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I '  A L r ~ t a i t  

1 Four systems are ava i l ab le ,  prsgsanrnable k a  c! a s s i f y  vehie-lea 
j $0 %be %VA scH~eme. En, a s t u d y  couaducted by t h e  i4u~aino Paci.'Li.ky CLyLes, /  an: J u l y  31 .  1982: Eva lua t i on  o f  Vehicle CLasr:ifi .cat .~oi~ Paquipmen(-.) 
1 a scheme "Em was selected from five candidate seiiemos aiid rniiomxiendsd / 

for  adoption as  a s t anda rd ,  En order ts comect L o g i c  i 

bat  scheme and to add categories for motorc)irlcs ard buses  
1 t h e  ctlassifi.caticsmu scheme ""E" h g i c  has been changed a new srYlems 

i c a l l e d  ""F'>as been evolved. Th is  schema ""Pa hat5 heaan i$>valuated and i I appears workable as a classification scheme at abnuk 4574. cc3zrrsxf:icn-- I 1 t i o n  accuracy. The 1.R.D.  u n i t  is a permanent a11 w~il:?~ar syst.en. I 
1 The Golden-River unit j s a semi-permanmt, clear road syakae only. I 

1 ~ h s  Strer tss--Anlet  unit arid the G.K. I n s t .  unjts a x e  r r k r a r  .i:oad systems 
1 u s i n g  pneumatic tubes on ly .  The f ifch systertt tr*sl:tx2, a Saraoota I 

[unit c l a s s i f i e s  by road loops to 7 l e n g t h  categorxes oriLy. Sarasota  1 
i 

I expects kc have the same e l e e k r s n i c  package speraLlw.rag ;:ram k~oad b.'i~bes 
i with scheme E or F programs avai lable  after Janozry,  L9R5 .. A i l  system / operated satisfactorily d u r i n g  the three moath t e o  t  pin^ i ~o w i  t h i  il r:ha 
I l i m i k a t i e ~ n s  listed under the Deta i led  Evnl.udtioix, I C 
I I 
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/ VEHICLE CT-ASSIFICA'I'PON, I i 
i Ho Res.trie.ki.ons, "%is dsct.xrtenk i a  ; 

f INDUCTIVE LOOPS, W, X , M ,  B 
I 1 avai%abI-e .:-,a the p'ki.bl:i.-c; .i:.lzrough the j 
1 AXLIE CUUWFERS, P M I m T T C  TUBES I Egational Taeh.n ica l  Ix:Fo~crttat itan 3er .- 
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VeQ~ac;e  elai,&, f ca t i , a r r  (3,s l F (3 :e ~ x k r e l n ~ % ~ j * '  i . m g ~ ~ r t a n t  a8 
p l a n n i n g  anformalion For use b y  the var ious ska!zesg -kran%porka- 
tion departmenti5 i r  i.P;eir ekfoars  n 1'8 oeai,e cos ts  asaaeiated 
wieh b~gihway daazqe aasa 1- eprllt r: :., 

T h e  FFWA O f Z i c e  0 4  S'.gi.aoray P l a n n i n g  requires ;ifha@ the var ious  
states f l l rn i s l l  vehxci?.e cj,ares'OF bcsi:i ic,c data as p a r t  of the HPMS 
r e p o r t s ,  'fie c o l l e c t i o n  2 f  s u f  f xcien-k daLa fsc highway design 
p l a n n i n g  pur;$oeet=: rt+q:r: e P;. ehc of duto~tila k i . ~  d a t a  cs l l ec t i an  
equipment. Manu&: < - c ~ i  l c c c  ,on af the amatmt sf S I R C ~  data r equ i r ed  
i s  f a r  too Lanqthy a ld c o e t $ ~ ~  , E)raeess, '.R7ue, i t  i s  e s s e n k i a l  
that t he  develc1pmr:nt u ~ d  + rr+pscavvqlcnt sf such autotna tic elassif  ica-  
t l -on sy s t e ~ n s  be CGTL ~ r : ~ - . e d ,  

On December 3 ,  L943, t ; r e  P l M A  O f f i c e  of Iiighway Planning 
issued graidaaee ~ E I  tiie t a h ~ c l e  cr.astsi.i'ic?ations o f  i n t e r e s t  over 

, a 

the long term, %"i~aesfs class~L"ac:a:-,4c~ns bad been developed in 
eonsuXlation w i t k  t 3 ~ :  S.kc%t:@s a-,6 evoPvec1 o u t  s f  a nume& s f  
earlier c 3 a s ~ i f i e & ~ $ - ~ : r  ef-?ckrs;a .~!'l@l&id:l;q the  M a i r ; e  F a c i l i t y  
Vehicle Class i f j ca t ic2n  R s p e ~ r t  of 1.982 S y  Eyles and Wyman, 

During t h i s  S ~ L ~ C B - ~ ,  f .&vs ;3o~;.:s~bJc e l a s s i f i ~ a ~ h o n  schemes were 
reviewed, These aeh3raes sa.rlcd FICQ~F~ a s-ai.pcaple ( 7  category] to a 
carnplsx ( 3 2  categc~ry t ache~rue:, k rsehtsm.- <:a3 Xed sclkeae ""E" ", 

w i t h  14 categorses was s e k e t e d  axd ~~eenmmended for a d a p t i s n  by 
FIGJA as a s t a n d a r d .  

A s  a res%-_..i c cf .-i n L u 5 y  of *:he ,snnmenLs received on lshe above 
referenced Highbay "LCim-,ing qr:l ;ci~~at.-uu doc:umcnl, a report e n t i t l e d ,  
""Wevision o f  'C3e PIDJi4 ias:?hLc$:l CC1,zac ; 1 i edi . ron Ca tegsr ies"  was 

r"l issued by the E l W A ,  J-hc ~ . ~ L ~ l r s s ~ f : ~ a k i o m . ,  caC.eqe)~::.ie& recammended 
in t h i s  report a re  Cc 1 ~ s  ~ i ~ u d  as a paxr o i  the FIIPIA long t e r m  
veh i.cle nronitaz-icsg yr-a>gar am, 

En o r d e x  ts assS,ss r LC ~ ~ ~ p - j b  i l b I.y of ex i s t,i.nq equi lnent  
A. LO c l a s s i f y  accsrc i i r~ch k o  t b i  s schame, r a a n u f a c k u r e r s  sf such 

equipment were app r-r~c;~c:i~:+cS VCI dde 5e-m 2 wae tho Fr x n t e r e s t  i n  and 
abi - l i  ky  kc, f e r ~ n i c h  -:IPFI c:q-I, 1'. *rr r. Seiiesi~ zsmpawies responded 
affirmative I;:, 

'-The FWdA O f ? - c e  oikHsq'P "al i  ISPanz",iij issued a req1mes.k f o r  a 
p r n j  eck presposaL w h ~ r _ P i  hi012 6 C ~ T ,  1 @w tllae \{ax-J asus s.gra"c-ems on the  
marks t as to 1bcii.r er- s :-&of 0 rl y t c i  p rov ide  such c l . a s s i f i c a t i o n  
inforrnat iori  as weLI iiir qua !  i i : ~  ;mi! d t rxah i l i t y  o f  the equip- 
ment  when used  ic %:he L e e l d ,  



The Materiais and Research Di.visian of the Naine Depart- 
ment o f  T r a n s p o r t a t i ~ n  responded to t h i s  request far a proposal 
and was awarded a contrac t  to under take the study. The seven 
esmpanies mentioned above were invited by the FNIWA, to submit 
sample equipment to the Maine DOT for use in such a study and 
evaluation. AIL i n i t i a l l y  agreed to provide such equipment. 



2 ,  Q STATXPiEN"1 CQF WORK 

2 - 1  B B n C T I V E  

72s e v a l u a t e  the ability of preserbt3.y ava i lab le  au$oma%i.c 
vehicle c l a s s i f i e r s  ks accurately i d e n t i f y  the vehicle types 
d e f i n e d  in the EXNA v e h i c l e  cldnsif icak. i .on scheme. For khoae 
classifiers capable of being 8djusted by &he u s e r s ,  decision 
r u l e s  w i l l  be developed to ident3-fy Em-A veH-aic%a cat~gapr iss .  
AXE equipment w i l l  kave accuracy cheeks made based on f i e l d  d a t a  
observations, Appeuidix 1 l i s ts  the F m A  Vehicle Cfassification 
Categories with def$n$kions o f  t h e  vehic le  t y p e s  covered by 
each category, 

2 - 2  SCOPE 

This s tudy  encompasses c o . l k l e ~ t i ~ n  of vehic le  classification 
d a t a  under eontrolled field conditions w i t h  the subseqasaent 
comparison of the d a t a  autsma@lca%.Xy co%%~cted to the data 
collected under the eontrolled field conditions. The comparison 
shoerEd lead to a camprekel?sive evaluation of available equip- 
mentsP a b i l i t y  t c r  i d e n t i f y  the PEW& vehicle types and the equip- 
nentse sensitivity to vehacle  headways, m i x  o f  heavy arrd light 
veh ic les ,  and vehicle speeds,  The equ~pment's ability to monitor 
t r a f f i c  at mainline speeds w i l l  be emphasized. For t h a t  equip- 
ment a l l o w i n g  u s e r  bpeeificatian 02  vehic le  ebasaeteriskics, 
it w i l l  be necessary to develop zltesnative decision rules 
t h a t  are compatible w i t n  the aequipaents  range of s e n s i t i v i t y  
and t h a t  are responsive ta the PEWA vehiitrle c&aasB.ficat-,ions. 
This work will. build on p-revious effarcs docuurerated in the 
F W A  report  '"valuat.ion of Ve'l.1 Gcle Classification Equipment"  
completed under c o n t r a c t  DOT-FH-. 62-C-805 56, 

2 , 3  TASK A 

After review sf $kc veh ic le  c l a s s i f i ca t i on  scheme documented 
in the at tached report, '"evision of FT"L1WA V e h i c l e  Classif i e a  tion 
C a L e y o r i e s "  (See Appendix I$, the t c s t i n q  agency w i l l  
devel~p a s e t  of f 5 e c l s i s n  r u l e s  Ghat w i l l  adequa te ly  sort 
vehicles I n  the t r a f f i c  skream i n t o  t h e  appropriate E;%;EWA vehicle 
classes. These d e c i s i o n  rules s11al.l b u i l d  on the decision rules 
developed in t h e  contract mentioned in the ""Scope" section of 
this statement of work, X t  is recognized that ava i lab le  devices 
may have d i f f i c u l t y  i n  c l a s s i f y i n g  busesl motarcyc%es,  and in 
differentiating passenger cars from o the r  kwo-axle, f o u r - t i r e  
v e h i c l e s ,  N e ~ a e r L h e L e s s ,  there i s  a need to know how various 
decis ion  r u l e s  w i l l  a f f e c k  t h e  assBg~~me~.l;.P; of these various vehicle 



t ypes  to categories.  It is riot necessary t h a t  a s i n g l e  
scheme be selected. More appropr i a t e ly ,  &he advantages and d i s -  
advantages s f  the d e c i s i o n  c r i t e r i a  should be evaluated along 
w i t k ~  the  expected error due to misclassified vehicles. To the 
degree deemed prackicable by the t e s t i n g  agency, alternative 
s e t s  o f  decision c r i t e r i a  shall be developed for equipment using 
p o i n t  sensors and for equipment us ing  loops. Prior to f i e l d  
t e s t i n g  af any equipment, FmA Headquarters w i l l  select a decision 
r u l e  Tor use w i t h  p a i n t  sensors and a decision r u b e  fo r  use w i t h  
loops which will be used in f u r t he r  t e s t i n g ,  

2 - 4  TASK I3 



5, Streeter-Amet 
Division of Mamgoad Corporation 
1227 Walnut Street 
Allentown, Pennsylvania 18182 

Contact: C .  J, Duke, Regional  Manager 
( 2 1 5 )  434-4581 

" 6 .  @. K, Instrument C s .  Ltd. 
Jamar Sales C o . ,  bnc, 
1176 Orchid Rd.  
Warmister, Pa, 18974 

Contact: James E. Martin 
( 2 1 5 )  322-6344 

7. Winko-Matie Signal Company Did n o t  submit- 
659 Miller Road identifies buses 
Avon Lake, O h i s  44832 only.  

Conkact: Erwin Hart 
( 2 1 6 %  933-2122 

Notet Information an companies starred has been up-dated e i t h e r  
P 

as to addresses, phone aundbers, or contacts. 

It is the participating manufacturer's option to %upply 
t h a t  equipment believed to be most appropriate to monitor the 
FTIWA vehicle classification. It is a manufacturer% further 
option to make equipment modifications that w i l l  enhance the 
equipment's ability to identify the F W A  vehicle c lasses .  Such 
msdificatians include the use of the decis ion  r u l e  selectad in 
Task A o r  the use  o f  an alternative. 

Equipment made available by the manufackurers and vendors 
identified in Task B w i l l  be tested under f i e l d  eondfkions, 
T e s k  sites shall be of three types:  

1. A two-lane highway 

2. A r u r a l  I n t e r s t a t e  highway 

3 ,  A n  urban I n t e r s t a t e  highway 

Available equipment w i l l  be operated 
site. 

for one week at each 



D u r i n g  f i e l d  'r,@stii-i% h.cai.r,;;:.,,;~ al-id dai.2.y surm~a:ries by 
vehic le  category as ,~eco:r:i3~:d by ,z?~,s eqisipoterrt ahal.1 be provided 
as part of the work b ddsr1m.e9::~~af~ic~-1 Ac&.:uracy gsheeke w i l l  corn-, 
pare a minimzxm o f  2 kt dor:.u~hei? tcd c-Yhservat i.or1.8 sf each FmA vehicle 
type to the e a . t s q o r ~  - ,. ideri. t ,kf i.ed j*>v?;y ckia a,rlkaos.nated eqa;lipment. 

" - 
Documented sbservz t j  c:.r?& skra.!,.i i~~?e:l,ude b~kan.r~a;;il absaxvatisns and 
esl l .eckian of per t  i,s:eni: ve'h 3.cl.e cIearacst-,e~ri~s~ttjjjc:s used En khe 

* < deeisi.oa~ r u l e  or %ke :age: of p k ~ i : ~ . : : < p p 7 . ~ : ~ p r : > ~ < :  7 .. ::!(jt:r video tscha-aiguas 
t a  eolleet the same :h~'~,fc~:r:~:r~a.i: i .( :>~~~ $??he PFPiqA 13eadqiaarters w i l l  
approve "the ~met.liad c r f  akiitai~~:i.ng abaesvat.'b,sns prior to i t s  use .  

2 , 6  TASK C 

Conparixsns of 6.aka qa-khered dyur:i.ng accuracy checks i n  
Task C2 w i l l  be a$ ;2u~~,om;~.L:.;~,erz:L~~y c:oL:,e:ct:,ael rla.i:a to observe data 
by caeeqsx:i.es. i~TlfiL2 d ~ ~ ~ ~ ~ ~ ~ ~ e ~ n ~ . , e r ; ' !  T:.:YE:L;Q~~S rjf t h i s  comparison w i l l  

,. .i.a.i;i,~lrns by .~;.e&ic3~e type  and reasorla incZude a dfscuss ic>n sf vsr ."  
- for t he  varia+,ic>p,na, T3.j-s al-s:-:.6asf5:"L.~~ S ~ B R E L  i n e l u d e  identification 

of eke lowest v&.iea.e spet::cj sf: wh ic :h  ~~22.j-aJ32-e a,utomatic da ta  
collsc.i-,isn i s  pc:ssi],-.l.e, W.L4:'ktc~r,:a3. sensing andlor  ident i . . f ica t ion  - " of m s t o r c y ~ l s a ,  da.E.Fe.lr.entl.;a-c$.on :>f: passenqer cars  f r o m  o ther  t w o -  
a ~ 1 . e ~  f sur-.tix:e ve21:i~la-, a~rfi~s J j.2 fs~f;en.?,iat5-,c'~n of b u ~ i e s  f 169n8 sing18 
unit t r a ~ c k a  i s  I lrni.l.ed f-01~ 1u:any autoimat i e  v e l z i e l e  cEass i f i ca t ion  
devices ,  specifi.,~: ;;l;n~J-ysj.-, af i":i'~~: c?g:~,5.p~1;eni:b s.t;xeatrt%sn$ and cate- 

~ " goz.izati .on of th ,eee  ,b,~el.i.~cd-es ska2.h 'be :;.ncl_uded as p a s t  of t h e  
studyr s f i n d i n g s .  

