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ABSTRACT 
A team of mechanical engineering students have come together with an 
idea that can help simplify what fire fighters pass through every day. The 
team came with this idea not just to build a fire fighting robot but a 
humanoid fire fighting robot that will not suffocate due to oxygen 
deprivation, dangerous smoke inhalation, toxic gases and weakened 
structural features that could lead to falling pieces of building materials and 
ceiling collapses but will be able to overcome this challenges.

INTRODUCTION 
A robot is a machine that is able to carry out complex series of action 
automatically.  Building a robot requires expertise and complex programming; 
however this report is based mainly on research. This report contains the 
combination of the market research, design specification, mechanical, and 
electrical. This robot is a unique fire fighting robot; it is not just a fire fighting robot 
that has a small fire extinguisher added to it, it is something different, it is a 
humanoid fire fighting robot. 

MARKET RESEARCH
   There is already a market for fire fighting robots; an example is the 
exhibition a team of fire-fighting robots demonstrated in London. The 
display showcased a quartet of robots aimed at tackling the particular risk 
of fires involving cylinders of the industrial gas acetylene. There are other 
fire fighting projects in the market like the fire spy Robot, developed by the 
South Korean firm Hoya Robot, it can be thrown into a burning building, roll 
through fire, take pictures, and inform fire-fighters outside of the condition 
inside. This project is slightly different from all other fire-fighting robots it is 
a combination of two different projects; which is a humanoid robot and fire-
fighting robot. This fire fighting robot will be designed to work as a human 
fire-fighter. A fire fighter who will not suffocate due to oxygen deprivation, 
dangerous smoke inhalation, toxic gases and weakened structural features 
that could lead to falling pieces of building materials and floor or ceiling 
collapses.

   This project is designed for a specific group of person; unlike other fire 
fighting robots designed to be used in buildings and others groups. This fire 
fighting robot is designed to be used by the fire service department only.
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Methodology 
The questionnaire was administered off line between March and April 2012. Ten 
(10) individuals living in the United Kingdom were chosen randomly to participate.

This report presents the survey result.

Question 1/10

1. Would you like the robot to have a fire extinguisher?

Question 2/10

2.  Would you like the robot to be controlled?
     (a)  Manually                 (b) automatically 
     (c) Both manually and automatically 
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Question 3/10

3. Will you like the robot to be in every fire fight, give reasons for answer? 

Question 4/10 
4. Would you like the robot to act strictly by instructions only from the team 
leader or take action itself in a critical and dangerous situation?  
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Question 5/10
5. Would you like a detector to be inserted to the fire fighting robot?
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Question 6/10

6. Would you like a camera to be inserted in the robot for the operator to 
see the level of casualty in a fire outburst?

Question 7/10

7. Would you like the robot to have conversional character?
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Question 8/10
8. What source of power would you like the robot to posses?

Question 9/10 

9. Object manipulation installed in the robot will allow the robot to move 
things from one place to another, would you like it installed in the robot?
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Question 10/10
10.   Would you like the robot to have a Guro sensor?
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GANTT CHART 

TASK LEAD
Samuel Market research 

Williams
Design 
specification

Rubby Mechanical 
Edwin Elec

TASK Start Date 
Duration 
(Days ) End Date 

Introduction to Module 23/01/2012 14
06/02/201

2

Team Selection 03/02/2012 1
04/02/201

2

Choosing a project topic 04/02/2012 2
06/02/201

2
Topic Approved and Signed By 
Supervisor 06/02/2012 1

07/02/201
2

Brain storming 11/02/2012 5
16/02/201

2

Task Sharing to Group members 17/02/2012 0
17/02/201

2

Market research (Questionnaire) 20/02/2012 14
05/03/201

2

Design specification 27/02/2012 9
07/03/201

2

Group Progress Meeting 07/03/2012 1
08/03/201

2

First Viva 08/03/2012 1
09/03/201

2

Concept Design 24/02/2012 22
17/03/201

2

Evaluation of concept 05/03/2012 8
13/03/201

2

Group Progress Meeting 20/03/2012 2
22/03/201

2

Viva 2 16/04/2012 0
16/04/201

2

Completion of Report Writing 25/03/2012 10
04/04/201

2
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Controlled Convergence Evaluation Matrix

