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Aiming at  the  rea l i zat ion o f  s tab le  ver t ica l  ladder  c l imbing o f  a  

four- l imbed robot ,  in  this  thes is  the  app l icant  proposes  p lanning ,  

generat ion  and  f eedback sys tems  of  ladder  c l imbing  and  the ir  to ta l  

integrat ion.  The  background of  th i s  thes i s  exp l a ins  that  h uman beings  

have been suf f ered  f rom natura l  as  we l l  as  man -made d isas ters .  With the  

rap id  development  o f  robot  t echnique ,  d isaster  response  robots  are  

drawing  increas ing  at tent ion  and  expec ted  to  be  a  super ior  opt ion  in  

compar ison wi th  human as  the  so lut ion  o f  per forming  rescue  tasks  in  

d i saster  s i t es .  As  a  common and  popular  too l  f or  l ocomot ion  in  the  

ver t ica l  d i rec t ion ,  ver t ica l  ladders  have  been  ut i l i zed  by  human for  a  l ong 

h is tory.  So  far,  i t  i s  rather  d i f f i cu lt  f or  the  mainstream of  d i saster  

response  robots  ex is t ing  to  deal  wi th  the  ladders  that  may be  equipped  in  

d i saster  s i t es ,  espec ia l ly  f or  indoor  fac i l i t i es .  Tak ing  th is  insuf f ic i ency  o f  

concern  and so lut ion to  the  requirement  o f  ladder  c l imbing o f  robots  into  

cons iderat ion ,  th i s  thes is  m ain ly  d i scusses  the  issue  about  how to  

generate  and guarantee  s tab i l i ty  in  ladder  c l imbing  mot ion  o f  a  

four- l imbed robot .   

In  the  int roduct ion  part ,  re ferees  f ound  that  there  was  no  suf f i c i ent  

s tudy  on d isas ter  response  robots  as  the  compar ison  wi th the  ro bots  in  

th is  thes is ,  thus  the  c lass i f i cat ion o f  main types  o f  rescue  robots  and  

discuss ion  o f  them were  added  in  th is  thes is .  

In  the  mot ion  generat ion  system,  the  app l i cant  proposes  end -e f f ec tor  

tra jec tory  p lanning  with  separated  path  and  t ime  prof i l e ,  s o  that  they  two 

can be  p lanned indiv idual ly,  as  the  app l icant  po ints  out  that  the  pos i t i on  

constraints  in  ladder  c l imbing  are  more  s t r ic t  than  convent ional  

mul t i - legged walk ing in :  ( i )  Whi le  in  mul t i - l egged  walking  the  robot  can  

contac t  the  ground,  which is  a  surface ,  but  in  ladder  c l imbing the  robot  

can  only  contac t  the  ladder  on  l ines ,  which  are  rungs  o f  the  ladder  and  

( i i )  Dur ing  the  ladder  c l imbing ,  the  path  o f  end -ef fec tor  must  be  

appropr iate ly  p lanned to  avoid  unexpected  co l l i s i on  between the  

end -e f f ect or  and rungs ,  such  as  the  case  that  end -ef f ec tor  co l l ides  w i th 

the  rung  f rom the  bottom,  which  is  essent ia l ly  equiva lent  t o  an obs tac le  

avo idance  prob lem.  With these  2  f eatures ,  path  p lanning in  ladder  

c l imbing o f  end -e f f ec tor  must  be  ind iv idual  and should  not  be  changed by  

the  change o f  t ime  prof i l e .  However,  re ferees  po inted  out  that  whole -body  

mot ion  p lanning and  generat ion  is  not  d i scussed,  and accord ing  to  th is  

comment  the  app l icant  added  the  contents  o f  “body  t ra jectory p lanning”  

so  that  the  combinat i on o f  ( i )  End -ef fec tor  mot ion,  ( i i )  Body mot ion and 

( i i i )  Ladder  c l imbing  ga it s  that  shows the  pat tern  o f  order  that  l imbs  o f  
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the  robot  moves  f orms  complete  whole -body  mot ion in  ladder  c l imbing.  

