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a Col:· · s ·'.c.n Po n ~ .. Each transacti n i 
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;, :.e quE=u..... co.Llec t s in fo rL'"' t~ .... ~ o·1 t1 Le < .. ngl := 

q_u.e.u c , _Lle ~ts i.r formation on all la.n s in Q s~nole .irec~.-io t of appr ac.h 

Th·· t: J , n act i n continues or. to t e deri i or poi~1t .. -a ci it_r T.·l "'re 

s~.ver,;:;1 def'is:Lor .. s must be iup1emented.. Statis ,_icc:_l data 1ill be 

co J ... e .te( p r .' o,~ t ··:he · ra .sacti r v s e11- '-:y 'nto ~-·he collis ion po i nt 

f,t...1•'"'il :' ·-y ... Tte t·-ansact · on is finally- ·Lerminat.c.d after leav .. · ng the 

e:oll's.:on point~ 
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. his ii ·_:ex. ec ion wa.o.:o select _d bee s of · __ s 

ex _traffic pa~ tern 5 beca .:..e it i s in a 1\re_ll <nJ. 

o f +-hp -- co.·· a.r a , and be.cause it has bee_l of i nteres t to local - ffi( 

en gin ·;eJ:s 

2 .. 1 

The :· · n t · on is situa -ed in the ctty of Orlando ~ Florida, and 

in:"' ..~..udes 

c' . j 

r . ) ,f' , . ........ 

llo r ..... 1g , __ h racteris t .. _c.s: 

P ·eti ~d s~gnals 

Hn ti_l as z ope. Qtion of s·gnals i ncluding separate 

lef~ tuLiL phases 

Fig re :\ sho\v· ... ~ a .:· implifie- layout of the selected a rea, t ~e 

.-r ·o_.- ing . f Bt ,i_ y A enue wi ~h Colonia _ Dri re (State Hi ghv1ay 50) . The 

- i ~~ is lo~a d at he b y · northt-~st corner of a shopping ~ent P ~ . Ttere 

a: , s.J.tog ..:the.. ~ 3 app ·oac J an-s ::>)' l ':' of wh:Lch are restr1ctea to left 

imited ~7J_ ~h r spec 

rt·on ent f -.c t e var.:ous signal . ~ ghts: 

IJr: t 

s ~ (:. ) d 
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EE- East to -East 
~ Eaet to No.t~ 
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~eq · red :i 1 Oi. ~ ( r 

m1.na... a.b 1 · r vg ram 

u t r: -as n ab ~ . uti a hopei:" · 1., ncgligille 

·c'' e~ r:i.men.t ~...o s 1red c urac of · results. Th~ goa l ~as t' formtl~te 

a ~tno el ·v;h i ch · 

I ehavio: of · h _ t- ~ff "~ s~s - ~, yet wo'ld ot penal · ze ·the user ··l th 

u 1re....-1.sonab~.y e"" cessi·\ e computational and programming times .. 

( a ) Pit.Lout any exr·eptton dr_;_·e!:s -are ~ ob e ..:.no- th~ - -a~ fi c 
·' L? 

regula-ions w 1ch a st6ppitg at a red l1ght, proceeding on reeL, 

.... . :rni"1~g l eft .r.: ~om a desi.gG ate _ left turn lan ~, "nd g_~_ving pr.; :ci::y to 

affic: .. 

"'T e.h ic.lec. P e r 
.L 

bet~ ~e1 ""rehicl ~ o is uniform .. 

In a wai -ing l ine~ tbe s acj 1g 

(cl ·r;ehiclPs do no~·: experience. malf\ nctions . Emerger:cy oituations 

d) Uniform acc.eleration and decelerations rates for all veh1c -~; 

( e_ , r h e time p ~riod assigl 2?. to the yell ov.J ~an1ing light is 

con idered as rdrt f th2 ~reen -go) ycle. 

Left t1 Aning vehi ~les vi .. 1 req· ire t1 e sam· amo· ·f ti!Ie 

t(; c l=:~ar i:'lr.?. i .1tersec+-.io as .... t:..ai.~~h _-t ~r . t gl movements .. 

(g/ -~rt .,~ ... e_tJ n treated a a isolat d a1ea) alt~ c1:gh ·h·· is 

due to t 1Le pro x i m· te lo .. ali ty o · -: . .:.fg' ~ o ::-ing 

(h) D ~- n ,_n -·a ce o d 



Th :·_ ... .. con _-=:ro. s th .. ': · _Je ---e uir .cl fo -:_ t .he f i s t 

11 C:~ ~ dway be-tee~ su.:.c-~;:.:i·e veh ' cJes i lin they enter the i1t:rse~tic . ~ 

·ec::tv·' ng of v .hirles bet\ een lanc.s . 

(ic) ~o ped :s .:r-1 ans o 

2 .. 3 o f P_er:formance 

1''1 ~. e·; ine.er · that -Jan ' t · i1npr re a e· is t i .ng t affic ir teroec.tion 

or l. o c:t-Fl ~-ruct a r.e .o es s . ouli .s.e1.ect iv.ell-defiue.d J.uan t i ta i e 

"( axds ·icks on whi cl t..O ·· :>ase the design. Definit ions arc needed f or t he 

rumexi cal mea.sures of perforlill!~nce re need.o t o gi"\re a quo ·Jt:.itative 

uc _11 the conges '-ion is red cecL Th.~ec- such ,y~asure ;:: 

(~) TI P average travel time f o r a vclic~e i n the intersectio ~ 

a. rea .. 

( .>) Th E:. average backup (queue length) 

r c) Th.e max:.:.mum backup , 

·rz·avel t :Lm~::! is t 1e total e-lapsed ime of t r avel:. i eluding tops 

; rd. drJ.ays- n ·!:c.e --- sary fo _ a v h'c.le to travel from one point to a nothe-r 

o v;;... ·r- .::~ s r;if ·_ed route an nder e is ' in traffic c ndit"ons. ~ongesrion 

1"'~ 
l :1y may be. evaluat e d L. ---mea1:::. of t.,..avel ti e data . ·~ . The trav .1 

ti n~ dat~ in c ~1t'es stopped ~· e de ay cime losses due to dee leration nd 

• ·n 
.:. • ~l ' e l l as t e normal ·- - v e j_ ti )e ( vi t \ouL delays; . 