Concepts

Criteria A B C

Cost + - +

Reliability - + -

Aesthetics - + -

Ergonomics + + +

Function + + +

Manufacturability + - +

Serviceability + + +

Σ+ 5 5 5

Σ- 2 2 2

Σ same 3 3 3
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DESIGN SPECIFICATION AND MATERIALS FOR FIRE 
FIGHTING ROBOT

THE DESIGN OVERVIEW:
The designing stage of this project is very necessary, so as a group, we 
have decided to build a fire fighting robot in a human-like appearance and 
we also considered the design of the components such as legs, trunk, head, 
arms and hand, etc. 
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Fig. 1.0: Humanoid fire fighting robot

THE LEG DESIGN OF HUMANOID FIRE FIGHTING ROBOT:
The leg of the humanoid fire fighting robot is very important aspect of the 
design;  the  legs  of  the  humanoid  fire  fighting  robot  are  capable  of 
performing  basic  human  movements  like  different  patterns  of  walking, 
running, ascending and descending stairs (Carbone and Ceccarelli, 2005). 
This implies that the robot cannot walk without the strength of the leg. 

THE PARAMETERS OF THE HAND OF HUMANOID FIRE 
FIGHTING ROBOT

14



walking cycle 1.0seconds per step

step length 300mm per step

THE DEGREE OF FREEDOM

Both legs 12 DOF

movable knees 1 DOF / knee

hip 3 DOF / hip

ankle 2 DOF / ankle

THE WEIGHT OF THE LEGS

The weight of the legs is 8.6[kg/leg] * 2 [legs] = 
17.2[kg]

Fig 1.1: The leg design of the humanoid fire fighting robot.

THE HAND DESIGN OF HUMANOID FIRE FIGHTING 
ROBOT:

The design of the hands of the humanoid fire fighting robot are 
vital  in  order  to  achieve  the  objective  of  the  robot  and  will 
consist  of  5  fingers  with  approximately  the  same  sizes  of 
human fingers. The actuator motor should be fixed within the 5 
fingers.  The  hand  of  the  fire  fighting  robot  enables  the 
interaction between people, various kinds of tools and objects 
in our environment. 
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THE PARAMETERS OF THE HAND OF HUMANOID FIRE FIGHTING ROBOT

PART MEASUREMENT

Thumb (length) 6.8cm

Little finger (length /diameter) 8.8cm

Finger (length/diameter) 9.4cm

Hand length 10.5cm

Hand height 9.5cm

Hand width 2.5cm

Weight 500g

Fig 1.2: The hand of humanoid fire fighting robot.

THE ELBOW JOINT AND ARM DESIGN OF FIRE FIGHTING 
ROBOT:

The elbow joint and the upper arm of the humanoid fire fighting robot is an 
important  aspect  which  enables  the  bending  as  well  as  rotating  the 
forearm. Its upper arm and lower arm are made from a standard aluminium 
material in order to reduce it weight. Therefore, the upper body of the robot 
performs several functions.
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Fig 1.3: The elbow joint and arm design of humanoid fire fighting 

robot.

THE HEAD DESIGN OF HUMANOID FIRE FIGHTING ROBOT:
The head design of the fire fighting robot will be determine by the size and 
shape of the camera to be used in terms of the visual, and also the size and 
shape of the flame detector to be used in terms of detecting flame in the 
environment. Also, the head will be constructed like that of human.

Fig 1.4: The head of humanoid fire fighting robot.

THE TRUNK DESIGN OF HUMANOID FIRE FIGHTING 
ROBOT:

The trunk is the central region of the fire fighting robot that connects the 
head, neck, arms and legs. Which means it is the part of the body from 
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below the neck down to the waist.  And the battery and the computing 
system are located on the trunk region.

Fig 1.5: The trunk of humanoid fire fighting robot.