2 - 7  TASK E 

The s4 .es1r ' I . t~  o? r2?a:sks A f:hi:o?igF~ 13 sha1.h be t'inoroalghky docu- 
mented i r a  a f ina], x e::psx 3: i c e  w j - 1  1. .P g.le%.~~83e :. 

. * A ,  The  d.ec3.aa.,os'1 ~:;l'I.,e:r :21::vt>:l.aped U T I ~ ~ T ~  ''Pask A arad the 
r u l e s  c?fssc..;n hv r?y;iJJii f-7: j--psj-."" * A  .- -, , - ~ , Y l q  

, T't-? e t;- 9-7 e 6.7 
% .  y k  ,.,- ;,f e%t;i.p;r:clr i- l . i s ~ ~ d  a 1 ong w i t h  their snadif i ca - -  

-, 6 
1' bqq .a t i a n s  anal i:se:rnso- i d e , v ) . c e n ,  LLL, raui:sma%-,ic ii=..lassificati0~1 

equipraent; u sed  f.ri ::ti is study s h a l  " e e  thorc3'ughly des- 
L " .  cri-bed : i . ~  --a forvat: ,sr:-.m'i:.a~:' .to ?:hat used i.n Appendix 9. 

of tlis 3.f a:yemen%. i.~.r;ai:d Ebiit@% -g-2pcjrt uDEva,:%'k;$a&ion of 
Vehic1l.e .":Lt.,ssl:fi~zt~>: i.r,>rz T q ~ r j ~ . p y r \ e n ~ "  ', Each des@ri .pt ign 
shala i... ,,Ldi.r2ere .- - 'd:~~;p..c:z,1. q t ;  i p z e n t  costs , 



E ,  Tabular eoxparissns of automatic $0 observed c lass i -  
fications, 

F, Discussians of any systematic errsrs found w i t h  the 
automated devices ,  

6 ,  Reeo~mendations f o r  equipment improvements, 



3 - 0  SYSTEMS PAVBkILWI3IeE FOR %EST 

A s  a r e s u l t  of k h e  wi thdrawal  o f  $he Leupold and Stevens 
Company from the vehicle classificatian market and the fact 
that the Wdnko Matie Company d i d  no$ submit  a sy$tc%~ik~ a s  their 
equipnent  identifies buses only, there are  five systems ta 
be eva lua ted ,  m e s e  are shown an T a b l e  1, 

3 SYSTEM QPEWTEBX 

Each system submitted far t e s t i n g  and evaluation u8es a 
di . f fe rent  data acquisition system thus the  exact l.ogbc used by 
each micrsprscesssr system is slightly different, 

Hn order ks provide da ta  inputs from t h e  road, (vokic3.e 
generated daka) necessary for any system to provide a c lass i -  
fication sratput, an ax le  G O U ~ T ~  and the speed of kt%e .evehiel@ 
rnust be recorded, 

Inductance  loops are used ta of? ta in  the speed of k h c  veh ic le  
in three of %he systems ( technica l  details of operwkion sf  
indue tanes  loaps and other sensors are gi.ven i.n cornsidsrable 
detail i n  a report by Eyles-Wyman m~~/$%/80/806 dated 
A u g u s t  31, 1980 e n t i t l e d  'QvaEuaLian sf Speed Monikoxing Systams"", 
conducted by the Maine Facility, Materials and Research Div i s ion ,  
Maine Depart'axent of Transportation and aponsoxad by kh~: FEW& 
Of f i ce  af Eighway Planning under co~ktrack DOT-PM--%P-~.?$~L)  v# 

Speed is caBcuLated, f a r  a two Loop system, hy d iv id i i2g  
the dis tance  from t h e  l ead ing  edge of the f i r s t  hoop to t2h.e 
l ead ing  edge sf the second Soap by .$;ha tiline i t   take^ the vehicle  
ts travel t h i s  distance. I n  two sf the systems pnebrfiatic tubes 
are  used to make .$he speed measurement, S i n c s  t h e  kuhea a r e  
on ly  about an inch in diaaeter, an such systenks the ax le  count  
is a b s s  accomplished by c o u n t i n g  the number of pulse o u t p u t s  
generated by one s f  the tubes dur ing  t h e  passage af the vehicle, 

On two af &he s y s k a m s  u s i n g  loops, ax la  c o u n t  is obtained 
by u s i n g  a third element in $he array $see Figux:s I in Chapker 
5 - 3 1 ,  One system, I , R , D , ,  u s e s  a permanent, cast in place rec-* 
taaagulsr  seeel frame, snclosing a series sf  1%: ~kaqzzetie sensors, 
T h e  system can a l s o  i d e n t i f y  dual tires. 

The Golden R i v e r  System uses a capacitance pad to counk 
axles, The eapacikanae sf the pad is a par t  sf a resonant  
e lec t r ica l  c i r c u i t ,  The passage o f  the w h e e l  02 k11e v e h i c l e  
causes a change in the value  of the capacftanes sf the pad, 



7'ABEE 1 
SYSTEMS WVkhILAREE FOR TEST? 
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by compressing i t  s3*igB1tLy, whit h ckn nges ?be f:regue~xcy s f  ?.-.he 
resonant c i r c u i t ,  'This change i s  identified by the micropracsssor 
I s g i c  to provide an axle coun t ,  This pad and resonant  c i r c u i t  
c a n  a l s o  be u s e d  to prov ide  an ~utput pssportisi-al to *he f u ~ c e  
imposed bgs the passage of the  prb~hic3.e~ wheel, $The Gc>ldcr~-Rive:c  
system a l s o  pravides vsk~icLe and a x l e  weights). Wn eva kua t  ion 
af the weighing f u n c t i o n  is not a part sf t h i s  project but i s  
b a i n g  under taken  by the Maine D3T, Materials and Research Divisiar-8 
under  a different study, The system tested i s  $%re only  Gc>lden-  
R i v e r  unit ava i l ab le  in the U,S. t h a t  provides classification 
by axle spacing and thus to &he .yaiiz& f;yEu c%asei%ication, 
The Galden-River marksman classifier operates on t w o  inductance 
Loops and provides classification by --- vehicle a n l y .  Thus ,  
t w o  laups and an a x l e  counter will permit  recording speed, 
number aE axles, axle spacing,  and t h u s  ~Eassification by vehicle 
type ,  Total lengyn is a l so  available, Total  Scngkk~, i s  dater-- 
mined by the kime o f  occupancy s f  the f i e l d  o f  ace loop by the 
vehic le .  

pneumatic tube syskeans (S$reeter.-B.ima% and G,K, Xnstru- 
naent) can detect s ~ e e d  and axle spaciarng and t h u s  car: c r lass i fy  
by vehic le  type whereas the fifth system (Sasasata) uses t w o  
Loops and can pre~vide  ckaesification by vehicle ga~ema.% length 
on ly ,  A c l a s s i f i c a t i o n  scheme which dif.fr'e~s f r o ~ n  Schetae F and 
is shown i n  Chapter 7 - Table $4 w a s  developed for chis system, 
F u r t h e r  d e t a i l s  on each system are s h ~ v ~ n  on Table 2, 





4 ,  E C-USSEPICATIOM SCHEME E" 

Table 3 shows the Scheme "'E" v e h i c l e  classif  i c a t i a n  3.ogi.c 
program chosen as the proposed m W A  scheme dur ing  the vehic le  
c9assification eqari-pment, evaluatj.on projack by the Maine Facility 
i n  1982; LyEes--Wpan, As a r e s u l t  of thc rev iew o f  t h i s  classi- 
f i c a t i o n  seheme by the mn7A and the various s ta tes ,  new class i -  
f i c a t i o n  categories  were proposed and are diseusscd under para- 
qrapk 4 .2 .  The new scheme is called classification sehe~ne "I?"". 

I n  addition t-o changes to the scheme an error was found in 
scheme "'E" "in classifications 23-6 and E-5, Skep 6 which calls 
for i d e n t i f l a i n g  four-axle s i n g l e  unik  t r u c k s  should hayre been 
placed ahead o f  s t ep  E-5, because the logic  i n  t h i s  step %oaks 
at a x l e  3 to 4 spacing, If axle 2-3  spaclnq had been interrogated 
f i rs t ,  spacing less or equal to 5 f e e t ,  tho l a k e r  check of ax le  
3-4 spac ing  would have properky categorized t?c..se 292 semi-krai l -er ,  

Where the systems under  e v a l u a - ~ i a n  i.n t h i s  program used khe 
o l d  category '%> errors in c la s s  6 and 5 were L i s t e d  a s  'Program" 
l o g i c ,  Er rors  are n o t  counted in the system accuracy ea lcu la t ian ,  

4-22 SYSTEM FLOW CW-RT FOR SmEME "I?" 

A s y s t e m  flow chart  was developed correcting $he error men- 
tioned above and a l s o  making the changes dis.kated by t h e  review 
of seheme "'E"",amany which were the additisxl sf c lass  1, mator- 
cycles and e lass  4, buses. 'E'le classiEication flow char t  "I?$' 
fsEPsws as Table 4. through 4F and a review fsllows in paragraph 
4,3, Table 5 g i v e s  a short  sunlKtary of Llae e$ssses  QPE schenae 
"'P" for ease in fo%?iewibpg the discussion i n  pasagrap11 4 - 3 .  

4 - 3  COKYENTS ON I S E  FLOW CHARTS FOR SCHEME "FE' 

Photographs of representative t y p e s  of vsEn-hcl es are shown 
i n  Appendix 111, 

Refe r r i ng  to two-axle cateqaries: 

F-L - MotsrcycSes - optional to the user h u k  hF used de- 
fined by 2-,axle - wheel base under "I'D"", 

P-2 - Passenger ears, l i g h t  pickups or vans def i.ned by 
2-ax le  - wheel base under E 2 Q W ,  The S t~oe tes - -Famet  system uses 
l38" and the ques t ion  o f  making a change to som sPigh.Lly longer  
f i g u r e  than 120 ' '  has been considered, 



TABLE 3 
@%ASSIFTCATION SCHEME "Em 

Veh i.c Le 

E-b Passenger  cars,  Eight t r u c k s ,  
vans  

Axles = 2 -- and 
wheelbase .s; 18 

E-2 Heavy-duty pick-ups,  d e l i v e r y  
t r u c k s ,  2A6T1 s 

A x l e a  - 2 
wheelbase 2% 10 " 

C a r s  and l i g h t  t r u c k s  with sne- 
or- two-axle trailers 

Axles = 3 or  4 & 
I., 2 spac ing  5 10' 
and 5 . 5 ' - < 2 , 3  - 
spacing ~ 1 2 2  " 

mree-axle SU trucks 

Trucks and semi-trailers - 252 

A x l e s  = 3 and --- 
nak, E-3  

A x l e s  = 4 and not 
7 

E-3 - and 3- - 3 , 4  
spac ing  2 loP 

Ax les  = 4 and n o t  ---~ 
E-3 - and 3 8  =- -- 2 ,3  
spacing #_.L 5 ' 
Axles - 4 and n o t  

v 

E-3, E-5,  and E-6 

Pour-axle SU trueks 

Other four-axle cafiinatisns 

Trucks and semi-trailers - 352 A w l . e s  =. 5 and 2 - 

Other f ive-ax le  combinatisns A x l e s  = 5 and n o t  
Y 

E.-8 and 3 \ 2 2, 3 ---- 
spac ing  5 5 "  

Trucks and semi-trail-ers p l u s  
full t r a i l e r s  - 2S1-2 

Axles = 5 and nsk  
v..- 

E-8 B S ~  E-9 

Trucks and semi-trailers p l u s  
f u l l  trailers - 3S1-2 

Axles = 6 and 5 , 6  
spacing -;. 7 " 

Trucks and sern.i-trailers - 3%3 Axles = 6 and not 
Y 

E-1% and 4,s spacing -- 

Other six-axle combinations ~ x k e s  = 6 --- and  nak 
E-11 or E--12 

Other seven-or-more-axle 
ccmbinations 

Axles = 7 or more 



SCHEME " VF1" FLOW CHART 

COUNT 
AXLES 

TABLE 4 



I F 2 AXLES 

TABLE 4 a  

IS 



l F 3 AXLES 



I F  4 AXLES 

TABLE 46 



I f  5 AXLES 

TABLE 4 d  



6 AXLES 

TABLE 46 

19 



IF 7AXLES OR MORE 



Vehicle 

TABLE 5 
SHORT S m M R Y  OF SCBEW "F'" 

Passenger Cars 

O t h e r  Wo--RLx%e a 

Pour --Tirce Sisag3.e 
U n i t  Vehic_sXas 

TL3ree-WxPe, Sfrr%g%a 
u n i t  Trucks 

F Q U ~  or N o r e  .Axle, 
S i n g l e  Unit Trucks 

Four or  Lea8 Axle, 
S i n g l e  Trailey Trucks 

Five-Axl.a, S i n g l e  
Trai Lex- Trucks 

S i x  or Yore Axle ,  
S i n g l e  T r a i l e x  Trucks 

Five a r  Less Ax le ,  
MuEki-TraS3-er Trucks  

Six -Ax la, Mu lit i -.. 
Trailer Trucks 

Seven ox Mare A x l e ,  
MuZki -.Trai.%es;r T-~ucka 

Notet Deta i led  definitions of vehicEes i n  each 'type may be 
P 

found in Appendix I on pages 48 and 6 9 .  



Sy %Bsrns are dssiqrkad wi th  Eagic which w i l l .  d i-ffes~xrt  i8t.e 
bekwaen CBass  2 asad Class 3 on a d e t e r m i n a t i a ~ ~  of t<hi% wheel 
base distance, The only  sys tem which  provide^ an  j.ivmedi"at@ 
p r i n t o u t  ag a x l e  spacing on each vabi@%@ i s  t h e  I , R , D ,  O n  this 
system t e s t s  have been run using several  v e h i e i e ~  with a l$Ant3~n 
wheel base. Repeated r u n s  -were made $0 de te rmine  thc ~gaqn i tuds  
o f  erras involved in the ax le  spacing measurement, 

Teaks  rsass on a Bong statlkorr wegon w i t h .  a m@asuscd wheel 
base of 123"  gave a n  2 s f  P 2 1 , 3  and d, 0% 3 . 1 3 ,  The range was 
aL7"---3.27" . 