As  f or  the  sensor  feedback sys tems ,  there  are  2  types  propose d and  

descr ibed deta i l ly  in  this  thes is ,  which  are  f orce  sensor  f eedback  and 

prox imity sensor  feedback system,  improving the  s tabi l i ty  o f  ladder  

c l imbing great ly.  The contents  o f  these  2  sys tems  were  d iv ided  and  

discussed  ind ividual ly  at  f i rs t .  However,  re ferees  po inted  out  that  the  

contents  o f  2  sys tems should  be  integrated ,  and the  integrat ion  

exper iments  should  a lso  be  done wi th result s  and  d is cuss ion to  prove  that  

these  2  sys tems are  compat ible  and  both contr ibut ive  t o  the  ladder  

c l imbing  in  th is  thes is .  Bes ides ,  a t  f i rs t  the  f eedback  o f  proximity  sensor  

system i s  on ly  used f or  error  compensat ion between the  robot  and ladder,  

and  re ferees  sugges t ed  that  prox imity sensor  feedback  sys tem could  a lso  

be  ut i l i zed  in  recogni t i on o f  ladder,  so  that  the  or ig ina l i ty  and 

contr ibut ion o f  thi s  thes is  can be  improved fur ther.  Accord ing to  a l l  these  

comments ,  exper iments  o f  to ta l  integrat ion o f  mot ion generat ion and 2  

sensor  f eedback  sys tem were  made  as  we l l  as  the  exper iment  o f  rung  

recognit i on  with the  resul ts  g iven and  d is cussed in  the  thes i s ,  ver i fy ing 

that  they are  t ru ly  e f f ec t ive  and  compat ible  in  ladder  c l imbing.   

Add i t i onal ly,  at  the  resul t  o f  appl i cat ion o f  proximity  sensor  f eedback,  

the  whole  cont inuous  mot ion  process  o f  ( i )  Approach ing  mot ion  o f  the  

robot  on the  ground to  the  target  ladder  to  c l imb with  “c rawl ing”  mot ion;  

( i i )  At tach ing  mot ion o f  the  robot  f rom the  ground  to  the  ladder  

autonomous ly  wi thout  the  ass i s tance  o f  human and ( i i i )  Ladder  c l imbing 

was  g iven in  th is  thes i s  as  a  chapter.  However,  the  re ferees  po inted  out  

that  th is  part  was  not  d i rec t ly  re lated  to  the  main top i c  o f  th is  thes is ,  the  

rea l i zat ion  o f  s tab le  ladder  c l imbing ,  thus  should  not  be  inc luded  in  the  

main  text  o f  th is  thes i s .  As  the  response  to  th is  comment ,  th is  part  was  

s impl i f i ed  and moved  into  the  appendix o f  th i s  thes i s .  

The achievements  o f  th i s  research  mainly  inc lude the  technique o f  

rea l i z ing success fu l  and s tab le  ladder  c l imbing o f  human -s ized  

four- l imbed robots ,  w i th sensor  f eedback to  avo id  unstab le  s tates  dur ing  

ladder  c l imb ing and  pre l iminary  environment  recogni t i on capabi l i ty  as  

the  so lut ion  to  var iety  o f  spec i f i cat ion ( or  even  unknown spec i f i cat ion)  o f  

ladders  in  rea l i ty,  which has  not  c la imed  to  be  accompl ished by  f ormer  

re lated  s tud ies  before .  I t  i s  expected  to  improve  t he  capabi l i ty  and  

compat ib i l i ty  o f  ladder  c l imbing  o f  human -s ized  robots  and  can  be  

extended  to  the  re in forcement  o f  autonomy of  ladder  c l imbing  robots .  

Consequent ly,  we  hereby  admit  that  this  thes is  i s  worth  enough to  

present  as  a  doctora l  d is ser tat ion.  
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