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Locomotive Alerter Technology Assessment 
Charles M. Oman 

Man-Vehicle Laboratory, Massachusetts Institute of Technology 

Currently all US passenger and most freight locomotives are equipped with some type of alerter 

or deadman system.  This talk reviews the limitations of deadman systems, the history of 

locomotive alerter logic, several fatigue related accidents (e.g. Anding, MS, Macdona TX), 

NTSB recommendations and technology and user surveys leading to a 2007 AAR standard and 

the 2012 FRA rule mandating pre-emptively resettable, speed linked, control activity sensitive 

alerters in all freight locomotives by 2017.   There are no scientific studies of alerter 

effectiveness, but accident data indicate they are imperfect detectors.  Alternative approaches 

(e.g. eye, eyelid, head, EEG monitoring) also have limitations.  Unless positive separation 

systems (e.g. PTC) are universally implemented, fatigue and alertness related accidents will 

continue to occur each year even in alerter equipped locomotives.  The pre-emptive resetting 

feature encourages automatic repetitive responses. Simulations suggest that adding even a noisy 

image based eye perclos detector in tandem with conventional activity and speed criteria to reset 

locomotive alerter counter could reduce nuisance alerts tenfold at minor correct detection cost. 

Rather than using single camera to reliably detect eye closure even when head is turned or tilted, 

it may be technically easier to detect whether both eyes open and looking ahead pose and employ 

this as another activity indicator.  Many labs continue to work on machine vision based human 

motion tracking using multiple cameras and model based estimation methods.  We can expect 

gradual improvement in automobile image based distraction/drowsiness detectors.  However, the 

cost-effectiveness of retrofitting image based sensors into twenty thousand US locomotives 

remains a significant issue.  Nonetheless, in newer locomotives with software based alerters, 

simple logic improvements could be made that will likely reduce automatic resetting behavior at 

minor cost, and remaining within existing rules and standards. 
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Deadman Limitations  
 Long used in  E urope, and in  U S  passenger locom otives,  
              subw ays, s tree tcars , law nm ow ers, snow  th row ers… . 
 S im ple  type: S pring  loaded peda l o r th ro ttle  hand le , lever o r ring . 

  If hand le  or peda l is  re leased, pow er is  cu t and brake is  app lied  a fte r 
short de lay.  

 H ow ever: d rivers  m ay s lum p on peda l and do  no t a lw ays re lax in  early  
phases o f s leep. 

 Three pos ition , tim ed re lease peda l. 
• D river ho lds peda l in  in te rm ed ia te  pos ition .  A ud ib le  a la rm  every  

m inute . D river m ust re lease and depress to  rese t pos ition  w ith in  3  
sec or pena lty  b rak ing  is  activa ted .  

• A K A : D river’s  S afe ty  D ev ice  in  U K  or V e ille  A utom atique de  
C ontô le  à  M ain tien  d 'A ppu i (V A C M A ) in  F rance . 

• “It is  a  m atte r o f p ride  am ongst d rivers  tha t they can tim e the  
need to  rese t w ith in  a  few  seconds w ithout caus ing  an  
a la rm .”  (U K  R a ilw ay Techw eb) 

 C ontinuous ly  ho ld ing  hand le  or peda l is  fa tigu ing , and chang ing  seat 
pos ition  is  d ifficu lt. 

 



Alerter basics 

 D etect  opera to r ina tten tion , s leep iness o r incapac ity  w ithou t susta ined phys ica l e ffo rt. 
 60-120 sec coun tdow n tim er 
 B utton /lever fo r m anua l p re -em ptive  rese t on  conso le  o r s tand , usua lly  near horn  o r be ll. 
 A fte r tim eout, v isua l and  horn  a la rm s activa te , usua lly  success ive ly .  
 If no  m anua l rese t a fte r a la rm  sequence, pena lty  b rake and  pow er dow n a re  in itia ted . 
 In  o lder equ ipm ent, v isua l d isp lay loca tion  varies . 
 T im er  dura tion  and  a la rm  dura tions w ere  spec ified  by custom er. 

EMD F40 cab retrofit with Train Sentry III 
visual alert above forward view 

EMD SD70 cab console with software alerter.  
Timer reset button circled. 