Tests  Qn a pickup C l a s s  3 w i t h  a n~easured whae2 bas@ af 
131" "gave an 2 nf L 3 3 "  ~ i t h  a d, af 4 - 2 ,  %%e range was & 2 T 8 ' -  
b$QtL,  

- 
x = arithmetic mean v a l u e  o f  c r u n s  

d, - L s t a n d a r d  d e v i a t i o n  

The range g i v e  the h i g h  and l a w  va lue  
sf the d i s t r i b u t l . o n ,  

On the basis ot t h e s e  tests showir~g t h e  top c ~ f  the C l a s s  2 
range equa l  La $he boktsrn o f  the C l a s s  3 range  i t  baa@ de4cbded 
ts Jeave t h e  126" "he@$ base decision kengkh as fe, A Eew 
hangar o lde r  v e h i c l e s  or Long station wagona w i l l  f a i l  i n  Glass  
3 as t h i s  test s t a t i o n  wagon d i d  part of the time. 93119 new 
m i d a i z e  pickups will drop into C l a a s  2 an accasion, 

It i s  csrlsidersd tJrta& an error i n  wheel. base s f  approxi- 
mately 2-3% here is ua?impl;rprtas%t as road use (passengase cas:cied] 
or weight $road damage itripsaecl] w i . L 1  not vary k~,coaa..ly 'bedSidaen 
these t w o  categories, Discus$zion w i k h  the equiptnant !nanuEactuscs 
about t h i s  error and ita cause indicate28 thaf .  $$ is ~ n n t p l i c i : k  an 
%he .rate at which &he microprocessor q u a r i s e  Xhe ax le  c m ~ n t e r  
outputs and will Be essei2tialIy t h e  same number con Tokncjar vehicles, 
baing a csnskan t  and not a percentage error,  

Tes ts  run oc a tarldam &ruela: w i t h  ~*g ute?lar%~rc2d i s p a ~ ~ ~ g  bee- 
ween a x l e  1.. arnd 2 02 153" gave a $2 = 159,4 on 7.5 rJuns k h r u  *$.pa 

c l -aas i f i es  w i t 3 2  d, 3 .8 .  The rangs was 154 d o  E70, %be msnu-a 
facturer  indica tes  t h a t  t h i s  amount s E  errsw i s  narnial. and 
occurs becauee o f  the t i m e  e r m r  in t roduced by khe clack r a t e  
ad which each i n p u t  +:o the recorder i s  inkerroqaked. 

On the I , R , B ,  system a check of overall l e n g c h ,  which 1s 
measured by the time of occupancy 0% a loop, waa mado, 'P%e 
overall length of t h e  t r u c k  as measured w a s  3 0 6 " ,  Par 2.5 t e a k  



r u n s  an  2 of 3 b l , 6 "  w i t h  a d, at 6 , 4  wab o't~La.l?sran~!,, The ralrnge 
was 304" -327" -  Ercors here consist 0% wa~iatiorl;2;4 j-,, t E m e  sf  
closure of the Icmp dekeekoss output whi.ch va r i e s  wik,ia positison 
of t he  v e h i c l e  with respect to the Bssp, A coilrcxf:,-,lon is pro- 
gran~mable i n t o  sthe 1 6 9 f . ~  to b r i n g  the 2 more yrear1.y to the aceual. 
Since t h i s  loop g3"Bos~r:e t i n i e ,  012 W ~ ~ C & I  speed a ~ ~ d  thus l e n g t h  
eaPcclat iona depend, v a r i e s  w i t h  kype of vehieZle -. chassis 
he igh t  mass of metal, etc, nu change was glade in khe Pagic 
for t h i s  one type of classifieatian s ince  $ha  l eng th  e~:roz 
w i l l  probably vary from d i f f e r e n t  elassea sf vekial.edis, The 
measurement 02 axlee spaci-ngs was the nore impartant charas tss-  
i s t i e  ta record a u e u r a t e l y ,  aa t h i s  di1ne12sjoig i s  ~3sed i n  t,hs 
classification Lsgxc ,  Ax le  spasing error  was no% a f i x e d  
percentage b u t  stayed Inore nea r ly  w i t h i n  the sane range numex-i- 
caLly fa r  t h e  longer spacings.  TIms,  e.he B ~ ~ - O P B  in t h i s  measure- 
ment should n o t  e f f ec t  classification seriously above Cdasa 3 ,  
Accuracy of speed measurements m%de by the aystsnl were checked 
by radar ts be w i & h i n  -- d % % ,  

In order $0 determine proper wheel. base I e n q t b s  f o r  the 
cl.assificda$.fon break points For vehicles w i k h  m o r e  than two 
a x l e s ,  8 s t u d y  w a s  made of actual spacings o f  ax les  on existing 
vehicles 

T % i s  study was accomplished by reviewing ca%d-bratsd photo- 
graphs and by cngFtainiwg a c t u a l  vehic le  a x l e  neasuraments by 
v i s i t i n g  automobile sales outlets, t ruck  stops,  and rest Braas 
to f i n d  and inspect  t h e  vd r ious  types of v e h i c l e s  a f  i n t e r e s t .  

A c t u a l  axbe spaci.t-ags were medsured for the r a n y e  of vehJc las  
involved, Sufficienk v a r i e t i e s  of each o f  the genera l  types sf 
vehicles of i n t e re s t  were selected ka obtain  a ,range of va lues  
so t h a t  proper h i q h  and $0-8 break  ps r inks  fo r  the vah&~.rele eate.- 
gory differentiation csukd be selected as requi red ,  

Category ""F'"-4 was added to coves b u s e s ,  Visual absexva- 
t i s n  showed that $he selected wheel base w i k k  propexby categorize 
95% o r  faare 02 the b~.~ses,  Skhort urban braeas may f a l l  i n t o  the 
t r u c k  category, 

The elnssification for a pickup flowing a 4:rail.er wars 
corrected to place such vehicles brx P3 aPany with heavy duty  
p ickt~ps ,  

A l l  staxkdard eammerciaily %rians%Eactaxreh t w o  axf e rrz6iper s 
or R , V ,  type  t r a i l e r s  hsve the t w o  ax lee  approwi~rtately at the 
trailer center o f  gravity and have axle cenker to centers af 
less t h a n  3 , 5 ' ,  An oeeasFsnaB home built u n i t  or raad cons t rue -  

2 3  



t i o n  v e h i c l e  may vary from this b u t  classification using the 
3,s '  criteria shsul-d be correct f o r  over 99% of the vehicles.  

Five and s i x  axle double bottom v e h i c l e  arrangements were 
checked by l e a s i n g  a unit w i t h  a tractor unit on which the first 
set of driving wheels could  be hydraulically raised so that t h i s  
u n i t  c o u l d  be used to v e r i f y  F1L and F%2 categories. Multiple 
passes were made through the test section wik l ' i  both wheel 
arrangements, Photograph (#I) of this test vehicle is shown 
an page 2 5 ,  

Because of the d i f f e r e n t  technxques  used in collecting 
veh ic l e  generated data each companiesbsystem uses a slightly 
different l og ic  to determine the proper ebass f o r  each vehicle ,  

However, the system %Isw chart  'VF'"developed end listed 
in detail under paragraph 4.3 can be translaked by t he  pro- 
grammers to provide the necessary microprocessor Logic programs 
so t h a t  a%B systems except t h e  Sarassta  should be ab le  to classify 
%Q this system, 

Because sf t he  t i m e  r e q u i r e d  to rowrite the program no 
aktempt was made ts have the system P actually checked on aXk 
systems. 

4.4 COMPUTER CHECK 8E' SmEME "F" 

The FHWA O f f i c e  of Highway Planning r an  a computer check 
of Scheme F u s i n g  da ta  supplied by the State sf Washington of 
same 12,927 vehicles c l a s s i f i ed  by types, One error in logic 
in scheme F was i d e n t i f i e d  and corrected, 

The data was a g a i n  compared by  computer which i n d i c a t e d  
t h a t  scheme P would provide an  acceptable elassificatisn system 
having an accuracy  averagxng well over 95% and be-kkeac i n  the 
truck types. 

An error in l o g i c  on the 4 a x l e  c l a s s i f i c a t i a n ,  t h i r d  and 
f o u r t h  steps was detected and corrected, This correction w a s  
not computer tesked a g a i n s t  the truck weight d a t a  file. 



Double  Bottorn Truek  
Used in ebassifieatisn test runs. 



5,0  TEST SITE 

5.1 PROBLEMS 

Several problems arose to delay the s t a r t  of the t e s t  eval- 
uation program. One was the f a c t  t h a t  the pavement in f r o n t  of 
the Maine Facility b u i l d i n g ,  where the  initial check out o f  each 
equipment was to be performed, had deteriorated so t h a t  bouncing 
of vehicle's axles occurred causing errars in ax l e  count, The 
second problem was the delay  in receiving csmpl.etely operative 
equipment and working out the problems w i k h  the various manu- 
f a c t u r e r s .  

Problem O n e :  The b i t u m i n o u s  concrete two-lane road, U . S ,  2, 
___*_ 

passing the Facility had deteriorated as mentioned and it 
was decided to repave an appropriate weetion of the road before 
testing the v a r i o u s  equipments, 

A faux-hundred foot s e c t i o n  sf the road was sh imed  and 
then repaved w i t h  B BP4" of bituminous concrete. Three of the 
systems w e r e  t h en  i n s t a l l e d  w i t h  a 2 8 0 b s e c t i o n  a s  level as c o u l d  
be obtained p r i o r  to the veh ic l e  crossing t h e  v a r i o u s  systemus 
BeXISQL^S, 

The required loops arid sensors were t hen  irgstalled i n  
sequence sa t h a t  several sys.tems could be tested at the same 
t i m e  and r e s u l t s  compared, As each system was i n s k a l l e d  pre- 
l i m i n a r y  t e s t i n g  was undertaken w i t h  the reszalt t h a t  ds feckx  
and errars were found, These problems were t h e n  discussed 
w i t h  each eqzaipr~~ent manufacturer and csrrectians made as r a p i d l y  
as possible, 

Problem Txo: Because of the more or less permanent n a t u r e  ---- 
of the H,R,D,  system installation and the Golden River pad it 
was decided to r un  both the proof t e s t i n g  and the longer  t e r m  
volume testing on these t w o  systems at the facility o n l y ,  
r a the r  than move $he  systems to one of the s i t e s  on I-95, 
The t r a f f i c  m i x  at the f a c i l i t y ,  because of .its Location on 
U . S ,  Route 2, the only primary east-west highway, was adaquate 
fox= an acceptable test 0% the var ious  systems ability $0 
properly c l a s s i f y  all categor ies  of vehic les ,  Heavily loaded 
logg ing  trucks, s"&hers types of heavy semi,-trailers,  and moat 
&Ll v a r i e t i e s  of recreakion v e h i c l e s  use  t h i s  highway, A l s o  
hecause of the p o s i t i o n  o f  the s i t e  at t h e  top  sf the h i l l ,  
slow-mov i n g  heavily loaded t r u c k s  cause f o k L o w i  ng veh ic les  to 
s l o w  down k s  about 2 0  mph, Thus, queues of slow-moving vehic les  
formed. Queues  and slaw-moving vehicles cause program logic 
problems in t he  varioexs t y p e s  of equipment. Where t . w o  Loops 



a r e  used the interception of the first Poop by a v e h i c l e  s ta r t s  
the recording I s g i c ,  and the time to interception of the second 
loop provides information by which %he system ca1suXates the 
vehicle  speed, Departure from the second loop provides a total 
time in the system fram which o v e r a l l  vehicle length i s  calcul- 
ated by the  system. The departure  from t h i s  loop a l so  atsps 
data csBPection for that vehicle. 

men queues form, vehicles s topping wi t l a in  the Gasp ta 
loop system w i l l  cause time errors sa the program Logic i n s t r u c t s  
the system to disregard the data and the vehicle is not counted.  

Slow-moving vehic les  transiting the Basp sys tem are usually 
changing speed either up or down. 

T ? ~ u s ,  since speed and loop spacing are used i n  the salcula-- 
&ion  sf a x l e  spacing and tlzus in vehic3.e kype classffieation 
a speed change may cause false classification. 

If simultaneaus occupancy of both lssps occurs, by t w o  
vehicles they w i l l  be added togehter and recorded as one: and 
with a resulting incorrect classification, 

In system using pnebamatic tubes similar problems occur, 
particularly the mfscla~sifica~ions due to speed error, so 
this type of system u s u a l l y  has instructions in the program 
l og i c  to net count  or c l a s s i f y  vehicles whose speed is less than  
2 0  mph, 

The Loop and a x l e  counter type systems do n o t  have such 
program l o g i c  instructions. 

A l l  systems should be used only in free flow traffic 
conditions, 

Short headway at high speeds (under J O b s e p a r a t i a n )  will 
a l so  cause errors in the classification in the kws loops system. 
(Comining  two veh ic les  a s  one). The pneumatic tube  systems 

w i t h  t ube  spac ings  n f  i 6 b r  under  would have to be intercepted 
by v e h i c l e s  separaked by approximately the tube spacing before 
errors of the above type would occur. Evaluation s f  %he various 
s y s t e m s b a b i E i t y  to handle queues and slow-moving vehicles was 
readily accomplislned visual-Ey, The placement: of the test 
station was such that visual observation as well as photographs 
as required cou ld  be made at the same t ine  as the equipment t e s t s  
were performed, S e e  photos #2 and # 3 ,  respec t ive ly ,  
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View at photographic 
s i t e  at Maine Facility 

on U , S ,  Rte. 2 ,  



View of equipment van  
at U. S ,  Rte, 2 site. 

PHOTO #3 



5.2  1-95 VOIaWE SITE 

Vokun~e  checks on the S t reeker -Asne t  and the G,K,  Systems 
were run  a& the site an 1-95 nockh at P i t t s f j e l d  a s  previsusly 
described, A& t h i s  s i t e  t r a f f i c  i s  almsst always in a free flow 
c o n d i t i o n  and t h e  voP~~rne checks s n  these t w o  systems, which had 
d i f f i c u l t y  handling queues  and slow.-moving vehicles,  was more 
accura te ly  analyzed f o r  the l a rge r  volume the s y s t e m  can handle 
[see F i g u r e  T I ,  paragraph 6 , 3 ) ,  A l s o  see phoks $4. 

5 - 3  m I N E  FACILITY,  U, S, ROUTE 2 TEST S I T E  

D u r i n g  the sepaverneaat of the two l a n e  road pass ia~g  the fae- 
i % i t y  an  spparkunity was taken to place the h o p s  far three 
systems between the shim l aye r  and the f i n a l  bituminous top 
course.  T h i s  p r ~ s r i d e d  a c lean  roadway w i t h  ns obvisarxs exposed 
loaps. Of course the a x l e  counters and pneumatic tubes are 
v i s i b l e ,  b u t  i n  gene ra l  the l ack  s f  visrble loop s l o t s  and fill 
reduces  the v i s i b i l i t y  of the system %o passing t r a f f i e ,  WII 
systems were installed i n  the westbound l a n e .  

Loops were provided as on F i g u r e  I ,  Two 6'xw6@ Joops wi th  
a 9 . 8 4 b s p a c i n g  Beading edge ts heading edge w e r e  i n s c a l l e d  for  
the Sarasota system, 

LOOPS E3'xkOe w i t h  2 0 8  Beading edge to Peading edge 
were provided $or the H , R , D ,  system. DMO Et8x6 '  loops w i t h  
L6Vbead ing  edge ta Heading edge were provided f a r  the Golden 
Rives system. Photographs #5 and $4 show the site installation 
before and after placement of the b i tm~jnous  weax:ing course. 

F i g u r e  S: a l s o  shows the placement of %:he axle  counter 
far the  I , R , D ,  system and the W , L , M .  pad, wllie'h provides axle 
count ,  for the Golden R i v e r  system, See photograph #7 and #8,  

Pneumatic t u b e s  f o r  the Stseeker-Amet and G ,  M, Gysterns 
w e r e  p laced from the centerEi.ne t e a  .$-.he edge of pavement aver 
the open areas  between axle counters  when required f a r  data  
r eco rd ing  an these systems,  

The 8'  w i d e  loops of the I , R , D ,  s y s t e r ~ ~  placed in a 1.1" 
wide Pane  were a f t e n  a c t i v a t e d  by traffie in k h e  opposite 
direction. T h i s  was indicated by t h e  recsrde~c ~rakating "Wrong 
D f r e c t k a n "  on the printout . ,  X t  w a s  recommended ta the manu- 
fact1as:er t l m t  6 a w i d e  loops be u s e d ,  They agreed and 6bFpjide 
basps wore installed at the W , E , E ,  s i & e  i n  S idney  on 1-95, 



1-95 northbound site 
at Pittsfield, showing 

Streeter-Amet and G.M. Instrument p n e u m a t i c  
tube  installation, 





View of loop installation on U . S .  2 
at Facility - loops visible 
on base course of bituminous 
concrete before application 
of top wearing surface. 



