


Bharat  Forge L td . ,  par t  o f  the  Ka lyan i  Group,  is  one o f  Ind ia ’s  la rgest
and most  d ivers i f ied  eng ineer ing companies .  Founded in  1961 and
headquar tered in  Pune,  Maharasht ra ,  Bharat  Forge in i t ia l l y  focused on
meta l  fo rg ing and evo lved in to  a  major  supp l ie r  o f  h igh qua l i ty ,
prec is ion-eng ineered components  fo r  the  automot ive  and indust r ia l
sec tors .  Over  the years ,  the  company has expanded i ts  foo tpr in t
g loba l ly ,  acqu i r ing  companies  and es tab l ish ing centers  in  var ious
count r ies ,  inc lud ing Germany,  Sweden,  and the Uni ted Sta tes .  

Bharat  Forge today is  known for  i ts  advanced manufac tur ing
capabi l i t ies  and is  a  major  g loba l  supp l ie r  to  indust r ies  rang ing f rom
automot ive  and aerospace to  energy,  ra i l ,  and defense.  Commi tment  to
innovat ion is  ev ident  in  the i r  ex tens ive  investments  in  research and
deve lopment  (R&D),  focus ing on new mater ia ls ,  p roduct  des ign,  and
manufac tur ing  techn iques.  The company cont inues to  adopt  advanced
ar t i f i c ia l  in te l l igence techno log ies  to  enhance product ion  e f f ic iency and
main ta in  qua l i ty  cont ro l .

About BharatForge

Introduction & Motivation
Unl ike  ex terna l  env i ronments ,  robots  p laced in  indoor  workp laces
cannot  re ly  on GPS nav igat ion .  Cur rent ly ,  companies  re ly  on ArUco
markers  fo r  both  nav igat ion  and ob jec t  pose es t imat ion purposes.

However ,  the  goa l  o f  deve lopment  in  th is  f ie ld  is  to  ach ieve comple te
autonomy in  robot  opera t ions,  w i thout  the  need for  human or
env i ronmenta l  in tervent ion .  The t ime and labour  demand for  se t t ing  up
markers  in  workp laces are  issues that  cease to  ex is t  i f  one deve lops
an independent  nav igat ion  sys tem.  

Th is  prob lem s ta tement  requ i res  you to  deve lop and t ra in  such an
a lgor i thm (us ing ML,  DL,  RL,  or  hybr id  approaches)  fo r  AMRs
(autonomous mobi le  robots) ,  a l lowing movement  in  dynamic
env i ronments  where cer ta in  obstac les  move regu lar ly  in  unpred ic tab le
d i rec t ions.



The prob lem focuses on des ign ing a  Singular  Brain for  a  Robot
Swarm  tasked wi th  per forming opt imized path  p lann ing in  h igh ly
dynamic  env i ronments .  You are  requ i red to  des ign and t ra in  a
mul t iagent  sys tem that  can nav igate  in  an env i ronment  where:  

No GPS  i s  ava i lab le .  
Frequent  and unpredictable  changes  occur  (e .g .  mov ing
obstac les ,  rear ranged ob jec ts ) .  
The robot  swarm must  col laborat ively  p lan  the  opt imal  path  to
ach ieve a  set  o f  tasks ,  wh i le  avo id ing co l l i s ions and de lays .  
Ef f ic iency o f  the  robot  swarm is  o f  g reates t  impor tance,  so
in tegra t ion  o f  dynamic ranking  o f  nav igat ion  tasks  based on
t rave l t ime.  
The so lu t ion  must  in tegra te  memory persistence ,  where each robot
can labe l  and s tore  dynamic  changes in  the env i ronment  w i th in  a
shared,  cont inuous ly  updat ing database.  

The idea l  so lu t ion  would  be a  sof tware that  main ta ins  the same
ef f ic iency even when dep loyed in  a  new env i ronment  w i th  a  la rger
swarm of  robots .  Hence,  sca lab i l i t y  is  our  pr io r i ty .

The robot  swarm shou ld  be ab le  to  exp lore  any g iven env i ronment  and
create  an adaptab le  database/map o f  ob jec t  locat ions without  any
manual  intervent ion.

Problem Statement

At  Bharat  Forge,  they a im to  dep loy  th is  so f tware on the i r  g round
veh ic les ,  inc lud ing quadruped and mobi le  robots ,  fo r  the  purpose o f
opt imized autonomous main tenance and inspect ion  o f  mach inery .  They
have mul t ip le  warehouses and assembly  l ines ,  each wi th  un ique f loor
p lans and obstac les .  Thus,  they requ i re  a  sof tware that  is  env i ronment -
independent  and is  ab le  to  unders tand where i t  needs to  nav igate
through cont inuous learn ing as  i t  observes i ts  sur round ings.



