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1 . 0  INTRODUCTION 

Vehicle  c l a s s i f i c a t i o n  d a t a  a r e  extremely important  a s  
planning informat ion f o r  use by t h e  va r ious  States' Transporta-  
t i o n  Departments i n  t h e i r  e f f o r t s  t o  a l l o c a t e  c o s t s  a s s o c i a t e d  
wi th  highway damage and r e p a i r .  Such d a t a  i s  a l s o  important  
f o r  use  by t h e  Road Planning and Design Engineers.  The volume 
o f  s ~ c h  d a t a  r equ i r ed  makes automat ic  c o l l e c t i o n  of it impera- 
t i v e ,  a s  manual c o l l e c t i o n  becomes a  much t o o  leng thy  and c o s t l y  
ope ra t ion .  

The Maine F a c i l i t y  under a s tudy e n t i t l e d ,  Eva lua t ion  of 
Vehicle  C l a s s i f i c a t i o n  Equipment, Lyles  and Wyman, September 
1982 reviewed f i v e  p o s s i b l e  c l a s s i f i c a t i o n  schemes. Claases 
i n  t h e s e  f i v e  schemes ranged from 7 t o  32 c a t e g o r i e s .  A scheme 
wi th  14 c a t e g o r i e s  and c a l l e d  scheme "E" was s e l e c t e d  a s  t h e  most 
l i k e l y  candida te  t o  provide t h e  b e s t  compromise f o r  c o l l e c t i o n  
of  d a t a  wi th  t h e  optimum number of v e h i c l e  c l a s s e s  o f  i n t e r e s t .  

The FHWA O f f i c e  of Highway Planning and t h e  v a r i o u s  s t a t e s  
reviewed t h e  v e h i c l e  c l a s s e s  chosen i n  scheme " E M .  A f t e r  t h i s  
review c e r t a i n  changes and a d d i t i o n s  t o  t h e  scheme were suggested.  

The FHWA Off i ce  of Highway Planning then  reques ted  an agency 
t o  review t h e  proposed changes and a l s o  under take a  s tudy  of  t h e  
accuracy and q u a l i t y  of t h e  a v a i l a b l e  equipment t o  r eco rd  such 
d a t a  i n  t h e  f i e l d .  

The M a t e r i a l s  and Research ~ i v i s i o n  of t h e  Maine Department 
of Transpor ta t ion  rece ived  a c o n t r a c t  t o  perform t h i s  s tudy .  

2,0 STATEMENT OF WORK 

The object of t h i s  p r o j e c t  s tudy was t o  e v a l u a t e  t h e  a b i l i t y  
of p r e s e n t l y  a v a i l a b l e  automat ic  v e h i c l e  c l a s s i f i e r s  t o  a c c u r a t e l y  
i d e n t i f y  t h e  v e h i c l e  t ypes  i n  t h e  FHWA c l a s s i f i c a t i o n  scheme. 

In  a d d i t i o n  a review of  t h e  scheme "E" was r e q u i r e d  w i t h  
a t t e n t i o n  t o  any p o s s i b l e  c o r r e c t i o n s  and changes needed t o  b r i n g  
t h e  scheme i n t o  conformity wi th  t h e  changes suggested i n  t h e  
PHWA review. Scheme "E" is  shown i n  d e t a i l  i n  Table 1. 

A f t e r  r e v i s i o n  of t h e  scheme a s  r e q u i r e d ,  developwant o f  
d e c i s i o n  r u l e s  s h a l l  be  undertaken t o  permit  t h e  w r i t i n g  of 
logic programs f o r  each system t o  permit  s o r t i n g  of v e h i c l e s  
t o  t h e  f i n a l  scheme. 