View thru test s i t e  on D. S .  2 
at Maine F a c i l i t y .  

'I.W,B, a x l e  coun te r  in foreground.  
White lines 1 0  feet apart are 

The photo identification l i n e s  
for Length verification. 



1, R, D, a x l e  coun t e r  
One foot  ruler indicated, 



View e a s t  on U. S .  2 
showing westbound l a n e  w i t h  
Golden River weigh pad 

in foreground,  



then be ing  i n s t a l l e d ,  They proved $0 work satisfactorily, e l i -  
m i n a t i n g  cross t a l k  from the adjacent l ane .  Wkso s e t t i n g  &he 
loop detectors on the low gain p o s i t i o n ,  i n s t ead  o f  medium, 
seduced the problem of ""missed a x l e  detectors" that had pre- 
viously occurred frequently. 

G.K. Instruments recommended &hat we install the pneumatic 
t u b e s  for t h e i r  system to cover on ly  2/3 o f  the l a n e ,  to shor ten  
the l e n g t h  of exposed tube and t h u s  reduce motion when the tube  
was h i t .  This was done on operation sf t h i s  system at the 
Facility; b u t  f u l l  l a n e  coverage was still employed on the volume 
tests 9n 1-95, where the syskem was always checked at the same 
t i m e  as the Streeker-Araet  system, so t h a t  both aysterns saw the 
same t u b e  conditions, 



6,0 EVALUATION ME'ff4%gOmlCpQGY 

The testing and evaluation program was undertaken to exa- 
mine the logic, reliability, and accuracy of the existing systems. 
The teseng program had three major phases, 1, Set up and pre- 
liminary testing of each system to find and eliminate initial 
electrical and instalbation problems; 2, Proof testing, con- 
ducted at a test section on U.S.  Route  2 i n  front sf the Facility 
for photographic and visual confirmation of the ability af each 
system to properly follow its lagic in placing the vehicles 
observed in the proper category; 3. Collection and analysis of 
larger volume of data under high volume of vehicular traffic 
and study of the reliabiliky of the systems, 

Each classifier system was examined and set up in the 
facility laboratory and run under simulated conditions. All 
systems had some initial problems varying fleorn missing csnrmection 
cables to the more serious satuation sf incorrect cables for 
connection to the printers, In one case defective ch ips  in a 
collection device and in another incorrectly inserted chips were 
a problem. Improper transmission code setting for the printers 
supplied a lso  caused difficulty. 

Problems with interpreting the instruction books that came 
with each system arose. Although in most instances well written 
technFcaEEy, they were hard to follow because the writers assumed 
in too many instances that the reader had information about the 
systems that in fact were not known. Video  tapes of  set up and 
operation of the systems might be a h e l p f u l  instruetion aid. 
Acceptance of these new systems by potential purchasers and their 
speedy installation and use in the f i e l d  w i l l  in many cases depend 
upan a more thorough eummunicatisn of the equipmentBs operating 
parameters and potential problem areas, %s the users, by the 
rnanuf ac turer s , 

6 , 2  PROOF TESTING 

Pro~f testing, as defined for this projeck, is t h e  deter- 
mination of the accuracy with which each system places a specific 
t ype  of vehicle in the proper cakegory as defined by the systemsu 
logic schame, 

This evaluation was accomplished by having an observer 
record the type sf each of 180 consecutive v e h i c l e s  passing the 
test sit% T h i s  evaluation was repeated on five separate days 
far an sbservation of a minimum of 508 vehicles thru each system. 



When necessary photographs were a l s o  taken. The %@st site 
had f i v e  s e t s  sf white l i n e s ,  4"  wide,  pa in t ed  on the road 
1 8 h a p a r t ,  Comparison of the spacing of a vehic les  axles and 
its overall length with the l i n e s ,  by measurement on the  photo- 
graph as required, permi t ted  a check as $@ whether eEae p a r t i -  
cu la r  system had cor rec t ly  classified the vehic le .  Photographs 
sf representative veh ic les  a r e  shown i n  Appendix BEI, 

In addition, in order to o b t a i n  a better measure of the 
systemsbakility to accurately use these t w o  var iables  where 
necessary i n  a r r i v i n g  at a e l a s s i f i e a t i o n ,  another source of 
data was also used. 

The axle spac ing  and overall l e n g t h  of several d i f f e r e n t  
t ypes  of veh ic le s  was obtained by tape measurements and then  
the vehielcs were run  t h r u  the system and the classification 
checked, 

The following vehic les  were  checked i n  t h i s  way. 

1. A double b o t t m  semi-trailer, 
2. A 3S2, 
3 .  A 2S2, 
4. A g i e k u p ,  
5. A s tandard passenger ear ,  

Although aHb systems except Sarasata used axle spacing 
in the logical determination of vehicle type, the on ly  system 
t h a t  provides a s s n e u r r e n t  readout sf each vehicle's axle  
spacings as measured by the system was the E , R , B ,  which provides 
a continusus printout sf axle spacings, speed, overall l e n g t h  
and class for all veh ic le s .  APss this system missed fewer 
vehicles t h e n  a ther  systems so i t  provided a standard e s u n t  
fo r  comparison w i t h  the other  systems. Tests  canducted sn 
U , S ,  2 a% the Facility, were run in comparison with -the E.R,B.  
system, L f  an  a x l e  c o u n t  was missed by the E.R.D.  unit the log ic  
sf t h i s  system caused a statement to be printed o u t  t h a t  read, 
"Missed Axle Counter6\ so that even though a classification might 
be missed the coun t  w a s  i n t a c k ,  U , S ,  Route 2 at t h i s  point is 
a two Lane rural highway w i & h  k l B  lanes. Traffic i n  a westbound 
direction is heavy and consists of a broad mix of t r u c k s  and 
veh ic les  of m a s t  v a r i e t i e s ,  

6 . 3  V O L m E  AND QUAIJXW TESTING 

V o l u m e  testing w a s  dons by conducting 24 hour or longer  
data r u n s  e i ther  s n  U , S ,  2 at the F a c i l i t y  for I , R . D ,  Golden 
R i v e r  and Sarasota,  sr on 1-95 wsrthbaund a% Pittsfield for the 
Streeter-Arne% and G. M, Instrument systems. 



Two systems were run simultaneousZy ~s that a check could 
be made as to missed counts, This test is basically Qne to prove 
continuity qf o p e r a t i ~ n  of the system and quality sf the elec- 
tronics to operate without f a i l u r e ,  Straetes-Amet and G . K .  
Jnstrurnent c2assify by bin count ~ n B y ,  and since discrete 
identity sf vehicle is lost, one on one comparison of classifica- 
tion is impossible, Therefore, this test is eseentially a 
qualitive one far these systems. $ee Figure  P T  for the 1-95 
Layout far %he two pneolmatic tube systems. Photo #$ on page 31 
a l s o  shows the pneumatic tube layout. 

Each %yakern was r u n  on volume t e s t i n g  for at leas t  200 
hours. These times were n o t  necessarily continuous but the 
sum sf several separate runs. 





7 . 0  EVALUATION OF DATA 

Because of the considerable difference in o p e r a t i o n  0 6  t h e  
v a r i o u s  systeras  as  to data c o l l e c t i o n  and p r i n t o u t  techniques 
each system w i l l  b e  reviewed s e p a r a t e l y .  

However, all sys tems had some eornmsn problems and these 
w i l l  be d i s cus sed  t o g e t h e r ,  

A g e n e r a l  summary of t h e  accuracy and sys tem r e l i a b i l i t y  
shou ld  be v a l u a b l e  to potential users sf chese systems and w i l l  
be provided a t  t h e  end sf the seetion, Also these d a t a  will 
be listed a long  with other u s e r s ~ p a s a m e t e r s  to h e l p  i n  
s e l e c t i n g  the type of system needed i n  any particular s i t u a t i o n .  

Four of t h e  f i v e  sys tems provide vehicle c l a s s i f i c a t i o n  data 
based  on number of ax le s  and spacing,  while the f i f t h ,  the Sara- 
sota System categorizes by v e h i c l e  l e n g t h s  o n l y ,  

A % P  systems on occasion missed counting and classifying 
v e h i c l e s ,  Systems u s i n g  pneumatic hoses missed more often than 
sys tems  using other t y p e s  of ax le  c o u n t e r s .  I n  general t h e  
h o s e  t y p e  sys tems missed v e h i c l e s  i n  q u e u e s  and when t h e  v e h i c l e s  
were t r a v e l l i n g  u n d e r  twenty m i l e s  p e r  hour. The i n s t r u c t i o n  
manual f o r  S t ree ter -Amet  makes no te  t h a t  t h e i r  system w i l l  
o p e r a t e  satisfactorily o n l y  i n  free flow t r a f f i c  above 2 0  rnph 
and t h i s  was found t o  be true f o r  b o t h  hose type  u n i t s  a l though 
an occasianab v e h i c l e  at 1 8  rnph if n o t  i n  a queue would be 
s u c c e s s f u l L y  c l a s s i f i e d .  D i s c u s s i o n s  with one m a n u f a c t u r e r ,  
S t ree ter -Amet ,  indicated that t h i s  slaw speed o r  q u e u e  c u t  off 
i s  a d e l i b e r a t e  Logic program d e v i c e  t o  avoid e r r o r s  due to 
varying v e h i c l e  speeds i n  skew-moving queues or to prevent t w o  
v e h i c l e s  simuPtaneousiy occupying b o t h  loops and t h u s  appearing 
a s  o n e  vehicle. 

Both t h e  B , R , D ,  and the Golden W i i r e r  f3ysB;ex-w cnccasisnal.$y 
missed an axbe count and thus c o u l d  no t  c l a s s i f y  t h a t  p a r t i c u l a r  
vehicle, The 1 , R . D .  sys tems Psgic, however as p r e v i o u s l y  men- 
t i o n e d ,  i s  provided w i t h  t h e  c a p a b i l i t y  t o  p r i n t o u t  ""Missed Axle 
Counter"  so t h a t  althouyh n o t  c l a s s i f i e d ,  that v e h i c l e  w a s  c o u n t e d ,  
These t w ~  systems a l s o  would combine two v e h i c l e s  and @Lass the 
result i n  t h e  over 7 a x l e s  or "11 other' category if simultaneous 
occupancy of both baops occurred, W 5 ax le  s e m i - - t r a i l e r  followed 
c lose ly  by a 2 ax le  car towing  a camper for instance would s h ~ w  
up as a class 14 on t h e  I . R , D .  o r  Go lden  R i v e r  system w i t h  a n  



obviously erroneous overall l eng th .  This t y p e  of problem w i l l  
occur infrequently however and only i n  t a i i g a k i n g  and queue  
s i t u a t i o n s ,  

The sriginall ' % ' h @ l a s s i f i ~ a t i . o n  developed i n  kkle 1982 
Maine Facility study has same problem l s g i e  errors and where a 
program followed this scheme closely  those ctBassifj.catican errors 
were n e t  i n c l u d e d  in calculating the percen t  accuracy,  

Far instance c lass  6 and 5 should  be processed t h r u  the 
Bogie in the reverse order, as mentioned in paragraph 4 . 1 .  

7-22 PROOF TESTING ilATA AND D I S C U S S I O N  

The I . R , D ,  system program l o g i c  f a l l o w e d  the Scheme "FP"" 
c lose ly  as t o  ca tegor iza t ion  but enrtployed a d d i t i o n a l .  l og i c  i n -  
p u t s ,  Table 6 sPkows the cEassificatian scheme, The ability o f  
the a x l e  counter to identify dual tires, by virtue of its multiple 
magnetic sensors permitted %he u s e  of such detection to provide 
an additional E s q i e  input. However, because of the way the logic 
system interrogated the various a x l e s  for dwal.s, (interuoyat-ing 
only certain a x l e s  in various axle classes) occasional  classifica- 
tion errars were generated by this technique.  I %  would seem that 
this is an i d e a l  additional data input to aid i n  classification, 
but the technique shouXd be refined to avoid  the generation of 
additional Logic errors, 

Since . t h i s  was the o n l y  system t o  provi.de a readseat s f  axle 
spacings, photographic comparison was used ex tensrvehy  here. 
It was determined that the photographic t echn ique  could be depended 
upon t o  provide a spacing measurement of plus or minus  6" 80 a 
vehicle w i t h  an a x Z ~  spacing of $ 0  to 1% f e e t ,  Table 7 shows the 
proof test results for five, 100 or more vehic le  Yuns, in this 
case a total sf 590 vehicles. Phsto verification permitted the 
identification s f  the probable misc2assiEicatisn of 4 veh ic les  
identified as class 2 which should have been c lass  3 and 2 i n  
c l a s s  3 which should  have been in c la s s  2 .  However they are not 
classed a s  errors i n  determining the percentage correct since 
na other system can be photo cheeked to this accuracy and class 
2 and 3 ave r l aps  are common. 

T h i s  system correctly c l a s s i f i e d  all the 5 and 6 a x l e  double 
bottomse processed thru d u r i n g  the proof test period. 

Other types sf errars such as missed axle sensor, missed 
duals, vehicle going in the wrong direction (this i s  cross talk 
from the ~pposing l a n e  traffic) are identified by their eslumn 
heading, A vehicle with an unusual spacing s u c k  as a fou r  a x l e  



TABLE 6 
INTERNATIONAL WOAD DYNAMICS 

VEIIPCLE C M S S I F E C A T I Q N  CATEGOWPFS 

v m E  a&F, CONF%CGUMTIB@ NOTES . - \  

-ia---l.-.p-.--..----.----- m-------------->-s-'-----------------wmwm-----.---D* 

l, 0 0 ~ 0 6 ~ 1 % . 6 y ~ l a  (- 70") 
2 0 a Cars - 120") 

(B o Q Car (- XZOnB) u j  trgiler  
o o o o Car (- 120") w /  toadam kra i l a r  
o %P bii Car w/ shore teaeel  $- 42@@) 

3 o o Truck (120" - 24Qu8) 
B% 8 

4 o Q Bue (240" -1 
&s 8 
0 0 0 

a 8 s 
5 a 6% 
6 o 8 8  

0 0 a 
9 o 8 8 8  

s 8  8 8  
8 o 8 8 

ra 8 8 8  
o 8 8  8 

9 o 8 8  8 8 
o 8 8 8  8 
Q 8 8 8 8  

b Q  b;b 8 8  8 8 8  
o 8 8 8  $ 8  

I I 0 8 8 8 8  
0 8 8 8  

1 2  0 8 8 8 8 8  
0 8 8 8 8 8  

B 3 Q 8 8  8 8  8 8 
o 8 8  8 8  8 8  8 
o 8 8  8 8  @ 8 8  
o 8 6 1  8 8  8 8  8 8  

14 nBP other cambi~aatians 

3 Axle, 4 Axle Double U n i t s  

5 Axle Double Unkts  

6 Axle Double IYnits 

MuLki. Uni.t.s 

o - single t i r e  
8 - d u a l  e l r e  

- sknasc tar~dem space [- h 2 " )  - tandem space C -  96") 
1 - t r i d e m  space (- 144")  

1 - b i k e  space 6- 70") 
1 - normal space (- i20") 

) -- truck space (- 240* ' ]  
1 - b u s  space (240" - 1  





crane ,  or a camper trailer classed imp-rsperly as having duals 
were put into class 14. O f  the vekbieles n~onf~tasred 9 1 - 2  pcx-cent 
were co r r ec t l y  c l a s s i f i e d ,  

Program errors are not ~ b a s s e d  a s  errors i n  the percentage 
calculation but failure to fsl%oi~ g3rograrn differentiation Is 
ckassed  as an error. ?bus &he use of d u a l s  in the e%assificatisn 
and then m i s s i n g  the dual is an error. I k  is be9.icved thak t h i s  
u s e  of duals as a l o g i c  i n p u t  is "Sate o f  the A r t '  and shau ld  be 
encauraged,  but  t h a t  correction of khe jbogrc piroblern i r a  k h e  use 
of this daka inpu-e should be undertaken, Such a cglrrect.ion would 
b r i n g  the percent correct up 3 sr 4 percentage pcbira-ks, 

Volume Runs 

Volume suns on the I , R , D ,  syskem were mads on 3 , S ,  R o u t e  2 
on October 5, 6 ,  7 ,  8 ,  9, 13, 14, 1 5 ,  3-6, PL l8, E 9 ,  2 0 ,  21 and 
2 %  f o r  a t o t a l  of 331 haurs  and a total .  o f  1 3 , 3 7 5  vc:Faj'.cles 
(See Tables 1 6  t h r u  2 0 ) .  A x l e  sensor m i s s e s  were checked 6 x 1  

October 5th t h r u  9th w i t h  103 m i s s e s  or a 9 6 - 3  percent c l a s s i f i e d .  
A f t e r  a diseussisn w i t h  the manufacturer a r educ t ion  was made 
on  the  Loop detector g a i n  and from October 1% thrn bhe 23rd ,  8100 
vehicles were counted  with a 99,86% accuracy, 

The I , R , B ,  system ran for the entire evalua%i.ors and was 
continuously on from October 5th ehru the 23rd  without any 
electrical probheras  or failures. 

