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statl~tlc&l Wlmir of uap Mfforam.8 

&la kalfold. l ur~ml of LL, m 

I 
DfdtBl up data lmndr ltmlf to tawntetla8d 

l tatlrtlc~t~ l o8lyrl~ much 11&m on-y other 
cowutmr-tordablo kta 1118. Compar&tlw data 
uralyrlr lm porrlblo whoa two film8 uo prem8nt 
and llnltue~ can k l rtabll&od between #on of 
the Imature tocor4D of th8 two fllmr. bdom 
418ltal UP ill88 contain vmrlow ~hnur01 of 
apatlrl rmletlonm, lncludlnl Waconcy rmlatlon8, 
network pat torn8, and Y&BurmB of porltion and 
dlrtmco. Tblr prpor l rulnor thorr na8urm8 
and their lntrrrctlonr and proporrr memo. 

8t~tl8tleal tool8 for l ttometl~ to&a*8 utchlng 
procodurmr. 

Conflrtlm 11 Lb8 conrolldatlon or morrlna of 
two np ropr888ntatlonr of the 8~8 melon into 
l third comporitr conflatmd up. Imcmntly tha 
Dur~ru of the Cmn8w brr begun conrolldatl~ or 
conflrtlnl pairr of digital up fllor of tha mama 
rollon la order to nanurn and L&prove tbr 
quurlt$y of tbr Duroru’r dltltrt Mpr. A l owne 
mot of I181 tal up8 for tbo m&fro country $8 
klry prorldod by the Unltod St&or 6oolo~ieal 
8urwy for the Burrau of the Cenrur to WI rltb 
ltr mm DflE filmr for coaparrtlvo updrtiw of 
both l eta oftp8. 

In tbr part, l o88urm8 of rlml1arlty and 
Ilffotonc88 of up8. prlurlly of prprr m8p8, 
omre not W8ntltrtlw or even fully qurntlflablo; 
and thl8 llaltrtlon ude t& coaprratlw anrly8ir 
of l rpr qulto rubjmctlrr l ne non-numrrgcrl. 
Oftrn dlfforoneer #nd Ol8crop8nclrr mre wrrly 
enworatod or lirtodt and tbsrr warn no rordlly 
ondrrrtood l ooauro of l a) rlmllarlty or 
l mBne8r . TAB dftitd UP file, on the other 
band, 18 conrldrr~bly more em8nable to atmorfcal 
UB@lf#l8, and it8 forut lnvlter camputorlr~tlon 
of that umlyrlr. 

IIou lt lr not only foarlblo end lnfotutlw to 
qorntlfy and l nalyrr l rp rlmllarltlor and 
dlffmrenc88; It 18 bX80 wrful to fhd and WB 
concretr nwrrlcrl l o88uroe of 8lallrrlty to 
l rtabll8h l trtlrtlcal ovidarm that two up8. or 
pert8 of the two m8p1, l 8 the l mo. 

thlr paper pr888nh mom8 lnltlrl cttrptr at 
qurntlfyln8 map rlnllrrltlor and 4lff8rencrr. 
TAB pap8r outllnor 8ppro8chrr to l nrlyrlr of 
tborr dlfferoncor end l lmll8rltlorr It doar not 
contain l ⌧tanrfvo l aplricrl. jurtlflcrtlon for 
tboro l pprorchrr. TM8 lart l bortcomlng LB duo 
prlurfly to tbo ‘118ltrtlonr of rvrllablr d&t@. 
AltbOu#b th8 Dureru of the Cenrur all1 
l vontu&lly brw to procrrr a lrrgo swbrr of 
8ap palr8 (oror 5,500 7.5 l lnuto qurdrrrylrr), 
Only tbroe dltlt81 d8ta prlrm UBro mado 
l cceamlbl8 to tbm rerrrrch mitt and all tbrw of 
tboro dl8ltrl map p8lr8 tequlrod conrldorrblr 
oditlng before tboy could k tomprred. ?roblow 
mtch a8 dupllcrte btr record8 l d rp8elrl drtr 
forutr hd to k l ddrrrrrd kforo up fmrturm 
comprrlronr could be8ln. Iffectlvr drta 
cX~8rlflertlon wthodr are at111 l volvlng am l 
torult of lnltlal comprrlron l ttvmptr. 