Bonus
An add i t iona l  implementa t ion  o f  a  chatbot  in ter face embedded wi th  an
LLM for  ease o f  ass ign ing nav igat ion  tasks  and rece iv ing feedback o f
which robot  is  per forming which task .  An example  o f  i ts  funct ion ing:  

1 .  User  types “F ind me the nearest  f i re  ex t ingu isher . ”  
2 .  System unders tands ob jec t  o f  impor tance is  ‘ f i re  ex t ingu isher ’  and
searches the database.  
3 .  Locat ions o f  robots  and a l l  f i re  ex t ingu ishers  in  the env i ronment  are
compared and min imum d is tance is  cons idered for  opt imum nav igat ion
task .  
4 .  Nearest  robot  to  f i re  ex t ingu isher  moves towards the f i re
ext ingu isher  i f  unoccup ied.  
5 .  GUI  output  shows ‘ I  have ass igned the task  to  robot  x ’ .  
6 .  Upon reach ing the f i re  ex t ingu isher ,  GUI  output  shows ‘Robot  x  has
reached the f i re  ex t ingu isher  successfu l ly . ’  

Note:  Only  i f  a l l  del iverables are  met  wi l l  the bonus be reviewed
and rewarded dur ing scor ing

Specifications
1.  Deve lopment  p la t fo rm:  ROS-compat ib le  so f tware ( Isaac S im,
Gazebo,e tc)  

2 .  Env i ronment  se lec t ion :  Any workspace (warehouse,  fac tory ,
o f f i ce ,e tc )  

3 .  Min imum env i ronment  s ize :  10x10m 

4.  Min imum robot  swarm s ize :  4  

5 .  Robot  type:  Any mobi le  robot  (ground veh ic les ,  d i f fe rent ia l  d r ive ,                    
    quadrupeds,  b ipeds,  4WD) 

6 .  Min imum number  o f  un ique ob jec ts  in  env i ronment :  10  

7 .  Dynamic  obstac le  type:  e .g .  humans,  mov ing mach inery  

8 .  Min imum number  o f  dynamic  obstac les  in  env i ronment :  3  

Given that  our  focus is  on sca lab i l i t y ,  there  are  no max imum l imi ts



The comple te  sof tware shou ld  be put  on Gi tHub.  Your  repos i to ry
shou ld  conta in  a  readme f i le  w i th  comple te  ins t ruc t ions for
ins ta l la t ion  and execut ion o f  your  so f tware.  You may a lso  add
v ideos or  GIFs o f  how to  se tup and run your  so f tware.  

S imula t ions demonst ra t ing  how the swarm responds to  dynamica l ly
chang ing env i ronments ,  avo ids  obstac les ,  and comple tes  nav igat ion
tasks.  You must  up load these s imula t ions as  v ideos in  a  separate
fo lder .  

There  must  be a t  leas t  4  s imula t ions that  proper ly  demonst ra te :
 

suppor t  fo r  sca lab i l i t y  w i th  a  la rger  env i ronment  1 .
suppor t  fo r  sca lab i l i t y  w i th  a  la rger  swarm of  robots  2 .
suppor t  fo r  dynamic  changes in  ob jec t  pos i t ions  wi th in  the
env i ronment

3 .

the ab i l i t y  to  nav igate  around dynamic  obstac les4.

A deta i led  techn ica l  repor t  exp la in ing the AI /ML models  used,
inc lud ing how they were t ra ined and how they hand le  the cha l lenges
ment ioned (dynamic  obstac le  avo idance,  goa l  se t t ing ,  e tc . )

F ina l  Presenta t ion  

Solution Deliverables 



1.  Effect iveness (40%):  
Obstac le  Avo idance Accuracy:  Measures success in  avo id ing
co l l i s ions wi th  both  s ta t ic  and dynamic  obstac les  (5)
Autonomy in  Task Comple t ion :  Eva luates  the so lu t ion ’s
independence in  task  execut ion wi thout  human in tervent ion  (5)  
Rea l -T ime Respons iveness:  How wel l  the  sys tem ad jus ts  paths  wi th
env i ronmenta l  changes and change in  ob jec t  pos i t ions  (5)  
Formula :  (0 .35 *  Obstac le  Avo idance Score +  0 .35 *  Task Autonomy
Score +  0 .3  *  Rea lT ime Respons iveness Score)  

2 .  Scalabi l i ty  (30%):  
Env i ronment  Adaptab i l i t y :  Ab i l i t y  to  opera te  in  vary ing
env i ronments ,  f rom smal l  to  complex  layouts .  (5)  
Swarm Size F lex ib i l i t y :  Measures per formance cons is tency when
sca led to  la rger  robot  swarms.  (5)  
Resource Management :  Assesses memory  and computa t ion  usage
across mul t ip le  sca les .  (5)  
Formula :  (0 .4  *  Env i ronment  Adaptab i l i t y  Score  +  0 .4  *  Swarm Size
Flex ib i l i t y  Score  +  0 .2  *  Resource Management  Score)  

3 .  Innovat ion and Technical  Depth (30%):  
Algor i thm Complex i ty  (5)  
Prob lem-Spec i f ic  Opt imizat ions (5)
Formula :  (0 .5  *  A lgor i thm Complex i ty  +  0 .5  *  Prob lem-Spec i f ic
Opt imizat ions)  

4 .  Bonus (extra  10%):  
Chatbot  In ter face wi th  LLM:  Assesses funct iona l i ty ,  accuracy,  and
in tegra t ion  o f  an LLM-based chatbot  fo r  task  ass ignment .  (3 )  
Task Feedback:  Eva luates  how wel l  the  sys tem communicates  robot
s ta tus  and task  comple t ion .  (3)  
Formula :  (0 .5  *  Chatbot  Funct iona l i ty  Score  +  0 .5  *  Task Feedback
Score)

Evaluation Parameters