Alerter reset logic 
 T im e based:  a le rt triggered every  60-120 

sec if no  counter rese t.  A t 20  m ph, cons is t 
trave ls  3500 fee t.  A t 50  m ph, a lm ost 2  
m iles .  >>  typ ica l s top  s igna l overlap  
d is tance. 

 S peed/d is tance linked tim er 
(W estinghouse, 1961): a t speeds over 20-
25 m ph, tim er rese ts  based on d is tance 
counter (e .g . 3500 ft). 

 A ctiv ity  linked tim er (G enera l S igna l, 
1966): any use o f th ro ttle , b rakes, horn , 
be ll, e tc . a lso  rese ts  the  tim er.  R educes 
nu isance v isua l a la rm s. 

 D rag opera tion  sw itch : T im er se t to  240 
sec fo r d rag  opera tions <  3  m ph. (T ra in  
S entry  III, 1989) 

 R ollaw ay pro tection : p reset firs t cyc le  to  10  
sec w hen firs t m oving  o ff. 

 P ena lty  b rake rese t tim e: tim e needed to  
rese t b rakes be fore  m oving  aga in . 



Accidents and regulations 
 1983-1991 –   Fa tigue re la ted  U S  ra il acc idents , inc lud ing : 

 S ullivan  IN ,  W igg ins V a lley  C O , Thom psontow n P A , S ugar V a lley  G A  
 

 N TS B  investiga tes, and repeated ly  recom m ends tha t FR A : 
 R equire  a le rte rs  in  a ll U S  fre igh t and passenger locom otives. 
 D eve lop  im proved a le rte rs  tha t cannot be  “re flex ive ly  rese t”.  

 
 1997 - FR A  dec ides no t to  invest in  im proved a le rte r deve lopm ent s ince  P os itive  

T ra in  S epara tion  (e .g . P TC ) techno log ies w ill obv ia te  need and m arke t is  sm all. 
 

 1999 FR A  m odifies  49  C FR  239 to  requ ire  a le rte rs  on  a ll U S  passenger tra ins 
ou ts ide  cab s igna led  or P TS  te rrito ry .  
 A ll fre igh t locom otives and passenger locom otives w ith  deadm an dev ices bu ilt 

be fore  2003 rem ained exem pt. 
 P rom ote  “continuous, active  a tten tiveness” by m on ito ring  “se lect” (unspec ified) 

opera tor contro l ac tiv ities .   
 S peed link ing  no t requ ired . 
 M andated aud ib le  and v isua l a la rm s, and m anua l p reem ptive  rese t. T im ing  up  

to  opera ting  ra ilroad. 
 

 C lass I ra ilroads beg in  to  ins ta ll a le rte rs  in  m ost locom otives, and in itia te  fa tigue 
m anagem ent p rogram s. 

 
 



Recent Regulatory Changes 
 

 2007 A A R  Locom otive  A lerte r R equ irem ents . 
 R equires speed and activ ity  linked a le rte r in  a ll road  
     fre igh t locom otives bu ilt >  2009.  
 T im er rese t by any o f 8  activ ities : th ro ttle ,  
     dynam ic/au tom atic /independent b rake, horn , be ll, sander, so ftkeys 
 F lash ing  v isua l a le rt beneath   speed d isp lay on  opera ting  conso le .  10  sec aud io  

a le rt ram p in .  (A A R  M S R P  S -591 fo r O pera ting  D isp lay) 
 T im e to  pena lty  b rake num eric  countdow n, appearing  w ith  v isua l a le rt. 
 120 sec tim er be low  20 m ph, 3500 fee t above 20 m ph.  Inop be low  4  m ph. 

 
 1997-2008 D e lia  K S , K e lso  W A  , M acdona TX , A nd ing  M S , C hatsw orth  C A  acc idents  
 2008  - C ongress iona l R S IA  m andates in te roperab le  P TC  by 2015. 