THE PRODUCT DESIGN SPECIFICATION:
Elements Description Demand  or 

wish

Ergonomics • The  design  of  the  fire  fighting  robot 
should be in human-like appearance.

Demand 

• The humanoid fire fighting robot should 
have the ability to perform similar tasks 
as humans do.

Demand 

• No sharp edges will be exposed on the 
humanoid fire fighting robot.

Demand

• The humanoid fire fighting robot should 
be  human-friendly  robot  that  is  heat 
free.

Demand
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• The height of the humanoid fire fighting 
robot  should  be  1,662mm,  the  width 
should  be  740mm,  and  the  depth 
should  be  256.5mm,  the  upper  and 
lower arm length should be 219mm and 
255mm, and the upper and lower leg 
length should be 280mm and 270mm.

Demand 

• The  weight  of  the  humanoid  fire 
fighting robot should be 80kg.

Demand

• The humanoid fire fighting robot should 
be of light-weight and high flexibility.

Demand

• The humanoid fire fighting robot should 
have  its  power  supply  through  a 
rechargeable  battery  of  191.50mm 
width and a height of 415mm. 

Demand

• The  design  should  consist  of  a  fire 
flame detector electronics corporation.

Demand

• The  materials  of  the  humanoid  fire 
fighting should be human-friendly in all 
part.

Wish 

• The humanoid fire fighting robot should 
be program using the C programming 
language.

Demand

Testing • The suppliers of the components and parts 
for the humanoid fire fighting robot will be 
required to adopt a process of statistical 
process control (SPC).

Demand 

• The materials used for the production 
of the humanoid fire fighting robot will 
be  inspected  seriously  from  the 
supplier.

Demand 
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Time-scale • Design specification formulation of the 
humanoid  fire  fighting  robot  was 
carried out  on the 27/02/2012 and to 
be completed by 07/03/2012.

Demand 

• Concept  design  of  the  humanoid  fire 
fighting  robot  was carried  out  on  the 
24/02/2012  and  to  be  completed 
17/03/2012.

Demand 

• The  evaluation  of  concept  of  the 
humanoid  fire  fighting  robot  was 
carried out  on the 05/03/2012 and to 
be completed by 13/03/2012.

Demand 

• The final  report  of  the  humanoid  fire 
fighting robot should be completed by 
30/04/2012.

Demand

Installation Due to the limited time we are been given, 
we  cannot  manufacture  the  humanoid  fire 
fighting robot.

Fig 1.Table of Product Design Specification

MATERIALS USED FOR MANUFACTURING THE FIRE 
FIGHTING ROBOT:

As a group, we intend to use the lightest materials as possible as we can 
during the manufacturing process of the humanoid fire fighting robot, the 
light materials used includes plastics, aluminium, balsa wood, ceramics and 
iron. Therefore, the combination of these materials forms the body frame 
work of the humanoid fire fighting robot.
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MECHANICAL ASPECT OF A FIRE FIGHTING ROBOT

       A robot can be described as a system that can be programmed to 
implement a range of mechanical functions and also responds to sensory 
input under automatic control. It is a mechatronics engineering product (i.e. 
a combination of mechanical and electrical engineering).The design of a 
robot can be achieved through the combination of mechanical, electrical, 
computer and information technologies. The major components needed are 
a microcontroller, chassis, drive train, motors, battery, frame and interior 
materials, temperature sensor, proximity sensor and webcam.

A main use for this type of robot is in a disaster situation.  In light of the 
many recent natural disaster that have occurred, a search and rescue robot 
would be able to find and rescue humans that are trapped. The sensor can 
pick up human body temperature and also relay the distance away the 
human is. The robot can navigate through smaller areas more effectively 
and can cover greater area efficiently than a human. The robot can also 
navigate through rougher terrain without causing injury to another human 
within the search. The robot can even transport materials and supplies such 
as bandages to a person in need. The webcam can send images back to a 
location in order for an operator to see what the robot sees.