TASLg 2 
C&ASSIFICAT$N SCHEME "En 

i 
Vehiclo 
Cateqories Description 

E-1 Passenger cars, light trucks, 
vans 

E-2 Heavy-duty pick-ups, delivery 
trucks, 2A6T1 s 

Cars and light trucks with one- 
or-two-axle trailers 

E-4 Three-axle SU trucks 

E-5 Trucks and semi-trailers - 2S2 

E-6 Four-axle SU trucks 

E-"l Other four-axle combinations 

E-0 Trucks and semi-trailers - 3S2 

E-9 Other five-axle combinations 

E-10 Trucks and semi-trailers plus 
full trailers - 2S1-2 

E-ll Trucks and semi-trailers plus 
fyll trailers - 3S1-2 

ET12 Trucks and semi-trailers - 3S3 

E-13 Other six-axle combinations 

33-54 Other seven-or-more-axle 
combinations 

Proposed Rule 

Arcges = 2 - and 
wheelbase 10' 

Axles = 2 and 
wheelbase 3 10' 

Axles = 3 or 4 and 
1,2 spacing 5 10' 
and 5 . 5 ' = 2 , 3  - 
spacing ~ 2 2  ' 
Axles = 3 and 
not E-3 

Axles = 4 and n o t  - 
E-3 - and 3' 5 3,4 
spacing g 10' 
Axles = 4 and not  
E-3 - and 3' 5 2,3 
spacing 6 5 ' 
Axles = 4 - and n o t  
E-3, E-5,  and E-6 

Axles = 5 aria 2 '  
c 4,5 spacing .r_ 10' - 
Axles = 5 and not 
E-8 - and 3' ?r_ 2,3 
spacing 6 5 ' 
Axles = 5 and not 
E-8 or E-9 

Axles = 6 and 5,6 
spacing > 7 ' 
Axles = 6 and not 
E - 1 1 e  4,5 spacing 
g 6'  
Axles = 6 and not 
E-11 or E-12 

Axles  = 7 or more 



Undertake an e v a l u a t i o n  of  t h e  equipment suppl ied  by f i v e  
companies who had agreed t o  supply t h e i r  systems wi th  l o g i c  
programs e i t h e r  t o  scheme " E n  o r  wi th  t h e  changes suggested by 
t h e  FNFJA, 

The companies a r e :  

1. Golden-River Carp. 
2 .  I. R. D. -C.M. I. Dearborn 
3 .  Saxasota Automation 
4.  Streeter-Amet 
5. G.K. Instrument Co, Ltd .  

The equipment is t o  be eva lua ted  by two means. One, by a  
check t o  determine t h e  c l a s s i f i c a t i o n  accuracy and two, by a 
longer  term tes t  of  appraximately one t o  two weeks o f  o p e r a t i o n ,  
t o  determine t h e  a b i l i t y  of  t h e  equipment t o  operate over 
t y p i c a l  f i e l d  d a t a  c o l l e c t i o n  p e r i o d s ,  wi thout  problems or 
f a i l u r e s .  

Tests are t o  be  run  gn a r u r a l  two l a n e  road and on t h e  
I n t e r s t a t e  system. 

3.0 SYSTEMS AVAXLABLE FOR TEST 

Table 2 shows t h e  c h a r a c t e r i s t i c  of t h e  f i v e  systems 
a v a i l a b l e  f o r  t e s t .  Lane capacgty,  t ype  of s e n s o r s  used,  approx- 
imate c o s t ,  and d a t a  a v q i l a b l e  on r ead  o u t  a r e  provided i n  c h a r t  
form wi th  o t h e r  c h a r a c t e r i s t i c s  of  i n t e r e s t .  

I n  o r d e r  t o  provide d a t a  i n p u t s  from t h e  road f o r  p roces s ing  
by t h e  microprocessor systems c e r t a i n  i n  road s e n s o r s  a r e  r e q u i r e d ,  
Technical  d e t a i l s  of t h e  ope ra t ion  of inductance loops  and o t h e r  
s enso r s  a r e  given i n  cons ide rab le  d e t a i l  i n  a r e p o r t  by Lyles-  
Wyman, FXW~/Pl/80/006 da ted  August 31, 1980 e n t i t l e d ,  "Eva lua t ion  
of  Speed Noni tor ing Systems" conducted by t h e  Maine F a c i l i t y ,  
Matey ia l s  and Research Div is ion  o f  t h e  Maine Department of Trans- 
p o r t a t i o n  and sponsored by t h e  FHWA Of f i ce  of Highway P lanning  
under c o n t r a c t  DOT-FH-11-9401. 

B r i e f l y ,  i n  o r d e r  f o r  a system t o  prov ide  a c l a s s i f i c a t i o n  
a b i l i t y  an axle count and t h e  speed of t h e  v e h i c l e  must be 
a v a i l a b l e  t o  t h e  system. 

