; 
end; 
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• 
" I\J ,. .' .. 
or 
" -• 
" " " .' " C 

~,~ Cluster t ur,, _negslope_ind turns 
turn dist -at TurnDisl~~t{turn negslope ind,turn negslope ind); 
turn=corr::::-at ~ Ilur"_dist_.al~-o)'{turn_dlst_ ..... t '( le-6) , -
AlreadyPicked - tl, 
for i - l :lenqth{turn neqslcpe ind) 

if ~l~r{i,Alr;adYPicked ) ; 
corr ind - FlndCorrlnd{ i ,I,turn cOrr ~t ) , 

ir.t.;: corner (int ind) . TUrns - turn neg-slope ind (core ind.), 
AlreadyPicked . union (Al readyPicked, [i corr indl), 
int_lnd int_ind t I , 

end; 
end, 

n~ _I\.ve r aoe of clusters 
intersection coords - (0;0) , 
for i - l :lengt h(inter corner) 

intersection_coords-. inlersection_coords ~ 
_an (Turns . Val ( :, in t er corner (i) . Turns) , 2 ); 

end, -
Intersectlon (lnd) . coord intersection_coords/lengtn (inter_corner) , 

n "'~nua lly ade! t><o intenect ions th rough which I always drove streight 
Intersect ion lendtl l. coord - le-3 · (-0.1~90 , 

-0.3657] , 
Intersection lendl.Turns - (I ; 

Intet3ection(end~ ll.coocd - ie-3 · [-0. 1491 , 
-0.4109] ; 

Int ersection(end) .Turns - (Ii 

disp(' .•• p!.otting the re5Ul t') ; 
Ugure(2) 
t~ coord _ cat(2 , In t~rsection.coord ) ; 

plot (t mp coor d 11 , :), t"", ooord( 2, ,), ' g" , ' Xar~orSi~,,' , 10, '!.inell i d th ',~ ) , 
f or ind ~ l 'l~ngth(Intersection ) 

tex t (tmp coord( l,ind), tmp coord (2,lnd) , num2str (ind»; 
end, - -

disp(· .. . u"i~~ the result 'I , 
1J.1Tur ns • !ur ns ; 

save n : \us~rs\diDe\G~suata\natlab\Vasadenalntersection3 Intersectlon 
J.J.IT"urns 
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.. 
C 
II. 

" " of 
or 
C 
• .. 
" c: 
'" " o 

Filename: FindESRIIDtena:!ion ... " 
'!~~e.ior. (lntelse~tl0n31 - Fir.d~Sa'!nterseetio~sl) 

.\\ ~ar~. throu~h the ESR: seq~ents l"st an~ ! i~ ve r tices with more 
tI".~ 2 area 

U Oo.; tput 
\t tSRllntersection IN~lnterseet ior.s x l) 
" . Coord • [lat lon'll in MAD83 d~tu", 
H .Seg .... n:s • list o f i~cexes to the St • .,e t se<plenta t ha t 
co[",c t'le to t!le !n:cIsectior. 
Ii. ,N·~.seq;nen:s - le"qth {. Se,..,ens) 

\l~d !I : \~sers\di~\CPSDa~.\mstl.b\PasaoenaS<reets Stceel: 
load h : \users\dibe\GPSDats\oatlsb\ESRlstreetsPasadena : 
Street • atreets: 
l oad h , \usera\dibe\GPSData\~tlab\ESRls t ceetsSa~rlno; 

St reet · [St r eet nne.s); 

Nu-SeQments · Ienqth(Street) ; 
'se~",entStarU - cat (I , Street . StartCoonl l ; 
Seg=entStart3 - [cat(l,Street . startLatitucc) 
cat (1 . Street .sUttLonqi tude) J; 
\S6qm"ntStops • cat (1 . Str .. et . StopCoord) ; 
SeqmentStops. Icat(l , Street . stopLatitude) 
cat(I ,Sl reet.stcpLonqltude») ; 

Ve~iees - (SeqnentStsrts;S"gmMntStcps) ; 

fiqu re( 3 ) : 
plot ( (S"gm<IIntS ~.r t s ( : , 1) S"9DI"ntStops ( : • 1 ) ) • , [Se<plentSu rts ( : , 2) 
SegmentStop3 ( :, 2») • 1 

AVCoorc • ~ua(Vertice3,1)/(2 ' NumSeq:ents) ; 
dia: w 3qrt(3ua«Vertiees - ones(2 · ~~eqrnents,1 ) · AVCoord).-2,2» ; 

[tap, Sind) _ sort(dist); 
Wertiee" Vertices(S_ind, : ) ; 

OVert ices d· (00 ; OVntice3(l : end-l ,: ») ; 

ci f fVertiees· sqrt (s~«OVertice3 - OVertlces_dJ . "2 , 2), 

dittVer tie .. s 1 - l<:ll trYe~lces(2 :en<l, ll ; II; 

Stsrtlnd· fiDd«dl!fVertlces - - 01 i (dif fVe rtices_l -- 0)1; 
Stopln<:l . find« di f f Verticea • • 0) ~ (diffV .. rtic .. s_l -. 0)) ; 

~u~Vertlce5 - Stcplnd - Startln<:l • I ; 

lnterslnd find(NumVe rtices > 2) ; 

tcr iad - l :lenqth llnteralnc) 
lntersection(ind) . Coord - OVertices (Startled I Int"rsind (i~») , : ) : 
tmpied S ind (Sta r tlnd(l nt .. rslnd(ind)I :Stoplnd(lnteT~lnd(ind») : 

t~pi~ - u;pind - NumSe~nt3 ' (topind > NuaS~ents) ; 
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• .. 
o 
CO • C 
C 

Intersection(ind) . Segments - tapind: 
Intersectionllnd).NuaSe;ments - ~~V~rtlces (lnterslnd(ind)) , 

end; 

ESR:rnte,s~ction - Intersection; 

&SRllntersectionCoord - ca t (l ,ESRllnte,section . Coord) , 
fi9ure(3) ; hold 00; 
plot (ESRllntersect ionCoord(:,1) , £SRllnt.rsectionCoord(:,2 J ,' bs ',' Mar~er 

She' , S) , 

disp « ' ESRIlnlcr"~ctio,, " .. ved in P"5aoena£~Rlln;:ers~ction Lle ' I) i 
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• o 
IC .i 
" .. 
'" c: 
• ,.. 
o 
c • c 
c 

FiicNme: FindSeg", .. :us 

\h WN::;TM"1"li 
MI N_SAMPLES_DI ST - 1e-1 , ~. Mlnir-~ oist.nce o.twee~ twO CPS adjacent 

., i~ the ~e<ca:cr coordinate syste~ . U~ed 

l~ sa~ples gene rated while the car wa s 
stationa ry 
WIN SHE - 15: 
Go:nerici ty 

" S12e of ohservatior. windo,", u.sed to c~u:e 

MI H CORN _ l. S .. - ) ; 
loedl mu;.., ;n 

\\ in corr."ricity as a t"rn 
MI N BLOCK SIZE - - 0 .4e - 5: \~ In t~e coordin~ t e~ pr ov;de" by the ~rcato r 
;>~oject;on 

t1 U~ed to find t he tllrns t~at I:elor:g t o the 

ORI GIN X - - 2.061 6758 110 9917 ; \. used a s o : iqin f or t he ~rcatOr 
coordina tes 
ORIGIN Y - 0 . 6350276120032 6; n Ccoopute" as the !:ean of the 
coordinate s i n seq . JIlne27GPSi 

1' <' 'g ' ' y ' ' ro' ' ~') ; 

,t, Li s t o f f iles t o bQ p r oces s e d 
file name ll t 
fil_n.m_ 12 ) 
Hle na me!3 ) 
fUename\4 ) 
fil e name !5 ) 
fil&na me I6 ) 
tUena .. eI7 ) 
fUen amelB ) 
fU "nam,,(9) 
HlenallU!(10 ) 
file r:aIIlo\ll ) 
filflnamfll12 ) 
file namfll 13 1 
fi lena .. e!HI 
filena .. el15) 
filename 1161 
Ulena .... \111 

' J "r. e2 1G~S! · ; 
• J"n .. 27G~S2 '; 

'June2 ·'GPS) ' ; 
' J u." .. 27GPS4 ' ; 
'J"ne29G~SI ', 
' Jun4.29GPS2 ' ; 
' J u,.e29GPS3 ' ; 
' Jur.e 29G PS4' , 
'J"" .. 29GPS5 ' ; 
'JlllylGFSI ' ; 
' J1Jl y lGPS2 ' ; 
' July1GPS3' ; 
' July lGPS5 ' ; 
' Ju ly lG?S6'; 
' J uly3Grsl ' ; 
' J u l y3G?S2 ' , 
· .... u~yX;PS3 · ; 

\" tQ~d ir.ter~ect icns 
l oad h : \Il~ers\di bfl \GPSData\matl ab\P&~aden~Intersect ions [nterSflction 
1Y.ITu.tns 

I nt .r~flct ionCoord s _ c at(2 , lnte rs"c t i on . coordl; 
I nters ection (l) . Segmenta. () ; 
fi 9\l r e (1) ; c:lf ; 
fiqu r e(2) ; cH; 

so 
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Tur~s - f) , \l ~ Biq ~ rray of t urns wrere T acclmu late the t ~ rn s of ~l ~ 

... q" .. """~ 
br f ileind - l : le~'1th (filen;!l .. eJ 

seq"""e - !lle"" .... ( fU eind ), 
disp(( · ... l""dinq sequonce ', seqnalOe, • Turns tile ' )) , 
~ \ \ Load pre-processeo data 
.. val ( ( 'load h.: \users \dibe \GPSo", ta \a~ Ua::> \ ' , seqnH".e , • Turns coord 

Tuenlnds rraj_sp curvC, ' J) , 

l'~ C""",..L l o m..,.--'it o: "u"l"d~"at .. s ,me SUbi.'dC" die ::.ed" 
fi9ure (1 ) ;clf, 
a xes," ( 'l'.apPl"oJect ion' , • ",ercator • ) ; 
lcoordX, coordY] .. fwdtr~n (coord(:, 2) , coord (:, 3) , 
coordX coordX 
coordY - coor dY 

ORICI)l_X , 
ORIGIN Y; 

'" Clean up data : r e pla ce clusters ot s~~les with just t ~e fir s t 
point of the clu~ter 

displ ' ... cleanin" up sa::tples ' ) ' 
[CoordX, COOrdY ) cleanUpGPSoaU lcoordX, coor dY , MIN S .... 'i?L£S_DlST ) ' 

" ?a:a::teterize with arc lengt~ and de f ine coorolnat e ~~ie5 
-axINT _ !nbrk( traj sp,' lnterval ' ) ; 
n~Samples _ floor (lOOOO/2 .97 ' maxINT (2) ), 
curvC - (O:maxINT(2) / nuaSamples :aaxINT(2)]; 
ne wCoord - fnval(t raj_sp,curvC); 

t lqur~(2) ; 

plol (C<.KlrdX ( :, 1), cOQr <J"{t :, I), . r. · ) ; 
ho ld on, 
lfnplt ("'''j "'p,' r ' ) , 
plet (n.,WC::oord (I , : J , ne..coord (2, : )) ; 
drawnew; 
axis( ' equa l ' l ; 
zoom. on; 

'" Compute pp-splir.. derivative 
dCda_","p - ! nd.,r(t ra j_","p) ; 

" C~pute Corneric~ty 

Cornericlty _ z., ro ... ( l, l.,nqth(cur~), 
f e r ind _ (WI N SIZE-I )/2 :1enqth (curYC)-( WI N SIZE+l) 12 
, ciiap(indl ;~ -

(U , S,V) _ sYd( f nvaltdCds sp,curvC(ind- (WIN SIZE-
IJI2 :1nd+ (W I N SUE- I)I2}) ' ) , - -

Cornericit y(ind) - S(2 , 2) , 
end; 

' " find entry and e xi t ind~xes of t~rns 
" find ""try .. nd .,,,!t .~c 1.,n90h coord fer each turn 
disp( · ... find in9 entry and exit i ndexes of turn ... · ) ; 
clear Turn; 
ror ind - l :lenqth(TurnInds) 

Thr., sh - O . 7~ 'Corner!city(Turnlnds(lnd) 1; 

Turntindl .Cornerlnd - Turnlnds (ind) , 
t "'p ind - Turnlnds (ind) , 
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• ... 
C 
C • C 
C 

whil~ (CornerIcity (t~pInd ) > Thr~sh) ' (tapi~d > 0)) 
tmpind .. tmpind - I ; 

end; 
Turn (iOO) .EnLcylnd - t mpind ; 
tmpind _ TurnI~ (ind) ; 

whi l~ «Cornericicy(tmpind l > Thresh)&(c~ind < length(curvCI) J 
t"'P ind - u?ind + 1; 

end; 
Turn (iOO) . Exitlnd _ tmplnd; 
t urn(iOO) .S .. qu .. nC<!! _ t!leind; 

end; 

" Tll'." :0 s""""nt l!!.e sequence'" , 
colo~.ind _ 0, 
for turn 100 _ 1 , lenqth(Turn)-1 

stan·iOO" Tur n(turn ind) .Exitlnch l ; 
"top irod _ Turn(tum ind H) .tntrylnd-l; 
if (stop inc <_ atart ind) 

disP(~Start index of "e~nt is smaller than Stop index . 
P~oDably d~e to turn overlap . ' I; 

.ke)Ward; 
else 

segmentCoordVal _ fnva l(traj sp,curvC (start 1nd : scop ind)) ; 
Se~ent Length _ sqrt("u.{se9mentCoordVal( : ~I) - -

Se~ntCoordval(: , endJI.A2); 
it (Segment Len .. th < MIN E\l.oOCI'[ SU!;) 

disp! l' . . ~ ~hl:9 90g:'0nt is ,"nly ',nU1l2str!Segmcnt Lonqth), ' 
lo~ . Check what'·s qoing on ' ]) ; 

else 
clear dist 
\[or inc ind" l:length(lntersection) 
\ dis: ,int ind, : ) _ sqrt{sW1lIISeq_ntCoordVal 

. nte .. ect ion (in:: _ ind) . coord ' ones (I. ( stop. i nd stan ind I) ) ) . A 2, I) ) ; 
\end; 
dist -

sqrt«(ones{lengthllntersect10n) , I) ' SeqmentCoordValll ,: ) 
IntersectionCoordS l l ,""oneSll,stop~ind - start.ind • 1») .A2 + ..• 

(ones(lenqth(lntersection),1) ' S"9=entCoordVal(2, :1 -
IntersectionCoords l '. : ) ' ·ones(l,stop.lOO - s t a rt.inc:! . 1)I.A2) ; 

Nearlntersections - find {~inldist,IJ,2)<1.0e- 5'; 
It(lengtn(Nearlnter,,ections) < 2) 

d i sp(· ... """""'h. s""'''lhinq is .... ong . S""",,,nt bet"..,,,n 
:urn ' . numlstr(turn.ind), .. . 

. and turn ',num2strlturn 1nd+l),' has less than two 
,.,ear intersecti ons !. J) ; • 

heylloarc; 
elsei ! (lenqth ( Ne~rlnter.ectiona) _~ 2) 

se:;:-.<mts hs: 
n TU s is a s~nqle seq"",nt . I Can sto"'" it >r. the 

diSp ( ( • Se'l",ent ',nUOl.2st .. (geq'" _ 100) " detected 'J ) ; 
Seqments . Start(seg .. Ind) - start ina; 
Seqments . Stop(saqm i nd ) _ stop ind; 
\segm",., ts.Coordlse9m ind.:) - Se~ntCoordval; 
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[ tmpv~l,Se~ents .'~omtntersect .on( se~ .nd)] 
.. in(d i ~ t ( :,1 11 ; 

(tmpva l,SeqDents . ToIntersection (seq,"_ind)) 
.. In (disc ( :, end)); 

So~enta .r~ocTurn (s~ ind) turn ind • 
Dln (find (AIITurns.seq -- fllelnd l) - I; 

•• ~ turn Inc! is t he 
t <Jrn index only f or tr. .. cu r e sequence 

Segrnents . ToTurn(segm ind) turn ind + 1 • 
min ( tind(AllTurns.seq __ ftleindll ~ 1; 

Seqrn .. "'ls.Seque",;" [""","_i"',I) • [il ll i "d; 

~t\ Add~n9 t~e 8c.~nt index in the i ntersection list 

Int ......... ct 1 on (<::'"'l""'n~ _~ _ r,."" T nt .. ...... ,.,U nn (.~"'l'" i n<I) I _ !'l .. cpn .. nt ~ _ 
union (InteUectiOfl (S"...,ents . r rom!nteTS",ction (seq:> ind)) .SOl..""nt." ... 

Intersectlon(Seqments .Tolnterse~lon(segm_lnd) I . Segments 

union (Intersection (Scg:Dents • Tol nte.-sect ion (se9'" _ I ndll • Sc<p>ents , .. . 