The system e lec t ron ics  appears w e l l  c o ~ ~ s t r u c t e d  and re l iab le .  
The Y n  the r o a d b a x l e  c o u n t e r  and  loop installation i s  designed 
for year round permanent a L L  weather use and should akand up 
to c o n t i n u o u s  rase w i t h  minimum maintenance, 

7 , 2 , 2  Golden River  ---------- 

The Golden R i v e r  s y s t e m  followed the Scheme ""E" c1.usel.y. 
(See Table 81 During  the 5 separate $08 vehicle data observa- 
tion periods, the system correct ly  c l a s s i f i ed  567 v a h i e l e s  o u t  
sf 591 for a percent classified of 95.9% correct ,  S i n c e  the 
logic error previcat~sly discussed alas  present 18 v e h i c l e s  ware 
improperly c lass i f ied  i n  the 7 ,  6 and 3 categories, P v e  
veh ic les  were missed ,  f o u r  for no known reason a n d  one because a5 
a queue.  All s f  the systems inc3.uding Golden River do o c c a s i o n a l k y  
miss a vehicle completely, Observation of Lhis tB~roughout  the 
project has n o t  l ead  to any wekb d e f i n e d  reason except far those 
t h a t  are in t he  s l o w  speed and  queue ca tegor ies ,  The Golaen  
R i v e r  system cor rec t ly  classified the 9- f i v e  ax le  'Double  
Bsst tornsbakad the 7-. s i x  axle ' Double  BottomsB tl;aat were s e n t  
thru the system d u r i n g  proof t e s t i n g  ts v e r i f y  the systems" 



TABLE 8 

GOLDEN RIVER MK3 WE%G 
VEHICLE GZASSIPPCATEQN CATEGORIES 

Vehicles are classified according do the W W A  scheme E classi- 
fication system, 

Vehicle 
Class 

1 Passenger ears, light trucks, and vans (2  a x l e s )  . 

Heavy-duty pick-ups, delivery trucks, 2A6T, s 
( 2  a x l e s ) .  

3 Cars and light trucks with ane or two ax le  trailers. 

4 Three axle single unit trucks, 

5 F s y r  axle trucks and semi trailers - 2S2.  

6 Four axle s ing le  unit trucks, 

7 Other four a x l e  cewinations. 

Five axle trucks and semi trailers - 3S2. 

8 Other five a x l e  combinations. 

$0 Trucks and semi trailers plus full trailers 
(5  a x l e s )  2S1-2.  

BL. Trucks and semi trailers plus full trailers 
( 6  ax les )  3S1-2, 

12 S i x  axle trucks and semi trailers - 3S3.  

13 Qther s i x  ax l e  combinations. 

14% Other seven or more axle combinations. 



ability ts handle  this type  of vehxcle ,  Tabbe 9 g i v e s  the summary 
of the classification r e s u l t s  s f  t he  59P vehicles. 

Volume Runs 
P 

Volume r u n s  were made on U.S .  Route 2 on October 5 ,  6,  7, 
1 3 ,  l 4 I l  16, 17, 18, 19, 2 0 ,  2 k  and 2 2  (see Tables 16, 18,19 and 2 0 ) .  
A total s f  9143 v e h i c l e s  were recorded by the system over a 
period of 253 hours. Using the I , R , D ,  SystemBs eount for eom- 
parison fl) during %hose periods when the data collection times wsre 
equal; showed a total of 9345 vehicles for the L , R , D .  vs 8864 
for the Golden River for a difference i n  count of 1 2 8 1  or 13,7%. 
Observations indicate t h a t  the Golden River misses counts 
more frequently than the I.W.D, s i n c e  the weight  pad used as t h e  

more axle  counter covers o n l y  one wheel path and misses wes, 
likely to occur, 

'khe electronics operated satisfactorily during the entire 
test period w i t h  no f a i l u r e s  or d i f f i c u l t y  after the initial 
set up problems, 

The capacitance pad w a s  in place f r o m  JuLy 7th t l ~ r u  October 
24th an Us$, R o u t e  2 and had no failures or obvious damage during 
this period in spite of some heavy c o n s t r u c t i s n  t r u c k s  passing 
over the system d a i l y .  

The Streetex-Amet classification system essentially 
followed the revised mhA$B scheme w i t h  the addition of e x t r a  
a x l e  spacing $ogic interrogations as shown on Table 10. Table 
11 shows the summary. of the proof test runs, During the f i v e  
proof test r u n s  af approximately 100 vehicles each for a t o t a l  
of 647; 6012 or 93.5% were classified correctly,  Missed vehic les ,  
reason unknown ( E 6 ) ,  and missed i n  q u e u e  sr slow speed (10% 
accounted for over h a l f  of the errors. The Streeter-Amet 
system c lass i f ied  the 9~azabLe B e t t ~ m s h e s w r e c t l y  except fo r  o n e  
class 12, a 6 wheel u n i t  which was missed esmpletaly. It is 
believed t h a t  this is one of the "eason Unknownu misses, and 
n o t  a function of the vehicle type ,  Two 'logic errors-were 
detected w i t h  one class 2 vehicle classed as an 8 and one class 
4 vehicle classed as a 5 ,  The reason i s  not. knsv~n,  

Although the  I , R , D ,  s y s t e m  did fail to classify correctly 
on occasion it was the most accurate in providing a t r u e  
t o t a l  veh ic l e  count ,  t h u s  its u s e  f o r  a count  s t anda rd  on 
the long term test runs .  





TABLE kO 
S T ~ R E E T E R - A ~ T  CZJASSIPI@A'IL"%ON CATEGORIES 

P --- 
A X L E  S P A C E R @  E R  P L E t  





Volume Runs 

The voku~ne runs were conducted  in comparison w i t h  the G.K. 
S q r s t e m ,  {both pneumatic tube systems) on 1-95 norkazbaund a t  
P i k t s f i e l d ,  The results are shown on Table 21. Data was taken 
on  October 12, 1 3 ,  1 4 ,  15, 16,  l"g la, 19, and 28 f o r  24 hour: 
periods.  O n  October 17 a pneumatic t ube  failed on the Streeter-  
Amet system and on October 26 both set s f  tuhes  were found to - 
have been pulled out of the restraining devices. One tube  had 
been ripped i n  t w o  pieces on the Streetes-Amet system, W different 
t ype  of t ube  was used  on the G , M ,  System which w i l l .  be discussed 
under t h a t  heading, 

For those runs  in which the da ta  was complete for  both 
systems, 5 runs had a t o t a l  sf 24,910 fo r  the Stree.ter-Amet 
system and 24,307 vehicles for the G.K. System for a dif- 
ference sf 603 Less %or the @,K. ' P h i s  gives a difference 
of 2,474. Considering the h i s t o r y  of problems, both i n  the 
1982 evaluation and on this project with pneumatic tube failure 
t h i s  is considered s very reasonable agreement between the t w o  
systems,  

On October 19 the %treater-Wmet count was 5011 and the 
G.K. Instrument count was 578% %he difference was 694 and 
opposite to the previous  6 days total the G,K, count be ing  
h e r  The dif ference  was 12,174. It i s  suspected that the 
pneumatic tubes on t h e  S t r e e k e r - A m e t  system had s t a r t e d  to f a i l ,  
probable e i t h e r  a hole  sr sLit was developing since this tube 
failed t he  n e x t  day,  The electronics operated satisfactorily 
and with no failures during the entire test project, 

7.2,4 G.K, Instruments - w 

Proof tes t  

The G.K, Instrument system logic followed mast closely 
the  Scheme '% 'b@Pass i f iea&ion scheme, (see Table 12) The prosf - 
test sunlmary showed 16 missed  veh ic les ,  and 8 missed classification 
because of q u e u e s  for a t o t a l  s f  24 missed vehicles.  (see Table 1 3 )  
The 76 correct e t l a s s i f i ea t ion  was 35.5%. There were 18 l og i c  
errors caused by the program errors of scheme '%'\ as mentioned 
previous. As in the s t h e r  systems these errors were n o t  count- 
ed. The systen? counted all the 5 a x l e  Wouble B o t t o m b u n i t s  t h a t  
passed thru the system and missed 3 sf the 6 axle 9 o u b h e  Bottom" 
vehicles, Two w e r e  no t  recorded at a l l ,  one  u n i t  was classed as 
a #4. No reason for t h i s  c o u l d  be assigned. 

52 



'rlaULB 1% 
@ , K ,  INSTRUMEW 

A a E  CLASSIFICATION P U N  CATEGORIES 

The program f o r  a x l e  classification results in clusters of c o u n t s  
d~stributed into Che following ~Passifications (bins) : 

BIN 0: Tota l  volume. 

B I N  I: 2 a x l e ,  passenger cars, light t r u c k s ,  e tc ,  
W B I .  .= 128" ( W B I .  is wheelbase from a x l e  k to axle 2 )  

B I N  2: 2 ax le ,  large pickups, delivery vans, Sight t r u c k s  
w i t h  2 a x l e s ,  W B L  l.208'- 

B I N  3:  3 or 4 axle, car and 3. or 2 a x l e  trailer, WEB1 - 120' '  
and 65" WE32 = 2 E 6 "  for 3 axle or 65" WIB2 - 264" 
for 4 axle v e h i c l e  * ( w B ~  is wheelbase, axle 2 to 3). 

BEN 4:  3 axle  single unit t r u c k  and 3 a x l e  buses 
3 axles and not bin 3, 

BIN 5: 4 axles, 2 axle t r a c t o r  with two axle trailer 
n o t  bin 3 and 36" = L-.12OY"*(WI33 is wheelbase, axle 
3 and 41. 

B I N  6: 4 axle single unit truck not bin 3 
and not b i n  5 and 36" W B 2  = 60"'. 

BIN 7: 4 ax le ,  3 axle tractor with single axle trailer and 
>falalout from bin 3 no t  bin 3 and not bi.11 5 and not 

b i n  6 ,  

BEN 10: 

BIN 14: 

5 ax le ,  3 axle t rac tor  w i t &  2 axle trailer [eighteen 
wheeler) 24" '3B4 - 1 2 0 "  

5 ax le  single unit t r u c k  and odd combinations 
36"  WHB2 - 601 ' *  

5 axle ,  2 axle tractor with single axle trailer 
and 2 axle trailer not bin 8 and n o t  b i n  9. 

6 axle, 3 axle 
2 a x l e  trailer 

6 a x k e ,  3 axle 
and not b i n  I1 

tractor with s i n g l e  axle trailer and 
WE35 = 84"". 

tractor with 3 axle trailer W B 4  = 7 2 "  

6 axle, all other 6 a x l e  vehicles not bin 18 and 
not bin 12,  

7 to L E  axles, 





Volume Tes t  -- 
me volume testing was run on 1-95 in comparison with the 

Streeter-Amet and the details sf the count were discussed with 
that systern. 

The G , K ,  Instrument used a d i f f e r e n &  type of pneumatic 
tube, which was supplied by Jamar the U , S ,  distributors of the 
system, This tube had a cross section approximating a "'D" in 
shape. The purpose of this shape w a s  ts reduce the tendency of 
the t ube  to roll when hit, This tube did fail on the last run 
at the same time that the round Streetcs-Amet tube failed. One 
tube had been ripped into two pieces. This tube failed by a 
split in the battorn of the '9D"ssection and in shear t h r u  khe 
s i d e  sf the "D" 'at the l e v e l  s f  the hole, The qenera l  idea of 
the construction appears to he a sound one and perhaps some 
improvement in the strength of the material used or some change 
in the crass section migh t  improve its performance 

The electronics operated satisfactorily throughout the 
test r u n ,  

7 . 2 . 5  Sarasota .- - S 

Given t h a k  the Sarasota system provides categorization 
by Lengths only, d i rec t  comparisons with the other four systems 
is not possible. However, since Sarasota expects to have a 
pneumatic tube system available using essentially the same 
electronics shortly after Janudry 9 ,  1985, the evaluati~n 06 
the system shou ld  be of value .  

Table 14 shows the 7 length elasses w i t h  the type vehicles  
which are categorized by each length class .  Few errors w e r e  
observed in the 563  vehFcLe proof test r u n  on U , S ,  2 at the 
Facility, The system gave 98,4% accuracy on this test, Table 
15 provides a summary of the vehicles eorrectPy and incorrectly 
classified from which the percent accuracy i s  der ived ,  

Volume Tes t  

The volume test was run a& the Facility on U , S .  2 in 
comparison with the E.R .D ,  system. 

@n October 13, 14, 15, 16, 17, 18, 19, 2 0 ,  21 and 2 2 ,  a 
comparison of veh ic les  classed by t h e  ' I .R ,D .  w i t h  those classed 
by the Sarassta system was made. 1 . R . D -  classed 8882 vehicles 
as against 9863 for the SarasoQa system, f o r  an over count error 
of 3-81 for the S a r a s s t a ,  This is an  error of 2.8% w h i c h .  i s  well 



TABLE 14 
SAWSOTA VC 1900 

(Classes By Length Only) 

Class  Actual Vehicles 

A 8 "  1 ' - S B  Hotorcycles  

B 1 5  8 "14 ' Small cars 

15 "-59" Midsize  cars ,  l a r g e  cars, 
pickups 

2 0 ' - 2 5 "  Large pickups,  sm. recrea- 
t i o n a l  v e h i c l e s  
2 axbe - 6 t i r e  - tandems 

26 ' -48 '  Single unit deE. truck 
triaxles, recreational 
vehicles, cars in t o w  

41 " 6 0 "  Semi ' s ,  r e c r e a t i o n a l  v e h i c l e s  
and car, c a r s  w/large 
trailers, buses 

61'- Double bottoms, special 
semi ' s 

Height  of vehicle chassis does influence loop d e t e c t o r  a c t i v a t i o n  
p o i n t  s o  the  length class cut o f f  point may vary, plac ing  vehicles 
whose length i a  close t o  cut o f f  in next c lass  bin. 

The system can be programmed to c l a s s i f y  i w t ~  14 d i f f e r e n t  
categories. 





within the accepted count accuracy of any s f  the systems. 

The electronics performed without problems during the 
entire test period. 

Tables  $6 thru 21 sl-sow summaries and comparison sf the 
volume r u n s  made w i t h  the vari.oue units. Comments on each  are 
t o  be found under the sections discussing each system. 

7 . 3  SYSTEM PERF0 

Five systems were available for test. Four of these 
systems provided vehic le  type categorization chiefly by interoga- 
tian of axle spacings  ( I . R , D . ,  GoEden River, Streeter-Amet, 
G.K.  Instrment), The fifth system (SarasokaB had the capacity 
%a lqeasure the approximate vehicle length only. 

