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ABSTRACT 

Desp i te  t h e  use o f  automatic backing-up warning systems, l a r g e  mob i le  equipment i s  s t i l l  i nvo l ved  
i n  r e v e r s i n g  c o l l i s i o n s ,  causing i n j u r i e s ,  f a t a l i t i e s ,  and p r o p e r t y  damage. Th is  paper discusses 
s p e c i f i c  human f a c t o r s  t h a t  c o n t r i b u t e  t o  t h e  f a i l u r e  o f  t h i s  t ype  o f  system as used on f ron t -end  
l caders  i n  t h e  sur face  min ing  i n d u s t r y .  The use o f  t h e  backing-up automatic alarm causes t h e  
opera to rs  t o  l o s e  t h e  pe rcep t ion  o f  r e s p o n s i b i l i t y  f o r  v i g i l a n t  behavior,  w h i l e  t h e  ground crew 
p r e d i c t a b l y  become hab i tua ted  t o  t h e  alarm. These human f a c t o r s  and t h e i r  i n t e r a c t i o n  w i t h  t h e  no ise  
p o l l u t i o n  c rea ted  by t h e  alarms se ts  up a p o t e n t i a l l y  unsafe cond i t i on .  Bureau o f  Mines' research  
i n t o  d i s c r i m i n a t i n g  backup warning systems cou ld  p rov ide  an e f f e c t i v e  a l t e r n a t i v e  t o  t h e  convent iona l  
backup alarm. 

INTRODUCTION 

T h i s  paper discusses human f a c t o r s  i n  
r e l a t i o n  t o  t h e  convent iona l  automat ic 
backing-up warning system. The system i s  
in tended f o r  use on l a r g e r  veh ic les  such as snow 
plows, garbage t rucks ,  f o r k l i f t s ,  and f ron t -end  
loaders,  where r e a r  v i s u a l  access by t h e  
opera to r  i s  seve re l y  l i m i t e d  due t o  t h e  design 
o f  t h e  veh ic le .  Al though t h e  warning system i s  
standard i n  many i n d u s t r i a l  and p u b l i c  se t t i ngs ,  
t h e r e  are c e r t a i n  human f a c t o r  cons ide ra t i ons  
t h a t  suggest t h a t  t h e  use o f  such a system i n  
c e r t a i n  environments may no t  work as intended. 
It may even c o n t r i b u t e  t o  some c o l l i s i o n s .  

The Bureau o f  Mines research i n t o  c o l l i s i o n  
p r o t e c t i o n  systems f o r  f ron t -end loaders (FEL 's )  
began i n  1980 as a p a r t  o f  a broader research  
program t o  enhance opera tor  v i s i b i l i t y  f o r  l a r g e  
mob i l e  mine equipment. Th is  area o f  s a f e t y  
research  was i n i t i a t e d  because, d e s p i t e  Code o f  
Federal  Regu la t ions  56.9087, 57.9087, and 
77.410, which r e q u i r e  "an automat ic reverse  
s i g n a l  alarm" o r  a s p o t t e r  on l a r g e  mob i le  
equipment, c o l l i s o n s  w i t h  ob jec ts  i n  t h e  r e a r  
b l i n d  area s t i l l  occur. The Denver Sa fe ty  and 
Hea l th  Technology Center (DSHTC), a branch o f  
t h e  Federal  Mine Sa fe ty  and Hea l th  Admin is t ra -  
t i o n  (MSHA) , c o l l e c t s  i n j u r y  repor ts ,  occu r r i ng  
i n  t h e  m in ing  i ndus t r y .  F igu re  1 shows 
inc idence  r a t e s  f o r  f a t a l  and permanent i n j u r y  
acc idents  o c c u r r i n g  between 1980 and 1985. It 
i s  apparent t h a t  f ron t -end loader acc idents  
con t inue  t o  occur and are q u i t e  se r ious  i n  
na ture .  From rev iew o f  t h e  n a r r a t i v e s  o f  
acc idents  associated w i t h  f ron t -end loaders,  we 
have determined t h a t  i n  1985 alone, t h e r e  were 
approx imate ly  55 i n j u r i e s  from c o l l i s i o n s  by o r  
w i t h  f ron t -end loaders;  f o u r  o f  these i n j u r i e s  
were f a t a l i t i e s .  From these n a r r a t i v e s  it i s  
imposs ib le  t o  determine w i t h  c e r t a i n t y  whether 
t h e  FEL was r e v e r s i n g  o r  going forward. It i s  
apparent f rom these n a r r a t i v e s  t h a t  most o f  t h e  
i n j u r i e s  are caused by t h e  opera tor  being thrown 
o r  j o s t l e d  about i n  t h e  cab, f o l l o w i n g  a 
c o l l i s i o n  w i t h  a s t a t i o n a r y  ob jec t .  A few o f  
these acc idents  are a c t u a l l y  due t o  c o l l i s i o n s  
w i t h  o ther  employees. Unfor tunate ly ,  c o l l i s i o n s  

w i t h  machinery o r  o the r  s t a t i o n a r y  ob jec ts  
causing damage t o  equipment only,  are no t  
repo r ted .  