\t t Adding tne segaent index i n the Tu:~ lis t 
Tur~(turn ind) . ToSegme~t - se~ ind; 
Turnl turn:ind+l).Fromsegment _ ;~_ind, 

'" Adding the Inte rsection index in the Turn liet 
Turn( turn indl .lnt ers ection 

Seq:oeT.tS. FrOlOl nteuecUon (segm indl ; 
Turn(turn indl.To lnte rsection 

Se~nts.Tolntersection(;eqn_ind) ' 
Tu. n (l",-" 11ld+ II • I Ill.,. ,..,,,t Ion 

Seqments.ToIntersectlon (;eqn 1nd); 

disp( [. From Intereection 
·, num2st r (Seg=ente .froaJntersec t ion{segm indl) , ... 

' To Intenect io:> - -
·,num1str (Se~nts . Tolntersection {segm_ind))l l ; 

8egm_ind _ segm_ind • I, 
t, Plot the segment 
Uqure (21 ; 

plot{Se~ntCoordVel {I ,: J ,SegmentCOO'dVal{2,: ) , OOLOR S[Q { re~lcolor i 
r.d , 5)< 1)), --

color ind - color ind+l, 
elsei! ( len9tb (Ne~rJnte,sections ) > 2) 

\i Thi s seg~nt need t o be broken up in single block 

disp«'Bre~king up s egment in 
" nwn2etr (length (Ilearlntersectione l - il,' subseq!ae:lte ' ))' 

" ,tt!lpvel,lIIJ.n LnO) _ .un/dist , [) ,2 1; 
(bree k_ind, iort_ind) - sort (min.i nd (Neerlntereections ) I ; 

for in<! - l;(lenqth(~earlntersectionsJ-l) 

start indl • ster t ind , break ind(indl - I , 
stop l rx:11 - start Ind + break Ind(lr.dd ) - I; 
seg~nts . Start(s.~_ind) _ .t&c~_inOl' 
Seqtlle llts . Stop (S",,",_ind) s top.indl; 
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c 
n. 
" '" ;: 
;; 
C 
• 

SegrlentCoord -
SegmentCoo:rdVal ( : , b ruk ind(ind ) : break ind ( ind+l J) ; 

Segment s . f r omInte r section lsega ind) 
Ne .. rrr.t .. rsection~ ("ort_ ind (ind) ) ; -

Se~nts.Tolnter~ection(~ega ind) _ 
liearlntersect ion8(Sort ind(ind+ l )) ; -

disp11 ' Segttent ' , num2~ t r(segm ind) ,' 
detected ' )) ; 

disp ( ( ' Sta~t Inter section 
' ,nUA23tr(Se~nts . fro.lntersection(segD ind )), .. . 

'Stop In,er!ection -
', num2s t r(Seqments .Torntersection(segD ind ))IJ ; 

H o.nd __ I I -

Se~nts . fromTurn{$egm i nd) - t urn inc + 
ain(find(AllTurns.s .. " __ tileind)) - 1 ; -

'" turn_ina is tbe turn index only f or .he cu,;r 

else 
Seqaents . fromTurn(segm ind) _ 0 ; 

end; -
if (ind __ IIengn.(lIe arIntersect.ions)-l)) 

Seopents . 1'oTurr.(segro ind) tu r n ind • 1 + 
mi n(!1nd(AllTllrns . seq - tileind)) - 1 ; - -

else 
Seqments .ToTurn (segm ind) _ 0 ; 

er>d; -
Segments.Sequencelsegm_ind) - fiIeind ; 

\,\ ~inq the s .q~nt index ~n tbe InterseClion lis t 

Inter~ectlon{Segments . fromlntersect ion(seqm Indll . Seqment ~

uni on (Intersection ISega>ents . f r Oll1ln t erse ct i on{s. ind ) I .S"'fIIl~nU , . .. 

Intersection(Seqments . Tornter"ectionl~eqm indll . Seg~ents_ 
un1on llntersectionI Segments .ToI nterSectlonI Segm_lnd )) . Seqments ,. 

'" ~ing the se~nt index in t he Turn lis: and the 
intersection index in tne Turn 1;st 

i f (ind _ II 
Turr.(turn _i nd) . ToS"qme nt - ~eq .. ind; 
Turr.(turn ind) .lnt Arsact ion _ 

SeCJ'llenu . f rOllllntersect ion (se<Jlll ::)no ) .. 
Turn(turn ind ). Tolntar section 

se9JU!nts. Tolntersectlon tseqm 1nd) ; 
elseif (ind -- (lenqtb( Nearlnt~rsections )- ll) 

Turn(turn lnd+l). f romSe<Jlllent - SeqN ind; 
Turn{turn- l nd+l) . Intersection -

Segmant s . Tornters~c tion(se~ ind) ; 
,,"d; -

~, Plot tbe ~eqaent 
fiqure(2l i 

plot (S ..... -entCOOrd II . : I, SegmentCoord(2 , : ) , COLOR SEQ Ir_tcolor i nd , 5). 
Ill : - -

drawnow; 
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~\ ! :\c r"a." tn" s " <;",,, nt i,,",,~ 

color ind - color ind+l ; 
s"9m ioO - segm ind + 1; 

end ; - -

end ; 
.,nd ; 

e n<i; 
.,,,(1 ; 

if (isenpty(Turns)1 
Turn!' Turn ; 

el.e ; 
Turn. 

"nd ; 

end: 

[Turns Turn ] ; 

sav" h, \us*rs\dibe\gp<!doIt" \ ..,tl,,b\Pas .. d .m .. Se_"ts r"te.-sections Turns 
S*<P'*nt" lnt .. .-""",tion Turns - - -
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~ 
CO • C 
C 

Filomame: 1.abe1St1PMfllS.m 
., !..<ICel Se=er: t " 

',. t Goes t nro'->qh the h~t o f S"'j"""''t" an<1 !or eaen aeq",e~ L 
.jl~ i. fir.': s the start an': stop in<euectlon~ 

•• \ 2 . Fines the cor!espo~ding ESRI l~tersections 

•• \ 3. Fine t he two [SRI feature ele=ents tha~ are CQntalned _n the 
o r : g,oal Ae~~nt 
\~i ~. use thQse ~eg~nt~ to lanel the oriq1nAl saqment , adding ,he 
At reet name and t he s~art ~nd stOP ! eft / riqn t 
U . 3treet .1u."lIbcr3 
,., 5 . track lOa £SRI feature ele~nts to (inc a li the feature ale~en< ~ 

tha t belo~g to tha or1g11:al se~ant 
"t 6. Aod to the Street ~cc~y the field S.qn&~t • 
~~\ 7 . Add to t he se~:Mnt array ~ ~.a L.ald Fe a tur .. EllndA and 
reatareE10rien~ tor the feature ele~ents cont&in~ in that seqment 

\ \\ £DS01 14DD 7 PH : fina lly! manag-eC to l abel ~ost of th .. s"g2ent (71 
s.qo:<>r.ts could not be label .. d because on .. o( 
it' th'" two int .. rsection does not . at to an £SRl Int .. rsection 
(ther .. ar .. ",issing stree ts i n th .. £SiU datal 
\1:~ ;: had to OIaflua lly ti~ tew wrong cor~e.pond .. n::es be tw e"n 
Inter~ections and "SR l 1nte~.ections . 

\l\ Load GPS der i ved data 
load 
h'\U~er9\dlbe\GPSData~tlab\Pasadena_S",qrr~nts Inter sections Turns2 
Inter sect i on Turns Seqoents 

tn Lo"d ESa! d.;:t<l 
" Load ~SRI Int .. r s .. ctions 
load h: \us .. r s\dlbe \GPSdata\mat lab\PasacenaESRllnt er.ection 

ESRI I nt .. rs .. ction 

\ , Load ESRI data 
load h : \us.r.\dibe\GPSData\matl&b\ESRlst r .... tsPasadena ; 
Str .... t - . treet.; 
load h : \us"'rs\dibe\GPSData\matlab\ESRl.t r~t.SanMarino : 

St r ee t - [S t re .. t . t ree t sl ; 

NumS .. ~ents - length (Seg:ents . Start); 

ESRlr .. ature£lSt artCoocds - (cat{l,Street • • t ac tLati t ude) 
cat (I , Street . startLon<;lt ud .. ) I ; 
~S I\ I t· .. a tu r .. £lStopcoords - (cat (1, Str .. at . stopLatltud .. ) 
cattl ,Street.stopLonqitudel] : 

In a;'spla\· daa 
D1splayGPSandESRI : 
f1qur.{ 21 : 
s"9"h - plot (]O D) , (0 OI ,' g ',· Lin ..... i.dth ',4); 
£ I nth - p lottD , D, · =s ' l : 
ln th - plot{D,D, ' . " 1 : 

" Ini~ f1eld S",~ant in Str .. e t array 
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• 

Street(l l . Se~ot - [I; 

oumunl~beled • 0 ; 
for seqm_ind - l :NumSegments 

." CO?y in HyS<!q",",ot ~~.e alre .. oy .. >< iSt.i ;'l,! H ... cs ir. Se <;lC<!nts 
HySeqment(segD indl.Star t - Se~nts.Start (se~ i nd); 
MySeqment (seQm-indl.StoP - Se~nts.Stop(segm indl ; 
HySeglllent (segm - i nd ) . fr_Inters ection -

Se9nents . fromlntersection(seq~ ind) ; 
HySegment(s eqm_indl.Tolntersectlon -

Stl9"ti"L~ . ToI "LoU sect Ion (Segll _ i nd) ; 
HySeq"ent (segm ind). fromTurn - Se<ptents . frOlllTu~n (segm ind}; 
HySegment (Segm-indl .ToTurn - S e~~ts .ToTurn(segm ind) ; 
HySegmflnt (Segro=i nd l . Sequence Seqae nts . Sequence (segro _ ind); 

,\, fr~ and Tc Intersections 
fromIn t - Segments.fromlnter~ection(segm_ind) ; 
Telnt _ segments .Telnte rsection(segm indl; 
tn Corr<ilspondi.r.g i:SiU !ntersect iens-
EFromlnt _ Intersection(fromlnt).ESRllntersectien; 
ETol nt - Intersection(Totntl.i:SRtlnters ecticn; 
if (isempty(EfrOt:ll ntll1sempty(ETolnt) I (EfrOlllInt(l) __ 0) L (ETOlnt U) 

OI' 
displl· ... I can~o t label se~nt ',nua2str(seqm indl •.. . 

• ~cause one e f the intersections dces not co<respond te 
an ;:SRI Int 'l1; 

nu:nunlabeled - m:,.unlabeled • 1 ; 
el se 

III LSRI Feature element s 90in9 to the [sRt 1nt e r sect ions 
Fr~fe.tu~eEllnd - ESRrlnterse~len(EFrODlnt(III .Seqments ; 

if (EfrOllllnt (2 1 ~- 01 n ",ere than one a5RI intersection 
cerresponds te thi s intersection 

FromFeatureEIlnd - union ( fraafeatureEl lnd 
ESRrlnters.ctioo(EFr~!nt(21) . Segmentsl ; 

end: 
ToFeatureEllnd _ ESRIlnte r s ection(ETolnt (l)) .Segments; 
if {ETolnt{ 21 ~ - 01 U "'-Ore tha" one ESIH int .. :: ... ct i en 

corre'ponds to this intersection 
ToFeatureEllnd - union (1ofutu:eEllnd, 

ESRllnters ection(£Telnt (2) , .Seqnents ) , 
end; 

\U Th .. nu· ... of t he st.eet i s t he co=on denOlllir.ator or the t w<> 

~ roup$ oC Ce<lture eleoents 
LabelKoltch -

zero.{lenqth(Fr~reatureEllndl , lenqth(Tof .. atu r eEllndl) ; 
for i _ l : lnngth {fraafeatureEIlnd ) 

rer j - 1: 1ength (TeFeatureEl l nd, 
LabelMatch ( l, jl -

st remp (Street I fr""fea tureEII nd ( il ) . name, St reet (Tof e a tureEl :nd (j I I . nU.e I 

end; 
end; 
(fremind,tei ndi - f ind(LabeI Match, ; 
it (!seaopty(r rO&indll 

disp ( · ... ~~. ~Lrd !1 I coul d not fir-d two £ •• t~r. e l s wi t h 
the s ame street na~e ' l ; 
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,~ Display the seq~ent 
",val ll 'l oad 

r.: \users\dibe\GPSData\a. t lab \ ', fUenaoe (Seglllents .Sequence (.se<J!ll_l nd l ! , ' !' 
"~n~ lU. j sp curve;' I) i 

S~ntCoords _ 
tnval( traj_sp,c~rVC(S~nts . Start {$eqm_ind) : S~nts . Stop ( seqm_ind))) : 

set ("eg:M . ·X Da t. '. SCIILE'SegmentCoords (1 , : 1 • • YOata· . SCAL~ ·Se .... entCoordl! I 
2.: " , 

s et (In th , • XDa ta ', SCALE' [Inteaection (Fronl"t) . coord ! 1) ; . .. 

Intersecticn (Tolnt) . coord(ll) ,' YData',SCALE' [lntersection(fronln t ).coor 
d(21 ; · . · 

Intersection(ToInt ) .coord(2))) ; 
Err~ntCoord" - ESRllntersection IErromlnt(l ll .Coord; 
nua1nt - 1; 
if (EFromlnt(2) ~- 0) 

Efro=lntCoords -
( ErromlntCoords ;ESRtlntersection( Err~nt(2) ) .Coordl; 

nUllint - 2; 
end: 
figure! }) ; 
(ErromlntCoord,, ( :,1) , Err~lntCoords(, . 2)1 

mfwdtran(EFro.lntCoord~1 :,1 ) ,EFromlntCoords( :, 2') ; 

EFra.lntCoords - EfromlntCoords - on~~l numint.l ) · [ORlGIN X 
ORIGIN. Y) ; . 

\set ([ loth, ' XD,lt a ' , EFr=lntCoords ( :, 1, , 'yo.. to. • , E,rclIl ,,"Coord, ( : , 2 ) I ; 

ETcln~Coord5 - ESRllntorsecti on (ETolnt ( l )I .Coerd, 
numint - 1; 
if U:Tolnt (21 - 0) 

ETol ntCoords -
(ETOlntCoords ; ESRIlnt~rsection{ETolnt (21) .Coere) ; 

nu:aint - 2; 
~nd ; 

figurc (l) ; 
[ETOlntCoordS( :, 1) ,El oint Coords {:, 21] 

mtwdtran(ETolntCoords(:,1), ETol ntCoerds( : , 2) ) , 
ETolntCoerds _ ETointCoerds - ones (nU2int, l ) ' ]ORlGl N X 

ORI GIN.Y); -

se t (Eln t h, • XCata' , SeAL!:" , EF:o.dntCoorns ( : , 1) , ETo lntCoo:ds ( : , 1) ] , ' YDat,,' 
, SCAL£· [EF ro=l ntCoords ( :,2 ) ;ETolntCoe:d,.{ :, 2))I , 

duwnow, 
keyboil rd , 
nWDun label~d _ oWDunlabel ed • 1; 

else 
disp(l· . . . laboe lln~ S~'P~nt ·,nulll2str (s.,..m1nd),' 

, , Stn.t (F:ot<F.atur" U ! lid I f (ollir.d ( II ) ) . nam .. )) , . 
HyS~gm~nt{s~qn 10d) .Str .... lNane -

St r eet (Fro=FutllreEllnd( frOlOind (l ) J) . 0"20" , 
Heyboa:d ; 
hoaind - unique ( frOlllind ) i 
to;nd _ uniquel toind) ; 
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" <0 
II. 

" "' of 
<J 
C 
• 

• ~i ~hc ',.o::treatu" .. E:i!n:j(!ro,"ind) !~,nu,,(> "ls ~nao IMt<:h 
t!':e "~..-.e. "Leh 0"'" oeler"" to tn" se\l",ent ? 

fiqun~( l) ; 

clea ~ rSlartCoocd~ rStopCoords; 
[ FStactCoord~« : . 1 ) , FStac tCoords ( : , 2 ) I 

mfwdtran(cat(I,Street(rrocr"atur"Ellnd(!r~i~l l .startLatitude) ,. 

cat (I ,Street (FromFeatureEllnd(fromil1dl) . startLongltudeJ); 
FStartCoords - FStartCoords ~ 

0 .... " ( I en'lth (fr OOlind I • I) ' [OR IG!N l( ORlGI" Y I ; 
[rstopCoordS ( :, I I . rstoPcoorcts ( : ~2 ) J 

.. twdtr"n (c"t n. St reet (FrOllFuture£lInd (fromlnd) ) . stopLatitudel • . .. 

eat ( l .Street ( rr~reatuce£llnd(trQalnd» . stopLon~itude»); 

rS topCoords • FStopCoords - onesllenqthl fromindl, ll - rORlGIN_X 
ORIGIN YI; 

- 'Compu~e the dtstance ~rom the Tolnt incersection o f each 
start and stop coords 

di st - sq~t (S"'"' ( ( I rSUctCoords , FStop(:cords I ' -
Inter !ection IToInt) • coord * one! 11, 2* lenqth ( trom..ind ))) . ~2, 11) ; 

[~nval,mlnindl - minldi~t); 

i f (~inind (- lenqth(trom1nd)) 
finlel . ind _ FrOlOf "atur,,£lInd( !ro.i nd(toi nind)) , 
fir st .. l . ori .. nt - -1: " (sid .. c l o ... r to t h" to ~~~.rs"ction 

is the start] 
ehe 

Hrstel . i nd - rromreatureElrnd I !real ml ( .. inind
lcn'lth( frO!llind ))I , 

fir stel . or i ent - 1: " (side c l ose, to the to in t ersection 
i ~ the s top ) 

end; 
MySegment(seqm Ind) .FeatureEllnds _ firste l .ind; 
Myseqment (Seqm-1nd l •• eatureElorlent _ first .. l.o~i .nt : 
i! ( !i~.uel.orI.nt __ 1) I' ' "ature "I oriented accord i nq to 

direction of travel 
~yS"qment (.eqm i nd).Firs tAddress 

St reet(ilrstel.ind) . L • ADDR, 
.. Ls.. - - \, .eature e1 o,-iented oppos ite to 

di<"ctio~ of tra~"l 
HySeqment (se9M ind) . Fi r stAddr"ss 

Stree ttflrstel .indl.R_!_AODR: 
end: 
St r cet(firstel .lndl.Segment _ [Street ( f irstel . indl . Se~ent 

seqao inal' 
- ~n !io" track t he feature elements "ntil I reach one o f ;:he 

Ton, .. \.un"E:llnQ(\.oi nd) .. le .... nt~ 
curr el . i nd • !lrstel.lnd; 
curr- e l .orient - firstel.or ient ' 
while {~um(i~me~r(curr el.ind, ToFe'tureEl1nd (toind ») ) -- 0) 

if (cu rr . 1. oclent -~l J 
n .. lItelcoords _ [Street {curr O!l .ir>d l . ~ topL ... t1tude 

Str eet(curr_el .ind).stopLonqitude); -
else 

nextelcoords _ (Street (curr el. ind ) . startLatitude 
Street (curr e1.1nd) . star tLonqitude): 

-end, 
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If 
o 
r. 

