


At  the fore f ront  o f  cu t t ing-edge drone techno logy,  w i th  a  focus on
deve lop ing super ior  so lu t ions  for  in te l l igence,  surve i l lance,  and
reconnaissance ( ISR)  purposes,  ideaForge has i ts  or ig ins  over  17
years  ago.  The company is  bu i l t  w i th  a  miss ion to  deve lop techn ica l ly
super ior  UAVs for  var ious miss ions,  u t i l i z ing  modern advancements  in
aerospace and robot ics .  From be ing a  humble  s tar t -up,  now ideaForge
Technology has recent ly  o f fe red i ts  IPO and become a l i s ted company
in  NSE and BSE.  
 
ideaForge is  a  ver t ica l ly  in tegra ted company wi th  an in -house product
deve lopment  cent re ,  a l lowing us  to  des ign,  deve lop,  eng ineer ,  and
manufac ture  ind igenous unmanned aer ia l  veh ic les  (UAVs) .  ideaForge
was founded in  2007,  and over  t ime became the p ioneer  and pre-
eminent  market  leader  in  the Ind ian unmanned a i rc ra f t  sys tems ( "UAS")
market .  ideaForge had the la rgest  opera t iona l  dep loyment  o f
ind igenous UAVs across Ind ia ,  w i th  an ideaForge manufac tured drone
tak ing o f f  every  four  minutes  on average for  surve i l lance and mapping.
As o f  today,  the i r  cus tomers  have comple ted over  500,000 f l igh ts  us ing
our  UAVs.

ideaForge UAVs are  equ ipped wi th  indust ry - lead ing spec i f i ca t ions and
capabi l i t ies ,  comparab le  to  those o f  o ther  es tab l ished g loba l  p layers  in
the UAV indust ry .  The i r  in -house des ign,  deve lopment ,  eng ineer ing,
and manufac tur ing  capab i l i t ies  have enab led us  to  deve lop bet ter
products  in  response to  chang ing customer  demands,  thereby
improv ing customer  exper ience wi th  our  products .  The company serves
domest ic  and in ternat iona l  cus tomers  in  the defense and c iv i l  sec tors ,
pr imar i ly  fo r  surve i l lance,  mapping,  and survey ing app l ica t ions.  Our
customers  inc lude the Ind ian Armed Forces,  homeland secur i ty
author i t ies  compr is ing cer ta in  cent ra l  a rmed po l ice  forces,  s ta te  po l ice
depar tments ,  d isas ter  management  fo rces,  fo res t  depar tments ,
government  a long wi th  pr iva te  ent i t ies ,  enterpr ise  sectors  and many
more.

The company is  c lose ly  work ing wi th  the Ind ian Armed Forces for  the  
dep loyment  o f  the i r  d rones for  impor tant  secur i ty  and surve i l lance
miss ions.  ideaForge UAVs are  dep loyed across Ind ian borders ,
ass is t ing  the Ind ian Army in  surve i l lance and secure  the nat ion .  

About ideaForge



Quadrotors  are  a  popu lar  cho ice for  smal l  UAVs due to  mul t ip le
reasons.  F i rs t ,  they  have a  fa i r ly  s t ra ight forward des ign.  Second,  the i r
symmetr ic  des ign s impl i f ies  the cont ro l  a lgor i thms needed to  opera te
these UAVs and prov ides inherent  s tab i l i t y .  The i r  capab i l i t ies  l i ke
ver t ica l  takeof f  and land ing (VTOL) ,  s tab le  hover  a l low space e f f ic ien t
dep loyment  and maneuverab i l i t y .  Quadrotor  based UAVs are  wide ly
used today across mul t ip le  app l ica t ions inc lud ing aer ia l  surve i l lance,
survey ing and mapping,  inspect ion ,  aer ia l  photography,  search and
rescue,  agr icu l tu re ,  de l ivery  log is t ics ,  e tc .  

However ,  the  s imple  and min imal  des ign o f  quadrotors  a lso  makes
them vu lnerab le  to  the fa i lu re  o f  a  s ing le  motor ,  wh ich can lead to  loss
of  cont ro l  and potent ia l  c rashes.  Motor  fa i lu re  cou ld  occur  due to
mechanica l  causes such as  bear ing,  shaf t  o r  prope l le r  issues,  or
e lec t r ica l  causes such as  overheat ing,  shor t  c i rcu i ts ,  w ind ing damage,
e tc .  Operat ing  in  ex t reme env i ronmenta l  cond i t ions  such as  heat ,  co ld
or  ra in  can a lso  lead to  fa i lu re .  

As UAV p la t fo rms increase in  s ize  and weight  and as  the dep loyment  o f
UAVs in  urban,  popu la ted areas keeps growing,  any potent ia l  UAV
crash can cause harm to  human l i fe  or  proper ty .  Deve lop ing a  robust
cont ro l  a lgor i thm to  hand le  motor  fa i lu res  is  there fore  c ruc ia l  fo r
enhanc ing the safe ty  and re l iab i l i t y  o f  quadrotor  sys tems.