A euto#raphor, la ordmr to compile two YP# 
of the 8-o tmtloa &ad produco a third wu 

maw nanroam +lmral clrmm and eamm tm 
=fbb fmrtarm8 of OM wp to fmrtumr of th 
otherI and, aonvhcmd of a match,. ha extract8 l 
rln8lm fm6ture from the two l p8. After a 
Carto8rWbOr br utcbod fm@furom on the tro 
np8, l rtatlrtlcal analyrlr of thm rawrlcal 
proportfmw of the l atchmd and 8nmatchod 
ferturma may be prrformrd. the re8oltln8 
l naltml8 tlaldr fnformtlon on the rtmrrlcal 
cb&ractorl~tlcr of the cartmgrepbor’r utchln# 
l poratlon or matchln8 l l#orlth. The terultlrU 
l nrlyrlr, ln turn, WY bo mod to tirlvr an 
l utomtlc l tatlrtlcal utchln# prondure, which 
can then replicrtm th cwto8rrpbor’r rerultr 
8nd. thur, more frllt automat8 thr l W 
conflation procorr. 

kwwr of thm ued for mlform procmrrln# 
and l lro boou80 of tha lute number of up 
filer to be proce8md. thr flnml production 
cptw for computerlx8d wtchln8 and wrtlna of 
two YP flier rhould k u fully l utomtod as 
porrl ble. B8vorthoX888, in ordrr to l moems 
vrrioum tul88 for matching, a 8mml-4otomatlc 
l r8tem bar boon lmpImmrntod. A coaputmr 
mprr4tor m8ea thr reml-rutomrtlc wetam to 
rlmulrto Lb8 l ~Cl8lOIPMkl~ of l carto8r8PbBr 
who lur ken @hod to rtcb u many Imaturer 
of tbo two l rpr ~8 ,or#lblm. A computer 
operator worn l color errphlcr morhmtation to 
l oloct and viw utcbor of l treot latorroctlofu 
end matcher of rtrort Wprntr an the pair of 
MPD. 

The ayatn 88 8rl-rutoutlc in that It bar 
ken protram8d to tert Mtchlng criteria and to 
prompt th* owrator. Thur tbo oporrtor needs 
only to vwlfy or affirm propoeod mateboa. Tba 
porrlblm utcbor cre propored by thr m8cblnr 
b@mod on v&rlour prm-protrrmmod crltorla 
rrloctmd by tlrr operator. Thor8 crlterlr lnwlw 
porltlonal end rrlrtlonal chareeterlrtlcr of t?m 
l rp forturer belIt mrtchrd. Color ccroen 
dlrplay,r hrvo frcllltatrd dBClBlOn-•Bklnt 
proceduram; and fnteractlvo rubbrr-8brrt$n8 
rl#orltbmr hrvr rerllmrd tbo WPB, thoroby 
prrmlttln8 vary l ff*ctivr lmrdfrte vlrual 
v8rlflcAtlon of BatChin drci8lon8. tbo mart 
vrlurblr l lmnt of tbr tolor #r@phier/allsnmont 
l ppromb hrr boon the 0488 and l ccur8cy of 
l rrrrrln8 rbrtber or not 6 l rtch ua# mad@ 
correctly. An Ltorrtlvr l atcbln~/all~nmrnt 
procrdur8 brfnlr mrtchrblr p8lrr cloror and 
clorrr togBtb8r and WVOD pair0 which do aOt 
utch fbrth8r and futbar wart. Our lnltl81 
l naly~lr l bou8 that th8ro relrtlw dl8tmeor et0 
rl~lflcmtly dlfforont and wrful In titorminina 
utchar. 