" '" + 
" o 

c: 

cand_ind_~tart • findlIESRI FeatureElStarlCoords( :,l ) • • 
n .. x t .. lcoo r ds ( 11 ) , ... 

(ESRlreatureElStartCoords( :. 21 -- n .. xtelcoor<i3 (2)) I : 
cand.ind.9top _ findl(ES~ifeatureElStopCoord9(,,1) --

n .. x te i coords ( 1 J)' ... 
(ESRIFea tureElStopCoords( :,21 -- next elcoords(2)1 1; 

,t Only one valid ele~ent should ~ out of this 
next.el . ind - [I ; 
ne xt el . orient - [I ; 
for I _ 1 : len9th[cand ind start) 

.if ( (c<iI,ld.lnd st'Ht(i)--~ 
CUr t eI . ind)'lst r crnp(St r &et(cand ind start (11) .nane,MySeqment (seqm ind) 
. St r eetUaDle)I) - - -

next .. l.ind _ In .. ~ t .. I .ind cand ind startl!)) ; 
n", ,,,,: .. I.<>r l,,o l: ( n;->lt."l . ori"n'f: 1), 

end ; 
"'ld, 
tor 1 - l : len~h (cand inc stOP) 

i f I( c~nd lnd stop<!) : . 
curr.el . indl*lstrcmPIStreet lcand.ind.stop( i )) . name,Myseqment(segn.ind) . 
St r eetN .... e)) } 

next el.1nd _ [next el.ind cand ind stop [ilJ I 
ne xt:el.orient [next_el . orient -1]; 

..nd ; 
end; 
HySe~ent[seqn ind) . reatoreEllnds -

[HySegment(segm ind) . rea tur eEllnds next e l . i nd ll)) ; 
MySeqment (se~ i nd) . reatureEIOrient -

[ HySegment (s~ ind) . r eatoreElOrient ne xt el .o r ientll)} ; 
Stree t lnex t el. ind( l )) . Se~ent 

IStreetlne>:t ,,1. ind(I )):-S"9Cent seqII ind) ; 
Cur .. e l . ind - neXt el . lnd; 
curr-el .orlent - next el.orient ; 
if (length (nex t el . ind) > 1) 

disp( ' ..• ~:- There are nora than One candidate to be 
nAx t "I . How I s that possible 1 ' ) , 

keyboard; 
.. nd ; 

end; 
i~ (curr.e l .or lent -- I) l\ reature el oriented according to 

direc t ion of travel 
HySeqment lsegm ind) . LastAddress -

Stree t (curr "l .ind( lJ).L T-ADDR ; 
else - - to Fea t ure el oriented 09l)Osite to 

dlrec,ion of travel 
MySe~ent [.egm ind) . LastAddr" ss 

Str e et (curr el . ind (l )). R_r:ADDR; 
end , 

\if :length (~ySeg~ent(segn ind).reatureEllndaj ~ t) 

, displ ' ... a=.h . There are "'on t""r. 4 f eatur .. el""""nts In 
this s egments . Take a look )ave'); 

~ keyboard; 
lend; 

end; 
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• .. 
o 
o • o 
c 

~nd , 

~nd , 

~,. S~ve the results 
Se~ent - MySe~nt; 

~save h : \us~r5\cib~\~PSOata\~atlab\P~sadenaAllData Seq~~~~ S~r~~ t 

inters~ct ic~ £S~l !ntersection T~rns 
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c: 
• 
I
o 
c: 

" c' c 

FiJcnome: GwSep.Amy.m 
\ Generdte the database of st~eec se~er.t~ to re used by the scouting 
,~, 

, Tt .• "",in dat .. strucu:r. :n the 1at .. ba". i~ a scruct" .... array called 
Se~~fray contai~ing t~ !o11o~ing {,.lds : 

• \ KI'!"''' Type Size 
\ ------------.----.------------------------.---------.-
• S~re"ttla_ 
\ Fc o ...... ddre33 
\ ToAda.e5s 
, Sld"ofH~b 

Strin;l 
I:lt 
Int 

Stri.ng 
following : 'K ' . ' 5' , '0; ' . 'r;' 

• • • 
rr01!l. .... .apCoo~~ 
rro«<~apCoor~~erc 

\ TOMapCoocdGflo 
, To.'UpCoordHerc 

• 1 froorSeg",":lt 
, ToSeqr:tent 

• \ D~sta"cerr~~ub 

• r.e"'Ich 

" Offset 
, Otise t :laq 
[0110..-1n .. : O~Oon ' t 

• 

Dot:b liO 
Double 
Docl>le 
Double 

In: 
lr.t 

o.ouble 
Double 
Double 

'"' kno~ i! it ' s right, 

2- IDpC""lo1e to 
, 1i" .. Panora .... " 
\ Pa"oralltdCoord 

de~"nol.n", 

'"' 00=1 .. 
adg!." of the s."...en~ in ""':ers 
• Panora .. aTi"", Daub:e 
aax (NumPanoracasi 
• Humfra .. es 
• Fra",e Time 
• fra .. "Se'l 
starts t rO!l 1 

'"' Do\:b1e 

'"' 
• SegnIn::lex 1m: 
seqz@nts in the SeQment array 

, So~e constants 

'" lxl ,., 
I xl 

(EVen,Odd] 

On .. of t"" 

2><1 [lat , lonq! ' 
2 ~ 1 ix , yJ ' 

'" '" 
(4xl) In order : 1:, 11 , ;", 5 
[ 4)(1] 

(l x 21 
[ 1><21 
{l><21 
\l K21 One ot the 

I-Hare constrai.n, 

opt~ ~l.~a tion process 
( lx2] 
(10:>< 2) Dista nce t~OIl the 

(J;x21 N -

I1 x21 
[K><2] M - max(N"",fra::les) 
[lx 2] S"quence n·~rs 

(1,,2) Orig inal :"0 

ORIGI N X - - 2 . D61675811D~~17 ; ,. Used a s origin tor the ~rcatOr 

coordi;;"e .. s 
OlUG1 N '{ - D.63S02?61200326; H COIIIp;lted ,u the "".n ot the 
coordinates in seq . Jur.e;nG?Sl 
KI N_BLOCK_S I ZE - 1. 0e- 5; ~ \ In the coordinates provlaed by the ",e rcator 
project10r. 
KI H_SAMPLES_UIST - 10- 1 ; 1 \ Minlm,,~ aistanee bet~en t wo GF$ adJacent 

<. in the ~rcator coordinate $yste~. Use o 
to "liminat@ 

stationary 
SC1\LE - 5212498 .48904 543, "m/"",[cato[ 
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FRAME STE~ HT _ 1/3; 
r.~b used ~O deter .. ine 
PA...'lORAMA STEP MT • S; 
hUD ~~ed-ta ~~ermine 

u.cn 
H Step Ii" 
[ra.",e ti..e 
~t Step I.n ~ete(5) 

e"ch panor ....... ~i:l.e 

in tt." distar.ce 

PANORAMA Or rSET _ 20; \\ Approx. distance be:ween t~e 
t ne fir~r/la~t pano~ama and the origin/end of the seqme~t 

ll\ List o f files t o be processed 
fihnamellJ ' Jun,,2 7C;PSl ', 
f l.lename(2) ' Jun~27G?S2 '; 

fi honame (3/ 
fi le.nall:e ( 4 / 
fi l enam .. {S ) 
t U .. n~m" l fi ) 

f ilenamel7 ) 
f ilename/ e , 
U l ename(9) 
£11en""'''{lO) 
fi len"",e( 11) 
filename!l2) 
Hlename{lJ) 
hlen" .... ( H ) 
f ilenam,,! IS) 
f 11 en .. lItO! ! 16 , 
f ilename {l" 

' June27G~S3 ' ; 
' June1 'IGPS4 ' i 
' J.me29GPSl' , 
' . I ,,~ .. 7qr.Po;7 ' , 

' J u~.e29GPS3' , 
' Jur.e29GPS" , 
' J ur.e29GPSS ' , 

' J1,:lylGPSl ' , 
' JolylG~S1 ' ; 
' J~lylGPS3 ' ; 
'JulylGPSS ' ; 
' JulylGPS6 ' ; 
' Ju l y3GPS l ' : 
' J ul y3GPS2 ' ; 
' J ulyJefS3 ' ; 

ColorArr"y _ [ ' r ' ' (I ' J ; 
i\ Set the axis to convert the input coordinate5 fcom (le09caphic t o 
_erea t o, 
!19ure (l ) ; cH ; 
ax .. sm( ' ~p?rOJ .. ction ', ' ''<''::o<o<=('c') ; 

~\t Load the callb. ation file 
load G: \users\dibe\GPSData\matlab\svFile LlstCslib .tKt 

"t Loading the hub s plir.es 
l~d G : \users\dibe\GPSDat.\~tlab\Colorado2Spline t r a j_sp; 
Colorado spline - t raj s P ' 
load G: \'U ... u\dibe \ GPSData\:oaUab\Fa i rOa ks2Splir. .. t"aLsp; 
rairO&ks _3?line • traj_3p ' 

,., Loadin~ a ll tne p rocessed data 
: oad G : \u5e r~\dibe\GPSDat~\matlab\Pasad .. naAllData Segment Street 
:ntersection ESRl Intersect i on Turns 

l~ Fi xing a wr~~g street na.~e labe: 
Se~nt(819) . StceetName - ' COLO RAUO '; 

the 

, Init.iaUy ..... will o:'liy use se"""nts that .. re cO:'lulned 1:'1 secper.ces 
[S,6,7 , 10] 

It find the 5e~nts t hat belong :0 se quence. 15 , 6 ,', 10] , n<o~e been 
labe led with a StreetNa ... and ~umoers 
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• 

seqaSQqlnd4~ - c~tll,Se~nt.SQqu.nCQ): 
ellFremlnt _ cat II , Se ...... "t. Fr"",Intersection); 
allToint _ cat II, Se~ent . Tolntersecti.on) ; 
.llriutll.ddresa - zeros !l'''''1th !-Se .... ent), l) ; 
for i - 1,LenQtbISe~ent) 

if l~ise:pty{Segment{i) . Firat/l.ddress)) 
allFirs tAddress(i) - Segment{i) . FirstAddress ; 

end; 
.nd; 

aeqmlnd - find {(al l First~tess 

5) I (seqmSeqlooex 6) I ... 
(" ... gmSeqlndc x 

10 ))) ; 

alteadyPic ~ed - zetos {l .ien"th(Segment)) ; 

lastLoadedSe~ - 0; 
for segm - aegmlnd ' 

if (a lreadyPicked (segm) ~- 0) 

rre~Int - Segment {&equ) . Fromlnter,ect ion; 
Ternt - Secpnent (s.,...,). Tointenection ; 

U Find a:l othe~ ,e" .. ents with u,.., ''' .... tr.t and Totnt 
"'luivS"gm . filld (( .. l H·~·omIllt Fn,..l"t ) " ( .. llToInt _ Tolot» ) : 

if (ler.~th(equivSegm) .- 1) 
eestSegm equh'Seqm; 

.. 1$ .. 
ButSegm 0 ; 
t, ~oo,e the best of t his 5e9'en~s according to soze criteris 

[speed, !rOlll turn, to nan) 
\, This is trlc~y becsuse I would rather not piCK .eg~ent. 

tha t s tart or end with a left turn 
1\ For the sak .. of si~plicity let ' s pick the f irst segr.ent 

that c~es !~om a turn ar~ ends in a tu~n 
n (I'lopefully a riqht turn) 
for i • 1 , lenqtt. (equi ... S ..... ) 

if {(Se~nt(equivSe~(i)).fromTurn 
O)'(Seq~ent(equivSe~(i)).ToTurn ~~ 0)) 

BestSe9R - equl",seq=(l): 
buak ; 

eM ; 
end; 
., it t .~ere ate no seqr.:ents tr.~t $Url "ith a :;u~n and e~.d 

.. ith a turn just ?ic>< the first one .n the H"t 
i! [BestSegm ._ 0) 

8estSeg", - equivSe~{l) .. 
end; 

end; 
~. Add all 'hasa s.~ments t o the ~lready?lcked list 
alreadyPicked(equivSeqml • I: 
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C 
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., .)ot ..... ;.n~ i! the se9"'~n" con"',Ul,; otic o • .. w .. ~. n';:-,"",,!"~ 

i f ( rftC(Seqment ( ~stSe9M).firs~Address.2 ) __ 0) 
firStSeqmPO$ 1; 

else 
fi' .IItS"q"'Pos 2; 

end; 
ThisSeqm.Segmlndex (l ,firSLSegmPos) - BestSeqm; 
EvenOddSeq~(rirstSe9"'Poa) - B .. atSegm; 

\. flnd a ll s&q::>en LS that ~o f r Ot:l ":"olnt t o ':::0"':"" 
t!qulvSegno - find( ( .. UfrOllllnt -- ToInt ) , ( ilUToIn t - fr<;.l4Illt) ) ; 

H (i:!"'"Pty{equlvse<p.) ) 
s.es tSegao _ NaN; 

el~@if (len9th(~quivS~qm) __ i) 

B .. s tSeqm equivS .. qm ; 
else 

BestSegtll 0; 
!\ Choose the beat of t"is S~9""MS accordi"9 "'" s:>:""..e criteria 

,speed. frOll tu~n , t::o tu=) 
t\ , his Is cric t y be~a~se I ,",,,,,,ld :a,hcr not ri~~ se,,~.~nt$ 

:~ ... t start 0: .. "d wit" a l .. tt turr. 
n fo: th" uke of slr.,9licity l .. : ' ~ pic", "h .. Cu .. ~ .. ,,"'~nl 

:~t co~s fr~ a tu~n ,,~ .. nd5 in a tu~n 
n (hopetully a ri.qt:t t"tn) 
for i - l:length(equivSeg.) 

i f ( Segment (equivSeqm (l )) .rromTurn 
O) ~ ( Segment (equivSegm (i)) . ToTurn -- G)) 

3e5tSe',lm - e qu l vSeqo ll) , 
break; 

end; 
end; 
.t it there a r e no s8g~nt~ that start wl~h .. t~t~ and end 

~ith a turn jus" pick the Cir8t one in the 1 1 ~t 

if (Be stSeqm -- 0) 
BenSe9m - equivSeg!l(l ) ; 

end; 
er>d, 
" Add all th .. se s .. gments t o the a lreadyPickeo 11S! 
alreadyPic~edl equiYSegm) _ 1 ; 

Th i sSeqm . SeqmIndex 11, (- (Pi r stSeqmPos- l) ~ 1) I B<>stSeq"" 
EvenOddS~(-(rirstSeqmPos- l) + l) * BestSe~ ; 

" i f ( -i5nan(BestS~g.)) 

if (strcmp(Seqoent(EvenOddSegm(l)l.StreetName , 
Segment (EvenOddSeo;ml211 . StreetName) __ 0) 

disp ( ' mM, very we i rd. Ttc even ... ,,:1 od:1 se,,:cents ~ave 
di!rere~t 8tree t naroes ! ' ) ; 

keybo8 r d.; 
e nd ; 

end ; 

