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PASSENGER COMFORT TECHNOLOGY FOR SYSTEM DECISION MAKING 

D. W. Conner 
NASA Langley Research Center 

Hampton, V i rg in ia  

SUMMARY 

Decisions requ i r ing  passenger comfort technology are shown t o  depend on: the 
re1 at ionship between comfort and other fac tors  (e.g. cost, urgency, a l te rnate  
modes) i n  t rave le r  acceptance o f  the system; and which o f  two types of markets 
i s  being addressed. Prof  i t-making systems, serving a selected market, requi r e  
technology t o  quanti fy ef fects of c m f o r t  versus o f f s e t t i n g  fac tors  i n  system 
acceptance. Pub1 i c  service systems, serving the broadest p rac t i ca l  market, 
require technology t o  pred ic t  the maximum percentage of t rave lers  who w i  11 i n g l y  
accept the overa l l  comfort o f  any t r i p  r ide .  One o r  the other  of these technc- 
1 ogy requirements apply t o  decisions on system design, operat ion and maintenance. 

INTRODUCTION 

The ob jec t ive  o f  t h i s  paper i s  t o  review the subject o f  vehic le passenger comfort 
from the perspective o f  the t ransportat ion system organizations which have need 
fo r  the technology. These organizations must make complex decisions i n  diverse 
areas (e. g. marketing, vehic le design, maintenance) t o  achieve and maintain 
t rave ler  acceptabi 1 i ty and use o f  t h e i r  p a r t i c u l a r  modal systems. Appreciation 
and understanding o f  the users' requirements are needed by the human fac tors  
community t o  be t te r  provide appropriate technology i n  a form d i r e c t l y  usable by 
those making decisions ( re f .  1). 

Users' decisions regarding comfort are c r i t i c a l l y  dependent on two major factors:  
the re1 at ionshi  p between passenger comfort and t rave le r  acceptance o f  the system; 
and the breadth and nature o f  the p a r t i c u l a r  t rave l  market intended t o  be served 
by the system. The paper w i l l  address these two factors t o  show the dependency, 
the re la t ionsh ip  between the various physical fac tors  which a f f e c t  the r i d e  
envl ronment , and the resu l t i ng  comfort technology needed f o r  decisions concerning 
the system. 

SYSTEM ACCEPTABILITY 

The re la t ionsh ip  between passenger comfort and t rave l  acceptance o f  the vehic le 
system i s  i l l u s t r a t e d  i n  the block diagram o f  f i g u r e  1 as reported i n  reference 
2. Passenger ridt? react ion t o  a given r i d e  environment i s  j u s t  one o f  a number 
o f  inputs upon whish t rave lers '  decisions on acceptab i l i t y  are based. Included 
are other factors of the system such as safety, frequency o f  service and cost. 



I 

Traveler-unique fac tors  are a1 so very important such as degree o f  suscept ibi  1 i t.y 
t o  motion sickness, fear  o f  using a p a r t i c u l a r  mode o f  t rave l ,  and urgency o f  
the t r i p ,  F ina l l y ,  the a v a i l a b i l i t y  and a t t r i b u t e s  of a1 ternate t rave l  modes 
are considered by the t raveler .  I n  the ove ra l l  process o f  decis ion making on 
accep tab i l i t y  o f  a p a r t i c u l a r  system, the spec' f ic r o l e  played by r i d e  comfort 
i s ,  therefore, o f  great importance i n  es tab l ish ing  the l eve l  o f  sever i ty  which 
needs t o  be spec i f ied  i n  the design c r i t e r i a  and/or standards which help govern 
the r i d e  environment. 