Fur thermore,  severa l  Po l ice  Depar tments ,  Government  and pr iva te
author i t ies  have dep loyed the ideaForge UAVs for  a  var ie ty  o f
surve i l lance,  mapping,  and survey ing opera t ions such as  ant i - te r ror ,
ant i -Naxa l  opera t ions,  i l lega l  ac t iv i ty  prevent ion,  c r ime cont ro l ,  t ra f f i c
moni tor ing ,  mine area p lann ing,  vo lumet r ic  es t imat ions,  land survey
and many o thers .

Introduction & Motivation

Given the potent ia l  damage that  a  UAV crash due to  a  s ing le  motor
fa i lu re  can cause,  the  prob lem is  to  des ign and implement  a  cont ro l
a lgor i thm that  enab les  a  s tandard quadrotor  to  recover  w i th  min imum
loss o f  s tab i l i t y  in  the  event  o f  a  s ing le  motor  fa i lu re .  So lu t ions cou ld
i te ra t ive ly  bu i ld  on smal le r  sub-prob lems o f  increas ing complex i ty

Problem Statement



The so lu t ion  shou ld  be des igned in  the contex t  o f  the  fo l lowing sys tem
conf igura t ion :

Standard quadrotor  conf igura t ion
Onboard sensors  may inc lude Acce lerometer ,  Gyroscope,
Magnetometer ,  Barometer  and GPS.  No add i t iona l  sensors  shou ld
be assumed
No revers ib le  motor /prop or  t i l t / servo mechanisms
Al l  so lu t ions  must  be deve loped us ing the open source PX4 f l igh t
cont ro l le r  s tack
Teams shou ld  use the Gazebo s imula tor  us ing the IRIS model
(defau l t  gazebo quadrotor  model )
Teams ab le  to  ach ieve a  successfu l  s imula t ion  can a t tempt  to
demonst ra te  the so lu t ion  in  an ac tua l  f l igh t  fo r  bonus po in ts  –  l inks
to  the PX4 compat ib le  deve lopment  k i ts  are  g iven be low.

System Setup

A repor t  out l in ing the cont ro l  a lgor i thm used a long wi th  any
assumpt ions,  ca lcu la t ions ,  techn ica l  re ferences,  s imula t ion  resu l ts ,
f l igh t  resu l ts  ( i f  ava i lab le)  and any o ther  re levant  techn ica l  deta i ls
to  assess the cor rec tness o f  the  so lu t ion  
Work ing code wi th  proper  comments /documenta t ion  that  shou ld  be
easy to  compi le  and dep loy  on a  PX4 based quadcopter  p la t fo rm
Mandatory :  S imula t ion  v ideos & L ive  S imula tor  Demonst ra t ion
showing the work ing o f  the  f ina l  implemented so lu t ion
Bonus Points  wi l l  be  awarded for  phys ica l  demonst ra t ion  o f  the
so lu t ion  in  a  low a l t i tude f ree f l igh t  us ing one o f  the  PX4 based
deve lopment  k i ts  as  l i s ted be low

Solution Deliverables 

Impl ic i t  de tec t ion  o f  s ing le  motor  fa i lu re
Cont ro l  ad jus tments  to  remain ing three motors  fo r  an immedia te
cont ro l led  land ing ( fo r  example  sp inn ing and land ing)
Cont ro l  ad jus tments  to  remain ing three motors  to  ach ieve s tab le
hover  (a l t i tude and pos i t ion  ho ld)
Cont ro l  ad jus tments  to  remain ing three motors  to  ach ieve bas ic
nav igat ion  and a l t i tude cont ro l  to  a l low safe  re turn  home /  land ing



As s ta ted ear l ie r ,  the  recovery  f rom a s ing le  motor  fa i lu re  in  a  UAV
could  be des igned a t  var ious complex i ty  leve ls .  Po in ts  awarded whi le
judg ing the so lu t ions wi l l  there fore  a lso  increase progress ive ly  w i th  the
complex i ty  o f  the  ach ieved so lu t ion .  

Motor  fa i lure  detect ion (Max 20% of  tota l  points) :  a  work ing so lu t ion
must  be ab le  to  impl ic i t l y  detec t  the  fa i lu re  o f  a  s ing le  motor .  Key
metr ics  fo r  fa i lu re  detec t ion  inc lude missed /  fa lse  detec t ions and the
la tency o f  detec t ion .

Upon detec t ing  the fa i lu re ,  the  sys tem shou ld  ad jus t  the  cont ro l  inputs
to  the remain ing three motors  to  ach ieve the poss ib le  degree o f
cont ro l .  The po in ts  awarded a t  th is  s tep wi l l  depend on the degree to
which the quadrotor  is  ab le  to  ach ieve somewhat  s tab i l i zed cont ro l .
The h ighest  leve l  o f  complex i ty  ach ieved would  be cons idered whi le
scor ing 

Control led Landing (Max 20% of  tota l  points) :  The bas ic  recovery
so lu t ion  where the UAV per forms an immedia te  cont ro l led  land ing wi l l
be  assessed based on the land ing parameters  such as  t i l t  ang le ,  speed
and s tab i l i t y  o f  land ing,  e tc .