This Segm.Str "elName 
Seqment(EvenOddSe o;m l r irs tS.',ImPos)) .St r ... t ~ame ; 
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·~ I'",,,ess ~he two ~eq""'nlS ~c Clet"~~,ine tne re~ir.1"'1 (i"ld 
e"l<:~~ 

tox- j - 1,2 
s.~_lnd - EvenOddSegmlj); 
i f {-l.nan{segm indll 

, Lead tl:e - 'n-.j liP .:><:1 tn. otn~x- info abo"t t"e se'leer.ce 
if (Segment (segm ind).S&quence - - last LoadedSeq) 

seqname - filena~e(S~nt(segD i nd ) . Sequence) ; 
eva l ([ ' l~d 

G: \users\dioe\GPSOata\ .. :lao\' , s.qname , 'Tur ns coord traj_sp curvC;' J) ; 
rir~tSampleUTCTlme - coordll , I); 
las tLoadedSeq - Segment(seqm_ind).Sequence; 

fi 'lUU (1 ) ; 
I co-ordX, coordY1 .. fwdtran (coord I : , 21 , coor d ( :,3)) ; 
coordX - coordX ORIGIN X; 
coordY - coordY OIIlGIN-Y ; 
[eoordX,coordY, Sa3ples I~J - cleanUpGPSDa:a(coordX, 

eoordY, MI N SAAPL£S DIST); -
- coordT _ coord(S~~le5 Ind,l); 

a1 coord - fnbr~ ( tra j sp, 'breaks') ; n /l.ccUII'ulaad 
sGuare ,oot of ~or;:;-len'lt" 

't.i",,, ~p _ cs~pl(al eoord , coordT) ; 
t ime sp - spaps(al Coord, coordT, O.l , l) ; ,t Li~car 

;nter polation "'it_~ tolerance 0 . 1 sec 
end; 

t\~ Co~pl.!te the e x tenced coordinates 
\, £xtendinq the arC len~ht interval of the ae~nt to t~. 

ce"ter o f the adjacent t~rn 
frocTurn _ Se~ent(~eqm lnd).FrocTur n; 
i! (FromTurn > 0) -

Seqment( aeqm_i~d),ExtStart Tu!n$(frO~Turn).Cornerlnd; 

&Ise 
Segmant(aegm_ indl.£XtStar t Se~nt (seqm_ind ) . St art ; 

end; 
ToTurn - Seq~nt(segm ind ) .ToTurn; 
i f ('fo'!'urn > 0) -

Seq~nt (segm ind) , ExtS t Op - Turns(ToTurn) . Cornetlnd; 
el"e -

S"",_"t (s"9"' ind). ExtStop _ Se.;;ment (se<pD _ i nd) • S t op ; 
end ; -

:t~ Soco. to ""te~rnlnc t'>o "'",b 3~de (!l,S , )I,E) 
dir - fnva l{t!a j sP.cutvC(Seqment(seqm ind).Stop)) 

f nva! ltraj Sp,curvC(S~nt (seqm ind) .S t a.rtll; -
- di: - dlr/norm(dir); -

A1St.n - curvC (Se9_r.t (seq'" 1 nd) . ExtStart) ; 
AlStop _ curvC(Se9mentUe9"'-ind) . £XtStop ) ; 
StartCoo:d _ fnval(traj sp,AlStart J ; 
StopCoord - fnyal( t raj SP,Al Stop) ; 
MedCoord - (St.rtCoord-+ StopCoord)/2; 

\ Hqure I2) ; 
lplotCoo:-d - f nva 1 (~: a j_ sp, {A2.Start : O. 00 I : A1S;:op , ) ; 

66 

Page 67 of 117 



• " f\J 

" a; 
-I' 
< 
<0 
• ... 
C 
C • C 
o 

0 ... 

~ • ..>t (SCA:.£· p I ::>tC=..-d ( 1 . : ) , SCP,L~ ' plctCcord (:;: . : : . • Co lO~A, r d v ( ~) ) ; 
draw:,ow; 

if ( dir (2 ) _ 0) I (a bs(dir( I) /di r (2) > 1» 
itt It ' s a ~lvd (.":15 W-E), LOO~ O<l ",~.ic,,- s:oe of fa;'. 

if (MedCoord(l) > - 0 , 000441 03) 
HubS l de ' E'; 

eh .. 
HubSidc ' W' ; 

" nd: 
else 

,\\ n ' lI a" Av .. \r,..,,,, N-5) . Look on ""io!> sid. or 
COlo~aco 

if (MedCoo rd(2) > -0 . 00029266) 
HubSide ~ 'N'; 

e lse 
HubSid .. ~ ' S ': 

"nd ; 
end; 

if «( HubSide -- ' ~') I("ubSide - ' S ' )) 

'\. O@ter.a1ne t he HubCoord. coord inate~ of the point on 
the Hub w;'t~. th .. uro<t x coord o f MeclCoord 

AL i:lterval - Inbrk (Color a do .plir~ .' interval · ) ; ALI _ -
fain ( ' Ho. izDi n':ul ', O,AL inu rva l (2) , [J , Colo .... do splin ... HedCoo"d (l ) ; 

HubCoord - - fnval(Colorado ~pline,ALl) : 

I"~ D .. te~in" tn .. ~ocal vert coorc~ (in ~t"r~) o f th" 
(rames and panorama s 

Se 'J!Ol,e ngth .t - ab,,(StartCoord(2 ) - StopCoord{l» " SCALE; 
frameLoca lCoord mt - [O :fRAME STEP MT:SegmLength mtl; 
Numfr""",. - length(f" ...... Loca lCoord-mt) : -
Num~anoroUlll" - round ! (SegrnLenqth at 

~ " PANORAMA OfFS ET)/PJ\NOAAIo'.A STEP MT! + I ; -
- i f (NumPano%i~a ~ <_ 0) 

YanoraaaLccalCoo%d mt Seq2Length_~t /2 ; 
NumPanoramas - 1; 

ehe 
PanoraaaLocalCoord_~t - (O : I : (NumPanor ... s -

I ) '~"''''ORl\t'A_STKP _ M"f) /2 ; 
e nd ; 

,~, o..t~~ine the a05cl~te ~rcator vert coo %d .n. t e, ~t 
tt,e friWe. and pano!.'a.,all 

SegmOrien~ - .ign(StopCoord(2) - Sta rtCoord (2») : 
i f ( (S~rient __ 1)'(~ubSide __ ' N' ) ) 

Panora.aCoord - StartCoord (2} + 
PanOHlJl".aLocdCoord _ JlIt/Scu.E ; 

t'rall!eCoord - StartCoord(2) * 
FrameLocalCoo..-d mt/SCAL£; 

NubCoord( 2) : 
Dis tanceFrom!lub a SCAl.E ' abll (StartCoOrd(2) 
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• 

chei! !!SeqooOrien~ - -l)'(lIubSide __ 'N' )) 
panot~saCoord _ StQPCoordl2 ) • 

FanoramaLoca1Coord mt /SCALE ; 
~ra..coord _ StopCoord(2) • frameLocalCoord mt/SCALE; 
Di.snncefro<oilub - SCAL£"abs (StopCoor d(2 ) ~ 

HubCoord(2 )) ; 
eloeif (I SegmCirient - l) '(lIubSide -- ' 5 ' )) 

panoramaCOOrd - StopCoord(2) -
PanoramaLocalCoord rot/SCALE: 

Ht.:bCoord(2}) ; 

FrameCoord - StopCoord(2) - rr~Loca1Coord mt/SCALE; 
Di3t~nCC:rOmllub - scnLE '~~ IStopCoordI2 ) -

else;! tlSegnOrlent __ -1)'llIubSlde __ ' 5')) 
Pan¢~~Coord - StartCoord (2) 

PanoramaLocalCoord_mt /SCAL£; 
fra-eCoord - Sta,tCoordIZ) -

Fra,...!.ocalCoord mt/SCALE; 
- DistancefrOlf.llub - SCALS"absISt .. rtCoord t Z) 

HutCoord(2)) ; 
end ; 
it Pef~ne a fir~L 9ues~ of the oft~et 
Otfset - 19.05 ; \ .. .eters {t his 1.$ the of!set ~ha~ ! 

have obsoryed in the vertical aodresses 
U fer e~ch p~nor~ ..... and hMtle .",r:: coord. tind th~ 

cor~esponoin9 till'.e in the sequence 
f or i - l :NumFrames 

1I1Tarqet -
fai.n(' VertOist[vaL ' ,AlStut, A1Stop, [J, traj 8;>, fra!:1eCoord{1 11; 

f. a:ne OTCTime ( i. I) - fnvalltiloe_sp, AITarget ) ; 
end ; 
for 1 - l:lIumPanoraaas 

AITarget -
tain ( • VertOi 5tEv~ 1 ' , I\.1St.rt, I\.1Stop, [ J , traj "p, ?ano~arnaCoord Ii) ) ; 

Panora .. UTCTl~e(i,l) !~val(time sp, AITarget) ; 
end : -

elseif I(HubSide _ 'E') {HubS ide _ ' W') ) 

\,~ ~teralne the HubCoord, ~oordln~t~~ of th~ point on 
the lIub with the sa~e y coord o f MedCoord 

AL interval - fnbrk lfairOaks spline, ' interval ' ) ; ALI _ -
fain ( ' VortDist Ev a l ' , O,AL interval (2) , [I , rairOaks spline, HedCoord (2 1) ; 

Hu~oord ~ fnval(FalrOaks spline,ALI) ; 

H. ~~e:1lline t:'e local hodz coord" (in ",oten) of ,'1<. 
fra~e" anc par.o~a~s 

Se~~Length ~t - abs(StartCoord ( l ) - StopCoord (l) ) ' SCALE; 
FrameLocaLCoord .. t - [O :FRAKE STEP MT:SegmLength rnt ] ; 
Nu:nFra.,.,a - length ( f ra1!leLoca lCoord-.. t); -
NumPanor~" _ round«SegmLength_mt 

Z· p1\NOM., .. ,A OfYSETl/P1INORAH1I STEP K'l' ) .. 1 ; 
- if (Nu>oPanoramas <'- 0) 

Pano r a=aLocalCoord . t 
~umPanoramas _ 1; 

else 
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" c: • o 
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PdnoraBaLocalCooro~~t _ r O : l : (NumPanora~s-

11 I ' PANORAMA STEP.MT • . . . 

U - PIINOI!AM1'. STEP MT )/2: 
• e~ ; 

H . Deterr-" r.e the abso~~.e rteoCd~cr vert cocrdin .. tes of 
:he f~a,_s and panor .... as 

ScgmOrient - slgn(StopCoord(11 - StartCoord(l)) ; 
i t I (SeqmOrient -- 1)*(HubSide __ 'E')) 

P~nor~Coord - St~rtCoord{l) + 
Pan~ramaI.ocalCoord mt/SCALE; 

fra-<:oord - Sta.tCoo~d 11) • 
Fr a_LocalCoord ,.t/SCI<L£; 

• Dis t ancefromHub - $CA1£ ' absfSta.t Coord(l } 
""bCoord{l)) ; 

e l sei! ((SegmO.ient -- -1) . (HubSide -- ' E'») 
Panor~Coord - StopCoord ( 11 + 

ranoramaLocalCoord mt /SCALE; 
fra-COOrd - St opCoord(l) • Fr_~oc" ICoord mt/SCA.:.E; 
OhtanceFrOJnHub - SCALE ' ab5(StopCoor d(l) • 

HubCoord(11J ; 
elseit f{So~riont -- l)*IHubSido -. ' ~'l) 

PanoranaCoocd - StopCoocd(l ) -
P"norama Loca lCoord mt/SCALE: 

HubCoo rc:!(l)) ; 

~u....coo rd - StopCoord(l) - fr ...... LocdCOOr d. mt / SCALE:; 
DlatanceFromHub • SCA~E ' abslStopCoordlll -

else. ! 115eqmOrie nt -- -11'(HIlbSide -- ' ~') ) 

Panora.aeoord - StartCoord tl) 
l'anoulULOc"lCoord I<t/SCALE; 

Fr~oord ~ St artCoord{l1 -
Fr a ... LocaICoord.mt /SCAL£: 

Distan ceFrOl!lH\lb - SCALE' absIStartCoord(l ) 
HubCoord(ll): 

end; 
t\ Define .. fi.st g~""" of "'''' o~!"e~ 
Off Bet - n.o; i meters {this i$ c~e Offset that I have 

observed in the horizontal add.esse" 

,., for each "a"ora ..... and fUIr.e "ert coore, nn<;l tI,e 
"orrespondin~ "i,.. in the aeq~er.c. 

for i _ l:NumFrames 
AI Tar<fet -

t lll1n ('IlOrlzD1SUlv ~ 1 ' , IIlSt a r t , !UStop, (J , tn.j sp, FTameCoord (1) ) ; 
Frame~ime(i , ll - f nv"l<t i 5f:.SP, A1Target] ; 

end; 
for i - l : NumPanoramas 

Al T .. rge~ -
f .. i n ( ' Hor! z:listEval ' ,AlStart. A.1Stop , :) . t u j_sp, Panora .... Coord(i)) ; 

~ .. ""r amaUT<;:1't"'e Ii . 1) - f ,wallti __ "p. III 1'. r<;at 1 : 
end ; 

.and ; 'if ( (I!"bSide·· ' ~') I (;'J~Sico ·· ' S ' )) 

,. 'i"his parL is c""","on to "he 'N', ' S' and ,,~.e ' \f','~ ' case 
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C 
C • C 
C 

- , ::o~<lte the video tir .... f com the G~~ seque:"lce ,,"TC ti:ne 
""_r.~ c:\" ::dll~~H icr. 

franeVTime _ FrameUTCTime - Fi r stSampleUTCTime • 
s"FUe L1stCalib ISeglllent lseqa _ i ndl • Se<r~ence I ; 

PanoramaVTi.e - Panora~UTCTi~ - Fira tSampl.UTCTi me • 
svFileListCal i b lSeqment (seQa_ ind) .Sequence) ; 

!. S~ve : ~.e resul t s in 7h lsSec;m ~e::orc 

Th I sSegro . 0; stanceFrOl'lNub (1 . j ) _ Oi.s t anceFromHub; 
ThisSegm .Le:"lgth(l . j) - SegmLength ~t; 
This Seglll. O!fse t ( l , j) - Offset ; -
ThlsSegm. Ottset Fl aq( l . j) - 0 ; 
TIIi"Seqm.Numpanor~ma ' ll. j l _ NurnPanoramas ; 
ThisSeqrn . PanoracaCoord l l'NucPanor~s,jl -

~anor~~LocelCoord mt; 
ThisSeq,. . PanoramaTime II , NumPanOrAmas. j} _ PanocalllilVTirne; 
ThlsSegm. NumFeames( l. j} - Numfea~s; 
ThisSegro. Fr..aTime(l:NumFraces, j} _ Fr~eVTime; 

thi sSe qm. Si deofKub - KubSide ; 
this Se glll.Fe&meSeq(l . j) - Seglllent{s~.ind) .Sequence ; 

TIll s Seq"' . Fr""""""d ~es s I I , j) - ~ound l lDI s une .. _FrO!allul:> 
Oftse t}i3.81} - 2 + lj-l ] ; 

this5eqm .ToAddress(I , j ] • round((OiSUnceFrodh:b + 
SeqmLenqth.mt - O!ts~t ) /3 . 81} · 2 + (j-l) ; 

cl"ae Fr ...... UTCTillle PanoramaUTCTI"" 
.. nd; ~ i f l -br. .. n (3"~" ind }) 

end ; \\ f or j • 1:2 -

h Add t h .. ~"w 8 ntry t o tl'.e ~nay 

SeqmArray(eurr ~ndex ) _ ThisSegm; 
disp(nUlll2str(cur~ i ndex»; 
euer.inde x • curr=i ndex + 1 ; 

clear ThlsSflgm 
end; 

end; 

\saVfl G, \uscrs\dibe \G?Sdata \ matlab\S .. ~Ar~ay.2109~O Segr.Arra y 

'fer seg~ ~ : lengt nI Se9SArray } 
, I'l i>anlsegn ,: l _ Seg .. Jlrray lse",.) .Io!"",?anoraaas ; 
·,end ; 

~brfl a k; 

FilllnNavi\lationFields; ,~c",r.puted the "es t o! t he fi elds arod s av" 
or.e r " sult 
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C 
c: .. 
c: 
c 

rlle~ .:ne , .. ill iMla vi.;a ti onn" Ids . '" 
.. ~~ Oil;' i:'l ~t,e F:rClnSe9"'er.t ~lld T"Se .... en f~Hd .. 
.. \ ar.d the Me'~~tcr AI>C geo cOO t dH_~t. .. S cf tt.e t..-o .. ioes o f :t.e 
s,,_nt 
.1, this sc::-ip~ sho"lo c .. ca!.ieO ~tt .. r c d lH"9 c..nSeg.~.Acu.;· 
,n ~OB30nOO 

\loa d G: \"s"rs \<ii hi! \GPSCU .. \, ... t hb\S"90'.A:r r ay _210800 
,\~ Loadin" all tne p:roc .... sed data 
l oad \\picoltt \GS\U5i!!$\dibe\GPSData ~tlab\Pasad8naAllOati S"g~"nt 

Stree t Interse~icn ESRIlnt .. rsection Turns 

GPSS""",.antlnd _ 1er05 (le n"th (S.grnA:-uyl, 21 ; 
!or U qn _ l:length (SeqmAr r ay ) 

Gf'SSegment I nd ( Ug:IIl, : ) Seqm1lrray (5e9'") • Se9I>Ind .. ,,; 
e !lC; 

'for 5e 9m - [4 10 13 16 : 1 .. n.~n(Se~!ray ll 

for se9m - 2S6 ' length(Se~rray) 

(Se~Index, jl - ~n (S.~Array (seQ1ll I .Segmlndex l ; 

H Det.ern.!"e t.he coordinau 5 of the start ar.d stop of t t.e 
corresponding ESRI str ... : seg~ent 

ESRlind - Segment(Segm1ndex ) . Fea t ureEIlnds; 
fra.Addr - cat(l,St~eet(ESRlind ) . ~_f_AODR) ; 

[tmpva1,so~t_indl - sort(fromAddrl ; 

S.gmAr~~y(.egm) . Fr~pCoord~.o _ 
[S t ~eet (ESRlind (sor t iM ( II ) ) • s ta rtLati tude ; 
Street (I:SRI i<>d (so r t I rtd (11 ) ) . s t anwnqitude I ; 

SegnAIray(se~I.ToMapCoo~dGeo -
(Str".t (ESRlin d (sort incl(end)) I . stopLatitudc; 
St reet(ESRIi~d (sort Ind (encj)) . stopLonqitude l ; 

f 1<;1o..:re(1); 
(coordX, coo::-d!] 