Tblr 8tudy of up rlmllrrltlor end dlfferoncor 
focuror on l troet lnterroctlonm and tholr 
conflgur8tlon and porltlon. In ardor to roducr 
the data rtorue and computatlonbl rmqulrewnt8, 
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tbo intor8oetlon mttmrna war0 c~888lflod by 
tYP@ 0 the typo8 uBro l 8rfgnBd nwrricrl code 
vBluos, and thB dlBtrlbutlonr of vatlow typo8 of 
lntor8octlonr in tha plbne vote l xufnod. tk 
coding of type8 l ttomptad to rofloct 8lmllBritleB 
of typmr throwh 8fBllar coda vB1w8l hoxswr, 
tbr codfry echome toqulr88 l ddltlonal tovlmu. 
l rpeclally with rmrpoct to warno of onr tnr 
to l notbor. A#’ one rould oxpoet, tbr 
fntormoctiorm are not clwtrrod in rp~cr, but mm 
mnorrlly fairly l wnlY dl8trlbutBd In the pluu. 
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tlpra IA. USGS &P of ?art 
of tort Ifyore, Florida 

w.- 

I 1 

?b~ l wrue dfatmc8 from any lnter8~ctlon to 
tt8 ~##tB#t nmf8hbor fnter#ectfdn Of’ tk l m 
mp in lu#m compared to tb l wr&#m owunt of 
dfwtortfon bottom up@; Md thin fut mator 111 
ltoratlw l llanmont approach wry l ffmctlw. 

t?N fOllOV;lbj ff#UrBB l hOU thBt l tooa fnftfti 
illgnmont cm brlw mBrly all utchablr pair8 
into proximity in 8ucb l wry t&t the proxl8lty 
tmlatlon almoat kcowr l l ocrrrary (but mot 
mufflclmnt) condition for Mtcbabi~ftY. 
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tlgurr ID. Street Intornctlon 
Configuration for Sma UaP 

tlgurr 2A. Ovorlry of Ike 
hpr of Fort Wymra, tlorldr 

tlpra 2B. ktcbod and Aligned 
&pa of the S&DO Are@ 
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for ana particular tmrt Up Of Fort mra, VL. 
thm offlcecy of on 8118nmmnt l ppro~ch to 
l rtchlng can be lllurtratmd la t&8 following 
mumary l tBtl8tlc~l dlurur. In 8mnorJ. twa 
typu Of fal#O Ch~BfffC~tfOfU MY OCCW. A YP 
foatur8 uy k 1&8llBd incorrectly a8 Lvln# 0 
match w&n fIbd#Od it dO.8 Wt (frl@O PO@ftiW)l 
or l forture uy k Judged lncorroctly not to 
l mtcb l ny fmrtmro .uhen it lrrr 8 trur match 
(f818. u#atfW). 8BWWB an tteratlw MtchflI@ 
prmcedure fd0ntlffmr w* MtchBr at ouch l tUo, 
and, la #ewml. &em not flu nM-mmtchw am 
#U&I ati1 tbB ffM1 l tUB, fd88 8bO8BtfWB UY 
k oorrmctod et an lntwwdl8tr l tb&e. ?dOO 
l o8ltlvr orrota ore 108r d88lr~bl8 and 2088 
BBnB#BblO tbrn fd88 ~0~8tiV.8 bocrua. l t 110 
point la tb8 iteration procoduro ia tbrm an 
l utomrtlc ur-match capability for oorrmctla8 
fdB8 pOBftiW8. 

Tablo 1 l hou8 the mry l tBtl8tfc8 for thy 
dfBtMCBB bOtw#n lWare#t ~Bf8hbOrD end iOr t& 
dl8tenco8 botuoen oorrm8pondln8 point8 on tb8 
two Port llr8r8 MPB. 