The drive train consists of the motors, gears and transmission of the robot. 
The best type of motor is light weight. Also, it must create torque at a high 
RPM. Special attentions must be placed upon the torque and voltage 
constants when choosing a motor. Choosing a motor also requires some 
calculations of weight of the robot, terrain (landscape), acceleration, 
velocity, voltage, gear ratios, and power consumption. Gears control the 
speed of the motor. A motor with a built-in gearbox is ideal so that a person 
does not have to manually reduce the gears. The transmission consists of 
the wheels and axels. The number of wheels and spacing between the 
wheels are important factors that have to be taken into account. Axels can 
either be fixed or live. A fixed axel does not spin as the wheel turns whereas 
the live axel spins. 

Actuator (Reduction Gear and DC Motor)
Two types of reduction gears are used: a planetary gear and a harmonic 
gear. A planetary 
gear is used for joints such as finger joints, wrist-pan joints, neck-pan joints 
and eyeball 
joints, where small errors (such as backlash) are allowable. Errors in the 
finger and wristpan joints do not affect the stability of the entire body or the 
overall motion of the arms and 
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legs. Harmonic gears are used for the leg and arm, as well as for neck tilt 
and wrist tilt joints. 
As a harmonic gear has little backlash on its output side and only a small 
amount of friction 
on its input side, it is particularly useful for leg joints, where errors can 
affect the stability of 
the entire system and the repeatability of the joint position. This harmonic 
type of reduction 
gear is connected to the motor in two ways: through a direct connection 
and through an 
indirect connection. The indirect connection requires various power 
transmission 
mechanisms (such as a pulley belt or a gear mechanism) between the 
reduction gear unit 
and the motor. DIRE has an indirect type of connection for the neck tilt, the 
shoulder pitch, 
the hip, the knee, and the ankle joints.

Weight Distribution 
The main controller (PC), the battery, and the servo controller and drivers 
for the upper body are in the torso. We concentrated the mass, except for 
the  actuators, in the torso because of the need to reduce the load that the 
actuators are afflicted with in the frequently moving parts such as the arms 
and legs; and also because we wanted the torso to have sufficiently large 
inertia for a small amplitude fluctuation. With this approach, the robot 
achieved low power consumption when swinging its arms and legs; 
moreover, the control input command ensured a zero moment point with a 
small positioning of the torso.

Degrees of Freedom 
For the degrees of freedom of DIRE, we tried to ensure that he had enough 
degrees of freedom to imitate various forms of human motion, such as 
walking, hand shaking, and bowing. It has 12 DOF in the legs and 8 DOF in 
the arms. Furthermore, it can independently move its fingers and eyeballs 
because it has 2 DOF for each eye (for a camera pan and tilt), 1 DOF for the 
torso yaw (body curve), and 7 DOF for each hand (that is, 2 DOF for the 
wrist and 1 DOF for each finger). As shown in the table below, the joint axis 
of the shoulder (3 DOF/arm), hip (3 DOF/leg), wrist (2 DOF/wrist), neck (2 
DOF) and ankle (2 DOF/ankle) cross each other for kinematic simplicity and 
for a dynamic equation of motion.
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Degrees of freedom for DIRE.

ELECTRICAL PART 

Control Hardware System
The hardware architecture of the control system is shown in Fig. 5, and the 
location of the hardware component is displayed in Fig. 6. A Pentium III-
933MHz embedded PC with the Windows XP operating system (OS) is used 
as the main computer. Other devices such as servo controllers (joint motor 
controller) and sensors are connected to the controller area network (CAN) 
communication lines to the main computer. The robot can be operated via a 
PC through a wireless LAN communications network. The main computer 
serves  as  the  master  controller.  The  master  controller  calculates  the 
feedback  control  algorithm  after  receiving  the  sensor  data,  generates 
trajectories of the joints, and sends the control command of the robot to the 
servo controller of the joints via CAN communication.
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                       Figure 5. Control System Hardware of FFHR