.fweltra n (:ieg:nArray ( s ...... ) . rro~pCoordGl&O (1) , Se~ray {uglO ) • Fr=Ma.pCoor 
dGeo(2}) ; 

SegmArray (s"9111) . rrOCl..'iapCoor_cc (1 ,1) coordX ORIGI N_X, 
SegmArray( seglll ) .rro=MapCoordMerc( 2, 1 ) coordY ORIGIN y , 
(coorCX,coordYj -

III fweltran (Seg:al'.r::-ay (se<;lO ) . ToMa pCoord:Ao(I) , Seqml'.rray (seq"l . ToMapCoordGeo 
( 2 ) ) ; 

SegmArray (s,, ""' ) . ToKapCoo rdMe rc (l , 11 
Se,.,.,Array (seqm) . TOKapCoordl'.erc(2, II 

" done 
e nd ; 

t o r seg:. - 256 : 1enqth (Se'JrOArray ) 

(Se .... Index. j I - .. in (Seqml\rray (s"'JII1 . Segmlnclex) ; 

if (Se~nt(Seqmlndex J . festu~eElOrient - . IJ 
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IntInd<! >< (l) 
Int ln(\ex (2) 

else 
Intl~d.x() ) 

Int lnd~>«2 ) 

~nd ; 

Se~nt(Segmlndex l .rromlntersection; 

Se'J'l"nt (Seg", Index ) . Tol ntersect ion ; 

S.~nt(Scgmlndc><).Tolnt.rsect ion ; 

~ Seqment(Se~IndeK ) .rromI~tersection; 

f Ol· ! - 1:2 

.H AI! G!'S seqllle:'l;:" .. hit converqe to this H,ter"",.;;::ol' 
se~l't - Inter8ecti on ( lntInde~(i)) . ~~~nts ; 

StreetSe~~st - I I : 
Hi rlc.d .. I: ~neet seqmer.t8 ':~~t "o:"lU in U'i~ "i'S s_qo:erts 
t or k - 1: 1engt b(segmList) 

ItorprOl<, t mpcoll _ find (GPSSe"..ent Ind _ se9mLis t C k )) : 
it I -isempty(t~prow)) 

StreetSeqmList _ union(StreetSe~ist,tmpro~); 
end ; 

end : 

ltl SOct t~e StreetSeg~LiSt acco.c i ng tc qeog: .. pnl~ .. , dlrectior. 
£~.,.. t.~ .. i,,;:er .. ection 

VettSeqrn. - I J ; 
Horiz~ _ I j : 
CUt ~ w l : hnqLhISt ree tSeg:al.ln) 

it «Se9~r~.YIStreetSe~ist( ~)).SidaofHub 
' Ii ' ) I (Seq"ll/\.rra y (St r eetSf!<JIIIUa t ( k ) ) • $ideofHub - ' S')) 

Ve rtSegm - [VertSe~ StreetSegmListlk)l ; 
,,1 " .. 

Hot1zSegm w [Kori.Seqm StreetSegmLis t ( kl ) ; 
end; 

end ; 

IntCoord _ I nters ec t ion(Intlnde x (1 )) . cootd ; 

Dirs..gzAru y _ zero.( ~, l ); "E' 'Il' ';; ' '5' 
if (-is'''''Pt y (VertSe<pll) ) 

rur " • 1: lengtb (VettS"qm.) 
SegmCoord w [ SegmArraYIVertSe9~(8)) .rr~apCoordv.erc (2,l ) 

SeqmArr ay (VectSeg:n(s) ) . ToHapCoordKerc (2 , 111; 
[a.bsdi st , tlllpindl - IUx (abs(SegrnCoord - rntCoord(2))) ; 
i f ((SegmCoord [tmpind (l)1 - IntCoord(2)) > 0.0) 

Di rSeqmAr r .. y ( 2) VertSeqrnls); 
ahe 

DirSegmAr:ayI4) VertSegm(s) ; 
end ; 

eod: 
eod ; 

it (-isellpty(HorizSeqm)) 
tor s - l: lengtb( ~ori zSegm) 

SeqmCoord - (SegmArraYIKorizSegll (81).rr~~pCoordMercll,l ) 
Seg~r~y (HocizSegm (8)) . ToHapCoordMerc( 1, 1)1 ; 

labsdist.~ind J - nax(abs(SeqmCoord - IntCoord ll)) ) ; 
if C(SegmCoord(tmp1nd (1)) - I ntCoord ll)) > 0 . 0) 

DirSegmArray(l) - HorizSe<pll(s); 

." 
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• c 
r. 
" '" -F 
< c 
• .. 
C 
C 
a 
C 
c 

els .. 
OirS.,gmArra y(3) _ RorizS"gml~) ; 

.,,,d; 
.. nd; 

,,"d; 

if (i-- l) 
SegnArray(~agaJ .Fr~.,~.,ntaLiat - StreetSegaList; 
SegnArray(sag:.. ) .fr"",Se<;ments - OirSegmArray; 

"lsO!! 
SegDArray(!O!!~).ToSegmentsList - St r .... tS .. ~List; 
Se9BArray(~e~ ) .ToSegments - OirSegmArray , ,,,,d, 

end ; 
end; 
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rilen~me : Co<:IputePar.oram.a.s.m 
CCmp'Jt.(, ?anou".~s _ '" 

H "r Hia scr ipt tteutad t~.=oug _~ ,,~.e S<>9~rra/ list .~e . ~o: .ach 
sew..ents . coopuleS t rle e~e:"l &M:! o:it: s_ce 
~, pa nou::>as usi"9 t he G.tonPar.o~ ... ."a . e " e IPP; !ca t~or. . 

• lead G: \ "sen l\dibe \CPSdo l " \"'" < ho\Se\l"""r ray 21>1800 
'load G: \users\dibe\CPSdata \ !M t lao\S"~nay -030900 
load G: \users \d ibe\GP$da t a \ .... tlab\ Segn<l\ t uy 100900 

Ima \leQuality - 50; t 100 -> t>e s~ q~sJity 

afor se~~ - i 4 LO 13 It : l''nQth(Se~rrayll 
t or seg:; 618 : length (Se gmArray ) 

t or j 1 :2 

NumPanoramas - S" <plArra y (s,,9"' ) . NUIdPa no ra-as 11, j ) ; 

for 1 _ l :/lwoPanou.ma .'i 

seq'li"," _ SegmArray ls~) .Panorama'l~(i , jl ; 

S"qNu:uber ~ Se'J"IArray ( s"qm) .F!"ru<eSeq ( I ,~) - 1 : 'I" ~h ll 

basic prog:a m ."quences s"art f r~ 0 

rn" Name - ( 'S"g ' nUl"ll2str(se <pnl ' , num2 s tr(j-1 ) , D' 
nWllht r (round ISe'lm.>.rnylse gm) . Panor ...... COOrd li-;-j ) '100) ) '. jpg ' I: 

eva ill " G : \user~\dibe\VB\Comp'JtePa r.or~ \GenPanorama _ ""e ' 
num2s t r ISeqNumber) , , num2str(Se q'll:oe ) , , ... 

r il"N ..... ' , nua2lOt.r(ImageQ\lalityll l ; 

end; 

end: 

end; 
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• 

ri le~ame: COBputerr~s .• 
:~ ~rlu ~~:lyl l:.~:~: .. d ::~. : "u3n t"~ S~J.A~ra} ! . .'I' •• "J, !,,' .. ~,;t. 
se9"e"l~ , COllF~_ .. s ~r.e ,"V,,,, .. no. cd.:! side 
\. pa~.cra=s using ,,~.e Gen?a,-,ou .... a . e",e appli"a<io~ .. 

• l~d G : \u5er.'l\d_oe\GPS~ta\~atlab\Se~rray_2~Q80C 

\!oad G : \Jse:s\d.De\G?Sda~a\matlaD\Se9~rray O~09UO 
load G: \users\d ibe \ GPSdata\_tl...b\SegmJ\.ruy 100900 

:_geQu .. lity • 50, l ~OC -> Oes t quality 
FRA.'U:_ STEP_Hr _ 113 ; 

\!o~ seQIII - ( ~ :0 U 16:1er'9"h (Seg,r.Arrayl] 
~o: seqM ! :length (SeqmAcray) 

tor j 1 :2 

NUmFr~~s - SeymArray(segm).Numrra~e5(I , jl ; 

Se<tI" ime - Se~ray(se'l2' l .rra!lleTiJoe ( i. j) ; 

Se'llillll:lbe: - Se~rray{se9'l') .rrameSeqU , jl - 1; , r" the 
~s1c proq:a~ seqJences start frOlll 0 

=-Heliame - ( 'Se9 ' num2str(segm l ' . nuroZstr (j - l) ' _0 ' 
nlllll2st r (round ( {i- I I' n IA.'4E _ST EP _ Hr" l OO} I • r r . I;>g . I ; 

d isp( ( · .. . ger.euting 1 ....... e ' Filelia .... ) 1; 

e v a lll ' ] 
:; : \u~e rs \c1be \ VB\ComputeSi no;lerrame \GenSi"o; lerr 4:le . e x e 
nWL2st r (SeqNumberl ' . nWL2st r lSeqTi.e l . •... 

rileN .. _ • , nlllll2Btr (Im,o,ge'.)u.ol i t y I II ; 

end; 

end ; 

end; 

end ; 
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FilenaJrl" : Gene.a t eSt r eetSeqne nt DataDB.m 
'; .. ~ ",,"r" . "d .. " 

S: r""tNalle S: rin9 ,d 
~·ro,,-.~d::lre5" 1 .,t !xl Il:v"n,<,)Q,r, , Toha"re~s Int 1",:;; 
SideoBuc St~ir.<j !x : 000 0' tOle 

foll,, '~in<j: ' 1". 'S ' , ' Ii' , ' E ' 
; 

• F! 0:0:'''; p:::oo r dGeo 

• Fro~.p~oo,c.~cc 
.~ .. ..cO<J,<lG.!o 

• T,,*apCoorcw.e~c • • ,romS"",,,,,,.,,, 

• T'~~" <J"'''M , 
• Clistallce; t orcH'Jb 

• Len9th 

• O!fsct , O!f~etrl·9 
t'~ Open the d4 t ~base 

log1nt l roeout <!» : 

Do"bje 
:loubl" 
Do"bl& 
Doubl e 

int ,., 
Dout::le 
:.o"ble 
Do .. ble 

:;: n: 

Dlleonn a d .tal»se I ' seg ... r,lOS ' , ' , , ' 'I : 
'CScolna""s a 

'" (l"t, lon"I ' 

'" , " yi ' 

'" 2x: 

I'xl ] '0 ord". , E,N , W,.!: 
Ihl] 

(lx2: 
Ilx21 
[ lx21 
llx21 

I ' Sid"" fl!ul)' , • StreetNa",,, ' • 'S treetN","Ober ' , 'S"G"en~eNwnbe r ' , 'V ,d...,1' i r.:e' ; : 
OBcoln~",e~ _ 
I ' SegmeN.Index ' , 'St. t eetH"",e ' , ' sideofHIlb' , ' rrOll'J4~pCoordLat ' , ' Fr Oll'.M<lpCoor 
d~n9 ' , 'rror-..KapCoordX' • ' Ftom:>4apCoordY ' , . 

' T~~pCoordLat' , ' !o~~pCoorciLOng ', ' To~pCoOrdX ' , ' ToM~pCoordY ' ,' frc~S~ 

II:E ' , ' Fro..seq-..ent N ' , ' rrO>lSeg-:nentli' , ' fr~Seq::\entS • , ' , , 

'TcSeqr..ent E ' , ' ToSeq",enttl' , • ToSeqme~t\<l ' , ' 1'oS....,..,MS ' , ' Oista nceFrclO¥,.wEv. 
n ' , ' Di st ~"C"rt=I!"l:>Odd ' , 'L""9thEv",, ' • ' Le:->qttrOcSd ' • ' , , 

• Off se"f.ven • , ' Of he"Odd ' , ' Offset na .. Even ' , ' Of het f l a<jOdC ' , 'tl""'P<lno ........ s 
£ven' , 'NwoPanora;usOdc!', 'N .... r:a:... s E·Jen· , • Nu«r.-a::>O!sOdd ' , 

, fra::teSequence Eve,, ' , ' F raO\eSe 'l ~e"ceOdd r I ; 
Entry. cell n , 33) , 

\, LOad Street Seq,oent A:ray 
t ! oad G : \u se:s\dibe\GPSdata\matl~b\S~ray Jl0600 Segr.Ar:ay 
\.oad G : \use::-s\oibe\Gi'Sda:a\lMt l a l> \Seg:oAr ra)'-OJ090(J SegItArray 
lOdd G : \u~ers\cibe\GPSd~ta'-allab\Se9aAIray 100900 Seq~ray 

for segn a 1 , lengt h lSegEArayl 

i.n dll""base ' ) 1: 

;,,', W: i:e ""tries tha~ are COtanOl'. ::0 e " en a,,'; cd:::! ~ioe 
Entry!I , I) seq~ ; 

Entry! I , 21 Seqtl1U'ray l"eg:n) , Stre"tName : 
Ent r yl I , 3} S .. qr:rAruy (segm) ,Sideo!liub ; 
En t ryli ,4 1 • Seq~rraY lseqm).rr~pCoordGeol i , l) 
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• ... 
C 
o 
a; 
c 
c 

Entryll. SI 
Entry{1.6) 
Entry(1. 1 ) 
Enery{1.8) 
En:ry{1,9) 
Enny(l.l0) 
Entry/I. 11) 
Entryll.12) 
Entry( 1. 13) 
Entry ll .14 ) 
Entry\1.1 5) 
Entryll,16) 
Entcyll.l1/ 
Rntry(l.18) 
r."t"y(l. '~1 

Seg'lrArcaylsegn) .FrOlOMapCoordGeo (2,l) ; 
SeqrnArray(seqr.o) . Fron ... .ap::oordHercll. II 
SeqroArray{segn) . E"rooMapCoordHe:c{2.1) 
SegmArray{seqm) . TOHapCoordGeo ( I, II , 
5eg<rArray{segnl . 10HapCoordGeo(2 . l1 ; 

Se<;mArray(seqrtl) . ToMa.pCo<lrdMerc{l.l) 
SeqmArraylseqm) . ToKapCoordMerc 12. 1) 
Se~r.y(seqm).FromSeqments(I,I) 

Se~mArray{seQl».FroaSe;mentsI2.1) 

Seq<rArray Isegm) . FroaSeqment~ I) . II 
; SegmArray (s egm ) .FroaSeqment5 (4 , l) 
Se~ray(seqml.ToSegrnentsll,l) 

Se~ray(Seqm).ToSeqments (2 , 11 

Se<j::lArraylse9"). ToSeqrnents 13 , II 
fl .. <JmAruy 1 ~"<Jm) . T<>""9"""nt_ " ( ~, 1\ 

\\' Write en"ries relative to eve~ side 
it (~lsnanlse~rray (segm).segmlndexll.l) )) 

Ent ey ( 1. ~O) S690IAen y (se<,poo) . Distance Froaollub 1 1. 1) 
Eatcy(1.22) Se<pt4ny( seqno). Lenqth O. 1) ; 
Entry D. 24 ) Seqrao\cra y (seqno ) . Of het O. 1) ; 
Entry ( I . 26) Sll'q31u"ny Ise .... ) .O([setFlaqll.l) 
Entry ( I. 28) Se<;1mAccay (''''goo) .NumPanor ..... s (I. 11 
Entcy ll . 30) S&g:DAruylngool . Numrca_~ O. II , 
Enuy/l • 32 ) Seq,oJ\.rra y (ngool • E"rameSeq ( 1. II 

else 
Entry( 1.20) 0, 
Entry\I.22) 0 ; 
Entry{l.2t) 0, 
EntrylL261 0, 
Entey (1 .28) 0; 
Entry(1 .30) 0; 
Entry(l.32) -I; 

end; 

t,. Wri te entri es relative to cda ~ide 
if (-isnan(S~~raylsegml.Seqa1ndex(l,2»)) 