Eaca c [ the : re~ asure ~& 1 be ob t~i~ed for indiv"durl lr, es, 

f)r t e ni-i -. system() -~ThE.. .st ... t _d for t-he er t-: r ..,ystem, hey J..o ide 

a meas·1re of t ... o combined, overall effecti rer esc The meas r s a:e 

re~redented by n ~rical values ~ These Jill alloq inters ectio per. o ma.ce 

t o be s t- ate,.:t ir_ quanti a t 11e ·.erms and ~ ill ser Je to p~ vide the factual 

da,_a needed to e.ral ua.t e t he ope1at- io o- the inte.rsec~:~.~ .. c1 , 

T 1 ~ ocL-.. 1 is composed. of the folfo· i n.g :naj or :: eg~ ents : 

.5 Arr . va: s £rom North., 

4 ~ Ar~7i ral.s f r m Sou h,. 

B .. Cont1cl liph~ timi.ng o 

C. Heaiw~ fup c~ion clocks. 

1. Eac.' t ~0 East functi r.n .. 

"• East 
. _, 

fur .. C tio.n ,£.., to Nort. 

3~ West ·o Te .;:, t un."'tion., 

4. 1-J~.'"' t t n u'11Jtt fu .. ction~ 

~'o ·u. ·- '\ 1 t J So ! _h function. 

6. 

( -

:..gmen : b 
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1" 

utio s,. oul · 

a~e:JUa ~e ppr ~-:itr.ati.o fo · this otU 'j for the CRS of 1· g 1t to edlum 

traf :c:LL. flo~ of le0s than 50~ v~~icl s er hou~ p c· lane~ T1e e onent~a. 

fm1c ~.- io11 has the a.dva1 tage of being a singl d:' stri'-·utior funn tione Fo · 

siwulc ti n . - i he'" vehicle flow r tes a ~uggt.-s'ted m di.iic.at:· on to the 

e:r;:-p o t.-L.t ." a l g 1 dio ·- i but ~o f u.t"lCti n \• ou 1, :... equir·.~ .:.he uc.; _ 

dis tribution __ J..ltlC t iOJ..lS n The use - f t~ e gamma pr6babi ~ ity c i on h--s 

also 1 =>e~n s ug gE.s .... e.d . 

In th e vicin ..: t.y of an i.nt (:.arsection, road users must adj ·~-St- .. _ e.ir 

s peed t o a~.ro i --1 colliQion ~11th each · other. In the intersection are ~ the 

road u- r !lla'f v.;arot to transfe·. fr'"m his o .l.ginal · oute .o ... no l e r rout e 

.~£ if .:e ing ·! • ·.\.·ection, or .1. ~ ma. J e_d t o eros" the ~ aths f extraneous 

t:ra.tfic s t ·"eams \vhich f1ow between himself and his de::;tin& ion The 

roa d use~ ma) ther-efo o find it necessary to (a) di erge from, (b) ergt:· 

~"i t~1 , or (c) cross the paths of othe 1oad users. ·when such di rging~ 

merging~ o:r crossing occur s) t here exi .sts potential confl i ct betw on tJo 

_ or . rore r oad users . 

In the intersect· on mode_ of rhj,s rep or ~ diverg:in5 r:raff::. ···· cc:u s 

.fit }·h e ..:~D !-)_anc.e ir to th:1 pe e• -:.·1 left lan . S see 1?i<!i\! e 5 e 1 these 

pCi l. r.~· ts a ar: ~11::J._;7 pro .. e .... d · e- :i. th. ~-.;. r of t.-;o ~ irecti ns ; s traig t ahea 

or itJ.C o ..... ·.e ·;_eft l ane, If ~ it er f these 1 a s cor taln d veltl ... l 

!J ~ ...;ot. r ce o f: r·o:u·· __ :·ct~ since he re.hicl a· t_Ia~ poinL .ollld l; ock a __ l 
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Ll 

.J.l. tU .. ion~ Lhe ofiDUl t ion mode-l Vil- therefore blo (. '·he f lo ol 

(>r v - ~ lcles -.t t1· e d · · ergir.g poin _: rhe a ehicle occupi _s Lhat poin . 

Fox- mer:· .. ing ard crossing J: r ·~.ci."c, col_t io1 po"1Ls an be defin-d 

a•· t_;_o ·e. po~nt .... in he : 1tersection area 1 1e'I:-e ·ehicle s \vould ... ollidP 

if mar_ than ono arrired at tle same time. igu1e 5 no~s the te 

oll' s "o pits in ~he four- ay i1tersecti n nder studj. Figur 3 S 6 a nd 

7 bl-··· the _o · lisior points in the East We t and t,.e orth-Sout.h axis!' 

resp ._c.c:vely. In th simulation model each collisi. n. poin is 1:-es _ric e 

to occupatio- by a single v~hicle at any given time~ ~ .11e collic-io 1 

points are r:e)..:.esented by GPSS facilitias . 

2. q Cr .· tical Gaps 

~ . hqs en obse ve 1 

tba~ i a cro sing a gap or lag 
, 

mus~. ,Jc~st in --he traffic stream being eros ed :vo sj ' uations \ 1i 1 oc ~ :;: 

in the r_pxese. t.::d : .1tersect1c (a) veh · cles in ·; e _eft lane must r"'ross 

tl path of en _ tr affi : > ar.~.d :ln COl'L"cque "'e: (b 1 oncoming or s t _a· g1 _ 

-I~ rough {-ra =fi., must c oss the pa.th of l eft turning vehicl s. 