One reason f o r  c o l l i s i o n s  i s  t h e  design 
compromise o f  t h e  machine. FEL's are ve ry  
e f f i c i e n t ,  are adaptable t o  many tasks,  and are 
q u i t e  popu lar  i n  t h e  min ing  i ndus t r y .  However, 
due t o  t h e  engine s i z e  and placement, r e l a t i v e  
t o  t h e  d r i v e r ,  r e a r  v i s u a l  access i s  ex t remely  
l i m i t e d .  Even w i t h  r e a r  view m i r r o r s ,  t h e r e  i s  
a " b l i n d "  area extending from t h e  r e a r  o f  t h e  
machine back 15 t o  25 fee t ,  depending on t h e  
machine (see F igu re  2 ) .  The d i f f i c u l t y  o f  r e a r  
v i s u a l  access i s  t h e  p r imary  reason automat ic 
backing-up alarms are used. The f u n c t i o n  o f  
these alarms i s  t o  warn ground personnel t h a t  
t h e  machine i s  backing up and t h a t  t h e y  should 
" s t a y  c lear . "  The alarm i s  automatic. It 
sounds whenever t h e  v e h i c l e  backs up, whether o r  
no t  an obs tac le  i s  i n  t h e  way. An impor tan t  
aspect o f  t h i s  system i s  t h a t  w h i l e  t h e  d r i v e r  
has a l i m i t e d  r e a r  v i s u a l  f i e l d ,  t h e  alarm g i ves  
t h e  d r i v e r  conf idence t h a t  i f  someone i s  behind 
t h e  veh ic le ,  t hey  w i l l  move when t h e  alarm 
sounds. 

Since backing-up c o l l i s i o n s  are s t i l l  
occur r ing ,  t h e  f o l l o w i n g  p o i n t s  have been 
considered as poss ib le  reasons f o r  t h e  f a i l u r e  
o f  these alarms t o  prevent accidents:  

1. The alarm system i s  e s s e n t i a l l y  designed 
so t h a t  ground personnel w i l l  r e a c t  t o  t h e  
v e h i c l e  when t h e  alarm sounds. The opera tor  
i s  expected t o  i gno re  t h e  alarm. 
o f  alarm then tends t o  pu t  t h e  respons i -  
b i l i t y  f o r  g e t t i n g  orit o f  t h e  way o f  t h e  
v e h i c l e  onto t h e  ground personnel. A d r i v e r  
i s  expected t o  d r i v e  sa fe l y ,  which i nc ludes  
being aware o f  a l l  obs tac t l es .  However, t h e  
alarm tends t o  s h i f t  much o f  t h e  respons i -  
b i l i t y  f o r  v i g i l a n c e  onto t h e  ground 
personnel. Th is  displacement o f  respons i -  
b i l i t y  i s  comparable t o  t h a t  o f  warning 
l a b e l s  on some products such as c i g a r e t t e s  
and household chemicals, o f  men-at-work 
s igns  i n  p u b l i c  areas, o r  o f  brake l i g h t s  on 
automobiles. These warnings are intended 