troqwnct Dl8trlbutlon of D;#tenOm@ 

DlatancB Ilumber ul thin Ilumber of ?0lntr 
aMu ~fBtmc8 of ulthln Dl8tuu8 of 

(in motor@) &tcbln# ?mlnt Bowmat lon- 
MtCbfn# ?Ofnt 

nb. diatanc. bOtUO8~ WtMtfrl MtChBD l ftCr 
lnltl8l l llgnmont la on l xcollont tool for 
controlling both typw of l rrora. Dlatanco My 
h8 UDOd for prodlctln# both type8 of error end 
reduclnl ono or tba otbrrr an tbr tort Syerr 
up, for example, if the tbrorbold for Mtcbfn# 
18 8Bt at 20 YtBrC, (thBt 18, (10 a8tCbBB Or. 
l ccoptad anlorr Lb8 candld~t8 pair l rB althln 20 
metaM), tbon tbo warurod probability of mkln# 
l fal8r negatlvm orror la 118, end tbr 
)rob8blllty of l fal#o )o8ltfvo la 1% #y 
docroBBfn# the throrhold, falrr pBBftiwr uy k 
t@dUCBd fur@rrj bouovar the lncrrarr in fblrr 
lbO8rtfWB will roqulre l edltloMl ftBr0tf~B of 
tbr file procoBrl~; bnd thr tbrB#hold BB~ own 
no.0 to ba rmlurd In the final Iteration8 :n 
ordrr to dotmet all MtcboB. 

0 to 5 
5 to 10 

10 to 15 15 to 2D 

20 to 25 
25 to 30 30 to 40 

40 to 50 50 to 60 
60 to 70 
10 to 00 
00 to loo 
100 to 2Do 
200 to 400 

400 me above 

162 
559 

212 132 

70 
:3 

; 

i 

i 

- 

UoM dlrtanc8 R&n88 Std 08~. 

To &tcbln# Point 11.45 112.25 7.15 
To llruwt Wonmatcb 66.65 275.59 25.55 

table 1. CoqBrfBon of DfBt8ncoB to &tcbeB 
and llonnatcbw (After Initial lJl#mBnt) 

the cu~ulrtlvr rmlBtlv8 bfBtO~r~DB below Thr dlrtrnce l o@uurmn abova l bov that 
- nuarjBo the dirtanco from l MtChblB point to mBrrBt neighbor pair8 are l xcollont cmdld8tor 

ltr match end tbo dlatancr Iron 6 l rtcbablr for Mtcblng if otbrr MtCh critorfa tortr l ro 
)olnt to the aaBrB8t mm-match on th, otbBr UP. 0180 DBt. 

tlpro )r. ha&ion of &tehrblr Point8 U~ODB tlpro 3B. PrBctfon of &tc&blr Point8 uh080 
&ttbl~ Point la Ulthln the Indlcrtod DfBtanCB Iorrort JIon-Hatchln# Point la Wltbln tb8 

of the ?olnt IndlcBtod Dlatancr of tbo Point 
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Tbo rmmalndor of the ~nal~ol~ la thi8 peper 
focu8o8 on otbor tmmtr ublcb rtlllro tbo folloulng 
intamr a8axurmx of loco1 eonflaratlon: 

(1) ti . 
numbor of 8trOOtB OmonotiIU from an fntOrBOCtiM 
18 callod t& f&X Of the &CC11 Or fntBr8oCtfon. 
The index wovldor 0 #Ood mawuro M crhlcb to 
match lnt8rnctloIu. if it lr unique or locally 
rnlquo (0.8. tho only lnteraoctlon In tho 
rnl~hborhood ulth sewn l trOBtB cemln# into ft.) 
(2) wr hnct&n of 0 *. The l trmt 
pattorn et a o-toll (tbrt 18, the l mBnrtln8 
ko118) b8 fnfifIit.lY Mny )oBBfbf~ftiO~ for 
l troot dfrmctfonr. In ardor to ‘olmp11fy the 
)o88fbf~ftfm@, tbo number of dfrection8 aoa 
rmducod to 16 and lrtrr 8 ooctorr. the OftAt 
nctorr finally dOCldB0 apon correrpond to 45. 
pie l 1ico8 ln thm prfncfp&l dfroctfona of morth, 
northobat, l BDt, l OUthB8Bt, mouth, 8OUtbWOBt, 
WODt, one northwont. Tbr l treot prttorn jr 
uawd to bovo at Bert ono rtroot In l acb of 
the might l octor8 (#rB thn one l trmot in l ny 
l octor will not be rOfl#ctrd in tbo l pldBr 
function roprorontatlon, but will rmducr the 
ChMCBB for Bakfn# & utch. lowvat, at will wt 
load t0 f@lBB MtCh88). TUB l l8ht meetore in 
countw-cloctul8o ordor are l rol#nod con##cutiw 
bit porltlon8 (from rl8ht to left) In on Cblt 
blnory nuobor, and tbo bit for 8 #lwn Doctor la 
turned on if me only if t&r0 In l l treot in 
that rector, The r88ultln# srubor hro boon 
dO@Crf)tiVBly Mmad the 8pid.r function Of t& 
+CBll. Ulth thin function, l n intogot ktwoan 0 
end 2@-1 doocrlbor the lntorooctlon pottorn of 
tbo D-cell. Tbo blnory nwbor 01010101 hfblcb 
lo tho doclul 65) roprooonto tbo typical ktroot 
north-8outh-aaot-uort lnt8r8octlon, for oxample. 
fntoro8ction prttorno uhlch differ by l power of 
two l o ~c1080~ In on0 of two momtrlc l 0n808: 
olthor on0 prttorn lr ~1881~ l 81~10 l traot, 
but uroor l vor~hOrB l 18o; or odor ono rtroot la 
l hlftmd, Off by l #ffI#1o l BCtOr. DY co~PBrln8 
the fndrx ef 8 D-c811 48 ~811 ON tbo l pldor 
function, tbr Buroou of the Conrur baa 
dOWlOWe l BWrd l f~PiO YIBUrO8 Of tIOBrnOOB Of 
confl&atlon. 