A study of opposed left ~u n c·oss1ngs at a urb n in+erscctio1 

_[ '~: "' L..d tha deJa: ed lef tu _ ing rivers refu · ed all gap ess than 3~75 

s•:loc.o .. d.s a1]d acc~pted 1~ gap.... .£ lj . • 75 or gre· ter . The median. tvas 4 ~ 2:) 

study r. ·r-1 t s ho T th de ay esul j_ng t thP oppo -. i ng 

.-t 
• .1. '-· repo ~ t p~ •. its che ana l yc to select criLJce l 

;_:a;-':: -· r:, .,.. each o - ... he above s i tuation~. He rJ.! ~ ~~ , if -~ e ~\.;s i ..... es ; 

' ··· l ! .for e a h i r. i 1. ... ~ <;.1 t a f f _ .. c. j_ 8 r~ e . e .. l c s , ... 1 

T 
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poi __ · .s ., n t..;:.l 1 g-.-. -.} l' s ·--'•::! • 1 I .. a..L. t:o or g r ;2.a t. ·'- than t e 

2 ./J is :r o P ~ J.ts 

At p , ~ · .. ts '"'f de ·~ is ion o whot 1er - r .. ot to oceed ( immediat.ly 

·nt r sect ion) ~ t .. !.e 7 ···-o d ter: :i.ne (A) :L t 

thL s·' gn 1 is green>- an (B) w·hE:ther he de t eets ar acceptable gap in 

Tie drivpr rill no a l_ procee only ~ith concurrent 

~ . · ·.-.-_; ~L~ lliLa ..l..: r ••. ··A".:::p_l.l"es .J-n · bo ·~.h . f\.'A '/) arJa" (B)o Ir ddJ..._l.•·on b· ct d'e j"' ~ ...... .... ._ .... L ~ -~ " • 1. 1. ; .. e ruu.~ r .ce .etuL 

prio .. _ to h. ' pass ...,ge -D_ro ugh the in ersecti ll if either condition is 

shor ly thereafter. At dec:ivion 

oin" s -el ..:-e e.n t pd -by GP$S faci lities !i. a c nstant time -Factor is added 

order to account fo tb.e deceleration t ii.r~e 

los 1 .. T1--.:e l··oJ. pt·.t-er m del is d .tailed i· Ssctio 3 1., 

.. .18 
Gr·:l enah1e t ds e,~., a..L were conce ~ ne ~vi _h meacouring the time 

re-rJ.:i . .... :d f or tb.e. first vehic .. e to enter he i te sectic:1n after the l i ht 

tu r:cu:~d greer ~· anl: wi .:-h the h ead\"'ay b etPeen s u cess tve vehicles in line as 

.hev e .. t :ted t 1- e i ter ..... e ctior, The recults ob -ained from passenger ,..ars 

:..: .t: JJrl .r :i_n t :~ ::c~- j_on in Ha rLford, Conne c t ic 1t, re a.::J follo1t~s: 

:Fi·•~ ct ca r! 3.P. sec, to ~-. nte~.: af ter light tULUS gree 

8er;"1nd car: ..,• . 1 ec aft~-· fi:-st car; 

I } . r<~ ~a1 
. 2 7 se aftet se~ r TLd car ; 

" . 
]?o .:.rt1 car: Lo4 s~.) ... after chird car; 

r·i :~tt Ct:tl.! 2 . 2 sec aft r to·.1r th car ; 

c;:)r~ ?.~l :.~ec af .... e i£th c--r . 



-· 
'1.. 1 ve .!.c . _s n he: 

y v-as o 1. ducte :~n 19 !., a a a t· ,.,_ .. . -t·ud -r ·• Q60 · 
. ...:; ·- ~ ' ..L~ ' 

h nti: an , t: l l .es of t " A fi r s t rehicl and the s u <.- c e.s s ive _ad~.,ay·"" ,f: the 

Ter e. 1 ss than ' 1 the -=.a 1 .e _ s tucl.y,. but ·.hE.. mi·1imu 1 

v~ 1 e to · ~hie h e c·dt.Jayc, "Oilverge f a pr o · __ a t e ly· ? ... s s c.ond 

. -

~ arne ~n 1Lth 0 tlrljes .- · 

T·1 -: -~ r :. re r !::nd -,y 1 ... 1· cl perr'"'ormar ce d..,ta a ,., m r 1 b th d.· __ _ - ..... v .L · - . _l - r --o.. - ::i ~eaSU eC. Y c.-es ... U:-t. eS 

- ate a t '\~hi h ca:rs ay move 

h an in · . - s ~ c ·L ~ nc Th- .ompute-- m.)del accounts for these obser 

ra1-i ons b . ., ~..ll _n ; _" ng re l icles to depa 4 t the decision pail t blocks at rat. 3 

to f nd 1n the s~uri s. A specia 1 headway f ncti n as :g1s 

~ d!:.l :r t .:J e · t ; ve l:i · cle at a declsJ.on o1.nt ) · c 1ch t -.. a t vet- cle 

ad r--... n ce thrt- .g - t _ . rl.ecisio- noint iD accordance w-i h that- hea vay 

f•1n ct:i n . _ igu1 8 il ustrates Lhe 1 ead\.Jay funct.:.on usei in- tl e model. 

L~ fu ' t < 0 usee C0 11nte.c for i s indepe.nden t var-·_ab l r.= ~ The 

t r l. ~ s -... a 1 ·e i~ incremen ed by one a t each basi ... time. intet"' 7a1' but is 

"J. -.: et t z .ro \-,Th .n both c ditions for pro eeding beco _ GO (gr e e·.:-, 

L.:aff i c l~. g· t:; a: acceptable gap detecte it ta ~pus: g traffic) , at 

'Arhi . . t ;_j e t ... e f i :._s t ve~ icle i r l1 is fr_ e to proceed~ Tt is t h 

char p,iL.g o .. t f om NO- GO o GO that t..r gge rs t~ e ·re s et ~.-ing o _ t .1e 

t :.l ., ~""' ~__ . te and t h ese opera 1·e i .d :~pend en · ly of ·. :,o qo a~ ... i . t1Sd to 

'}' s ..... n _<:u ce a n- e ad ay time. · ·1· ~ h ~-> · ll x· · 1 ru · ~.lo' abJ_ ~-- t .:.s 