Th is  t ype  
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Figure 1. Fatal and Permanent Injury Incidence Rates (per  10,000 Workers) 
for Front-End Loader Collisions i n  Surface Mines 
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Figure 2.  Rear Blind Areas fo r  Front-End Loaders 
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t o  s h i f t  t h e  r e s p o n s i b i l i t y  f o r  p o t e n t i a l  
acc ident  o r  i l l n e s s  on to  t h e  p o t e n t i a l  
v i c t i m .  According t o  p u b l i c  law, t h e  mere 
presence o r  absence o f  these warnings can 
s h i f t  t h e  l e g a l  r e s p o n s i b i l i t y  f o r  t h e  cause 
o f  an accident.  The impor tan t  p o i n t  here  i s  
t h a t  w h i l e  t h e  burden o f  r e s p o n s i b i l i t y  
s h i f t s  t o  a p o t e n t i a l  v i c t im ,  t h e  o ther  
p a r t y  l o g i c a l l y  becomes r e l i e v e d  o f  t h e  same 
r e s p o n s i b i l i t y .  It i s ,  t he re fo re ,  l i k e l y  
t h a t  t h e  miner ope ra t i ng  t h e  FEL may take  
l e s s  precaut ions  and expend l e s s  e f f o r t  t o  
make c e r t a i n  r e a r  areas are c l e a r .  Th is  
would be e s p e c i a l l y  t r u e  when d r i v e r  f a t i g u e  
r e s u l t s  i n  more d r i v e r  e r r o r s  and i n  t h e i r  
t a k i n g  fewer than usual s a f e t y  p recaut ions .  
The problem, then, i s  whether o r  n o t  t h e  
ground crew i s  t a k i n g  r e s p o n s i b i l i t y  f o r  
r e a c t i n g  t o  t h e  alarm. 

A f t e r  rev iew ing  DSHTC r e p o r t s  o f  f a t a l  
c o l l i s i o n s  and ho ld ing  i n fo rma l  d iscuss ions  
w i t h  members o f  c e r t a i n  p ro fess iona l  s a f e t y  
o rgan iza t i ons ,  such as t h e  Lake Super io r  
Mines Sa fe ty  Counci l ,  t h e  Assoc ia t i on  o f  
Ar izona Mine Safe ty  Engineers, and 

t h e  Na t iona l  Sand and Gravel Assoc ia t ion ,  i t  
i s  apparent t h a t  t h e  ground crew f r e q u e n t l y  
s top  "hear ing"  o r  "paying a t t e n t i o n "  t o  t h e  
sound o f  t h e  backing-up alarm. 
l oaders  are designed f o r  s h u t t l e  tasks,  so 
t h a t  t h e  v e h i c l e s  may be backing up n e a r l y  
h a l f  t h e  t ime. It i s  a lso  common f o r  more 
than one o f  these veh ic les  t o  be working i n  
t h e  same area. It i s  apparent then t h a t  t h e  
sounding o f  t h e  backing-up alarm i s  a common 
occurrence i n  sur face  mines. This,  combined 
w i t h  t h e  f a c t  t h a t  ground crew can hear t h e  
alarm whether o r  no t  t hey  are d i r e c t l y  
behind t h e  veh ic le ,  se ts  up an i d e a l  
c o n d i t i o n  f o r  hab i tua t i on .  The alarm 
becomes t h e  "boy who c r i e d  wol f . "  
I n d i v i d u a l s  exper ience enough f a l s e  alarms 
so t h a t  t hey  begin no t  t o  respond. As t h e  
ground crew becomes accustomed t o  hear ing  
t h e  alarm coming from veh ic les  t h a t  present 
no hazard, i t  loses meaning. H a b i t u a t i o n  
t h e o r y  and t h e  ve ry  s i m i l a r  f i l t e r  t h e o r y  
(Broadbent, 1971) (Loeb, 1984) s t a t e  t h a t  
when i n d i v i d u a l s  are repea ted ly  presented 
w i t h  a,st imulus such as a tone, e s p e c i a l l y  
when t h e r e  i s  l i t t l e  meaning associated w i t h  
it, they  tend t o  f i l t e r  ou t  t h i s  s t imu lus  
and begin "no t  t o  hear it" i n  favo r  o f  novel  
o r  more p e r t i n e n t  s t i m u l i .  Th i s  exp la ins  
why miners commonly r e p o r t  t h a t  t hey  s top  
pay ing  a t t e n t i o n  t o  t h e  backing-up alarm. 

d r i v e r  o f  t h e  v e h i c l e  may no t  pay as much 
a t t e n t i o n  t o  t h i s  r e a r  area because he 
b e l i e v e s  i t  i s  t h e  ground c rew 's  respons i -  
b i l i t y  t o  s t a y  c l e a r ,  w h i l e  a t  t h e  same 
t ime, t h e  ground crew stops hear ing  t h e  
alarm. T h i s  l o g i c a l l y  leads t o  se r ious  
problems. 

2. 