OR

Stable  Hover  (Max 40% of  tota l  points) :  So lu t ions where the UAV can
ach ieve a  s tab le  pos i t ion  and a l t i tude ho ld  (hover )  w i l l  be  ra ted h igher
than ones ach iev ing immedia te  cont ro l led  land ing.  

OR

Stable  Hover  +  Return Home and Land (Max 60% of  tota l  points) :
L ikewise the so lu t ions which ach ieve s tab le  hover  and subsequent ly
a lso  a l low for  bas ic  nav igat ion  o f  the  UAV so as  to  re turn  home and
land safe ly  w i l l  be  ra ted the h ighest .  

I f  some team(s)  are  ab le  to  so lve  and demonst ra te  the work ing so lu t ion
up to  a  cer ta in  s tage in  the Gazebo s imula t ions,  they may a t tempt  to
implement  the same on an ac tua l  UAV hardware p la t fo rm bu i l t  us ing
the recommended PX4 deve lopment  k i t  fo r  add i t iona l  bonus po in ts .  I t
shou ld  be noted that  the  hardware implementa t ion  and f l igh t
demonst ra t ion  is  not  mandatory  but  the  teams’  cho ice depending on
the progress made in  s imula t ion  and the wi l l ingness o f  the
par t ic ipants .  

Evaluation Parameters



The bonus po in ts  fo r  the  ac tua l  f l igh t  w i l l  a lso  be awarded in
propor t ion  to  the complex i ty  o f  the  so lu t ion .  For  ins tance,  a  so lu t ion
that  can demonst ra te  fa i lu re  detec t ion  on ly ,  in  s imula t ion  and l i ve  f l igh t
w i l l  no t  be ra ted h igher  than a  so lu t ion  that  works  on ly  in  s imula t ion
but  enab les  the a i rc ra f t  to  hover ,  re turn  home,  and land safe ly
(maximum 1.5x of  s imulat ion points )

Add i t iona l  po in ts  w i l l  a lso  be granted based on the techn ica l  repor t ,
code qua l i ty  and easy dep loyab i l i t y  o f  the  code on PX4 p la t fo rms.  (Max
20% of  tota l  points )  

•  Mid- term :  A f ter  comple t ion  o f  Week 4 ,  the  teams sha l l  submi t  repor t
w i th  the i r  overa l l  approach out l ine ,  background s tudy and ana lys is ,
exper imenta l  resu l ts  and any s imula t ion  data  or  v ideos.  Dur ing th is
rev iew,  the company representa t ives  may a lso  request  fo r  add i t iona l
documents  or  suggest  add i t iona l  tes t ing  to  be car r ied  out  (Weightage:
30% )

•  Final  presentat ion and demo :  A t  the  end,  the  par t ic ipa t ing  teams
wi l l  submi t  the i r  f ina l  de l iverab les  as  s ta ted ear l ie r  and wi l l  a lso  have a
l ive  demonst ra t ion  e i ther  in  s imula tor  or  l i ve  f l igh t  +  a  Q&A sess ion
wi th  the company representa t ives .  (Weightage:  70% )

Project Timelines

Resources
1.  PX4 Autop i lo t :  h t tps : / /docs.px4. io /main /en/ index.h tml

2 .  Gazebo S imula tor :  h t tps : / /docs.px4. io /main /en/s im_gazebo_gz/
 

3.  S imula t ing  motor  fa i lu re  in  Gazebo:  h t tps : / /d iscuss.px4. io / t /us ing-
gazebo-motor - fa i lu re-p lug in in-gazebo-s imula t ion /18807

ht tps : / /www.youtube.com/watch?v=yR5okaHITpg 

4 .  PX4 compat ib le  UAV k i ts :
h t tps : / /docs.px4. io /main /en/ f rames_mul t icopter /k i ts .h tml  

5 .  Mul t icopter  At t i tude Cont ro l le r ,  mixer
h t tps : / /docs.px4. io /main /en/modules /modules_cont ro l le r .h tml#mc-at t -
cont ro l

https://docs.px4.io/main/en/index.html
https://docs.px4.io/main/en/sim_gazebo_gz/
https://discuss.px4.io/t/using-gazebo-motor-failure-pluginin-gazebo-simulation/18807
https://discuss.px4.io/t/using-gazebo-motor-failure-pluginin-gazebo-simulation/18807
https://www.youtube.com/watch?v=yR5okaHITpg
https://docs.px4.io/main/en/frames_multicopter/kits.html
https://docs.px4.io/main/en/modules/modules_controller.html#mc-att-contro
https://docs.px4.io/main/en/modules/modules_controller.html#mc-att-contro