J-84444444443444 

The tmproBontotlma of tbr 8pldmr function 
wluo me b kxrdoclul lnto8or b&a l ddltlonBl 
RICO proportion. It 18 l tWO-df8ft nrPbor; ane 
oath dfait dm8crfboB tbo l traot dlrmctloaal 
kbovlor in l four-88ctor band oon8tltutl~ l 

l 8m!-clrculw rmtlon. A dltlt in the l ocond 
poorltlon d8Bcrlbo8 the 88m8 confl~rBtlon a8 the 
#MO ditlt would in the ffrrt poorftion 8xcopt for 
0 rotation of 180*. 

liprr 4. m800chi me Sector httmrw 
for tpldor tanctlon 

A froquoncy dl8trlbutlon of l pldor function 
vBluo8 for a hop joy bo ortanlxod In l 

l lxtoon-by-rlxtoBn toblo rb080 column8 
corrarpond to aocone (wita) digit v~1w8 -0 
whono row8 corrorpond t0 firat (Or 8fXtOBnB) 
dieit ~88lbf~;tf.m. Ia a bl8hlY arbanlsod l ma, 
for l XMplB, tbo froqurncy of the boxod8clul 
nu8bor 55, roprrrontln8 tho nortb-orrt-ooutb- 
WOBt intBrBOCtiOnB, would be Vary lBr88, end 
Could h8lP dlotlntui#h botuoon urbon and other 
areas. Cloro 8onorolly, tbo frrquancy toblo 
l otobllBhoo l kind of l lgnaturo for tho rtroot 
network! and porto of tbo tablo, l ucb l o the 
di 88onr1, hovo 8pocfol waning. (fho prlnclpol 
dluonol of the toblo lncludo8 th080 lntorBoctlono 
all of wbo~o l troot# contlnuo l trallbt throwb 
the fntorBoctfon.) 

two trblor (on0 for the VS6S mop end on0 for 
tbo DlHE mp) rboul~ tbo dl8trlbutfon of opldor 
function voluoo for all mop lntor8oetlon8 for the 
ii l qurro ml10 Fort t&ore &or are 8lwn klou. 

. 
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Tablee can orlmt UI Inltlbl l mlorator7 data 
ma7aIr of Intrtroctlon prttuw of the uoa. 
On0 ma7 aleo dIrpla7, for l x~plo, in Lb0 piano, 
all of thorn0 IntormoctIon polntr barIn l 
partlcuhr 8pIdor ralw (or a ranro of rolatod 
mpldor valwe) and then procord to 8~~17 mttmrn 
7oco~ItIon technlqwr to the pattern. 

Slnco ttm pattofna tbowrlnr are llnkod to 
@path1 ~orItIon, tlrr tablor aboun &on could 
furtbmr k docom7orod accordIn to l ubarwr or 
l obre8Ionr. Altboufh thr total rumbor of 
ontrlrr uould doerowe, tha fowr ontrlor uould 
t&n rofloct mora l ccur@taly the aolthborbood or 
local chrattrrI*tIcr of tho rtrort mot-r&. 