The first four systems were sub$jeeted to similar testing 
to d e t e r m i n e  their ability ts accurately classify vehicles 
by types and also volume testing to determine their ability 
to perform well over lengthy operation in the field. 

2311 systems had problems with slow-moving vehicles and 
vehicles in queues. Contrary to the test results i n  the 
earlier 5982 study, previously mentioned, a considerable im- 
provement in classifying longer  and multiple ax le  vehicles 
is evident, The f o u r  systems did better in these classes 
than in the vehicle towing light trailer categsries, where 
most experienced some errors. 

241% systems operated thru the t w o  month test period 
without electrical ss other failure (except road tube damage). 

The %.W.D, system is a permanent year round system and 
n s  trouble with the Loops or axle counter were experienced, 

The Gobden River is a semi portable system for clear 
road operation only. %he axle counter, a pad nailed to t h e  
pavement and removable as d e s i r e d  w a s  l e f t  down for  a t w o  
and a h a l f  month period and operated without problem, ??his 
system is slightly Less expensive than the 1 , R . D .  system. 

The Streeker-Amet and the G,K, Instrument systems opera te  
on pneumatic tubes and thus are for clear pavement use only, 
Road tube problems were experienced with both systems. Drivers 
on semi-trailers recognize the road tubes and damage them by 



TABLE I 6  
VBEmE RmS ON U. S. 2 

* 1 , R . D .  only  18 h s u r s .  

# Golden River 1 3  m i n u t e s  shor t  of 2 4  h s u r s .  

TABLE 17 
1 , R . D .  V O E m E  RUMS VS % MISSED 

O c t .  5-9 * 
O G ~ .  12-16 

Oct. l6-19 

O c t .  20-23 

*Loop detector s e n s i v i t y  changed to Low range Oct. 10th. 



TABLE 18 
VOLWE RUNS ON U. S, 2 

S a t . ,  Oct, 1 3  1 2  15 1x26 

Sun. ,  Oct. 14 905 798 

Sub Tatal 

TBfFAL 

TABLE 19 
VOLUME RUNS ON U , S ,  2 

TABLE 28  
V 8 L m E  RUNS ON U , S ,  2 

"Mem, P u l l  - 6 hours - 6 hr. run on E.R,D. and Saraso ta  data used. 



TABLE 21 
'VOLWE RUMS O N  1-95 
PITTSFIELD NORTHBOUHD 

Pneumatic Tubes 

reeter-Amet 

F r i . ,  Oct, $2 

Sat,, Oct. 13 

--7 

S u n , ,  O c t .  84 

Wed., Oet, 1 7  "Pneu. Tube 

P r i , ,  Oct. 19 

-- -- 

*Tubes torn o u t  f r o m  restraining attachments. 

#" "B'9tube torn apar t .  





Packing the brakes on the rear s e t  of wheels, Several  2 and 
3 day r u n s  were obtained but road t u b e  problems can be expec ted  
if much longer periods than this are attempted. These two 
systems are the Peast  expensive u n i t s .  Approximate cost. sf 
a1L systems i s  g i v e n  in t h e  appendix a long with the Technical 
Characters of each system. 

The Sarass ta  system operakes f r o m  two loops and measures 
vehicle lengths o n l y ,  Kswever, the length categories chosen 
can be programmed to suit the user, Operation from loops 
make this a year round system. Sarasota expects to Rave the 
same unit available for operation from road tubes a f t e r  
January 1, $985, This would then provide  classification to 
Scheme 'TF"', T h i s  would then be for clear  road operation o n l y *  

A11 Sour  vebicl.e classification systems sakisfactorily 
completed the proof tests with a11 systems co r r ec t l y  c l a s s i f y i n g  
98% or- more sf the vehickes,  Vo%ume road tests were acceptable 
on a E B  systems except when road tubes were damaged, 

B r i e f l y  then, a summary for each system is presented 
below. 

1, H , W , D ,  - W permanent  y e a r  round system using t w o  loops 
and  an axle  counter, Provides  ckassification to Scheme ""F"', 

Printout available for each v e h i c l e  in real time as well as 
retaining data for summaries and telemetry to a c e n t r a l  head-. 
quarters. I n  prasf t e s t  run classified 9%.2% correct9y,  I n  
volume f i -e ld  run counted  99,86% sf 8100 vehicles pass ing  the 
sensor, W quality unit in the $ 2 5 , 0 0 0  class, 

2, Gshden-River  - A semi permanent system for clear road -- 
seasonal use only. Tk30 Boays and a capaci tance pad axle c o u n t e r ,  
p rov ide  input d a t a ,  Data collected to Scheme E .  Can be 
programmed by m a n u f a c t u r e r  for Scheme F, R e a l  t i m e  p r i n t o u t  
of each vehicle available hut not simultaneously with data 
storage or telemetering, On praof run classified correctly 
95.9% sf vehicles and in volume rurr missed 13% of vehicles 
out of 9345. The massed vehicl-es were e i the r  in a slow queue 
or a wheel had m i s s e d  the pad. A quality unit i n  $ 2 5 , 0 0 0  class, 

3 ,  Streeter-Wmet - A por table  system u s i n g  road tubes, and 
on praof %esting correctly c%assifi.ed '33.5% of vehicles, I n  the 
volume run it operated fur 9- 24 hour per iods  with two road tube 
failures, Comparisons with G .  K ,  Tnskrument system is the o n l y  
qualitative measure poss ib le ,  See Table 21 for a better measure 
0% this factor. 



A relatively inexpensive  unit for portable data collec- 
tion which operated satisfactorily, 

4, - This is a portable system 
axso using road tubes and successfu3iEy classified 95.5% of 

1 

vehicles on proof testing. On volume testing it was compared 
with the Streeker-Amet system for volume check, Except for 
the road tube failure, operation appears reasonable. See 
Table 21 for comparison w i t k ~  Streetex-Amet. 

Also a r e l a t i v e l y  inexpensive unit and acceptable for 
skasrt k e r m  portable use. 

5 a - This system operates on two Xosps 
and therefore classifies according to vehicle length only. 
The eleet~onies system operated successfully without failure 
during the  test period, 



8 , 0  RECOmE%SDATIONS FOR EQUIPmNT %MBWOmF@MT 

It is apparent that w i t h  the development of systems based 
on microprocessor technology there does exist at least fou r  
and possible five systems that can classify vehicles to various 
categories based on a x l e  spac ings .  

While t h r e e  d i f f e r e n t  types of a x l e  sensors were tested 
during this evaluation a l l  three had serious limitations, 
Either high cost (the I , R , D ,  permanent sensor and the Golden- 
River axle pad) or seasonal use only f o r  the s t h e r  two (the 
capacitance pad and pneumatic tubes), The road tubes a l so  con- 
tinue to have shor t  life as reported in the previous study, 
but t hey  tend  t o  f a i l  g r a d u a l l y  dur ing  a test r u n  making t h e  
data collected d u r i n g  that run suspect, 

Clearly, it is apparent that the development of a low 
cost, preferably permanent or at least all weather ax le  
counter, should be high ow the agenda for future mWA or 
industry support. 

It is recommended that work be funded for development in 
this area. With the requirement that the various states 
provide vehicle c%assificatian data on a r o u t i n e  bas i s  a system 
with a more reliable axle counter should have a top priority. 

Such a sensor should be able to withstand the higher 
A , A . D , T , b  sand also be impervious to deliberate attempts by 
vehicle operatars to cause damage to it. 

Of less importance than the axle counter problem, another 
shortcoming of t h e  systems should have some attention, however. 
This is the lack of a direct real time p r i n t o u t  of the data 
f a r  each vehicle, 'Baais need n e t  be available fo r  all data 
but would be of very great heLp in setting up and evaluating 
a system as to its correct operation in classifying vehicles, 
As mentioned two systems tested have this ability, whereas 
khe s t h e r  three c l a s s i f y  the veh ic le  s o l e l y  by c la s s  number 
with no opportunity to cheek the accuracy of such a classi- 
f ieati-on. 

The technobogy is available ta provide this now and 
its reduction to practice will certainly depend on developing 
the t e chn iques  to do t h i s  at a lower c o s t  t han  at present, 



In conclusisn $he importance of further work being done 
by research or manufacturing facilities should be stressed, 
The classification accuracy needs improvement. Tlne missed 
vehicle couet needs investigation, Pinally instrument pro- 
gramming and data r e t r i v a l  systems need to be further simplified 
to provide more fookprssf systems. 





FmA VEEICLE C U S S I F X C A T I O N  WITHE D E F I N I T I O N S  

and Dese r2 t  ios2 
- s - - v  

1. - W % 1  two- or three-wheeled motorized 
vehicles, Typical vehicles i n  t h i s  category have saddle  
eype seats and are steered by handle bars rather than a 
wheel. This category includes motorcycles, motor xeooters, 
mopeds, motorpowered bicycles, and three-wheel motorcycles. 
%'his vehicle type may be reported at the option of the 
State, 

2. - All sedans, coupes, and station wagons 
manufactured pri-marily for the purpose of carrying passengers 
and i ne lud ing  those passenger cars pulling recreational 
Or other light trailers. 

3, Other Wo-Axle - All t w o -  
ax le,  four-%ire vehicles ,  other than passenger cars, In- 
eluded in this classification are pickups, panels, vans 
and ather v e h i c l e s  such as campers, motor homes, El Caminos, 
Rancher~s, ambulances, hearses, carryalls, and four-wheel 
drive vehicles, Other %wa-axle, four-tire single unit 
vehicles pulling recreational or other light trailers 
are included in this c lass i f  i s a t i o n ,  

4. Buses - All vehicles manufactured as traditional passenger- 
carrying buses w i t h  two axles and s j x  kires sr three or 
more axles, This category i n c l u d e s  on ly  traditional buses 
functioning as passenger-carrying vehicles, All two-axle, 
Esur-tire minibuses should be classified as other two-axle, 
T a u r - t i r e  single unit vehicles, Modified buses should be 
eonsidered to be a truck and be appropriately classified, 

MOTE: Xm reparti,ng infcrmation on t r u c k s  the f s l k o w i n g  
P 

criteria should be used: 

a .  Truck tractor units travelling without a trailer will 
be considered s i n g l e  unit t r u c k s ,  

b, W truck tractas unit pulling other such units in a 
""piggyback" c o n f i g u r a t i o n  will be considered as one 
s i n g l e  u n i t  t r u c k  and will be defined only by the axles 
an the pulling u n i t ,  

e .  Vehicles shall be defined by the n u d e r  of axles in 
contact with the roadway. merefore. "floating" axles 
are counted o n l y  when in the down pos$%ion. 



d ,  The t e r m  "traileri"included both s e m i  and full trailers, 

5,  - A l l  vehic les  on 
a s i n g l e  frame including trucks, camping and recreation 
vehicles, motor homes, eke., having t w o  ax les  and dual. 
gear wheels ,  

6 .  L e  W i t  Trucks  - A 9 1  vehicles on a single 
frame i n e l u d i n g  trucks, camping and recreational v e h i c l e s ,  
motor homes, etc., having three axles,  

7. - WP3 trucks a n  a 
single frame w i t h  four  or more a x l e s ,  

8 ,  - 241% vehicles 
w i t h  four or less a x l e s  consisting of two units, one af 
which is a tractor or s t r a i g h t  t r u c k  power u n i t .  

9 .  Trucks - A11 five-axle vehicles 
consisting sf t w o  u n i t s ,  one of which i s  a t r a c t o r  or 
s t r a i g h t  %ruck power unit, 

10. - A L L  vehicles 
w i t h  s i x  or more ax les  c o n s i s t i n g  aE t w o  u n i t s ,  one af 
which is a tractor or s t r a i g h t  truck power u n i t .  

II. Five  or Less Ax& r Trucks - Wlb vehicles w i t h  
f i v e  or less ax les  c o n s i s t i n g  s f  tkree or more u n i t s ,  one 
of which is a tractor or straight truck power unit, 

12.  - A l l  six-axle v e h i c l e s  
consisting sf three or more units, one o f  which i s  a tractor 
or straight t r u c k  power u n i t ,  

1 3 .  - A l k  v e h i c l e s  w i t h  
seven or more axles consisting sf three sr more units, one 
sf which is a t r a c t o r  o r  s t r a i g h t  t r u c k  power u n i t .  



TECKNGCAL CmMCTERTSTBCS OF BQUIQWW EVALUATED 



I . R , D ,  Recorder and Digi. ta$.  P r i n t e r ,  

PHOTO #9 



I . R . D ,  GMSSIPIER SYSTEM 

C.M. I ,  - Dearborn Xnc. 
5353 Wilcox 
Montague, M i .  49437 

Contact r Jeffrey B. Davies 
$20  Lafayette R d , ,  Bldg. l 
S u i t e  203 
Hamptsn, N.HB 03842 

Tkre P.R.D.  I n t e r n a t i o n a l  Raad Dynamics Vehicle C l a s s i f i e r  
System c o n s i s t s  of a microcomputer and associated e l e c t r o n i c s  
housed i n  a  19""xll"'x20" cab ine t  which must be placed i n  
a  weatherproof cabine t  near  the site. 

The system can handle a  4 or 6 lane divided  highway or a 
two lane two way highway. Data from the road i s  suppl ied 
from each l a n e  by  two induct ive loops and an axle counter .  

The system opera tes  from 128-240 v o l t  50-60 Hz l i n e  voltage. 
Outpu ts  can be to a line printer for  on s i t e  p r i n t o u t  o f  
data on all vehic les .  (A 1200 Baud a c t i v e  te rminal  such a s  
a Decwriter 111 is requi red  ta ob ta in  a p r i n t o u t  of every 
v e h i c l e ) .  Data can be s e n t  by a modem t o  a c e n t r a l  corn- 

Technical - Characteristics: -- 

C h a r a c t e r i s t i c s  of Vehicle C l a s s i f i e r :  

C l a s s i f i e s  vehic les  based an axle spacing and t i r e  
eonf i g u r a t i s n ,  
U p  to twenty c $ a s s i f i c a t i o n s .  
Measures speed and vehic le  length, 
Records t i m e  of occurrence to 1/108 of a  second determining 
accurate gap s p a c i n g s .  
Roadway sensor environmentally sealed and is n o t  affected 
by snow and i ce  removal opera t ions .  
Compact e l e c t r o n i c s  records da ta  from severa l  in-road 
sensors and t ransmi ts  daily, weekly or  monthly d a t a  by 
talephone to host computer. 



* Communications by te lemetry t o  host computer, 
* I n t e r f a c e  computer can be supp l i ed  t o  provide easy  

t ransmiss ion  o f  da ta  t o  maim frame computer. 
* Collects d a t a  i n  a format cornpatable with automat ic  

traffic r e c o r d e r s  and weigh--in-motion equipment. 
* Provides a unique system of p r e d i c t i n g  ESAL1s and 

l e v e l  sf s e r v i c e  5n a l l  Links i n  the system. 