 
 2012  - FR A  requ ires speed linked, activ ity  based a le rte rs  in  bo th  passenger and 

fre igh t locom otives opera ting  >  25  m ph. 
• D etect 3  o r m ore  o f 6  actions: th ro ttle , dynam ic/au tom atic /independent 

b rake, horn  and be ll. 
• V isua l a le rt  >5  sec be fore  aud io .  
• S peed link ing  requ ired .   A le rt de lay 3500 fee t + /- 10  sec.   
     N o  requ irem ents  fo r low  speed fea tures. 
• P rov ide  m anua l rese t capab ility  

 R equires a  pre-departu re  pena lty  b rak ing  system  test. 
. 

 
 



How to improve current alerters ? 
 FR A  and A A R  regu la tions are  perm iss ive , leav ing  room  for im provem ents . 
 P rov ide  redundant v isua l a le rt d isp lays, and ad just fo r am bient ligh t. 
 B e sure  v isua l a le rt period  long enough (>  5  sec) so  busy opera tor has tim e to  

no tice  it.  M ake aud io  a le rt w arb le  ram p from  s low  to  fas t. 
 Ins ta ll redundant contro l m icrosw itches on  m ajor contro ls , so  they function  

re liab ly . M on ito r m ore  activ ities  (e .g . rad io , touchscreen d isp lays). 
 A lerte rs  can be  a  nu isance –  aud io  a la rm  ra te  can be  30-40/hr.  B u t a le rte rs  

have low  no response (i.e . fa lse  a la rm ) ra te  –  on ly  severa l dozen pena lty  
b rake app lica tions occur per year in  U S  due to  ina tten tiveness. 

 P rob lem  sens itiv ity  and se lectiv ity  –  a le rte r can be  s lapped o ff by  d is tracted  
(e .g . tex ting) d river o r re flex ly  rese t by drow sy one. 

 P re-em ptive  rese tting  fea ture  encourages au tom atic  opera tor rese tting  o f 
a le rte r bu tton , o r th ro ttle  “no tch ing”.  M od ify  a le rte r log ic  to  reduce opera tor 
au tom atic ity  (H aw orth , 06).  
 M ake p re -a la rm  tim er in te rva l m ore  variab le . 
 If opera tor p re -em ptive ly  rese ts  tim er be fo re  v isua l a le rt, lock ou t m anua l tim er rese t 

p rio r to  v isua l a le rt on  next cyc le .  
 D o no t in itia lly  flash  v isua l a le rt - so  opera to r m ust rem em ber to  look fo r it. 

 C onsider a le rte r a  job  a id .  A llow  opera tor to  shorten  pre  a le rt tim er cyc le , o r 
lock ou t p re-em ptive  rese t. 
 
 
 
 
 
 
 
 



Laboratory tests 
 R esponse tim e to  s im p le  v isua l s tim u li has 

sc ien tific  construct va lid ity  fo r assessm ent o f 
m ild ly  im pa ired  drow siness and cogn itive  
function  under labora tory  cond itions (e .g . 10  
m in  P V T , D inges 1985; L im  2010 ). 

       H ow ever, P V T  is  sub ject’s  on ly  task, and test requ ires 3-10  m in . 
 
 R esponse tim e to  secondary task v isua l s tim u li a re  frequently  used to  assess 

m enta l w ork load due to  p rim ary v isua l tasks and are  a lso  sens itive  to  fa tigue in  
d riv ing  (L isper, 1986) and robotics  (Low entha l, 2012) tasks.  H ow ever such 
secondary tasks are  them se lves d is tracting , and testing  a lso  requ ires m inutes. 
 
 
 
 
 

 
 

 

  
  M easuring  susta ined eye c losures (e .g . P erc los; W ierw ille , 

1984) o r reduced eye lid  reopen ing  speed (Johns, 2005) 
curren tly  appear to  be  the  re liab le  non E E G  m ethods fo r 
de tecting  m icros leep.  The cha llenge is  to  bu ild  system s 
w h ich  can do  th is  re liab ly  under opera tiona l cond itions. 



VigilanceTechnology 
 FR A , ITS R R  and R S S B  in itia te  rev iew s o f a le rte rs  and 

v ig ilance/drow siness techno log ies:  Q u in tec, 2002; H a lcrow  P acific , 
2006;  M onash, 2006, ITS R R , 2006, D O T V o lpe  2006, 2009. 
 M any S P aD  acc idents  like ly  due to  d is traction , ra ther than 

fa tigue.  N eed data  on  fa tigue preva lence. 
 A  d is tracted  (e .g . tex ting) d river can s im p ly  s lap  o ff an  a le rte r. 
 Im age based perco los de tectors  (e .g . C oP ilo t) and m ach ine  

v is ion  based head pose and gaze pos ition  de tectors  (e .g . 
Face lab) a re  be ing  deve loped fo r cars  and trucks. 