Sl1 ap .t..r -t:o '-'l cc - '"-:s..' · e eh:L ~l.!b i n · .:.n . o 
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(tJ-- ·e Hi.c) i 1 e .' en t ly ap ear ga s_ ~ n e raffi . s ~ream a d _h -aiting 

.'.ine an:t t._ e q e .1 ay pe ~ io - ~fca ~~y mp ·-y., I 1 that evP t ~ +-he tor going 

J.ll t e 

... apply-f. a 1 

= 1u · 1: detect 'lY ga· ediate ·.v pr ..... c ding a y indiv ' d,_ a vehic .e 

, i ) \-. 

o~,m d_"tectio _ of tr vel~ a 

1 e traff:tc l1gn is g een ; 

-~£ co "'-f(-fonu A\ rB · d _ 1 , .._ J , an _ 

(B) an aCCeptable gap O '" C 

--;~rem -.; a.n d 

( ·-·) h ::lr _ a l s o occurs . gap :i.n t~ e traf i c s ·-:earn 

directly e e edi. 1g the vehic "~ e of interest i ... 

+- be same lan .. nd d_~_re r · tio 1 1 which t e ,:.. h.icle 

' r.- ve .. ;:); 

~ 01 t ~e - ~hicl~ wil~ not be delaved in accordance with the head q~-

fun ti ·1:._ but \IT '1_ ins t ~ad be free to proceed t o the next facilit , he 

is implom.e .. ~.--- _d cat be four·d ,.. - . ") .., 
..:>eC£ 1 0 n ...Jc , 

of ~ou segmen~s: 

\ ~ Flow of e icles 

Bq c _L trol of Traffic Lights 

C c~n r J. of Hea.d "ay 11' nnct~on Cot..nt rs 

L.. ,.~t Lt~c1 of Sim·1lation Run T. .. e .gths 

.1 

gen s. The bas~c unit o f s _t la -1on rimP ~-

?\ .~ . s e l cti 1n ' £ 0 5 seccnds is co. s · st t ,lith t~ 



rep.r~:'S :: ._ tf :~:-on o ~: _be v .: J • cl ~ fJ.o r intera.,t' ons .. 

r-s~on of the source. r ~ og:Lmn resides ·-n 6 32 p1 u .hed 

~0rds (J .~~ludilg co rr J ~! t cards . The rpu r n time for simu ating 7.0 

V --r·~~ a 'J"_-:-!.'.-. ~ 8 uariaolec:: ~ "'L3 n A. 17 '"i ' "bl 22 1;;1 ·] ~ , • 
·- - I v - ~ - ·- .. orage reas !> ~a ew" - J. a !_) __ l • :l.es' 

8 Sa· ·evalues s ll. L gic ·witches and 7 Que, es For a table of program 

syn.bc 1 definitions, ....- Appendix A. App.~ndix has the prog~am l~stings 

Fig .rc 9 sho\.JS a flo\4] diagram of Pro 6 r m Seg ent A. In this 

·-- egm;~nt 5 eac tr nsacti n represents a · ehicle ~ Transactio .c are 

generate at specified 1.ates$ '~hie" _ are modified by exponential functions" 

G~ne?ation 1~ initiated separately for each of the fo·~ directions of 

ap: roach - .e~ .. t ~ East , North !i and South~ Diverg ·ag points are represented 

,_y gate blocks , ane by storage a reas, decision po·n.ts and co~li"'ion 

points by_ fa cilities After a transact i on leaves a collisi n poi!t, it is 

of no £- ther interest to ~_he user, and is at t _,., 1~ poin · : emo- ed from 

the mo e1 

t. ~ a~. sac .lon ~rill utilize parameters l th oug 4 as ollo s: 

. . LUE A~' IG ED CORDil G TO 

.l 

t~ . us of d ~Cl.'"' ion oit t ·-=a ili ·y l ' useu_1 
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P :came t r 1 is s .! tl as ig1 -nt of nicle ... vario1 " lat e s ~ 

Pen. m_ter 2 -r us _d. in e'" :.t ·r g t te £lao-s ·n e dec's i n poi_t l ogic 

( s :.f:. Deci · . o~ Point Mudel > sec .... i on "" 1 .. L.) ·• ·oar a et rs 3 and 4· are a ~ so 

ti...: .d 1 11 he d _·c ·_sior:. l ogi, as ex 1.ai ed in 

Fi - re 0 ··.s a d tailed flo\.J diagram _ r m Program Segm~nt A 

s hct-:jr · a t nR · ctio ~ ~ . progres3 thr YUg 1 a s n.gle lane 0 The flv\-V of the 

transc c~ . ..!' n :t'"' ~ - a c ed :rom s t.~~rt to fini sh. The diagram .' s rep- esentat1 re. 

of the u.sual cvue ce of eventc f o .L a vehi-cle t la uaction \• h1ch arr ive 

f r ov a s pecifie "' .' rec io of apprcacn ~ o r oceedc t .. _roug! , l ane storr1ge 

area; dec.is · o·1 poir_ · facil." y, a n a e ) _J.. • sio1~ oint f acil .:.ty. 

Th A t raff · c lane mode·· i illustrated in .h=. block d:Lagram of 

F'gure 1 ., :· tho1.: gh the d agr am st o vs the i lo - eq·u ence spec A f _i_cally 

through Lan::l J!:l t:1e s me c·e u . ce a·,plie.s ·o all lanes ., If the storage 

l S not ft _ ~ ansa tion ay enter the ENTE0 b·ock . It then proceeds 

The 1ela·r t ime i~ s et to 9 c lock units bec ause of a equirement f o r 

Decision P :Lnt 8 to b lo cl- a t1:ansac i on until Lane 3 is empty . The L~ . 5 

second -a ue co1respondv to th"~ ac~eptable gap described in SecL.io 2 . . 