If the system acceptance factors are uncoupled, an exprcssion could be developed 
t o  q u a n t i t a t i v e l y  r e l a t e  t rave l  acceptance t o  l eve l  o f  comfort, as i l l u s t r a t e d  
i n  f igure 2 by a f i r s t - c u t  r e l a t i o n  developed from cor re la t ions  made o f  passen- 
ger response surveys and r i d e  environment measurements ca r r i ed  out  on numerous 
commprciai a i r l i n e  f l i g h t s  i n  the United States ( re f .  3).  Queries were made o f  
861 passengers a t  the conclusion of t h e i r  f l i g h t  regarding t h e i r  w i l l ingness  t o  
take another f l i g h t  having a s im i l a r  r ide ,  a t  l eas t  wi thout  hes i ta t ion .  The 
resu l t i ng  re1  tio on was then incorporated i n t o  a general i r e d  method f o r  p red i c t -  
i ng  t o t a l  t r i p  r i d e  charac ter is t i cs  and passenger sa t i s fac t i on  ( re f .  2).  I n  
subsequent va l i da t i on  studies car r ied  out  on commercial a i r 1  i n e  f l i g h t s ,  good 
agreement between pred ic t ion  and passenger surveys were obtained from U. S. car -  
r i e r s  ( f i g .  3) .  The resu l t s  f o r  the Canadian A i r t r a n s i t  STOL Demonstrator oper- 
at ion,  however, showed poor agreement f o r  the end-point s i t u a t i o n  where the r i d e  
was l eas t  comfartable and passenger acceptance would be expected t o  decrease 
d ras t i ca l l y .  For the end-point, the survey indicated over 60 percent o f  the 
A i r t r a n s i t  passengers would be w i l l i n g  t o  take another t r i p  as compared w i t h  
less than 10 percent f o r  U.S. commuter passengers. Obviously, A i r t r a n s i  t ' s  
unique t a i l o r i n g  o f  other system fac tors  (e.g. high-frequency schedale, downtown- 
to-downtown time savings, t o t a l  -tri p serv ice)  t o  enhance acceptance by the busi  - 
ness t rave lers  (over 90 percent o f  A i r t r a n s i t  users) was s i g n i f i c a n t  i n  o f f -  
se t t i ng  lack o f  r i d e  comfort. In te rac t ions  must therefore e x i s t  between the 
various fac tors  enter ing i n t o  systems acceptance, but these e f f e c t s  are no t  y e t  
i~nderstood o r  quantif ied. 

TRAVEL MARKETS AND DECISIONS 

The A i r t r a n s i t  experience c i t e d  above, i s  a good example o f  marketing st rategy 
f o r  competi t i v e  p ro f  i t-making systems where decisions regarding passenger com- 
f o r t  are involved. The marketing ob jec t ive  i s  t o  provide a system whose advan- 
tages over. competing modes outweigh any d i  sadvanta~es f o r  the  t r a v e l  market 
towards which i t  i s  directed. System v i a b i l i t y  sometimes requires a f i n e  ba l -  
ance t o  be made i n  t radeof fs  between the types and l eve l s  o f  advantages and 
disadvantages. Each upgrading o f  the system must be cost e f fec t i ve .  For 
example, adding an ac t ive  contro l  system to  provide a very comfortable r i d e  
and a t t r a c t  ex t ra  customers could, i n  f ac t ,  requi re a t r i p - p r i c e  increase which 
would discourage r i de rsh ip  s u f f i c i e n t l y  t o  y i e l d  a ne t  loss ra ther  than a gain 
i n  p r o f i t .  To a i d  i n  p r o f i  t-making systems decisions, methodology i s  requi red 
t o  quant i fy,  from a set  o f  per t inent  inputs, the e f fec ts  o f  passenger comfort 
versus o f f s e t t i n g  factors i n  the acceptance decision process nf the p a r t i c u l a r  
set  o f  t rave lers  of in te res t .  



I n  contrast  t o  the A i r t r a n s i t  system, which was a t t r a c t i v e  t o  a selected s e t  of 
t ravelers,  some systems are aimed a t  serving the broadest p r a c t i c a l  pub l i c  
t rave l  market i n  an acceptable manner. The basic pub l i c  serv ice ob jec t i ve  i s  t o  
provide a system whose a t t r i b u t e s  sha l l  be s u f f i c i e n t  f o r  systems acceptance by 
essen t i a l l y  a1 1 t ravelers,  i nso fa r  as technological ly  p rac t i ca l  and economical l y  
reasonable. Service effect iveness i s  emphasized ra ther  than cost  ef fect iveness , 
and p r o f i t  i s  no t  of paramount importance. I n  fac t ,  many, if n o t  the major i ty ,  
o f  publ i c  service systeo~s requ i re  f i nanc ia l  subsidy. I n  regards t o  passenger 
comfort technology, methodology i s  requi red t o  accurately p red ic t ,  from a se t  
o f  per t inent  inputs., the maximum percentage o f  a l l  po ten t i a l  t r ave le rs  who w i l l  
w i l l i n g l y  accept (but  no t  necessari ly enjoy) the in tegrated r i d e  environment f o r  
any p a r t i c u l a r  t r i p  o f  any candidate t r a n s i t  system. Such methodology can then 
be used i n  making cost/acceptabi 1 i ty t radeof fs  t o  assess economic reasonable- 
ness, and i f  required, t o  es tab l ish  r e a l i s t i c  comfort standards f o r  a p r a c t i c a l  
maximum se t  o f  t ravelers.  