 S om e are  incorpora ted  in  op tiona l au tom otive  fa tigue de tectors  
by e .g . M ercedes, S aab, N issan, Toyota .  S om e a lso  de tect eye  
c losure  (e .g . perc los).  H ow ever: 

• M ost lim it head pose or an thropom etric  opera tiona l 
enve lope, requ ire  ca lib ra tion , don ’t w ork  w ith  g lasses, and 
have prob lem s w ith  s tray re flec tions. S om e requ ire  user 
ca lib ra tion . 

• G aze and eye c losure  estim ates are  no isy .  L ittle  da ta  on  
correct/incorrect de tection  ra te  under opera tiona l cond itions 
in  au to  and ra il app lica tions. 

 

 
E xterna l  &  sun ligh t a rtifacts  D ong e t a l 2011 
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Macdona, TX (2004) 

 N TS B  R a ilroad  A cc ident R eport R A R -06/03  
 

 2 fre igh t tra in  co llis ion  @  5 :30A M ; a t-fau lt tra in  w as equ ipped  w ith  an  
a le rte r. 
 A t-fau lt tra in  d id  no t s top  to  a llow  o ther tra in  to  fu lly  en ter s id ing . 
 N TS B  report no ted  the  eng ineer “…  rem ained su ffic ien tly  a le rt to  m ake 

tra in  contro l inputs  ye t w as unaw are  to  respond to  v ita lly  im portan t s igna l 
ind ica tions… .” 

 E vidence suggested  eng ineer d rifted  in  and ou t o f m icro-s leep, w h ile  
exh ib iting  inappropria te  contro l ac tiv ity  in  be tw een ep isodes. 

 C onductor w as probab ly  fu lly  as leep and a la rm s w ere  no t su ffic ien t to  
rouse h im . 

 N arco lep tics , w ho exh ib it frequen t m icros leep ep isodes, o ften  d isp lay 
“A utom atic  B ehav io r S yndrom e (A B S )” w h ich  typ ica lly  invo lve  the  
continua tion  o f an  activ ity  tha t does no t requ ire  extens ive  sk ill, e .g . 
au tom ob ile  d riv ing  
 A m nesia  is  a  com m on characteris tic  o f m icros leep. “W hat d id  I do  ?” 
 N otion  o f tim e is  “com ple te ly  ann ih ila ted” 



Outlook 
 S im ula tions suggest tha t add ing  even a  no isy  im age based eye perc los  de tector in  

tandem  w ith  conventiona l activ ity  and speed crite ria  to  rese t locom otive  a le rte r 
counter cou ld  reduce a le rte r nu isance a le rts  ten fo ld  a t m inor correct de tection  
cost (A boukha lil M IT  thes is , 2005). 
 
 
 
 
 
 
 

 
 R egard less, cost-e ffec tiveness o f re tro fitting  im age based sensors  in to  20K  U S  

locom otives rem ains a  m ajor barrie r.   
 A lerte rs  a re  im perfect.  They cou ld  no t have prevented texting  d is traction  

acc idents  like  C hatsw orth  o r m icros leep acc idents  like  M acdona.   
 N onethe less, in  new er locom otives w ith  so ftw are  based a le rte rs , log ic  

im provem ents  cou ld  be  in troduced a t re la tive ly  m inor cost. 

 R ather than us ing  s ing le  cam era  to  re liab ly  de tect eye  
c losure  even w hen head is  tu rned or tilted , ana lyze  fo r bo th  
eyes open and look ing  ahead pose –  techn ica lly  eas ie r - 
and em ploy as another activ ity  ind ica tor. 

 H undreds o f labs continue to  w ork on  m ach ine  v is ion  based 
hum an m otion  track ing  us ing  m ultip le  cam eras and m ode l 
based estim ation  m ethods.  E xpect g radua l im provem ent in  
au tom obile  im age based d is traction /drow siness de tectors .  
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