Ent ryll • 21 ) SeqlllArray (seg1l) . D1 stanceFromHllb (1 . 21 
Entry l l,23) SegJIArray(seqo:I.Lenqthll,2): 
E"try(I,251 Seg:mArray(u..,..I.Oftsetll.2) , 
E"tly(I,27) SegmArraYlsegm).OtfsetYlagll.2) 
£"t ry I I, 2 9 ) S~<JII'Array (5e9"') . NWD~anou ...... ~ 1 I • 2 I 
Entry( I .3l) SeqmAcray(segm).~umFrallles(I.2) : 

Entry !l,33 ) SeqnAxray(seqm).YrameSeqll.2) 
els~ 

Entry\l.21) 0 
£nnyIL23) 0 
Entry (1,25) 0 
Erltry{l.27) 0 
Entryll,29) 0 
Entryll,)l) 0 
Entry!l.33) -I, 

end: 

i,,~"rt (DBcOnn , • St r.e~Segn"mt Ddt~ •• DBcoln .... es. Ent I Y) ; • : ( l,,~e r t tt:" 
n .. · .. entry in taole 

n 
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• ... 
CO 

" a 
o 
C: 

end: 

close(OSconn) 
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• 

Fl1~name : GeneratePanQrAEaTableDB .• 
Glle:, t:":." d..ju,,~~e 

l oqintimeout (SI ; 
DBconn - datat>ase{'sego:.,r.tDB ' , " , " J ; 
, ::'B::olnar.,es _ 
. • Sideofllub ' , • S~ ree' 1'111 .... ' • ' S~ reet~~'" , ' S~-l.e,-cei'u~ ce r ' , " . i :leoT ime ' 1 ; 
DB=l naflles - I ' Se9roent I nee ,,' , ' Panou~Di s t ~~.o(: , , '[" enCdt!' I ; 
!:ntry _ o .. U(1,3 ) ; 

!\ Loaa Street Se.roer.t "'::::a\' 
\10.0 G : \use rs\oibe\GPSdat ,, \matlab\Se~r r. y 3~OeOC Se9"A.~"y 

load G ' \users\dibe\GPSdata\~tlab\Se~Arr.y 100 900 SeqmArray 

~or seQ1l - 256 : 1enQth rSeQmArrayl 
di5pl{"C.:-eaUn9 en t ries f or 5eq:oer.t. ' num2str (seqm) , in 

dat"b~5e'l ) ; 

Cor j _ 1:2 

if I-isnan ISegnlArny Is .. ..,. ) . S~Inde"l 1, j II) 

for p - 1 : Seg::>J'u"ray (5e9"') ,Nump .. noraQs l l,:l) 

Enuy{ I, 1) 
tntry{l,2) 
t::ntry{1,3) 

seqm; 
round(Se~rrlly (seq=) . Panora~Coord ( p.j) · l OO); 
j -l : 

insert(DBoo~.' ~"nor .. ~oata ' , DBcolnaaes,£ntry); "~" inllert 
~he nel' .",::.:-y in table 

..nd; 

end, 

end; 

olose (DBoonn) ; 

1') 

Page 60 of 117 



rilename : Gene~~teCoord$LookUpTableOg . 2 

,'. C~~~,~~~ :'00 < ~p ~at:-Ie l~,,"e lr: toe AcCe$$ i:at"l:"se 

SCALE - 5212U8.48904543 : ,! "I",e~cator 

""ad Street Seg::,.er.t A.:u.y 
\ 1.,..:::1 G: \ :>5e,., \di be \Gndat a \ ..... t lab\Seq:>Arr ay _)00800 Se<;;.'IJk: . ay 
10.d G:\u'.ra\dibe\GPSdata\matlab\Se~rr.y_100900 SeqQArray 

Se~f[onCoord5 - ca t (2 , Se~A[r.y . FromMapCoo~~rc) ; 

Se<;iIIIToCoords - cat (2, Se~ray . 1:ol1apCoorctr1erc); 
Xint 11) _in ( [SeqmF.-omCoord~ ( 1, : ) s....,.-roCoord3 (1 , : ) 1 ) : 
Xint. (2) :ad" ( {S.,qm Fr...coord" (1 . : ) So!qm.ToCoords (1, : ) J ) : 
'tint. II I m.J.n{ ISeqmFr o:oCoords (2 . : ) SeqmToCoords (2, : ) I ) : 
Yir.t (2 1 lUX { [Seqrn f r<X!Coords (2 , : ) Seo;m1:oCoor ds (2, : ) I ) : 

aLOCK SIZE _ 0 . 5e-4: 

~, ~e civ~ce the ma? en s~re blocks having siza le- 4x te-4 (-521x521 
.j . 
\\ T)C;~ pOir.t ? (x, yl .. _11 belong to bloc~ Irot.:<>dlx · :e41,ro~ndly " l(4 )) 

" rOt e ac~ street Seo;~nt, we add the Segment ondex to ali :I:e square 
blOCH cross.d .,y tn il ': sega,en;: 
U We buiie .. lOQ~-u? table COO~CSLOokUpl"able t l>at I> .. s t~e toOlo"i.rI" 
.. truet:~te , 

\, TI> .. grst col""", co"tilir.S ,,~ .. x lilbfOls and th .. second column t!l.e Y 
ldbel~ of the blOC K. Col~ 3 on eO:1tain all the seg~ent 
\l i"",exes e~ the s eg .... nts that eross that block 

CUrrNumBleeks _ 0 : 
CoordsLookUpTable - (): 
for segm - l : l ength[SegmArray) 

Xi"t - (min{(SegnFrcaCoordsII , seq.) SegmtoCoordslI . segmlll 
.... x ( [Se<p:lF roooCoords II , se9"') Se9'"ToCoorCs [ 1, seg8.1]) I : 

Yi" t - Imin(I Se<p:lFromcoords[2,se~ ) SeqmToCoords(2,se9R))) 
.. ~ ([Segmfr~rds(2, seqa) Segm1:oCoo rds(2,segml]) 1: 

fer xir.d _ 
rou"dIXint( 1 )/BLOC~_SIZt) 'BLOCK_SlZE:BLOC~_SIZt : round (Xjnt:{2l/BLOCK_SIZ 
E) " BLOCK SIn 

for yind _ 
round[Yint(lJ/BLOCK SIZE)'BLOCK SlZE:BLOCK SlZE : reund IY~nt(2)/BLOCK SIZ 
Ej ' I;ILOCK_SIZ.£ -

if - l s"mpty ICoordsLookUp!ablel 
block Ind - intersect (fl"dlahBICoordsLoo~ Up1ilblel ,,1 ) 

xind) < l e -1 6) ,flnd {abs(CoordsLookUpTable ( :, 2) - yind) < Ie-H)) : 
i f i~mpty (block ind) 

\! c~e~te ne~-ent r y 
new .ntry _ [Kind yind segrn): 
CoordSLookUp1:able{CUrrNumBlock~ + 1,1: 3) - new_"nt ry : 
Cur~Nu=Block s _ CUrrNwnBlocks ~ I: 

else 
last nonempt y i nd _ 

-.x ( find(CoordsLOo kUpTab l ill block i nd , 3 : ""d) - _ 011 • 2: 
CcerdsLookUpTabletblock ind , Las t _nonempty_ ind+l) - sega: 

so 
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• .. 
C 
C • C 
C 

end; 
el" .. 

Coord~LookUp'rable - (x ir.d yind nq .. J; 
end ; 

end , 
end; 

e"d; 

a\ Sa"e ~.,... tc .. .,l" in O? 
lU Op,,;'l t~ .. d,lt .. b ase 
loqint i~eout(5) ; 

DBconn - dat .. ba""j · seq .. ertDB ' , · ·, " ) ; 
'lOBc.,!n""."" -
( • Si deo filub ' •• S: r ee:Nalle •.• Str .. ecNillr::.. ~ • . ' S .. "~en"ell",,oer · . "{ideoT i",e' I : 
UScoInaJO.es .. I ' XCoordwbe 1 ' , '~Coordr.abe I • , ' Se ..,..,nt Index' ) ; 
Enuy .. cell l l,)) ; 

for i l aiza{Coord.t.ookUpr. bl .. , I ) 
j _ 3 ; 

while ((j <_ ~i% .. (Coord"Loo kUpr .. bl .. ,21 ) , (Coord"LookUpT .. ble(i , j) 
OJ, 

Entryl l ,l) 
E:ntryI 1.2) 
E:ntryll,3) 

round(CoordsLookOpTable(i,I) - leS) ; 
rou~d(CoordsLookUpTable(i,2) · 1 .. 5) ; 
CoordsLookUpTable(i , j) : 

inse n (DBeo"n, ·CoordsLookUpTableo...ta ', DScolname~, t:<1tryl; 
Insert ene new e"tr~ in taole 

j - j • 1; 
end; 

end , 

close(DBconn) 

" 
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Appendix - Visua~Basic and ASP code for the server side 
process 

f ilename, GetSe~n:AndBusinessInfo.aS9 

<\8 LAN~UAGE • veScript l> , 
o 
<> 
U 

, 
SegmIn~x _ Request (" SegmentIndex" j 
U 

o 
' Create a connection object 
U 

Set cn Server.CreateObject( "ADODB.Connect ion " j 

' Open a conne ction; th" .. tring re f e r~ to t he 0511 
o 

cn.Open "fIL~D5M_se~entOBfile .dsn " 

' ln5tanti~te ~ Recordset object 
Set rsSeqment - Server. Cr ea t eObjec t r"ADODB .Recordset" j 

' Open a r ecordset usi ng the Open nethod 
, end use the connection e s t a blished by the Connection object 
's t r SQL - "SELECT SideofKub. StreetNeme, StreetNumber, Seque~ceNumber , VideoTime 

" f'I'.OM AddrcssTable IOI! E:U: St rc"tN..- - '" ~ Requcst( "Str eetN.,.,., " 1 & 
., And StreetHumber _ ,Reques t (" StreetNumber" J 
" " And SideofKub - '" , Request( "HubSi~"1 & "'" 

st rSOL - "SELECT • fROM StreetSegnentDats WHERE Segment Index _ " , Seqmlndex 

' s t rSQL - "SELEC'! • rR~ StreetSeqmentOats " 

' Response .Write " SQL Strin .. , "' strSQL , "<BR> <BR> <fiR,." 

rsSe~nt .Open strSOL, en 

' Cycle t hrouqh r ecord set and display the r e$ult s 
, and incremen t record position with MoveNext methOd 
' Se t objSt c&&t~r _ rsAddr&~s(·Str&&tN~r" ) 

' Set objHWbSide - rsAddres~( "SideofHub·) 
' Set objStreetName _ r~hddres~( · S t reetName- ) 

. Set objSequenceNwrber - r~Add:ress I "Seque"ceNWiher-) 
' Set objVide6~i~ _ r ~Addcess( ·VideoTL.e·) 

Response .Wri t e rsSegment{ ·Se~"t !"dex· ) 
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a 
" " " " .. 
" " • .. 
c 
C 
11' 

" C 

R •• pon ••. Wri t e Chr tlO) 
ResPOnse.Mr i te rISeQment( ·Stree~~a.e·1 
Reaponn.Write Chr(lll) 
Response .Write r ss.q..ntt "Sl0.0fKub" l 
Responn,wrlte ChInO) 
RUpon" , Mriu r.~nt ( ' i'roaoKlopCoordLa~' 1 

Respon ... Write ChItlO) 
Response .Wri t e r.~nt( " r~pCoordL0n9 · 1 

Rupon .. . Writa Che IlO) 
R'.~'.Mdle u~ntt'rr_pCoordX' l 
Respo.'lse.Write CheIlO) 
Response . Ill ite ra~nt( 'FT_pCoord'!"1 
Respons •. Weita ChellO) 
R<I!.pon .. ... rite US+9Mnt (" 'oMIopCoordLU" J 
Respeas •. Mrite Cbe tlO) 
Respons •. write r.S~nt( "ToKapCoordLong· 1 

Response.Write CheIlO) 
Response.Write .. ss.q..ntt "ToKapCoordX" j 
Respons • • Wrile Che(lO) 
Rltllpon ••. lfrl U ... ~nt ( "To K.lpCoordY " ) 
Relpon~ .Wr l t. ChrtlO) 
Re.ponse,Wrlte rsSeq.entl"Fr oaSegftentE" j 
Response.Write ChetlO) 
Response ,Wri te r.~.nt(·rromS.gnentN· 1 

Re.pon •• • Write ChellO) 
Response. Write r.S~nt( ·FYoaS'9n.ntW· J 
Re.ponse.writ. Chr{lO) 
Response. Writ. raSeqMent ( · ' r omSeQlll.entS· ) 
R •• pons • . Writ. Chr{ l O) 
R •• pon. • . Wrlt. r.S~cnt ( "Tctcgaent~· ) 

R~.pons~ .Wrlt. Cbr(IO) 
R.spon ••• Writ. e.S.gsent {· ToSey-.ntN· ) 
Re.pon ••• writ. Cbr (tO) 
R • • pon ••• wr i t . r.~nt ( "T~nt~") 

Re.pon ••• Welt. the(tO) 
R ... ~ • . Wrlt. nSeQlMnt t"ToSe<pentS· ) 
Re.pon ••• Wrlt. Che{tO) 
R.spon ... . Wrlt. r.Seq..ntt ·Dl.t.nc.Fr~ubEven· ) 

Re .. ponu.ilri~. ChrUO) 
Re.pon ••. Wrlt. r.s.g.sntt · Oi.t.nc.Fra.HubOdd" ) 
Response.Writ. Chr{lD) 
Re.pon ••• writ. e.SS99Snt t · ~n9thtven" ) 

R •• pon ••• Writ. ChenO) 
R.spon .... wr l t ••• s.q..ntC · LenqthOdd" j 
Re.pon ••.• rlt. Cl>rOO) 
Re.pon ••• Wri te r.S~nt( "O!f •• tEv.n" ) 
Response. Write Chr{lO) 
Re.pon ... Write n~ntt "Otf ... tOdd" J 
R •• ~ • • Writ. Chr{ l O) 
Re .. pon .... Writ. r.SeqmentC "Off ... trl.9'Eyen" ) 
Respons •• write ChrIIO) 
Response. Writ. r.Seqm.ntt "Of t ... tFl.9Qdd" j 
Re.ponse.writ. ChrllO) 
Re.pon ••• Writ . r.S~nt ( " NuaP .. no r."", .. tyen" ) 
R •• pon ••• Wrlt. Ch r l l O) 
R ... pons •. Writ. r .Seqm."t ( ·NuaP."o ...... sOdd· j 
Respons •• Krit. Chr{lO) 
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l
e: 
e: 
11' 
co 
e: 

Response .Write ~~Se9~ent( "NumrramesEver. " 1 

Response . Write Chr (lO) 
Response,Write rsSegm.nt( ·~umFramesOdd · l 

Response . Write C~r (101 

Response .Write rsSeqmentl"rrameS@quenceEven" ) 
Re$ponse.·~rite Chr(lO) 
R.,sponse . '~ ri toe ~sS"<,iI'1ent ( " fumeS equenceOdd") 
Response . ·~ rite Chr{lO) 

01 .. OHset 12) 
Oi. Oi! U,,'1ceFrOmHub(2) 
Dim Len9th.(2) 
Oi. fro.Address(2) 
Dim Tc~dress(2 ) 

NUJl.Panor "",.sEven • r sSe"",,,nt (" N",nhr.ora:aasEven " ) 
NumPanorarM sOdd • r sSe9 "'e nt (" N=Pa norsIII.a"Odd" l 
St r •• tHame - r"Segmentl "Stre. t Hame" ) 
5ideotHub rsSegllllent ( · Side:ofHub" ) 
OffsetlDj _ rsSeg.ent ( " Of tsAtEven" ) 
Offset ( l) - rsSeqment ("O£tsetOdd") 
DistancefrcnHub (O) _ rsSeg.ent( "OistanceFromHubEven " ) 
DistaneeFrorlHub(l) - .. sSeq=ent ( " Distam:efrOlllHW:>OdcI" j 
!.engeh (0) ,"Segment ( • ""nqtkEven" ) 
l.enqt b(1) • rsS~nt( ·LenqtbOdd- 1 

' Do Until rsAddress .EOF 
' Respon .. " .W: l le ·Found Entry: 
" objStreetN ..... , • Seq"." e. 
oblvlO"oT1 .... _ 
" -<5»-
'rsAddress . ~oveSext 

' Cooo 

rsSe'1"'ent . Close 

if (N~Panora=asEven > 0) Then 

, objSt reetN~r , - ,objKubSide.· · _ 
, objSequeneeNu.ber, Video TiJO .. . . , 

' Query the P .. nora",aTable database fro the PaooramaCoo.;d3 
_'(~SQ 1 •• ·S ~I.I'q • fI'I()Oot Pano~&IH().!otl' W ~~I\E Se'1llent l ndex - • , S...".I:ldex , 

• And Eve nOdd O· 

~sSeqme:lt.Open strSQL. en 

Do Until .;,.Se9menL EOF 
Response . Wr ite us.~ent ( "P"noramaDistaneo " ) 
Response.Writ. C~.;(lO) 
rsSegmen t . MoveNeKt 