J.Je. ~--_ ·J 1. 1 a \ ing the ·-' lANCE blo :ks. t e present s~c.tus of Fa.ci .ity 

DPTJ is .::1!=; ::;j gned to' P ran .. et~~r 3 .. T~. is valuP i zero rh en t·~le faeility i 

available ; O Lhe .. _._so .l-. l'=' o ,e. T e value f Pa.,...run ter 3 \ 'ill e used 

n. t!··:... dec.i.sicr~ p int .Log .~c 

·Fi1a1: .. , ':1e tra . ·act~'"i.J is s · .c: <1 ~y }~'acility DPT3 before leaving 

h · 1 up b etwe n 111 £3 and 

D.T3 
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De] a~ . 5 secon ... : 

Pa ~ame er 3 assigne i 
stat1 c of n _ci s "on 
f o1 ·nt r.-acl· ~L" t 
.. l~ - - .!.. .J 
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Leave Lane 3 

r. arameter 4 a signed oca :.us 
of Bool :..an Va·r · ahle 

Deceler t e i ·~ necessary 

Halt · Bool an Variable 
equals 1 

D'"' lay according to 
H adway Function, if 

equired .. 

Depart from Decision 
P in 3 

Construct frequency tabl 
fo-r Lane 3 tra e _ time 

EQUE contained all 
transactions arriving fro 
·tJest 

QUE03 contained all trans
a tions through Lane 3 

r· c n. _· n \ ec ) 



G) 
t. 
I 

\- -

--I 

CPT_2_' __ j 

----->:f-.----------, 

~~;s~ rr Tj' 

.. 

\ . .. _.,_- _.L _.~.:.~·--~-_, ___ z_,_K __ 2_:._RLS.2 1 --.. ... ~-~------/ l 
'\.'! I! 

~~.DVANCE - _\'£... 2 :-1 I 

~RL~_ ~ _-- ~---· -- -~U 
~~~~;~-~---- CP . J 1-
L·---------v-----·---~-J 

,r-
/ rE T E 

\...__,. ____ ·~--
t ,-----·-

( TERMINATE I 

-----~-~---/ 

F:!.g ~ 0-~- (con t.: ~ n 11 d) 

34 

EnLel.· Col..~..isi n Po·H·~ ., 
_a c-·lity 

Dela- 1 :--e ond 

1o .... e delav · needed ·· f 
• • . .. J • . 

vehicle did not ome 
from J..~a Le 3 

Delay 1 sec.ond 

Depar t from Collisio 
oint 3 

n.t ncb to terminate 
block if veh i cle did 

ome from Lane 3 
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Ent _r Lane 3 

'. 'ransaction r emains he e for 
_ -..lock u it::; 

Ass·gn prese,t status of 
D ci ion P int 3 facility 
to Parame ~e.:.. 3 

Enter Decision Point 3 
facility 

Depart from Lane 3 storage area 

·~g . 1. -Traffic Lan . -o, el 
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T1e blo ( diag~aw ~n F'gur~ - 12 · i·lustra~es th GPSS model of the 

, .~ c:· ~·on ) l int The diagra-m shovl- '·he flo v of t ransa tions tl ·o 
6

.1 

De. cis ·.o :1 Po~n 3 Ho"t~ev rs ·rhe '-h. r tuelv d c~ s io . . po ints . se ... e s.:11 e 

ty-e o f log.;c_ and any of th em cou1d 1 av b.eeL. -selec:. t ed f c t h i s 

i ll ': rat · uno 

li'o · ... o.;_:_ng the e ·y i nto Hacilit DPT3 a1 d the d E._pa r t;.u r e [ -_ , t -L:. 

L ~E ~ r:- nrage aree: Parameter 4 f ea ch tran saction is a igned the ·· alt e 

of Bool-.· n Var i able GOEE . Th.i...., variable equa l s fo _ a .0- GO condi t io 

~ .. 1 l ' f r a· GO condition NGO -~.E · s defined i. the ~ rogr am as 

t~G JEE B. RIABLE · LR$EEI.TE + LS$FLAG2 

~i 1 me .s th et NGOEE e1u lq 1 ( ie e. NO- GO) if e ither . Logic Switch 

.:!: :r l.'E (East -~o.::: · · Light) i s reset -i~e. :c_d l ight ) . OJ. Logic S-,vi tch F .. G2 

:ts se ~ AG2 :ls set whe ever a · c.h icle f r om Lane R is crossing 

th o ·tg'. the inter sect ion 

The nex: blo 1 , a 1 _ ADV.ANCE blo .k delay s the transaction tb e 

amou L- of clock its i ndicate,. by var · able DECEE. Tbic variable 

equal: z o i f no decel eration ·s requiredc 

·.Ll e TES'.~ bloc d .ter.m.:..nes w eth e ... the transca : lon cr1n proci=led r 

'N'1 .!tl t .r iL needs to e blocked e1 -h er bec a se of a red l ; ::.h t or e .:a ·sc 

o_ ar ~1 a ··.c --ptable gap 111 the opposing traffi'"'. If Boole an Va1 i ab e 

NG( EE equals ze-.r · the tr .. n ca · -ion coat · nues to th h e x bloc1 • 

~~~-1 . n~~ = block another ADV ilir E blo __ , -- y or ma_r .. ot Je1ay t: e 

t-rans .. c - · o , de •en in o · he ~L e't" the o .l?(tD Variab l BVHD .J e a · s 1 o·. 0. 

' ~lD "' is d e ·:: · Led s 

B l I ,; 
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I 1 ~EJ.ZE 
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L_ ______ I; DPT\ 
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I 

LEA E 

L __ _ 

f 

I
' A.DV.l\.NvE I 

-... $nne i'E 
L __ T __ _j 

~ADVANCE 
I BV$BVHL :l ( 

:"HD ·E· 

.. 3 7 

oint: 

Depar · fr J.,ane. 3 sto.:age a: ea 

Asslg to Faram.ter ~ he val'e 
of t~e Boolean variable 

Delay ~e ra saction if 
enelera ' 01 rLquired , 

alt. he transac· ion tf · h e 
_oo · ean Variable equals o .~ 

Dela· t} e t rsaction a~co. it g 
He~dwa :'uct"'on i.t: re 

a iable equal 'ns 
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that P:r ame..: ~. 3 eqt als· zero in .icates a. gap -·n the t:'l..affic stream 

directly prec.oding tb, VPhicle s in he same la.ne and di e.ction in v,1hich 

··the lehic 1 _ Lrav ls ; J\ · ga}. ···n the veb'c.le~s o\·m direc-:..rn of avel 1 a s 

that the Heac ;ra Fu c: tion ;l Function _ill ·TEE, ill r ot: be t sed in the lr gic. , 

If. P·:tra e.ter 4 equals . one~ the vehicle .. as . had .o dece1 rate,_ and the 

H- dv7ay I~unerio 'l 1ust sti" 1 be usedv In an·:r case, if B 1'HDW equals ore, 

tl .e rel icle ::..s de ayed. an amount of ~.-ime , equal to F $HD\. EE" 

The J as ... bloc· in. _he model r .leases .le t.~ansaction from the 

decis_, on point ·-=acility. 