For some pub l i c  service systems, the ob jec t ive  may be t o  achieve not  on ly  
t rave le r  acceptance but  a lso t r a v e l e r  use o f  the system (e.g. provide congestion 
r e l i e f  o r  f u e l  saving by minimizing use o f  automobiles). This s i t u a t i o n  could 
be regarded as a competi t ive publ i c  serv ice system where t radeof fs  would be re -  
qui  red between advantages and disadvantages but  where a p r o f i t  i s  no t  necessary. 
The comfort l e v e l  w i l l  l i k e l y  have t o  be s u f f i c i e n t  f o r  the passengers no t  on ly  
t o  accept but  a lso t o  enjoy the r ide .  The methodology requi red would then be a 
combination o f  t ha t  requi red for  the p r o f i  t-making systems and tha t  requi red 
fo r  the basic pub l ic  service systems. 

SYSTEM R I D E  FACTORS AND DECISIONS 

I n  the studies reported i n  reference 2, the r o l e  played by the various physical  
fac tors  which cont r ibu te  t o  the in tegrated r i d e  environment o f  a veh ic le  were 
i d e n t i f i e d  as was methodology t o  p red i c t  t o t a l - t r i p  r i d e  comfort and sa t is fac-  
t i o n  (acceptance). The method i s  ou t l ined i n  f i g u r e  4, using an a i rp lane t r i p  
as an i l l u s t r a t i v e  example. During the course o f  the t r i p ,  the vehic le experi-  
ences a va r ie t y  o f  events which a f f e c t  the r ide .  Some o f  the event inputs are 
natura l  (e.g., a i r  turbulence), some are operat ional (e.g. p i l o t i n g ) ,  and some 
are  associated w i t h  the system components (e. g. runway roughness). Each event 
must be i n d i v i d u a l l y  addressed and then in tegrated i n  an appropriate manner. 
In tegra t ion  over the course o f  the t r i p  involves use o f  a memory decay weight ing 
re la t i on ,  which f o r  the subject method, was developed i n  experimental studies 
o f  t e s t  subjects. Memory decay between t r i p s  i s  a lso a s i g n i f i c a n t  factor, 
p a r t i c u l a r l y  i n  systems acceptance, and a need e x i s t s  f o r  p red i c t i ng  i t s  effects. 

An expansion o f  the f i r s t  three elements o f  the block diagram c f  f i g u r e  1 i s  
presented i n  f i gu re  5 t o  be t te r  p o i n t  ou t  the i npu t  fac tors  and the veh ic le  
response-function fac tors  which a f f e c t  the r i d e  environment t o  which passengers 
are  subjected. Aside from the external  natura l  inputs, the fac tors  u l t i m a t e l y  
depend on decisions made regarding the design, operat ion and maintenance o f  the 
t ransportat ion system components. For many t ransportat ion systems responsi b i  - 
l i t y  f o r  these decisions i s  d iv ided among several organizations, o f ten  w i t h  



1 i t t l e  coordination, i n :  the design and manufacture o f  the vehicles; the design 
and i n s t a l l a t i o n  o f  guideways; the operat ion and maintenance o f  the  vehicles; 
and the maintenance of the guideways. Decisions which are cast  e f f e c t i v e  f o r  
the overa l l  system can invo lve  t radeo f f  st l !dies which cross organizat ional  1 ines. 
A wheeled-vehicle/guideway system provides an example: the degree o f  sophi s t i  - 
ca t i on  required o f  the vehic le suspension system versus the degree o f  smoothness 
requi red of the guideway surface. I t  should be pointed out  t h a t  the r i d e  comfort 
r e l a t i o n s  re fer red  t o  i n  f i g u r e  4 e x i s t  i n  the form o f  a mathematical model o f  
the r i d e  environment and are su i tab le  f o r  use by designers i n  making t radeof fs  
between the various environmental factors (e.g. accelerat ions, temperature, 
seating) t o  provide a Specif ied l eve l  o f  passenger comfort. Meaningful models 
have not  y e t  been developed, however, f o r  making t radeof fs  between passenger 
conifort and o f f s e t t i n g  factors (e.g. other  system factors, t raveler-unique fac- 
tors, a l te rna te  t rave l  modes), needed f o r  decisions regarding competi t ive systems. 