Several d i f f e r e n t  methods a r e  used t o  c o l l e c t  such d a t a .  
The I.R.P. system uses  two inductance loops  t o  o b t a i n  speed 
informat ion and a  permanentky ip s t aL led  magnetic t ype  a x l e  
counte r .  This a x l e  counte r  a l s o  prov ides  in format ion  on d u a l  

wheels. 

3 



1 C.M.I. Dearborn 
I R D  Class. 

2 Golden River I Weighman MK-3 

4 G.K. Instrument 
Mack1 6QOO 

VC 1900 

t 

TABLE 2 
C!?XARACTERISTICS OF SYSTEMS 

-- 

-... 

Solid State l2v  

* One lane  per pad, 
** See appendix II for details of costs. Cost of i n s t a l l a t i o n  

of permanent axle counter not included in est imate.  



The Golden-River system uses two inductance loops and a pad 
type a x l e  counter.  (This pad a l s o  permits  ax le  weight recording,  
but  an evalua t ion  of t h i s  a b i l i t y  was not  conducted a s  a p a r t  
a£ th$s  s tudy) .  

The Streetex-Amet and t h e  G.K. Instrument systems use two 
pneumatic Cubes o r  hoqes s t r e t ched  across  a s i n g l e  lane .  

The Sarasota  system uses two inductance loops and thus  
a l a s s i f i e s  by vehic le  lengths  only. 

4.0 REVIEW OF CLASSIFICATION SCHEMES 

A s  a r e s u l t  of t h e  study of t h e  comments received on t h e  
FHWA and t h e  s t a t e s  review of t h e  o r i g i n a l  scheme "E" a new 
scheme labeled  f o r  re ference  scheme "F" was developed so  a s  t o  
provide t h e  co r rec t ion  of some l o g i c  e r r o r s  i n  t h e  o r i g i n a l  
scheme "E" and a l s o  t o  permit t h e  add i t ion  of motorcycles and 
buses t o  t h e  c l a s s i f i c a t i o n  l i s t .  Scheme "F" i s  shown i n  flow 
c h a r t  form on Tables 3 t h r u  3F. 

5.0 EVALUATION 

The t e s t i n g  and evalua t ion  cons is ted  of t h r e e  phases. One, 
an i n i t i a l  review of each system t o  a s c e r t a i n  t h a t  a11 systems 
worked a s  received. A l l  systems had some problems which were 
resolved during t h i s  phase. Phase two, which was c a l l e d  'Proof 
Tes t ing ' ,  was a check made of each systems' a b i l i t y  t o  c l a s s i f y  
c o r r e c t l y .  Testing f o r  t h i s  phase was conducted on U. S. Route 2 
af t h e  Maine F a c i l i t y  where a t r a i l e r  f o r  recording equipment 
and photographic equipment was ava i l ab le .  This t e s t  was done 
an  each system by observing t h e  passage of approximately 500 
veh ic les  of all c l a s s e s  t h r u  t h e  system and photographs were also 
made where required and analyzed t o  a i d  i n  c l a r i f y i n g  dec i s ions  
as  t o  c l a s s i f i c a t i o n  ca tegor ies .  

Since each system uses s l i g h t l y  d i f f e r e n t  l o g i c ;  i . e . ,  some 
use scheme " E n  and some incorporated t h e  add i t ions  of scheme "F" ,  
t h e  t e s t  was performed t o  check each systems' a b i l i t y  t o  c l a s s i f y  
c o r r e c t l y  t o  i t s  own l o g i c  scheme. 

Phase t h r e e ,  t h e  volume tes t  runs,  were conducted over 
seve ra l  24 hour per iods e i t h e r  on U.S. Route 2 f o r  t h e  permanent 
I , R . D ,  and the semi-permanent Golden-River system o r  on I n t e r -  
state 95 northbound a t  P i t t s f i e l d  f o r  the road tube systems, 
Induct ive loops f o r  t h e  Sarasota  system were a v a i l a b l e  a t  t h e  
Raute 2 s i t e  s o  t h e  volume t e s t s  on t h i s  system were a l s o  c a r r i e d  
ou t  bhere. The r e s u l t s  of these  t e s t s  a r e  summarized on Table 4.  