Progr:m Segment B .cont·· ols· the timin0 of the 8 logic switcb.ev ·ha'-

:eprasent the 8 t · "afr~ li
0
hts in the. system Tbe swi -ches are named 

J ~,/T/:~ ;~~ EN:~TE.ll l' rJLTE;-- NWLTE, SELTE:- SSLTE, WS E, and \vwl.TE according to 

th -: d. ·.r c'::ion of trr-tffic t1a ·- .:hey control. Figure 13 shm,v-s a schematic 

di·gr~ m of the GPSS mo ~~l for th~s segmAnt . 

A tr~.I~sact.· on . is g -nerated at eac'b basic clock uni ·. ~ Savevalue 1. 

is th._:J. -t •. c;~..::nK.nt · d by one .. : Th_i$ savevalue is tsed to count the '-lme fro __ 

start tJ el?tl c.E t e t·--affic cycle . The cycle ends at llt.Q clock units 

(70J) r::econd ) . 

The sa1evalue equals 18 at 9 .. 0 seconds into t e cycle. At t..his 

tim t e So· 1t ··.-- ·.a ,J uth and - Jorth-to- ~or+- h lig ts must turn green. cee 

Y"1 2· f 1., · f 1 · a.l 1 ~ gh t J~ ig r'"j D".: •· .. o e~··a .1.. VJ_e 7 o . t 1e sJ.g _. iming .. 

j~i 1:lts m1 st also c an.g~- a - 28 .... ~ 38 5 · a nd. 70 .. 0 seco ds 1 to rhe 

n y '"' . e . .!> i- 7 (J ~ ... e nds th 
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dis :~r ""t Savevalu location.. _'he saveva __ ue a e named EE:E~ 

E .1.c. , r:rN 1\1, 1 Wr~., 0 SSS ~ SESE:. · 1-v v~JW , and W HS .. 

l ,WN J , HD\h'l'i .. J, FID'J :s, liD JSE 1 1-IDHH\~ ~· an 

HI Wt~S. res-oec t:Lvely ~ 

The COtUit _rs ,.. -~e incremented b'7 Oi..e a ea h ne .J simulation t:Lme 

i11t ~rva ., unJ.e~s a sp ci 1 moment occurs v..hen all con -itio s- r or t e 

t:ran ac __ tion to pro'"'eed out of the der-is ·on point bloct be ·o e GO .~ The 

tr' nsi :'..01 of the · ool an Tariab l e r s ·rate fro ~ - GO to GO ..:.s detected 

and is ·::he opecial c ndition which t r i ggers t "1 e resettinb of a cou ~er 

· · i 0 u "e 14- sl O\:lS a bl.ock diagram of one such co~ cz...e-

a.v._val- e EE ,E lS in remented ea'- _ c loci- unit . 1 ... e 

t har "P2. ind:Lca.-':e '"' a cLanged ... t 1.e ·in GOEE fru 

h Jm•.nt, c ve-ra· e E •.EE must be r eset to zer 

Progra uegmert D contr o lo 

t..imula ·_on ~·;ras ~ n for 2 o 0 ' raff · "' c~ c . es 

cc.'ldi·i .. :tons we.re <:tchieved (i. ~!I 

caYd, ~ tat :stical obs .rvat ions up out 

ot:J l. .::c\ .. r :~ .... ~ ~h r.gi .ac the state f ·he 

hich 

y the tr .l_al b s u - t d. 
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GE'tJE · i TE one tr _n~ cti j e' c'! ock J. .. • t 

TERl1 1 

s ,lgn to P~·n·:amAter 1 ·he v lue 
of the n0olea J~rlab. 

1el ay the ·t citJ.ac tion by ne 
clock unit 

I 1cremen t by one t-he value in 
SAVEVALUE 

Assign to Pa~amet r 2 the value 
of -lte Boolean Va.riable 

Pl= P? 

1: ese+- SAVE T UE 

to zero 

7 EFl1 - . no-

F .... g . l " -· Flo 1 D: ag:r~~·n ~f Count it g 
e -·Lar ~s in l?rog .am egm 1 t C, tr l · f L r. a :!wa 

·. un t j_ r ..... o tu e r s ., 
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(A) e--ce . ·;- oF to ·-_ "'~.L - · ""'ra.ff J'_-.·. 1. ,., · o "' ft/ · ht . 1 ~o ... _rl~:;. . . Le · .. rlg tl rn . 

(B; Hean time ct\.V ". n :-: :cr.:. •in.g ·· ~h. i"'l s ~ 

( C) Cycl·- 1e~. gths for sign · sc.tti· gs, 

Sta ·a ~ GPS2/360 pr'ntout ~ whi h a:ce d tale tabular list ' ng 

(_' .. ) D: stribution of vehicl travel ti es ti1ne spent in 

th- in tersection) fo r each lane a·-d for e--ch 

dire ~tion of approache 

(B) Dist ..!bu .... io of q- eue 1 ngth~· (a ;·er-=-tge:, ma ··imu111 , etc . ) 

for each lane and each directio, of approa~ $ 

:n, ... ota 1 num'Jer £ ehicles pas 0 ing through each la e . 