I n  the physic;:l design o f  a system, the ove ra l l  ob jec t ive  i s  t o  meet perform- 
ance and econ~mic requirements t o  s a t i s f y  a spec i f ied  se t  o f  t ravelers,  estab- 
1 i shed e i t h e r  by p ro f i  t-making marketing object ives o r  by pub1 i c  serv ice 
objectives/standdrds. Also required i s  the i d e n t i f i c a t i o n  o f  any operat ional 
constraints.  The r i d e  comfort technology required f o r  decisions on sys tem 
design and operations, therefore, would be the appropriate one o f  the marketing 
decision methodologies described e a r l i e r :  t ha t  f o r  p r o f i  t-making systems, t h a t  
f o r  acceptable pub l ic  service systems, o r  t ha t  f o r  enjoyable pub l i c  serv ice 
systems. 

Maintenance o f  guideways ( inc lud ing  highways, runways and taxiways) has techno- 
logy requirements c lose ly  re la ted  t o  those f o r  system design and operation. The 
ob jec t ive  i s  t o  provide adequate maintenance t o  avoid vehic le capabi 1 i t y  con- 
s t ra in t s ,  w i t h  minimum inter ference i n  system operations and a t  reasonable cost. 
Ride comfort technology required would be the methodology t o  r a p i d l y  i d e n t i f y  
spec i f i c  surface i r r e g u l a r i t i e s  and d i scon t i nu i t i es  which must be upgraded t o  
achieve a r i d e  comfort leve l  which meets the system design object ive.  

CUNCLUDI NG REMARKS 

Passenger comfort has been i d e n t i f i e d  as only one o f  a number o f  factors which 
i nf 1 uence t rave le r  decisions on acceptance and use o f  a t ranspor ta t ion  system. 
Study r e s u l t s  have been presented f o r  one s i t u a t i o n  which i nd i ca te  t h a t  i n t e r -  
act ions e x i s t  between comfort and other  acceptance factors. Tradeoffs a re  
therefore possible i n  prov id ing a t r ~ n s p o r t a t i o n  system whose advantages over 
conipetinq modes outweigh disadvantages f o r  the t rave l  market toward which i t  
i s  d i  rvcted. neci sions concerni nq the design and operat ion o f  t ranspor ta t ian  
systenis f o r  competit ive market s i  tuat ions requ i re  technology t o  quant i fy  the 
e f fec ts  o f  passenger comfort versus o f f s e t t i n g  fac tors  such as t r i p  cost, t r i p  
urgency and the a v a i l a b i l  i t y  and character o f  a1 ternate modes. The state-of -  
the-ar t  o f  such technology i s  considered t o  be not  too wel l  advanced a t  the 
present time. 

Puhl ic  service systems which do not  operate i n  a competi t ive environment, are 
general ly  aimed a t  serving the greatest  number of people i n  an acceptable 



manner. Oeci sions concerning t he i r  design and operation, therefore, require 
technology t o  predict  the maximum percentage o f  t ravelers who w i  11 i ng l y  'lccept, 
(but not necessarily enjoy) the overal l  comfort o f  t r i p  r ide.  Considerable 
technology has been generated i n  t h i s  area and i t s  state-of-the-art i s  cot~sid-  
ered t o  be great ly advanced over that  required t o  address competitive market 
si tuations. 
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Figure 1. - Block diagram model o f  r i d e  environment, passerlger 
r i d e  reaction and system acceptance. 
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Figure 2. - I1 l u s t r a t i v e  r i d e  comfort decision function 
for system acceptance. 
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F igure 3. - To ta l  t r i p  s a t i s f a c t i o n  fo r  A i r t r a n s i t  STOL Demonstrator 
system and f o r  U.S. commuter system. 

SUBDIVIDE TRIP 
EQUAL TIME SEGMENTS 
ADDRESS EACH UN IQUE 

R l DE ENV l RONMENT 

ESTABLISH INPUTS TO VEHICLE, 
(PROBABILISTIC DISTR! BUTION 

OF INPUT INTENSll7lI 

TURBULENCE, GUSTS, WAKES 

EXERCISE R IDECOMFO3T R E I A T I O a  
CALCULATE RlDE ENVIRONMENT RATE RlDE COMFORT WEIGHT 

FOR EACH EVENT SEGMENT AND SATISFACTION AND 
(MONTE CARL0 APPROACH) FOR EACH EVENT SUM 

RESULTS 

F igure 4. - Method f o r  p r e d i c t i n g  t o t a l - t r i p  r i d e  
conifort and s a t i s f a c t i o n .  
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