!.o"P 
r ~Sog"'''nt • Cl"so 

End if 

if (Nwohnor..,...,sOdd > 0 ) Then 
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' Qu~~y thA PanoramaTablA databas~ fro the Panor~Coords 
strSQL _ "StLtCT • r~ Panora..aDau. WHERE Se,..,entInde~ - " , Seq .. lndel< ~ 

• And EvenOdd I" 

Do Until rsSeqment,tDF 
Response . III i te rsSec;ment ( ";>acoloma Dist .. nee") 
Response. il rite Chr(lO) 
rs$e9D&flt.MoveNext 

~, 

uSegment . Close 
End it 

en.Close 

' Ho~ q~ery the B~sinees Listing database to f ind all the b~slnesses on this 
seqMnt 
cn .Open ·FILEDSN-EusinessListingOB,ds~· 

' Compule the first aoJ last addre~ses on the two sides ol the street s~nt 
' £08092000 tl<pan<lir.g the s.~nt length by 24 m On bot h sides. It doesn ' t hurt 
to get .. ore businesses than 
'to avoid some boundary Affects. 
Fr""'""-ddrAss (0 I 2 Round ( (Oi stance FroaHub (0) 
FroaAddress(l) 2 Round«Dis t ancerro:o.Hub(l) 
ToAdciress(O) 2 Round «DistanceFr~ub(OI + 
J,81) - 0 

Ofiset(O) 
Offset(l) 
Lenqth(O) 

ToAddres8(l) 
3,61 ) - 1 

, Round ( (DhtanceFroallub( I) + Le"'lth ( I I 

if (FromAddress(O) <. Fr~ress(I)) 
~inFromAddress FromAddress(O) 

tlse 
.unl'romAddress 

End i f 
rr~reu(l ) 

if (ToAddress(O) >_ ToAddress!l)) Then 
..... xToAddres~ 

Else 
IIIaxToAddress 

End if 

TOAd<!res~(O) 

ToAddress(ll 

·Response .Wri~e minFromAddres5 , " " , mA xToAddres5 

strSQL _ "SELECT 
" . AND Si deOtHub 

rROM BusinesslnfoTablA WHtRE S treetNa~e 
," & SideofHub & " ' AND StreetN~r >-

;; All!> St r .... t llwnber <_ , ...... "ToAddr ••• 

2. ) I 3 ,811 
24) I 3 . 81) 
OHset(O) + 

- , 
- , 
24) I 

Ofhet(l) • 2.) I 

,- , StreetName , 
, .inFromAddress & 

' str$OL - "StLLCT • fROM buslnessln!oTab1e WHERE StreetName _ 'COLORADO '" 

' Response, Write "<BR> • , strSQL & - <SR>-

res.gDent.Open srrSQL, en 
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1"1<> 1Jnt.1l . .. S .. ,. .... nt. EOF 
StreetNumber - .sSe9Zent.( ~StreetNuaber · ) 

if ( «(St.reetNumber HOd 2) _ 0) And (StreetNurnber >_ Fr~dress(O» And 
(StreetNuaber <- ToAOdress(O») O. 

«(Street Number ~ 2) -~l ) hnd (StreetN~r >- FrORAddresa(l» And 
(StreetNumber <- ToAddress(l») ) then 

Response. Write StreetNumber 
Response .Write Ct.r( l O) 

!.:nd it 

Response .write raSeqment( "8uain.ssNa~e- ) 

R8~P(.m~{!. W(jtQ 01'-(0) 
Response .Write rsSe~~ent( · Phone~umber" ) 

Response .Write Chr(lO) 
Response. Write ""Segment ("WebLink") 
R .. ~pon_~ ... Wr i t _ .. Ch ..- (lO) 

rsSe,...ent .Move!lext 
' Response . Wri te " Next " 

'r sSe<p:>ent .Close 

C ., 
r. 
w 
" .. 
" C 
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o 
C 
u 
c: 
c: 

Filen~mB: Address21~cation . bas 

' This OGI e ~e reoeives an address as input 

, St.reetN.."e , Str<letAddress. SideofHub 

' a~d retu~ns the StreetSe~ent n~~er that address is on and the coord ~n m 
' of that address on the segment 
' It returns StreetSeQMent - 0 if no ~atch was to~nC 1n the dJt.abase 

Optiun Expl1cit 

DL. CGI As Ne~ CGl Interface 

S"b M<o.in( I 

Di~ Street Number As lntege: 
Dim StreetN~me As String 
Di~ Sideo(Hub As String 
Dim RunLocal As Integer 
01. SQLStrinq As S~rinq 
Dim StreetSeqment As Integer 
Oi _ FirstAddress A$ Integer 
Di m LasrAddre"" As Integer 
Dia AddressSe~oord As Double 
Dim Addressfound As Soolean 

CG1.lnitCGr 

RunLocal _ 0 

If RunLocal - 0 Then 
StrectNwnber - CCl . GetCGI{ RStreetNUDbor" ) 
StreetNa~e - OGI. GetCGI(·StreetN~e" ) 
SideoCHub - CGJ . GetCGI ( "SideofH~· ) 

Else 
StreetName - ·colorado~ 

StreetNumber _ 101 
SideofHub "E" 

End If 

'Re?lace _ character with a ~pace in StreetName String 
StreetNa~ - Replace(Street~e , • ") 

01 .. en As AOODB.Connection 
Set en - New Cor~ectlon 

'Open a connection: the string r e f ers to the DS~ 
cn .Open "FILEOSN- segnentOBFile . dsn" 

01 .. r SSegment AS AOOD~ .Reco~dset 

Set nSeg:",,,nt - New Reeordsel: 

SOLString _ ' SELECT • ~ StreetSegDentOata WEER£ StreetN&3e _ '" i 

StreetN~~ , ., And SideofKub - , . , SideofHub , "'" 

S1 

Page 66 of 117 
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Addreufound - raIse 
Do Until rsSe~nt.£or 

Debug.Print ·Se~ent' • , rsSegment ( "Segnent l ndex" ) 
If «StceelNumber Ked 2 - 0) And ( rsSegment l ·Fra~Sequence£ven· ) <> -II) 

Then ' Loo k in the e ve" side o f seg:oent 
' couoo ll OinanceF ... o..Hub - Offset)i3.Sl) "2 + (j-lI; 
firstAddress _ Round I (rsSe..""nt ( " DistanceFrOlllHub£ven" ) 

rsSegnent( "Oflset£ven- )) I 3 . 811 • 2 
LBstAddres~ • Round(lrsSeqnen t l"Ois t ancefr omHubEveo") + 

uSe"", .. nt ( · Lenqth£"e~·) -
r~Segment( ·Of fsetEven " l) I ) . 81) • 2 

AddressSe gmCoord - StreetN~r / 2 • 3.81 
rsSeq=enl ( ' OistanceFromHub£ve,," ) ~ 

CIlS."",,,,"t ( · Off ... t~v.n· ) 

Elsel ! (IStreetN~r Hod 2 • 1) And (rsSeqment( "FrameSe quenceOdd" ) <> -
1») Then 

rirstAddress - Round (I rsSeg:nent ( " OistallCef rOJnHubOdd" ) -
... sSegme ntl "othetOdd" )) 13.81) · 2 - 1 -

l.astAdd:".,S8 - aound( (uSe<p>ent: I" DistanceFromJlubOdd" ) + 
csSegnent( "LengthOdd" ) -
uSegment("OffsetOdd" » / 3.81) " 2 - 1 

AddeessSeQmCooed - (StreetN~r + 1) , 2 • 3.81 -
esSeg:unt ( " Oist"ncefe,",,~lIbOdd · ) • 

csseqnent ("Of !58tOdd" ) 

Then 

End It 

It «Str .... tllwnber <- Last 1lddress ) A..'ld (StreetllUll:ber >- flrstAddress)) 

AddeessfOllnd - Tell .. 
StreetSe"""ent - r ,",Sc"",,cnt ( 'Se"""ent I ndex· ) 
Debug . Print "Mat ch fOllnd in Se~ent " , csSeqment( "SegmentIndex' ) 
Debug. Print " flest Address, " , f lestAddress 
Debug . Prin t " Last Addr .. ss : " , LastAddress 
Debllg.Pr int "Address Se gment Coord: " , 1IddressSegmCoord 
Exit Do 

End If 

CGI . PeintCGI 'Content-T~ ' t ex t/html
CGI.PrintCGr 

It ~dressround Then 
CGI.Pr in t CGI StrcotScgment , " • , ~drcssSe9*Coord 

"OGl.PrlntCGI 1IddrcssSeQaCoord 
the 

OG: . Pr intCGI ' 0 0" 
·CGl . PrintCGI ChellO) 
"CGI.PrintCGI '0" 

End I~ 

End SlIb 
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Filena~ : COOrd52Se~ent . bas 

' This CGl cxe receives t he merca t or eoordinates of a point as input 

, XCoord. YCoord 

'a~ r8turns the StreetSeqment which is the closest to t hoee coordinates, 
'the side of t he seqment and the ' of 
' It returns StreetSeqnent _ 0 i f no ~tch was found in the database 

Option Explicit 

Con3t BLOCK SI ZE 
Cons t H_~erc_Sc~ 

0.00005 
- 52725001 

Dl~ CGl As New CGI l nte r f a ce 

Sub !tal" () 

Dl~ XCoord As Oouble 
Dim YCoord As Double 
Dim XCoordl.i>bel M lnt<!!ger 
Dim YCoordI.abel As Integer 
Di. RunLocal As Integer 
Dim SQLString As String 
Dim St .-e a tSegment A3 I nteger 
Dill Se<;I'OfI"cFound As Boolean 

CGI . lnilCGI 

RunLocd - 0 
It lI.unLocal - 0 then 

XCoord CGI .Get CGl ( " XCoord" ) 
YCOOr<:l 0::1 .GetCGI ( "YCoord" ) 

Else 
)(Coo.-d 
YCoord 

tr,d If 

-0 . 0003302291 
- 0 . 0003298909 

Di. en As ADODB.Connection 
Set en - New Connect i on 

' Open a connectioo ; ~h~ s t rinq rofers t o t he DSN 
en.Opeo ~ fILEOSN-segmentOSfile.d'n · 

Dim r,Segment ~ ADOOB . Reco~dse~ 

Set r~Seqment - New Recordset 

XCoordl.abel 
YCoordLabel 

Round(XCoord I BLOC K_SIZE ) 
Round(YCo-ord f BW::::K_S IZ i:) 

BLOCK SiZi: 
BLOCK SIZE 

100000. 
1000001 

SQLStrinq - ~Si:L£CT • rRCM St reetScq=co tDats , CoordsLookUpTableData WHERE 
StreetSe~entData . Seqm.nt!nde~ - CoordsLookUpTableData . Se9~entlndex AN D 
XCoordl.abel _ • 

, XCoord Label ,-~ AND YCoordLabel - - , YCoo.<:U..abel 
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Di~ MinDist AS Doubl~ 
Dim Min~~gm As Int~g@r 

Dim X1(21 . X2 (2) , Un(2). V(2). V,,(2) As Double 
01 .. Din, ODist. SegnCocrd 113 ooubl .. 
Dim SideQfHub As Str~ng 
SeqlOentfound ~ false 
MinDist • 10000000000 t 
MinS'"9'" - 0 
Do until rsSeg~nt . EOf 

Seqmentfound _ Tru. 
Debug.Print r~Se~ntIWSeq~~ntlnC~xW) ; 

'Co~pute the dista~e between the segme nt 
Xl ( 1 ) rsSe91llent '" froo:.'lapGoor dX " I 
Xll21 r'Segment ( " rroRlapCoordY" ) 
X2 ( 1 I r~s..'l'"~"~ ( "T"""'p('-<>or<iX") 
X2 (2) rsSegmcr.t , " TOHapCoOrdY" j 
VOl ~ X2(1) Xl OJ 
V(2.) _ X2 (2) X1 (2) 

- ; rsSe~~t l-StreetN~~- ) 

.nd (XCoord YCoordJ 

VIl(l) VIl I I IIVn) 
VO(2) V(2) I I (Vel) 

2 V(2 ) 
2 + V(2) " " 

O. 5) 
O. 5) 

Un(1) -VII(l) 

Un(l) VIl(ll 
Oi't - ( XCoord - x t(ln • UnO) ~ IYCoocd - )(1[2)) • Un(l) 
oo1st _ (XCQord - Xl III) • Vn(l) + (yecord - Xl(2)1 • Vn(2) 
If (OOist >_ 0) And (ODlat <_ (V(l) ~ 2 + V(2) ~ 2) A 0.5) And 

(Abs {Dist) < Abs(HinDist)) ) Then 

~, 

' Update HinDist 
Mi nDist - Diet 
MlnSeqn. _ 
S~oo1"d 

Sidoooff.ub 

uS..."...nt ( "Seo;-nctn<M!x " ) 
ODht I ((vn ) A 2 .. V(2) 

_ rsSeq:cent( " SideofHuh" ) 
End If 
1"sSe~~nt . MoveNext 

CGI.Print CGI "Content-Type : text/ht=l" 
CGI.PrinlCGI 

If Seqmentround - raIse Then 

"2)"0. 5) 

' There where no se~ents in the database that CrOSS this squsred block 
CGI . PrintCGI " 0 0 0" 

£lee 
If MinSegn. _ 0 Then 

'This point is in none of the candidate aeqments ' COnVeK hull 
CGI . PrintCGI "0 0 0" 

Oi .. <:venOdd As Int_g_ r 
EvenOdd - IHinDi st , Abs(MinDist l + 1) I 2 
' Fix the E~enOdct valJe 
If (Sideo!Hub "~") Or (SideofHub _ "SO) Then 

E .. enOckl - I - £venOdd 
End If 
CGI . PrintCGT Hir.Se~ • " " , EvenOCd ~ • • , Se~Coord 

End If 
End If 
End Sub 
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C 
C 

" C 
C 

Appendix - Code for extraction of video frames froM 
an !LVl file 

Filename: Du~.c:pp. Here reponed only Ihe pan oftM code \hal ""'35 modified by us_ ~ original code 
..... pro.ided as a sample by Micfosoll:. 

" II Receive 

" n 011 iOOICthin& .. -Kh tbu media WIlj.'lr 

" STDMEll-IODIMP CDumplnpulPia::R«eive(IMeilisSamplc ' pSampk) , 
CAutoLock Iod(mJ>R«ei~I.oo:k); 
P8'iTE pbData; 

fl ilas ,be filler beuI stoppo<I )~ 
if (mJ'Dump..>m_hFile - INVALlO_HANDLE_ VA LUE) { 

recum NOEAAOR; 
} 

R£t'ERENCE _TIME tSwt, !SlOp; 
pSampl~Tunt(ktStan, &:!SlOp); 
DbgLog({LOO_TRACE, I, TEXT("tSwt(%s), t$Iop(%s), Dift(%d .... ), Bytes(%d)"), 

(LPCTS'I'lt) CDisp(tStart). 
(LI'CTSTR) CDisp(!SlOp), 
(LONGX(1SIan - m_lLast) I 10000), 
pSampJe.;>GctActualDataLcngth()); 

ffi_tlasl ~ tStan; 

/I Copy ohe 4/Ila 10 Ibe iii. 