1".. pc;n,..:~ ·· r C shoxvs the output fron the pr· gra~ in Appendix B. Th 

out :· u·- is he s e a..:: the one us ed in t e validation proce. under 

Section III _f this report. 

S ·ui1 .1~ .ri.zi g the result~ 'J a c cmputer model o - a raffi._ inters ... ction 

The model incl,1des: 

(a ~ Poi~son d2stributed rri al rateR 

. . , . . h 
t . '.....L. -·- pt.as e -per a tion o_· r a fi sign ' ls 31 • rclu ing 

".: ve gi ng oi ts ""'I · i ._ · on oints .. 

rd) Dec- sion poin t l ogi c 
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(~) '.t.:· 1e loss compu+-ed. .£( r dece ..... erati.Gi~ .t ccision 

(' ) En ran c a r. ~ - e a c\ •. - ~. 7 t:Lme ft 11ci i o, c lS E. ,. s.' ilar 

( ) Det , · ion . .F ::-ap:-- i.1 ~c:' ·re .. ~ ·.c.l~~ i ~ o;:.rr: t~af fi c s tream . 

r 1_i) Dete c "·ior ~-:f gu.lJS .n -he op• 1siJ. tra ffi~ s t ream. 

y rep · a "i n g a punche p ro .:;,raJ1l Ca1.dS ~ it i Te..t.at.:.v ., r 

ea.sy t o ml_. di.·v the follo..ving inp t arru eters ~ 

1 
) Pn ~cent of total trafi::.. ~ making left/rig~ t t··rns . 

This pa am .-ter i s regulated bJ t - r.:: fu .. ct:.ons ETl.P , 

·lT E STYPE and TYPE hich o pec ify the L_.e .._enraoe 

f left t r1s:s ight turns and s raig .. _~-a.rear. 

for eact or tt ... four dire"' ions 

al_ .fot r \vould req ire the r~place en t f 

c -~ s 

) · ean ·:i e bet een arriving vehicl s . 

1: the fo! 'T Gru ER..A. E bloc ~s in P · 

which create the 

of the GENERATE blo k F . -

1 anged .. 

( ) Cy··:le leno th~ s .t -n .... 

.ocks .. cl ange \• )ul inv 1 r _ • - a ent 

). £r ur _ · d 



-· f+ )- Cr:Lti ·a ·1 ace ptai. ce ga ps.. 'Ild."'. pa r me er is 

Lau 

The to · aJ of 13 La.1es \·lould requir.e a -:han ·e "n 

13 unched cards 

44 

r h, CPU proc.essi _ time for eac .... im·1la :Lon . ur was _ss r: an one 

j_n the author r s opl.nlOI _ is ·1· as or a · y 1.- '~J a·1d econon~i ea ~ 1.y 

a.CCt-~pta · 1e. 

'h-r · ex se t ·on of ·the report p~esents th J~· s .tl ts · of a Yalidation 

Lest -:o et nnir e how ell th.e model predic -s ·the degree of co ·f.j .s ti(Ld 
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II' . ., RES TS OV T ST AND VAl.- D,~\T _ON 

1 e L ~i or ot :he si ~ .lation model an 20 h. re l sys tem pr cess He~ 

··tJe 1 d.oe le pjmulation appro~imate rea~ity? '"o,:;,t ~-es:.s of validi t,., ·· i 

simul.a ·- ..'.o :. mod s co- pare t be 0 tput o:_ t-he vimulatio t 'his tori cal 

da,_a u . er si i.. r jperating conditions . If the o1· _, 1 t of · he simulat ·on 

~no el · ... closo. tc. the .tis orical data , the simula t · n : is ?CC:e ted as a 

J.eal 'st'c r p~Ps~ntation of the s stem ~ 

·T~li a :i· n of th ln ersection m ael req ires histotical da~a 

S"'C. :ion. Such dat..., shu ld ,_,'-."' r de. facr.u-1 i_ .. formation 

~O n'er~..i·ng th.- amcunt of delay at t- _e ;:~p .... c:~fic i1 :ers_ction of i teresr) 

- the number c f vr->.tifcles de layed , 

. 1 

c 
u 

Ih1. ).~1.:r o~-;1.- Tl E. include :ravel t.'me sr ,dj_e.s! hlcb measur.o the travel 

c.il110' i:1:c_c ;...4 p J::'_t~t lil adva (~e of Lhe ir1ters e c tion to a poin t in or ·b~yond 

i: .. :.:ex:~· c.·.~ n, It 4 .... ~'egitima e o eval 

e L.h ds to c.bt2.in ·he trav_l time da ·.a 

a · -rantage .J l ~ t~ :.ac ~ ~ ,. 

v rs ' ·i •:t record} 1g 

,.:. ) ,.a_t ch time _twe n ~riti ·al ;O~nt s~ 

I ,-., r;c~rdeu a~ t o points. 
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sect_..o 1, 

" e ) ,.., , a ced sr.: .. J_ 1 ph o tos _ .. _a ... _n f r ~-111 a rei tags oint ) 

i~ c ' e m~ t t 1e timing of e.a ~h v ehicle .~ .. ov?n on 

The '- .,ll•3thoii ... ·1:· oui.r ,_ ext er_s i ve pe r s on 1e --n t · e lQ tha collection 

a:r .. d a1 aly~:Ls o f th . iata~ A~ a l ·e ll a e ·l ess ti e co s ~ ·ing met o , is 

a l r: o It . involve -. th counting o..: al- e ic:..es a 

"'pf · ned a .L. 0a .c the .... ~pro chat 1eriodic t ime int..er .. . 1s 

rrr~.:;~_~->ct ure requi1~~ng · ... n obs erver , a s top wa tch, a ·a r e.c r 

2-et..h ·~.-rai ,..~t lane is dev l o ed 

,lt:::iiJmiL. .. JQj 

<t't el t ime "'-. t e 

c: o: ded h - t -:. ,_ .::: 1mplJ~n~ i t r 1 .. 

me~hod as a ba i 

-£ t_ Col oni a :L e .. 