Front-end 

Therefore,  we have a s i t u a t i o n  where t h e  

3. F i n a l l y ,  t h e  prevalence o f  t h e  alarm r a i s e s  
t h e  l e v e l  o f  no i se  p o l l u t i o n  i n  t h e  working 
environment. S tud ies  have shown t h a t  
sus ta ined opera t ions  on a v a r i e t y  o f  t asks  
i n  i n d u s t r i a l  s e t t i n g s  w i t h  n o i s y  
environments r e s u l t  i n  lowered performance 
l e v e l s  and unsafe behav io r  because o f  
increased f a t i g u e  and lowered a le r tness  
(Poul t o n  , 1970) . 
I n  summary, a l though t h e  i n t e n t i o n  o f  t h e  

automat ic backing-up alarm system i s  t o  a l e r t  
people t o  a backing-up f ron t -end  loader,  it may 
be t h a t  accidents are a c t u a l l y  caused i n  p a r t  by 
t h e  alarm i t s e l f .  

DISCRIMINATING BACK-UP ALARM 

A poss ib le  s o l u t i o n  would be t h e  use o f  a 
newly developed d i s c r i m i n a t i n g  backi  ng-up a1 arm. 
Th is  alarm system sounds only when an obs tac le  
i s  detected i n  t h e  r e a r  o f  t h e  r e v e r s i n g  v e h i c l e  
(see F igu re  3 ) .  
o b j e c t  sensing system u t i l i z i n g  i n f r a r e d  l i g h t ,  
u l t r a s o n i c  waves, o r  Doppler radar .  Mines must 
p e t i t i o n  t o  use these systems i n  p lace  o f  
convent iona l  backup a1 arms. Several models 
s u i t a b l e  f o r  min ing  a p p l i c a t i o n s  are 
commerci a1 1 y avai  1 ab le  , u t  i 1 i z i n g  Doppler rada r  
and u l t r a s o n i c  technology. The alarm i s  
in tended t o  a l e r t  both t h e  d r i v e r  and ground 
crew t h a t  some o b j e c t  i s  i n  t h e  way o f  t h e  
veh ic le .  Th is  system has several  d e s i r a b l e  
fea tu res :  

The alarm i s  a c t i v a t e d  by  an 

1. 

2. 

3 .  

Assuming t h a t  both ground crew and opera tor  
are mo t i va ted  t o  avoid a c o l l i s i o n ,  both 
w i l l  be aroused by t h e  alarm. L o g i c a l l y ,  
t h e  pe rcep t ion  o f  r e s p o n s i b i l i t y  f o r  
responding t o  t h e  warning s igna l  i s  shared 
by t h e  opera tor  and ground crew. That i s ,  
bo th  are mot iva ted  t o  respond. When a 
c o l l i s i o n  i s  imminent, as when t h e  warning 
alarm sounds, both p a r t i e s  w i l l  respond t o  
t h e  ser ious  s i t u a t i o n .  

The c o n d i t i o n  o f  h a b i t u a t i o n  would no t  e x i s t  
w i t h  t h i s  type  o f  alarm. 
s igna l  would sound less  o f t e n  and would take  
on increased meaning t o  t h e  workers, t h e  
alarm should, i n  f a c t ,  a l e r t  t h e  crew. 

F i n a l l y ,  t h e  problem o f  no ise  p o l l u t i o n  and 
i t s  nega t i ve  e f f e c t  on human a le r tness  i s  
p a r t i a l l y  a l l e v i a t e d ,  s ince  t h e  alarm would 
sound l e s s  f requen t l y .  The i n f r e q u e n t  
warning sound may a c t u a l l y  serve t o  arouse 
workers i n  t h e  area t o  a s t a t e  of; h igher  
a1 er tness .  

Since t h e  warning 

CONCLUSION 

Much o f  t h i s  paper i s  based more on l o g i c a l  
in fe rence,  than on ac tua l  research. Therefore,  
it i s  e s s e n t i a l  t o  t e s t  t h e  assumptions c i t e d  
above. It i s  a l so  impor tan t  t o  no te  t h a t  many 
o f  t h e  problems w i t h  t h e  automat ic backing-up 
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Figure 3. Detection Zone f o r  Discriminating Backup Alarm for Front-End Loader 

alarms may be relevent only  under certain 
conditions, such as those found i n  surface 
mines. By the same token the benefits of the Broadbent, D. E. Decision & Stress. New 
discriminating backup alarm may exist only under 
particular environmental conditions. In 
conclusion, i t  may be pointed o u t  how a Loeb, M. and E. A. Alluis. Theories of 
seemingly reasonable solution t o  a safety 
problem, such as the automatic backing-up 
warning system, can lead t o  further problems and Sons, 1984. 
complications when human reactions and behaviors 
are not  well considered. Poulton, E.  C. Environment and Human 
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