SCHEME " F" FLOW CHART 

COUNT 
AXLES 

@ Y E S  
FLOW CHART 3 

YES , 

GO TO 
d ~ O P > ~ ~  FLOW CHART 7 I 

GO TO 
FLOW CHART 2 

TABLE 9 
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4 
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TABLE J a  
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A l l  systems survived both  t h e  phase two and t h e  phase t h r e e  
tests without e l e c t r o n i c  f a i l u r e s .  A l l  systems had problems 
wi th  missed counts .  The road tube types ,  t h e  Streeter-Amet and 
t h e  G.K. Instrument were p a r t i c u l a r l y  suscep tab le  t o  missed 
counts  a t  slower speeds (under 2 0  mph) and when i n  queues. This  
problem is d e l t  wi th  a t  l eng th  i n  t h e  f u l l  f i n a l  r e p o r t .  

The I.R.D. system i s  a year  round permanent system a s  i s  t h e  
Saraso ta  system (veh ic l e  l eng ths  o n l y ) .  The t h r e e  o t h e r  systems 
a r e  c l e a r  road systems only.  

Resul t s  of t h e  t e s t i n g  i n d i c a t e  t h a t  scheme "F" i s  an 
acceptab le  c l a s s i f i c a t i o n  system and one f o r  which suitable 
l o g i c  programs can be developed f o r  those  systems using micro- 
processor  techniques.  

The FHWA Off ice  of Highway Planning r a n  a computer check of 
scheme "F" using d a t a  suppl ied by t h e  S t a t e  of  Washington on 
same 12,927 v e h i c l e  c l a s s i f i e d  by types .  One e r r o r  i n  l o g i c  i n  
scheme "F" was i d e n t i f i e d  and co r rec t ed .  The d a t a  was aga in  
c~mpared  by computer which ind ica t ed  t h a t  scheme "F" would pro- 
v i d e  an acceptab le  c l a s s i f i c a t i o n  system having an accuracy 
averaging w e l l  over 95% and better i n  t h e  l a r g e r  t r u c k  types .  

I n  summary then ,  w i th in  t h e  l i m i t a t i o n s  s p e l l e d  o u t  i n  t h e  
f u l l  r e p o r t ,  t h e  four  systems t h a t  c l a s s i f i e d  by a x l e s  should 
provide acceptab le  systems f o r  use i n  c o l l e c t i n g  f i e l d  c l a s s i -  
f i c a t i o n  data. Where c l a s s i f i c a t i o n  by l eng th  i s  accep tab le  
t h e  Saraso ta  system would provide an acceptab le  year  round 
system. 

6.0 RECOMMENDATIONS FOR EQULPMENT IMPROVEMENT 

While t h r e e  d i f f e r e n t  types  of a x l e  senso r s  were t a s t e d  
during t h i s  eva lua t ion  a l l  t h r e e  had s e r i o u s  l i m i t a t i o n s .  E i t h e r  * 
high c o s t  ( t h e  I.R.D. permanent sensor  and t h e  Golden-River 
a x l e  pad, o r  seasonal  use t h e  pad and pneumatic t u b e s ) .  The 
road tubes  a l s o  have a s h o r t  l i f e  a s  r epor t ed  i n  t h e  previous 
s tudy ,  b u t  they tend t o  f a i l  g radua l ly  dur ing  a t e s t  run making 
t h e  data c o l l e c t e d  during t h e  run suspec t .  

C lea r ly ,  it i s  apparent  t h a t  t h e  development of a low c o s t ,  
p re fe rab ly  permanent o r  a t  l e a s t  a l l  weather a x l e  coun te r ,  should 
be high on t h e  agenda f o r  f u t u r e  FHWA o r  i n d u s t r y  suppor t .  

It is  recommended t h a t  work be funded f o r  development i n  
t h i s  a rea .  With t h e  FHWA requirement t h a t  t h e  v a r i o u s  states 



provide vehicle classification data on a routine basis a system 
with a more reliable axle counter should have top priority. 

Such a sensor should be able to withstand the higher A.A.D.T.'s 
and also be impervious to deliberate attempts by vehicle operators 
to damage it. 

In conclusion the importance of further work be inq  undertaken 
by research or manufacturing facilities should be stressed. 
The classification accuracy needs improvement. The missed 
vehicle count problem needs investigation and finally instrument 
programming and data retrival systems seed to be further simplified 
to providg more foolproof systems for easier field set up and 
oparation, 