·~a t h~d a sp · ~ia~ im _ 

1.1 o ~ - f r :.. .. ph] · t fix -_.c s · e d of o 

J. .n 

e · 1 1f the fo · "I • 

u. 
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.Lhl~ c. orr ~spo11.as to 6 "0 _yc es o J.he : _s ultin o- tra vel 

t ire · ra .~ ob ain - by m 1 l..ip lyjng --- e total n be~ o vehic l s re orrled 

i · t £e d~iire~ area o f approa~ by t1e s~~ le :nter 1al of 2.0 secon s. 

b -ca ined from tl e fil:n. i 1C Jde · the a.vera e 

qt .ue ..... !l ·~h r..; n ·; ·m m queue · , ar d t 1e traffic olum s i-t e;._..c·!:l lane. 

Append ix D ·_a. the ..:lata from the film . 

.L~ext ~ .... h e or·puter model -v.as ru.11. . Jit .. i.npur da a cor ~sponding to 

e t'-~ng f tra~fic . ignal t 

- e rce· t o-:: eft 'l d igh t turns :; and mear1 timss et\·leen arri als. 

V:~ gu:e 5 c. :m c~res 1""he results. Co11! ariso er not pr _sible for 

arrivalc and ·ort 1. be ause t 1 _e c e ·a d." ( ~ ~ ha~e a full viev 

Of th defi_n_ C a.r a Of a pp !." ac. fro L- OSP cirect • 0 ·- Q althouol it did 

·ecord .: .. e t-r f -ic. vol es i!' t o 

Th _ comnar1 on . .; n Fig -e 15 sho 8 the if.::: r nres +o betwePn 

the 'r-ori. c a:L a ... d :-he. s imu1 a .! on data.. I t" e \a i _, t «=' 

c 

t he.:. r.:: i · i e._ enc d .re ..... o able 

T't . .) s marv q · . 1c ~-i.CY y t h 

rro el · es 1 t ... 

~ ,~ ;id:1ti I run 

c s_;_d - rct·ion . .·n 

r iJ L ' :l.ng ... ogram 1.,-:i rio ~-o a 

.. c. ~ .. · th the 

... n a ctn .L ) · .- ct~c 'J.-::l · n .· . . ( ~ c 
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-· 
.·l~ · nld ta· ,2 place . 

. ··_ce to rigorous statis i_al t_sts were poss i leon th compari 

c.• s i· F 'g "" e 1. !) no con~lusi ve deduc.--- ions can be clr"'wn .. or the model 1 s 

val:i.di.t) ~ r t.i-le _ tLan to say that thes _ preliminary -·ecults do sugge.:;Jt a 

v· ~~ ia sim ~}.c. tion mode.l . Fur l.er testi.ng 'JOJ.l . obvi.o1 s~:y be re ui --- ed for 

a comp "f • t2 c. · cck. f t e · idityo 
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.As the· _l.tLmb f~r of v ..... hicl - s n the ~oad con iiYues to g:r 1 :r, r- ~aff:b: 

p·ro· le.ms C'"'Lk titut .... ,... contL. u:Ln challej~g .._ . T.r..:.c ffic . . co!J. g.es~~ons .. a:rc: 

- e:.,pcc-i a~. ly - f~:-=:'.quent - ir. urban a eas. - The a: ou·. t of ·:~~ -unds devo. e.d t~} tbei.::. . 

Sol tions require the ru1alys~s and eraluat1on of Rlternative 

t-rc ff ·.c dPSio-ns " In recent years s- t_affi _ enginee·rs ha· re tur 1..... to .rn e 

int enc · v ·";) u .. e of co puter s f · · red cing the time a1 ~osL vf a alysi~ a a 

~ ode l.' ng and simulation v4 ~h the a · d of .omputers penni t ~he 

stu :y of a tra.ff..' c. sys1· em, su'"'-1 ~=ts an interse.c.tio1 . \vithou.t h::t inz to .. 

'O _struc t t 1 o a ·t 1 ... 1 s , ·s·::em itself~ . and · Q chea e a11d quick_ r th:.:rn 

ex.p- r-fm l1'l..ing on th a c tual system, whicL ir any ......... se ¥7o '~ld not 1.c:n:·~ · 11 

b (~ .- l s s r - e • 

Th€. _om nt er model in this repor simulates a.u omob ' le trs.ffic 

at a ~~oc. r1 i .ters _ction. Its inten ed 11Se i s in hi.g 1way inte .. · e _t.:..or 

..:-- s:LgP . ·~ _ ..:.: p rarne:tets of t he sim ··lat ·on f approach_ volurnec:o , oportion 

o.f · tu·r . .. :Lt: f:· -.reit.-' cle cv c le and 
~ ·' 

hase len;t ·t· ) be ;arie · and the 

·.f f .. c;: .::: c 1: c}::.a:c:.:=-e. · _an he meast'1 - .. ""hanges such as prohib."tion of 
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11 :i . :C~:.l-Ort .v.~ll not- only be t.t. e£ui.. i"l :h.~ a lc lysis c· 1.' 

-· - - ~ - es ... n .., _:: 

.... oa(' :i.i t 1 s c:tJ.ons, bet c. ... r,. a.1.so Be.~ vt:::. · , s .~ :..,. a. · 5~::· for fur _:,_ -1_ 

ir t · ga -ionr· usi1.g the ·_echnique ·., vlrt. ~"' 1' ha.vP bee1 pr ·s~nteL 
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APPENlJL~ A 

TABLE OF PROGR.AH SYHBO DEFINTTIO.S 



. T . .B . ~ 

7 SS Ent ·.ty 

A~ Tr rsc;c :.:o s: 

l:iod--.1 ~o grnent A 

l·f~ l l ~egmcr B 

l eel Segn" n- (' 
u 

Xodel Sezment D 

Fu.ncti I 

E '.P2 

EX:Pj 

1-.D\J . ,) 

HD\rJSE 

p·· \!N J 

E ~yJ. .l~ 

f T rp , 

c .. '\f ; · · ~ .' a.b - e,... • 

A 
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rn·-er re tation 

A vehicle 

A -ime.r 
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