Informat ion Col lec ted  sn Each Vehicle:  
(Can be disp layed  on computer printer if r equ i red )  

o  8 0 o 
Vehicle Configurat ion o o o e 8 

Axle  Spacing 1 - 140" - 1 -54'1 1 - 208" - ( - ~ P L  ( 
Speed 65 mph (105 k~v'hr)  
Date Mon. 5 Nar, 84 
% i m e  kO:Q5 1 0 . 2  
Lane 3 
Classification 9 

Sensor i d e n t i f i e s  single o r  dual t ires.  This separakes 
r e c r e a t i o n a l  vehicle from t h r e e  and four a x l e  t r u c k s ,  

Typical Tables: 

Level of service avai lable  (A-E) pe rcen tage  of t ime 
- nsrtkbound and southbound 
Vehicle d i s t r i b u t i o n  by type and l a n e  inc lud ing  ESAL 
p r e d i c t i o n  - northbound and southbound 
T r a f f i c  speed s t a t i s t i c s  (average, s tandard  d e v i a t i o n ,  
skewness and 85th precen th l e )  
- produced d a i l y  f o r  c a r s  and trucks b y  l a n e  
Vehicle  d i s t r i b u t i o n  by time s f  day for v a r i o u s  v e h i c l e  
t ypes  - i n f o r m a t i o n  produced on an hour ly  b a s i s  o r  
smaller time increment,  
Traffic stream c h a r a c t e r i s t i c s  
- produced hour ly  Lane b y  l a n e  
- headway statistics produced f o r  p l a toon ing  and free f l o w  
Length class by vehicle type 

U s e r  de termines  the  v e h i c l e  c4.assif ierat ion and t a b l e  format ,  

Technical  S p e c i f i c a t i o n s :  

E l e c t r o n i c s  : 
Microcomputer and e l e c t r o n i c s  (99"'x131"~28'" housed i n  
traffic c s n t r s k  box adjacent to roadway, Temperature 
requirement i n  traffic c o n t r o l  box 3-5"~ t o  140"~. System 
operates on E I O  v o l t  power source .  Program provided 
b y  manufac tu re r ,  Data s t o r e d  on battery p r o t e c t e d  solid 
state m e m o r y .  



Physical Characteristics: 
Sensor 7.5 hx5'kx2'" 
Sensor is set directly in pqvement f l u s h  with surface. 
Mot affected by ice and snow removal, 
Portability: 
The sensor is supplied k i t h  a dummy and frame to facilitate 
moving ~f system from one location to another. 

O u t p u t  : 
Produced in metric or British units. 

Crse t s :  
P 

Casts are approximate for Plann ing  purposes only. 

Model CL-480-2 

9. Twa l a n e  classifier 
(e%ectronics package and 

$WO axle eounkers) Does 
not include printer, 
equipment cabinet, Issps, 
cables sr installation. 

2. Four lane classifier 
(electronics package and 
4 axle  counters o n l y ) .  

Model CL-400-6 

3. Six Lane classifier 
(e lec t ronics  package and 
6 a x l e  counters o n l y ) ,  $38 ,506 .08  

4. D i g i t a l  Printer 
D s c w r i t e r  III or equivalent 
required to obtain on site 
data, $ 2,800,00  

5. Modem - auto answer 
auto dial, 



Golden-River  Weighman Recorder and ihetsiever. 

PHQTO #BO 



GOLDEN RIVER CORP, 
WETGHMWN - ADVANGIEE VEHICLE CLASSIFICATION SYSTEM 

Golden River  Corp. 
7692  Standish Place 
Rockville, Md. 20855 

g3oa) 348-6800 

GaBdcn Rivers-eighman Advanced Vehicle  Ckassifieatiow and 
Weight System csmines accuracy and portability in a 
single reasonably priced package, V e h i e k e  data are collect- 
ed v i a  a set of sensors placed sn the road suxfaee,  %Jo 
constsuction work is required to place the sensors  which 
can be installed in under an hour, The signals from the 
sensors are analysed and stored by the W I G H m M  ready for 
eallection using a RETRTEmR o r  for  individual pr inkou t  
on site. The data can then be printed or fed to a computer 
system f o r  further analysis, 

The system can be used to sb2;ai.n vehicle weight data on 
a short or long term basis. As such i t  is su i tab le  fo r  
many purpases i n c l u d i n g  aiding in the development of en- 
forcement strategies and bridge and highway design. The 
W S G H W N  can also classify vehicles according to the mWA 
classification scheme 'l7' 

Technical Characteristics: 
---=-- 

Outline System Specification 

- S i n g l e  l a n e  advanced vehicle elassifisation and weight 
system (see note)* 

- 14 vehicle elasses to scheme E or F. 
- 4 axle  categories, f r o n t  ax le ,  tandem axEes, other ax l e s ,  

total weight  
- 1 2  weight bins in each category 
- programmable l i m i t s  for each weight bin 
- sensor array o f  2 Bsops and 1 weigh mat 
- count of vehicles exceeding FBWA bridge formula - alarm output for vehicles exceeding m W ' W  bridge formula - minimum 38 hour data storage on site 
- programmable to collect a x l e  weigh ts  or gross weights only - prsgramable to collect  vehicle classifications only  
- programmable to cohLeet certain classes only 

*Mote; The weight sys tem was not evaluated as a part o f  the 
classification project, 



- i n d i v i d u a l  vehic le  d a t a  co l l e c t i on  f a e i k i k y  
- individual vehicle printer output sn site 

Retr iever  

TY??e 
Capacity 
Memory 
Battery L i f e  
Data $ e s u r i t y  
Pane1  

Standalone 

Tntorf  ace 

Output Data 

Operafion Temp 
Storage Temp 

Standard WETRIEWW ~ontosa/~tore 
3 to 25 W R K S m M  Data F i l e s  
32768 Bytes, solid state MOS M M  
Minimum I week between 14 hour recharge cycle 
CRC Checksum on each f i l e  
8 digit LCD Display,  19 touch keys, 
1 8  position LCD Bar Ind ica to r  
2 parallel 5 pin mWSmN and Charger points 
View and change site number, date, time, 
configuration, recording interval, number 
of days of recordings, status, counts, 
speeds, retrieve data from WWSmN, 
partial sf a l l  data, 
Data examine us ing  B digit display 
Data clear and restore 
Examine status and battery vol tage  
SelX test facilities 
View and change Baud rate, End of line 
and end of data control c h a r a c t e r s ,  
s t a t u s  l i n e  control, stop at end of line 
control, automatic BC9 and DC3 control. 
Two formats, by f i l e  number of a l l  da t a ,  
CRC checksum error message, and o r d e r l y  s top ,  
output f a c i l i t y ,  
Designed f o r  manual sr automatic cannec-  
t i o n  to W R K S m N  via telephone r n o d e m s  
for usual opera t ion  p l u s  autsmakic 
r e t r i e v a l  of da ta  
-LOsC to 4-55oC (+%50F to +130°F) 
. - 2 0 0 ~  to +6ooe (-sol? to +B$OOF] 

" % m e  
Size 
Weight 
Count I n t e r v a l  
Maximum count 
Memory s i z e  
Expans i on  
Preset start 
Accuracy 

Advanced vehicle classification system 
250mn x 25Qmm x 158mi { inc ludes  handle)  
8 Mgs 
5 minutes to 24 hours (31 programmabbc i n t e r v a l s )  
3993 per bin per recording 
44M bytes standard 
memory expandable by 32K 
s ta r t s  r eco rd ing  at present  tine and date 
Weight: individual axles typically 18% 

standard error 



Bat tery  
Battery life 
Bat t e ry  status. 
Status 
Clock 
Calender 

I d e n t i f i c a t i o n  
C l a s s i f i c a t i o n  

&sop Detectors 
Loop Xnductance 
D r i f t  
Sensors 
Sensor Leads 
Standard 
Wccessor ies 
Connections 

Temperature 

The weight m a t  is 

Speed : +/- % mph, 60 mph, over 3-04- vehicles 
+/- 2 mph, 60 mph, over 10s vehic les  

Length: +/- lo%, 58cm, 60 mph 
+/- $0%,%06cm, $0 mph 

Sealed lead acid 6V / $0  Ah 
34 days between 14 hour recharge cycles 
Direct output of battery voltage on Retriever 
Self test output 
Full 24 hour clock, 4-1-  2 minsdmonth 
Full DD calender, with Leap year correction 
to 2099 
8 d i g i t  number, u s e r  ass igned 
L $  Gross weigh t ,  axle weights, ETrIWA scheme E 
e l a s s i f i e a t i s n ,  PWA Bridge Formula eom- 
p l i a n c e ,  speed, length, and arrival time. 
28 14 classes: f o r  each class P- 1 2  weight 
b i n s  f o r  E X ~ G ~  or 3 axle types and gross 
weight 
31 14 classes: far each elass 1- 1 2  weight  
b inds  f a r  grass weight 
4)  12 gross weight b i n s  
52 12 a x l e  weight b i n s  
Facility f a r  direct telephone connection 
between Weighman and Retriever 
2 multiplexed, self  tuning detectors 
40 uM to 206 u H  
Automatic compensation 
One weight mat, two road loops 
12 metre cable between mat and Logger 

Weighman to terminal %sad 
32 way MIL (loops) 10 way MIL (Weight mat) 
5 Pin XLR (Retriever) 
Weighman - 40 C ta % 88 C (-40 F to 135 P) 
Weight mat 8 6 to + 80 @ Q 3% F to 175 F) 

not designated far snow/ice conditions. 

The  G R 0 3 5 5  WEIGHLWN is a complete raadside system and comes 
complete with a E E  that i s  r equ i r ed  to start a n  immediate 
installation. 

A Retriever is required to enable  the  W E I G H W N  t o  be set 
up and data collected. A single Retriever b i l l  service 
a number of WEEGHWN, 



The GR03Q8 ~hargerfinterface is required 60 recharge 
the battery in the Retriever and can also be used to re- 
charge the WE%G N in the a f f i e a ,  

The GR0304 Charger is used  to charge a WEIGHL-N when main 
gswer is availabbe on s i t e .  

Various additional components are avaiLabEe to supplement 
the equipment supplied as a standard package, These com- 
ponents and c ~ n s ~ m a b 1 e s  are detailed below. 

Costs; - 
Casts age approximate far Planning purposes only. 

GR6355 WEXGEWM: 
one GR8349 logger $ €3,875.00 
one G R B 3 5 2  mat %0,650.00 
one GR0351 oscillator & cable 680.00 
six GR0350 mat fixing kits 875.00 

(12  bays)  
G R 0 3 5 7  Re t r i eve r  128K m e m o r y  3 , 3 2 5 . 0 0  
G R 6 4 5 2  P r i n t e r  and cable 695,00 
ERB308 ~hargeriinterface for Retriever 195. QO 

$25,215.80 



St ree te r -Amet  Trafieomp Model 141-A 
Recorder and Reader Model 1 4 0 - A  



STWEETER-MET TRAFFIC SURVEILLANCE SYSTEM 

Supplier : 

Streetes-Amet 
Measurement Systems Division 
155 Wicks Street 
Grayslake, 11Einoi.s 60830 

General Description: --- . , ,, 

The TrafiGOMP system consists of two units, a recorder 
{Model 14-1-24] and a reader (Model 1408 for programming 
and collecting data from recorder), A printer is also 
necessary to get a bard copy of the data, but does not 
necessarily have to be a Streeker-&met machine. The 

TrafiCOMP unit is v e r s a t i l e  and can collect various kinds 
of data depending on the program which is in use. BasicalLy 
t h e  r eeo rde r  a t  the roadside collects and stores traffic 
data in s o l i d  state memory monitoring one lane for ax le  
data and two Banes for length data, using inputs from 
pneumatic tubes f a r  vehicle classification. The reader 
(not a lways  at roadside) is t h e n  used to t r a n s f e r  the 
information from the solid state memory to a cassette 
which is then dumped by the p r i n t e r  (at a later time). 

Technical Characteristics: - 
Model 14BA $ 

Size 8-1 /4"H x 8-l/2'" x 13'" [ 21 ,0  crn 
x 3 3 . 0  cm) 

Weight 18 b b s  (8.2 Kg) including batteries 
and detectors 

H~using Type Compact, portable, weatherproof 
metal cabinet w i t h  c a r r y i n g  handle 
and bock hasp. Full l e n g t h  h i n g e  
and gaskets 

Pepnc.kions Volume counting, velocity class i -  
fication, length ekassificatkun, 
vehicle type classification, multi- 
directional or multi-lane 

I'OWCY- Source a )  2 - 6  v o l t  dry c e l l  b a t t e r i e s ;  
b) 2-6 volt 4 amp hr, rechargeable 
bead gel batteries (optional) 

Temperature Range -40"~ to l.58°F ( - 4 0 " ~  to 7o"e) 

Recording Intervals Available: 1, 2, 3, 4, 5 ,  6, 1 0 ,  
15, 20, 30, or 68  minute periods 

Maximum Count R a t e  20 vehicles per second; 4895 vehicles 
per recording period 

8 1 



Memory Storage (Data) Up ts 2500 m a x i m u m  recording periods 
Maximum Vehicles Per Count ing  Period 4095 per l a n e  
Poker Consun~ption 1 . 6  ma f o r  two roadtube applications; 

road loop 2 ma per loop-appl ica t ion  
may vary.  Dry eel$ batteries will 
yield approxianately 206 days of 
o p e r a t i o n  for roadtibe a p p l i c a t i o n s  

Recorder Connections a) L O  pin female MS connector for 
reader cable ; 
b) BO pin m a l e  M S  connector for 
road loop inputs; (loop detection 
models) 
c) 2 air switch tubes for roadtube 
(roadtube models) 

Vehic le  Detection Up t o  t w o  a i r  switches for roadtubes 
Up t o  fou r  i n t e r n a l  loop detectors 
(Model 750P) 
Up to e ighh  external loop detectors 
(special order) 

Controls & Displays  Loop detector adjustment and LED 
indicator (if used] 

Basic Electronics CMOS - Microprocessor based, Modular 
plug-in boards to allow for field 
service and optional functions 

Maximum C ~ u n t / ~ a n e / g l o u r  4095 
I n p u t  Detectors 2 pneuanakic tubes for Vehi.cle 

Classification 
Recerdinq.  Intervals 1 , 2 , 3 , 4 , 5 , 6 , 1 0 , k 2 ,  2 0 s  3 0  and 60 minutes 
Controls & Displays Reset & 750P LEO-OM switches (also 

75@P con t ro l s )  
Setup & Readout Method By TrafiCOMP l40W reader 
Functions Vehicle type classification 
Size & Weight 8-P i$ "  H M 8-l/2" D x 3-13" W 

6 2 P , O  x 2 1 . 6  x 33.0 em) ; BB Ib ( 8 . 2  kg)  
Cotlnectors 10 p l n  female M S  connector f o r  reader; 

cable 
10 pin male MS connector for Paaps 

Voltage Source 2 six v o l t  batteries or lP5 or 2 3 0  
50/&0 Hz AC {Optional) 

Power Con~urnption Rec~rder and two air switches  - 1 - 6  ma 
Temperature Range --40O~ - 15BoF (-4QoC -- 7 0 " ~ )  * 

*loop detectors limited t o  -25°F 

Model 1 4 0 A  Reader . -- 
Basic Electronics c/MOS microprocessor 
Da t ;I Stornqe In tegra l .  magnetic tape cassette recorder 
1lcl td Storaqe Tczlo t r a c k  complementary N R Z l  
S torage Capacity 7 2 , 0 0 0  c h a r a c t e r s  
Controls Push  button power s w i t c h ;  p u s h  but . ton 

r eco rde r  battery t e s t  switch; 1.2 digit 
keyboard 



Display 4 diyit l i q u i d  crystal display; 
LED" for station, i d e n t ,  date, 
time, data, error, recorder battery 
test. 

Cab%es 6 '  extendable cable to recorder with 
10 pin male MS connector, power 
cable 

Connectors  E O  p i n  female M S  output connector 
3 pin power conneetar 

Standard Output Format: ASClE at bfO or 380 baud, 
(during cassette readout) RS232C interface standard 
Power 2 six v o l t  4 ampere hour batteries 

for operation in field; 115 or 230 
volt 58/60 A@ for use elsewhere 

Battery Discharge Time 4 hours; unit has built-in charqcz 
f o r  charging batteries when operating 
from AC 

Temperakure Range 3 2 9  to 1 4 0 " ~  (0" to ~ O ~ C ) *  

$ i z e  & W@igh% 13-%/$"w x 9 - 1 / 8 " ~  x EL-3/4"B 
( 3 3 - 9  x 23.2  x 29.8 cm), 25 Ibs 
411.3 kg) 

*For extended periods. The unit tail 

be operated at much lower temperatures 
for the shorter periods required for 
data colXection. 