%bo flturor rhoun below Illurtratr th rprtlrl 
l 8trIbutIon of 8pidrr function valw8. ln tk 

c 

tlgure 6A. USGS IntoraoctIonr *ltb value 15 

tlrrt oot of fi8uror tbm ontlro ruum of valmw 
ua plotted In tbelr SntrrmectIon locatloru. In 
the othor l ot8 only tbore Int~rroctIoar ulth 
partlcuhr function vblwm aro plotted. 

Altbou#h condonrltt8 tha rotwork taforutloa 
at l n Intorroctlon to l rl1~10 rubor ImwItabW 
CaWoI l oD0 lorr of hforDatIon, th r*maltIll8 
p&ttornr land thamrolrrr to many l tandat: 
p&torn recognltlon and analtrIm tochnlmor. 
mombrt of rofotrneor ato rlrtod in tbo 
bIbllo8raphy for rocb l patlal l nal7mIa 
tochniquor. Tbo p&torn dlffrroncor mood to k 
vlrwd not on17 la toru of #tbtl#ticbl UrOt 
mo8*uromontm, but alro in tormr of 8rommtrIe 
rolrtlonr of rlmilarlty rhrod b mbrot* of tbm 
mpldrr function vbluor (mom oxamplor in toforonw 
by Roron and Larlfold). 

d 

PIpro 68. Conrus Intorroctlons rlth Valw 15 
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tI8uro 7A. 0150 IntorroctIoM with Umxadmetul 
Valumm 15, 51, 45, &nd 54 (T’r) 

An l nmlymIm of dlmtancor botrmon mrtcbIn8 
and aon8rtchIng l &P fmrturmm IndIcrtom that 
norrnmrm 8oamurmm can and l bould plm7 l Lo7 
rolo In l utommtod map metchin routInem. A 

furthrr link bmtuomn computmr cmrto8raphy and 
l prtlml l trtImtIerl l mlymfm Is provldmd by w 
!ntOtSr-VSlUOd function doffnod on l mp 
IntermoctIon polntm. ?rrlInlnmr~ l xplormtort 
work to l tudy propmrtfor of thin funCt!On b&S 
bm#un with 1Imitod drta tosourcom; rnd the 
approach rmrd In thrt uork bar kmn outllnrd 
hero. Tbr nrxt rtm8r In the rmmmrrch will 
Lnvolvm tbo bpplIcrtIon of prttorn rocoanItIon 
tmchnIquom to l ttmmpt fully l utomrtod map 
utcbin#. 

Tbm author wlmhrr to cite tbr Outmtmndin8 
computmr 8rrphicm l upport providmd throuthout 
thfr tomorrch work by huroon Lynch of tbo 
StrtImtIcrl Rrmmrrch DIvImIon of the Conmum 
#wow. 

6rfffIn, ?., and Il. Uhlto, 1995, ~?fmcrw~mm 
ifnorr Rubbrr-short @Imp Trbnrformrtfonm,g m 

m* 

Lynch, 1. ?., and A. Srrlfold, 1985, 
-Conflrtlon: Automated flop Coxpilrtlon-A Vldoo 
Cur Approrch,~ AUTOCARTO 1 Proeoodln8m. 

PI8uro 79. Eonmw IntorrmetImnm wltb 
ilmudocIul Vdwm 15, 51, 4% end 54 

?avlfdim. T., 1982, St Ctrvbicr 
&are ?rocrrmfpL, Computmr Sclmnco Prmmm, 
RockvIllm, MD. 

RIplay, B.D., 1901, m, John 
Wloy, IImw York, NY. _' 

Romon, D., and A. Smmlfold, 1985, ~Ilmtchlnt 
Crltorlm for Autoartlc A1i8nmont,e AUTOCARTO 
7 Procoodlngm. 

Smrlfmld. A.. 1985, l CompmrImon and 
ConmolIdrtIon of DI8ltal Dmtrbrmom Umlnt 
Intorrctlvr Computmr CrrphIcm,” Cmnrum/SRD/ 
Rmmm~rch Rmport Wumbmr W-11, WamhIn8ton, DC. 

krra, J., 19B2, vim and v 
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