HRESUl T IIr - pSamflle->G<tPoinleo(&pbDala); 
if(FAILED(br» { 

rtlUm IIr. 

n return mJlOwnP"'>Write(pbDan.pSample->GetA<fUOIDalaLl:o>gdI(); 
i(NumberolDown!oadtdColumns < PANORAMA _ WIOnt){ 

while (abs(CoIumJr,I~osfNu""""'lDown\olldedColWlUl$]) -
(R.cIFrameN llIIlb<r+ I)){ 

WriltFramtColunuu(pSample, 
(CoIumn l.-.doel=(NumberoIDownlmdedColumns] ,. 0), NumberolDo .. -..IoadedCoI ........ ); 

NlHIIbcroIDownloadcdColwruu .... 1; 

} 
else if (NlIffiberofDo""nloadedColumns - PANORAMA_ WTDTIl){ 

""" param I - 10; 
""" ~ .,. 20; 
IFil!cr(jrap/l • myfiheruraph - mJlOump->-m-Pfiker->GctFilt..GrIJIIIO; 
lMediaE~mtSiIlk ' pMediaE~ntSink.; 
lIIyf i korGrapb->Qucry I nlerixc( [I 0 _1 MediaE¥mIS"*, (void •• )acpMedil E ~entSink); 
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f' 

" C 
rr 
C 

" 

pMediahrntSinl->N<)(ifY(34567.0.0); 
11m pOurnp->m ..Pfill(f-:>NOIiryE~r(34S67.pannI 1.panm2); 

rerum NOERROR.; 

II return Writ.Slringlnfo(pSample); 

I 

" /I DwnpStringlnfo 

" II Writ. ""be Ii ...... ' .x' form 

" HRESULT CDurnp\ppulPin::Wri!eSningtnfo(IMcdiaSample ' pSample) 
I 

TCHAR TempScring(2S6].fikSlring[256J; 
PBVTE pbo.ta; 

AM_MEDiA_lYPE "m_MediaType - NULl.; 

/I Rcuie~ media ~ 
II ~kdi.oT)'J'O(.trn_Modi.o~); 
II collSl GUlD SubType - m_MediaTy" . ->""b,,,,,,,; 

IfWr'de doe subl)'I'" IHII 
1/ "",,"DlA;FiJcSaing, """"Sample wbIype RGB565: (%eI)" .«50.:bT)'I'" - MWlASlIBlYPE_RGBS6S)7 
TRUt:: FALSE); 
II m ..,pDump-> WriteString(fileString): 

n Retrie~ doe lime stamps !rom dois sample 

REfERENCE_TIME tStart. !Slop; 
pSample-><JdTjmt(&tStart. .ttStop); 
"U t.a.t - tSIart; 

H Write the --rio time stamps OIIt 

H Display 1M <ned .. tim .. for this sample 

HRESULT bt - pSa"'l'l~cdiaTime(&:tSl3rt. &tStop); 
if(hr - NOERROR){ 

I 

wsprintA;fikString." Stan media time (%s)',<-1>i5p(tStart»; 
m J'Dump-> W rileStriog(FileStrinl,); 
wsprint/{FileStride,. - End medii .ime (%8)" ,CDisp(tStop»; 
m Jlll\Imp->WriIeStri~FileSuing); 
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>
CO 
C • 

n I, Ibis. sync p:Km sample 

Iv - pSampIt->M)'IICf'oiruO; 
... .".-iMf{FiJeSuin&,· S~,.. point (%d)".(hr - S_ OK»; 
m -.PDump->WrikSUing(FileSlring); 

Il ls llIis a pn:roU sample 

hr - pSample->ls.Pr.:rollQ; 
""!'rintf{F'kSlrin&." I'rrn:.III (%d)".(br - S _OK)); 
m ..J'Dump-;> WrikString(Fi leStrin&); 

li b Ihi' • d~ily sample 

Iv - pSampIe->Jsl>IKOIIti""il)(); 
... 'Sprintf{FileStriD&,· Disoonlinui:y (Vod)" ,(hr - S _OK»: 
m ..J'Dump->WriteSaing(FiIeSlring); 

II Write !he K1U&I data lenglll 

LONG 0e.taLenr;tb - pSamplc->GelA.;Iu.I~; 
...."f\.fileSaiDg; Acuw data IctIgth ("Ad)" .DaIaLatgth); 
m J'Dump->WriteSaiDi<FiIeSUi"&>; 

II Does !he Wllj)1e 110"" • Iype: c,*,&e_board 

AM_MEOlA_TYPE ' pMedlaType; 
pSampJe.;>(iet.\!ediaType(&!pMediaType): 
... 'SpIintf{FiIeSlrin&,· Type cbaD&ed (%dr . 

(pMediaType? nmE: FAl.S£); 
... ..J'Dwnp-;>WriteString(FileString); 
~1 .. eMedlaType(pMediaTypc:); 

If Copy the data 10 !he file 

Iv - pSampk->Gecf'ointer(.tpbDala); 
if(FAILED(br» { 

-"" 
/I Write nct1\X1mpietc line OIl! in BYTES _PER_LINES gJ1l11p' 

II fo< (iM 1""1' - n:loop < (Ooul_gth I RYTFS_ PER _1_fNE),~) l 
for (jm Loop - O:Loo!>< (40 1 BYTES PER UNE);Loop++) { 

wsprinl!l;Fi\eSuiag.FJ RST HALF UN E.jibOota( 0 ],pbData] 11.pbDala(2), 
pbo.ut(31.pbDa\a[41~5],pbDMa[61. 
pb~11,ptlData[S~9]); 

l 

~inlfI.T~ns.SF£ONO _HALF _ LINE.pbO .... 1. 1 OJ,pbIloQ( I l j.pbllat>1 12J. 
pbDai:a[ 13 J,pbOala[ 14).pbOataf I S ],pbData/ 16). 

pbO.r.a[ 11j,pbData( 1 S1.pbData( I 9 J); 
Isuuu(FileSUing. TempSUing,); 
m"'pDum;>-'>WTiltS!rin&(FIIeSIrilIi); 
pbDaI3 -too BYTES_PER_UNE; 
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'" o r, 
"
IX: 
;: 
~ 

" • ... 
c: 
c: 
a
c: 
c: 

n:1W1I NOERROR; 

n 
H UumpStringlnfo 
n 
II Write to the file as tn1 fum 
n 
IlRESULT CDumplnputPin::WriteFrameColunuu(tMediaSamplo "pSampIe, int rleld. ... CotNllmb) , 
II TCltAR TempStrmg!2S6),FileSain&/2048); 

PBYTEpbDal.a; . 

HRESUL T hr - pSamplc->GetPoftor{&.pbOa1a); 
if(FAILlill(hr» I 

rerum hr. 

int Y.Cb,Cr. 
int R.,G,8; 
unsig:otd ...... uR,uG,uB; 

fI fur (ioI row - SAMPLE_HElGIiTI2-l; row >- 0 ; TO\"-l! 
fOf(introw - O; row < SAMPLE HEIGIiTI2; rowH)1 

y - «w,)(rbDrdal(2·...;., + (\on,5)(rldd» ' SAMPLE_IVTDTH' 2 ... c"lNumb· 2D>- 16; 
Cb - ({int)(pbOatl(2 ' row ... (k"'8)(field)) ' SAMPU WIDTH'2 " Col)lumb'2 _ 

2' (CQINumb%2) +I)))-t21; -
Cr - «iDt)(pbOa1a[(2' mw ... (lon&l(field) ' SAMPLE_ WIDTH'2 .. ColNumb ' 2 -

2 ' (CoINllmb%2) ... 3lJ) - 128; 

(l\oaI:)Cr»; 

" " n 

R - (int)(255.0'(O.0045662 1 • (Baat)y ~ 0.00625893 • (float)Cr»; 
G _ (mt)(2H n ' (n.OO4V.ti2t • (fIn:d)v. n.oo l noS)? (no..,p_ nOO'lt Ut t • 

8 - (mtXlSS.O"(O.OO4SU2 t • (Iloat)Y • 0.00791071 ' (float)Cb»; 
rgb(,,:, l) - .004~! • tn(:,:, I) ... 006l589~ , in(~:J); 
rgb(:,:.2) - .00456621 • in(:",I ) - .001 Sl6)2 , in(:.:.2) - .003 ISSll • in(~:,3); 
'ib<:.:.l) - .1XHS6621 ' in(:,~ I) ... 00791071 • in(:,:,2); 
uk - (R > 255 1 255:(R < 0 10; R»; 
uG - (0 > 255 ?255:(0 < 0 1 0 : 0»: 
uS - (8:> l5S? 255:(8 < O? O: B»; 

!II. JlDump-> Writc« 1'8 YTE)&uR. Oor>i) I); 
ID ..I'Dump->WriIc:((P8YTE)&uG, {1tx!g) I); 
mJlDump->Writc({PBYTE)&.uB. (kln&)I); 
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Summary of figures 

Dat3basc 
creation 

/, ~ 2 J ;tlo 
Gener-.l te Acquire vidoo 

Synchmni7_e 
Segment and 

synthet ic 
Generate 

and goo-location label goo- relat ional 
sequence~ ( I ) images inforn13tion k)cat iOll data 

lIa lah . database 

4 .. 
Synchroni7.C 

Compute 
synthctic 

sequences (2) images 

5 .. ~omputc 
Synchronizc column of 

sequences (3) .synt~e;:c\ 

'"' J. lOB J. 
Compute 

Synchmniu: column of 

scqucnccs(4) synthet ic 
. , m 
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Data-base creation 
,--.. ---.----._-----------------_ .. -- ... --.---_ .. _- .--------_.-. , ' , , 
, ' , ' 

10 1 
"'\... ~ Acquire Acquire ~Lj _/--

: goo- location in(omulioo ~i dco information : 
, ' 

102 

, ' , ' , ' 

: ................. """ ...................... .............. i 

I ~u 103 Synchr~uenccl\ 

~ 
tinlenl ieo-location dill 

104 '-_...j in single street se~l1\e~lII Gcner~Le synthetic 
and label segments wllh [rna <::s database 
street name and numbers g 

105 

mllge 

Generate rc lal ional data- r 106 
base with inro about ./ 
sheet segments and 

their location 

Fig. 1 
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Acquire video and geo-location 
information 

, 
• • • 201 • 

"- Moun! geo-Iocation • Mount one or more video • • 
ro::ording appar1ltus on • recording devices on • • 

202 

vehicle • vellicle • • • • • 

~ i~ · 
203 

• pnx:edurc inc lude.: 

"- Move vehicle according to • palh 10 be fonowed 

procedure- while recording - maximum speed 

video 

• 
• • • • • 

204 • • Convert video dala into • • 
Converl goo-locat ion data • formal thaI allows · • 

205 
into d igil" numerical formal , , ecess 10 , ingle image 

• • frame data • 
• • • • 

Fig.2 
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Synchronize sequences (1) 
Select suitable landmark in 
video sequence that appears 

301 

in at least tw{) distinc t video 
frames 

Initial ize the lime phase /' 
302 

using cam era time stamp 

~easure distance between the 
two goo-locatioll5 that -' 

303 

correspond to landmark 
crossing 

! 
No , 

Modify time phase 
Distance /' 

5 minimized? 

04 

305 
./ 

y" 

Fig.3 
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Synchronize sequences (2) 
Sclecl sui lablc landmark in 
video sequence !hal appears 
in al leasl 10 distincl video 

r~ 

Measure lime difference T 
in video sequellce belW«lI ./ 
lhe two landmark c rossing 

limes 

I 
For cach poim on geo-localion 

trajcclory fi nd Ille time ofrelUrn t,.(x) 03 
defined as Ihe lime lapse after which lhe 

vehicle would drive through 
same sireel local ion but in opposite 

I 

Find the coordinate x for which / 404 

l,(x) - T 

Fig.4 
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Synchronize sequences (3) 
Hardware solution: 

Time stamp video frame with UTC time in real-time using a 
UTC clock generator 

UTe clock 
generator 

In, ;ystem 
--

LANC port 
RS-232 

Multiplexer 
GPS 

recetver 
RS·232 port 

Video·cao' -ccclcromele 

Computer 

..........•....................... 

Fig.S 
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Synchronize sequences (4) 

Using optical flow to mcasul'(: vehicle 
speed and than register this 

signal with Ihe speed 5ignal «Imputw 
from the seo-Iocation eoordinatcs 

Computc optical flow of 
bollom rows in image sequencc 

provided by one or tile side 
view cameras 

Obtain vehicle tWlg<::ntial ./ 
velocity from "co-loc1Ition 

~adi n" 

I 
Register the two ve locity profi les to 

obtain a ligrunent or singolar poims (l ike 
local minima. maxima or zero 

crossings) 

I 

Read oollhe lime phase between two 
l ignab. 

Fig.6 
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Segment and label geo-Iocation data 
~gmcnt geo-location 2D trajectory 

in elementary SIr:!ight segments ./ dctectmg points of maximum 

70 1 

curvature 

--'-
DcICTTl1ine illu:rscct ioll 

704 
coordinlitci as the points 

where segmcnt orthogonally 

702 

;lIt=t or maximWll 

"' curvature turru; are mad..., 

~ 
Deleonine correspondences 703 

between dctectcd inte~lions 
Dalllb.uc and intersections in third-party 

cOlltaining 81reel Ilu(a 
dalahlsc 

./ I 
Usc information from third-pany 

705 

databasc to label scgments 
ilh street name and number rang 

F ig.7 
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Generate synthetic images database 

For each slrat segment compute 
synthetic images for both sides of 

SO l 

IITc:Ct at uniform distance intervals 
ofS meters. 

I 
pilei each image with segment id 

side o f stree! segmenL aod I-locat ion on 8CgIUCIiL ut which 

802 

imuge was computed 

803 
SLore image on Mlrvcr huru. dri,·c -

Fig.8 

Page 106 of 117 



ol1q onT~ "6'h8~~09 

Compute synthetic images 

Paramelers: 
• L - length in meters eovcrcr.l by 
5yn tb~1ic yicw 
• N - number of oolumliS in synthe tic 
panOnllna 

Compute amy of equid istant 
positions along vehicle trajectory 

centCf'M around Xc 

~ (3ITay ofan:. letr,L --

U5in& the geo-location map 
x - x(I), find for each Iocalion 
x, the corresponding time I;. 

~ (amy of gro-ti"'~DI 

Usc: time phase computed in the 
synchroni'l.lltion step to eonyert 

goo- times to vidoo-times 

(am.y of video·limes) 

For each video litT.c, generate Ihe / 
corresponding colunm array 

of RGB brighmess values 

I (amy of video columns) 

Slack a ll column; side by side 
to ienerale one siugle 

imaie bitmap 

(synthetic image) 
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Generate column of synthetic image (I) 

(video lime I,) 

Find video frame acquired al the 
100 I 

time dosest to t; 

_ ~ (frame index fl: 

Set curren! posilion of video 
1002 

sequence Co frame fl 

.. (frame buffer) 

1003 
Read 0\11 of the frame buffer lhe 

column wilh index i 

(amy 0) 

Fig.1 0 
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Generate column of synthetic image (2) 

d 

Find the 2·N video frames that are 
lOB I 

the closest to time I ; 

i (frume indc~cs ' , f,W) 

Compute dense optical flow 10132 
for euch one of the 2·N 

frames 

I 
IOB3 

Infer the column ofRGB values 
fOT column i at time ~ 

(alTuy ,) 

Fig.] OB 
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Generate relational data-base 

Genennt table where tile i-tn entry 110 1 
contains all the descriptors o f 

$!Tee! sc:gme!ll having 
segmentlD .. i 

j 
(imcrale IIIblc wllcre the i-til. entry 
eontains the coordin.:ltes o fa square 1102 

block oftheeity and a list-of 
all JeS11lcntsID of street segments 

that cross sueh are. 

I 
Generatc table wi th OIlC Clltry for 1[03 
cach synthctic image with lields: r-scgJnenllD, coordinate oflocat iol 

oflne image 011 the segment 
-
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Example of layout of tool for visual exploration of 
geographic areas 

Show current addressl 

Map or location/Cursor 
Inpu t new address 

showing current position! 
Input new location 

Input/See navigation 
directions 

Additional info about objects visualized bclow! 
Hypcrlink to additional information 

Image reproducing current location! 
Input location in image for close up image 

Fig.12 
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Implementation of input location on map 
-'-

1401 Client retrieve$ from server - UlICf clieu on • location info about new IIIrttt r-otl the map scgtnent 

405 

I 
1402 

Location coord inatea arc Client ret rieves from 5Crver 

'- onvetted to gco-coordinate image showing the location r-
and sent 10 scl'V()r having the address input 

406 

by Ihe UseT 

I ~ 

140) A query is run Oil server side 

- 10 fi nd street segment index An the areas shown in fill.12 
C-Ihal is the elosesltO the input are updated with the new info 

1407 

geo-Iocat ion 

j j 

1404 Query result is sent back 10 
elienllogeiher wilh a map 

Oethe inpul localion 

L 

Fig.14 
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Implementation of input navigation directions 
• 

1501 
'--- User clicks on one of All the a~as shown in Iig. 12 .-' 

1505 

enabled di rection bul10ns re updated with tho! new in~ 

I 
150' 

"- Current segment index and 
J1'Oli tion arc modified 

accordingly 

I 

150 '--
f new s~gment is diffc~nt fron 
UlTcnt segment, client retrieve 
from server info about the new 

street scgmcllt 

I 

15 '- CHenl retri evc! from server 
mage showing the new locatiol 

I 

Fig.IS 
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Implementation of selection of close-up image 
+ 

160J 

- User clicks 011 a particular A !>econd graphical window 

location ofsynlhelic image 
is npencd to display the 

clo~e- lip irn3ge 

1605 

I 
160' The relative po~ilion Oil the 

~ 'cglllcnt o f the input locatio! 
is computed 

j 

160: The location Oil the segment 
- of the closest 

c lose-up inlagc is computed 

j 

160· 
The close-up image is retrieved 

from the server 

I 

Fig.1 6 
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Implementation of visualization of info about 
businesses shown in synthetic image 

• Set the ieon properties in 
such a way that the dragging ---- 170) 
of tile moulIC over the ieon 
wi ll Ul"ef the display of 
the avai lable info about 

1701 
that partieulaT bUiincu 

( I 
For e:ach buisness listin!;. 

lfan byperl ink to a web page IiCk:ct those visible 
in the current panorolrnic wilh addit ional info about the busineu 

image being displaye<.l . is available, set Ihe icon propert ies in 
such a way thaI the c lick o f -

1704 

the mouse over the icon will 

1702 

trigger the opening of a new 
Display an icon on lop o f browser and the d isplay of such web 

- image in correspondence to page 
the Iotltion on tile illl~gC that 
stlOw. el ch business address 

I 

Fig.1 7 
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Info stored on client side 

The array of descriptors for the current street segment includes: 
• Street name 
• Side of hub (one ofNonh, South, East, or West) 
• Street segment id 
• End-point coordinates of map segment 
corresponding to current segment 
• Array of segments adjacent to segment origin 
• Array of segments adjacent to segment end 
• Street number offset (even, odd) 
• Array of coordinatt:s of avai lab le 
panoramic views (even, odd) 
• Array of records containing in fo about 
businesses belonging to street segment 
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