Costs;: 

The f ~ l l ~ w i n g  are approximate prices for Planning purposes 
only, 

140A Reader $ % , O O 9 . 0 8  

L4bB Recorder 

Data Module 

P r i n t e r  



G , K .  Enst.%rzame~-sts GKCjOOO Recorder and Data Port., 
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G ,  K, Instruments Lkd 
Simpson Road 
Fenny S t r a t f o r d  
MiZ&sn Keynes 
Buckinghamshire M M 1  I Z N  

U , S ,  Agent 
Jamar Sales Co., Inc. 
l17Q orchid Rd,  
Warminster, Pa. 18974 

The GK 6000 Series Solid S t a t e  recorder is sf a modular 
design enabling it ta suit the needs of the user. The 
recorder rack can be placed into an e x i s t i n g  cabinet or 
mounted fnto a pole mounted box. It can also be housed in 
a weatherproof case for use as a portable instrument en- 
abling it to be installed at khe roadside, chained to a 
Lamp column or other  suitable street furniture, 

Input to the recorder for vehicle classification is by 
means of rubber road tubes with the use of- air switches. 
A RS232 ( V 2 4 )  communicatisn card can a l so  be i n s e r t e d  
into the s l o e  already provided in the recorder, allowing 
modem operation for use to an auto dial data retrieval 
system, 

The basic 6000 Recorder i s  t h e  6000 TC! xx ,  which uses one 
fixed program chip and one variable one containing the 
country and configuration options. The 6000-TX-xx i s  
unexpandable, except by replacement sf all the program 
chips. 

AXLE GLPLSSIFTCATBON This requires two rubber tube i n p u t s  
and thus is normally used with the weatherproaf case version 
of the 6000.  Only one traffic lane can be handled, and 
the t w o  tubes should protrude two thirds of the way over 
the lane, be at right angles to the flow sf traffic and 
be spaced according to the option requirements { i . e .  5 
metres for 6000-AC-UK or 16 feet for the 6000-AC-US 
version), The tube that is nearest to t h e  approaching 



traffic should be connected  ts t h e  A o r  f i r s t  a i r  s w i t c h ,  
and the  tube  t h a t  i s  s t r u c k  Last by the vehicle being 
c l a s s i f i e d  should be connected  to t h e  B or second a i r  
swi tch .  

The "Data MsduBe'Ys a s e l f  powered CMOS ( M M )  memory 
pack that has the a b i l i t y  t o  s u s t a i n  t h e  recorded d a t a  
over a life sf several months. 

The pocket sized pack is housed in a f l u o r e s c e n t  yellow 
high-impqct p o l y s t y r e n e  s e a l e d  wallet, and is available 
in seven s i z e s  of memory, c h o i c e  of which is dependent  
upsn t h e  r e c o r d i n g  time i n t e r v a l  and the days d u r a t i o n  
r equ i r ed  between v i s i t s  t o  s i t e .  

The s o l i d  s t a t e  data module i s  ava i l ab le  w i t h  storage 
capacities of 4M, 8K, 12K, IbkiK, 3 2 K ,  48X, 64K. Each 
module carries i t s  unique s e r i a l  number and an indication 
aE its s t o r a g e  capacity on t h e  end opposite t h e  con- 
nector. 

Technical C h a r a c t e r i s t i c s :  

Specification 
Type : 
Options : 

Size :  
Weight : 
Microprocessax:  
Pnputa : 

Temperature : 
Count Rate : 
Count Xnterval  : 

Capacity f 

Self Validation: 

Accuracy : 
Power : 

6000 S e r i e s  Recorder  
S e r i e s  6800 Rack only 
Ser ies  6002 Rack w / 2  detactors 
S e r i e s  6804 Rack w / 4  d e k e ~ t o r s  
S e r i e s  6006 Rack w/6 detectors 
Series 6010 Rack & Weatherproof 

case (complete 2 
a i r s w i t c h e s )  

3.0Kgs 
NSC! 800 
2 A i r  Swi tches  
6 I n d u c t i v e  Loop D e t e c t o r s  
Gontac t C l o s u r e  
-20 to +7Q degrees C e l c k u s  
2 5  counts per second per l ane  
1 minute  to 24  hours 
(1, 5, 6, IQ, 15, 3 0 ,  & 60 rnins) 
(1, 2 ,  3 ,  6 ,  12, & 24 hrs) 
Up to 96 weeks single c h a n n e l  60 
minute  i n t e r v a l ,  (16384 recordings 
max irnurn) 
Each recording re-read for data 
v a l i d a t i o n  
+% c o u n t  per r e c a r d i n g  interval 
Rechargable  sealing bead acid q e P  
c e l l s ,  6v a t  19Ah 



Autonomy: 

boop D e t e c t o r s :  

Methsd : 
S e n s i t i v i t y  z 

Fail Safer 

Inductance Range : 

C o n t r o l s  : 

2 months p l u s  t y p i c a l l y  between 14 
hour r e c h a r g e  cycle 
(Wen fitted) 
GK Miersdet, fixed frequency 
detector 
Removable d u a l  c h a n n e l  detectors 
8 .2% normal s e n s i t i v i t y ,  2 minutes 
for 2% change in loop and feeder 
inductance 
Eosp non c o n n e c t i o n  will cause t h e  
o u t p u t  t r a n s i s t o r  to be h e l d  in 
a non conducting s t a t e  until 
manually reset  
40 to 300 micro-henries micro 
a u t o m a t i c a l l y  tuned 
Reset and lamp t e s t  b u t t o n s  

Bata Module 

Size :  6.25" "(60mm) * 2.87'5" (73mm) * 
,75'720mmB 

Weight : 6.4 Pbs (L80g) typical 
Temperature : -4Q0@ to +80°@ 
C o n s t r u c t  ion: Flourescent yellow h i g h  impact 

pobystrene wallet 
A v a i l a b l e  S i z e s :  

Size Bytes N o .  of 4 Digik Days D u r a t i o n  

Serial Data Part 

The G.K. I n s t r u m e n t s  S e r i a l  Data P o r t  i s  a c o n v e n i e n t  
sized desk top solid state reader w i t h  a standard GCETT 
V2Q (R5232) interface, configured fo r  one s t a r t - b i t ,  odd 
parity, and one stop-bit, making it suitable for inter- 
facing with most computer sys tems.  

The a e r i a l  Data Port  i s  a c c e s s e d  by the  use sf a series of 
single a l p h a  commands i n p u t  to the Bata  P o r t  from t h e  
software running i n  the h o s t  computer.  These al low f o r  
the sizing, header r e a d i n g ,  check ing ,  c l e a r i n g  and the  

87 



test of the data in the module. 

Weight : 
Pswer Requirements: 
Serial Interface: 

Interface : 
Baud Rate: 
Start-bits: 

P a r i t y  
Stop-bit : 

8,75'"229mm) * "9' ( 2 7 5 m )  * 2 , 5 "  
Q GOmmd 
5 .7  Pbs 62.6 Kg) 
240/B15 v o l t s  

S e r i a l  CCITT V24 ( ~ 5 2 3 2 )  
75  - 9606 
One 
O d d  
One 

Data Centre 
P 

Combines the f e a t u r e s  of the Ser i a l  Data Port with the 
ability ta function in a stand alone mode in canjunction 
wnith an RS (232% printer. 
Entry of header information and control is by an electro- 
mechanical keyboard with an audible beep, 

S i z e :  8 . 7 5 "  '(220mmji * T " " l 4 5 m m )  * 2 . 5 ' ~ ( f i O m m )  
Weight: 5 . 7  Ibs (2.6 Kg) 
Power Requirements: 240/IE5 volts 
Serial Interface: 

Interface : Serial CCITT V24 ( ~ ~ 2 3 2 )  
Baud Rate:  7 5  - 9680 
Start-bits z One 
Parity : Odd 
S top-b i t  : One 

Description 

Data M a d m  - 
The Data Module is a self powered CMOS ( M M )  memory pack 
that has the ability to sustain the recorded data av, a 
life sf sevsral rnaxths, when the module has bean removed 
from the recorder. 
The packet sized pack is housed in a fluorescent yelksw 
high-impact polystyrene sealed w a l l e t ,  and is available 
in seven sizes of memory, choice sf which is dependent 
upon the recording time interval and the days duration 
required between visits to s i t e .  

Data Process i r x  -- - ---- - 

Data Centre 

' f i e  G.K. Instruments Data Centre when connected ts a serial 
printer (W5232) such as an Epssn, can produce a stand-alone 



printout 0 2  the traffic flow on an hour ly  basis  w i t h  t o t a l s  
for the 12, 16 ,  18 s! 24 hour,  t oge the r  w i t h  the average 
flows fo r  t h e  week and weekdays, The simple keyboard 
allows for the entry of suitable titles to complete the 
printout, 
Alternatively the Data Cent re  or t he  S e r i a l  Data Port can  
be used to i n p u t  the data t o  a microcsmputer by the use of 
a series of single alpha commands input %a the Data  Port 
from the software running in the computer. 
Such machines as the IBM PC, Sirius, Kaypro, Osborne, 
Apricot, and Apple can be used to process the data. 

A f u l l  range of accessories is available to compliment 
the recorder in field o p e r a t i o n .  These range from the 
road tube and clamps to chain and padlock f o r  the f i x i n g  
and security sf the roadside i n s t a l l a t i o n .  

Disclaimer 

The company r e s e r v e s  t h e  right to alter any of the Company's 
products or p u b l i s h e d  technical. data r e l a t i n g  thereto any 
time without n e t i c e .  

Costs: 
_P___ 

G , K .  6000 

Data Port 1,295.00 

Road Tube 

P r i n t e r  



Saxasata V C 1 9 8 0  Recorder and Printer, 
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Supplier : 

Sarasota  Automation 
1500 N, Washington Blvd ,  
Sarasota ,  Pla. 3 3 5 7 7  

Contact: Mike Weeks 

($13) 366-8770 

The VG1980 i s  a microprseesxor-based t r a f f i c  a n a l y s i s  
irastrument designed for t r a f f i c  data co1Beckio.n e i t l a e r  
eonventionably o r  r e m o t e l y ,  u s i n g  t h e  Public Switched 
Telephone network, 

T r a f f i c  inforenat ion is  coLlected f o r  processing by hikl- 
f i d e l i t y ,  low-current  ~ r a d u e t i v e  loop d e t e c t o r s .  The detectors 
have been designed specifically for t r a f f i c  a n a l y s i s  with 
an  emphasis upon accurate speed i n f o r m a t i o n .  A maximum 
of f o u r  dual-channel de t . ec to r s  may be f i t t e d  i n t o  the  
Roadside U n i t  (RSU)  , Also ,  bath vehicle speed axad vehicle 
counting information may be collected using air tubes. 

The RSIT may be set up u s i n g  an interactive terrni.nal., such 
as t h e  S a r a s o t a  VC Termina l ,  o r  any sther e q u i v a l e n t  i n -  
s t r u m e n t ,  e . g ,  Texas Silent 7 0 8 ,  or b y  a central computer 
over telephone Lines, using modems. A l t e r n a t i v e l y  the u s e  
of a t e r m i n a l  nay be avoided if the  RSU is a l lowed  t o  u s e  
i t s  i n b u f k t  d e f a u l t  parameters f o r  Logging, 

The  VCl .900  may he used irl either speed/length mode or count 
mode. I n  s p e e d i l e n q t k  mode, the VCl900 a 1 L o w s  speed measure-  
ment in up to four lanes, using Isops, with directional 
and length discrimination ava i l ab le .  It also al lows for 
speed measurement i n  one bane u s i n g  two air t u b e s .  Ddta 
a r e  stored i n  either s t a t i s t i c a l  form or h i s t o g r a m  farm, 
at t h e  end of each logqing period. In caunt mode, the 
V G 1 9 0 0  performs veElicEe c o u n t s  i n  up to eight Panes w i t h  
i n d u c t i v e  loops or air tubes, Using  Isaps,  e i t h e r  one,  
two, f o u r  or eight channels are s e l e c t e d  to allow for 
d i r e c t i o n a l  discrimination, The count is accumulated and 
stored a t  t h e  end of each logging pe r iod .  

When t h e  equipment i s  being se t  up ,  the operator  must 
select which mode the program is to be run in. 

T h e  equipment  is modular i n  construction, c o n s i s t i n g  of 
I n t e r n a t i o n a l - s i z e  cards, They a r e  mounted i n  a card-f rame 



and contained i n  a weatherproof Roadside Unit  (WSU) f o r  
partable u se ,  sr in a n  i n s t r u m e n t  case. A l t e r n a t i v e l y  
the  card frame may be mounted i n  a s t r e e t s i d e  cabinet. 
External wirinq is via t he  M , S ,  connector a t  the s i d e  of 
the RSU case and t h e  battery i s  housed i n  t h e  B a t t e r y  Box 
(10'" 8'" 2-3/4" 'j , 

The i n s t r u m e n t  i s  set up v i a  the RS-232 interface through 
t h e  25-way D-type connector, Por pin connections and baud 
r a t e l p a r i t y  s e t t i n g s .  

Take-Away-Memory modules are a v a i l a b l e  i n  capacities of 
4 K ,  8M, l6K o r  3 2 K  by 4 b i t s .  The s t o r a g e  c a p a c i t y  of a 
TAM far "numeric" data ( i . e .  ASCII codes 0-9, space, f191H- 
s t o p ,  c a r r i a g e  r e t u r n ,  Line feed, t a b )  is  e q u a l  t o  the 
s t a t e d  capacity, For A S C I I  da ta  with no numeric c a n t e n t  
(as s p e c i f i e d  above) it will provide 50% s f  s t a t e d  
capac i ty .  

The i n t e r n a l  b a t t e r i e s  of the TAM are charged by the 
Roadside Unit (RSUJ while t h e  TAM i s  plugged i n t o  the 
RSU and may be s t o r e d  o u t s i d e  the R S U  for up to three 
months without loss of s t o r e d  d a t a .  

A 16M TAM will be f i l l e d  in around e i g h t  days  by a  VCl.900 
program i n  speed / l enq th  mode with  d i r e c t i s n a b  d i sc r imina -  
t i o n ,  eight speed 'Sands and hour ly  record ing  p e r i o d s ,  
This w i l l  be doubled &a around s i x t e e n  days  wi th  no d i s -  
c r imina t ion  and hourly record ing  pe r iods .  The maximum 
count value for one recording period is 9999. The TAM 
may be u t i l i z e d  to its f u l l e s t  extent by us ing  the longes t -  
r e c a r d i n g  per iod  possible,  w h i l e  ensur ing  that t h e  capacit:y 
per pericd i s  no t  exceeded. 

The RSU or ins t rument  case may be powered by one of  fou r  
methods, the chosen one depending on whether t h e  s i t e  
i s  permanent with  mains power, o r  temporary, and upon the 
l eng th  af t ime r equ i r ed  be tween  site v i s i t s ,  The methods 
are : 

a)  1 2  v o l t  rechargeable l ead  g e l  b a t t e r y ;  
b) 6 v o l t  rechargeable h e a d  g e l  battery; 
c) 1 2  volt AC or DC d e r i v e d  from rnairas supp ly ,  0.2 VR 514/6011z ; 
d )  9% v o l t ,  2.0 VA o r  1 2  v o l t  Lead and battery charger  

with 12 v o l t  rechargeable  standby battery i n  case  of 
mains  f a i l u r e .  



VC Terminal 
(Data Hunter) 

S@rasstg has stated t h a t  they can now supply  the VC1900 
work w i t h  road tubes.  Therefare, a program should 

be available for cPassifieation ta Scheme F. 





L i g h t  Vehicles 
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Medilxrn Weight Vehr i c r1 . e~  
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Heav ie r  or Odd Vehicles 
Pasro # r ~  



H e a v i e r  or Odd Vehicles 
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