   The software architecture of  the OS is shown in Fig.  7.  Windows XP 
operates the main controller for the convenience of software development 
and for system management. Windows XP is a common OS, which is easy 
for  the  developer  to  access  and  handle.  This  widespread  OS  made  it 
possible to develop the robot control  algorithm more effectively, as it is 
easy  to  use  with  free  or  commercial  software  and  with  hardware  and 
drivers.  A  graphical  user  interface  (GUI)  programming  environment 
shortened  and  clarified  the  development  time  of  the  control  software. 
However, the OS is not feasible for real-time control. Real-time extension 
(RTX)  software  is  the  solution  for  this  situation.  The  operational 
environment  and the  GUI  of  the  robot  software  were  developed  in  the 
familiar Windows XP, and a real-time control algorithm including the CAN 
communications was programmed in RTX.
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Figure 6. Hardware System Structure of FFHR
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Figure 7. Software Architecture of the OS

   Brushed DC motors were used for joint actuators. The motors, as used in 
this robot, are divided by their power capacity. High-power motors are used 
for joints such as the hip, knee, ankle, shoulder, elbow and torso. These 
joint  actuators  require  high  levels  of  torque,  speed  and  reliability.  For 
example,  the motors  used in  the lower  limb are directly  related to the 
walking performance and stability of the robot. In addition, the arm joint 
motors  also  require  high  power  as  it  was  desired  that  the  robot  could 
imitate human motions such as bowing, sign language. Low-power motors 
are used for  joints  such as the fingers,  wrists,  neck,  and eyes.   These 
motors have little connection to the overall walking stability of the robot; 
they  were  added  for  the  decoration  of  motion.  Two  types  of  servo 
controllers  were  developed:  a  low-power  controller  and  a  high-  power 
controller.

Figure 8. Hardware Configuration of the Servo controller
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Figure 9. Servomotor Controllers

   The controllers operate at 1000Hz, which interpolates linearly the position 
command  issued  by  the  main  controller  at  a  frequency  of  100Hz.  The 
detailed  hardware  configuration  and  the  features  of  the  controllers  are 
shown in Figs. 8 and 9. As mentioned above, two types of servo controllers 
were  used;  these  are  shown  in  Fig.  9.  Both  are  composed  of  a 
microcontroller  module and power amplifier  module.  The microprocessor 
module receives  the joint  position commands,  controls  a real  DC motor 
using given commands and encoder counting, and sends the actual position 
or current data of the motors. Fig. 9a shows low power servo controllers 
that control the low-powered joints. These controllers can control 7- channel 
motors. There is also a 5-channel A/D port for additional sensors such as the 
pressure sensors in the fingertips. The power capacity is 40W/ch for the 
head and hand joints, which requires low power, a small space, and multiple 
motors. The other type of servomotor, as shown in Fig. 9, controls the high-
power DC motors. It can handle 2-channel motors and a 2-channel A/D port 
for  additional  sensors  such  as  accelerometers.  It  has  a  channel  power 
capacity of 480W, allowing it to control the high-power motors.

                        

Conclusion 
It  was  quite  interesting  working  in  a  group  especially  when 
everyone in the group is working seriously. The module ended 
up giving the students the knowledge on how to work in the 
real world. It will be lovely to see this project actually becoming 
a reality.
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APPENDIX A
     There are five groups in which the fire fighting robot can be classified. 
We have the structure, sensor, fire extinction, software and management. 
Each group has a specific aspect to which they are assigned. The structure 
deals with the designing and building of the robot, the sensor bit is 
responsible for the calibration of sensors, motors and the kinematics of 
straight/circular robot motion. The maze navigation logic and programming 
of the robot movement is done by the software, and the management crew 
takes care of the project schedule, logistics, reports and presentation. The 
fire extinction can be achieved by examining various possible solutions by 
which a suitable propeller device can be mounted on the robot and tested 
to see how best a severe fire situation can be saved and how a human 
being can be rescued.

    One way through which a human being can be saved in a severe fire 
situation is object manipulation. Here the programming is different because 
we are dealing with humans not objects. Manipulation tasks are specified by 
identifying a target object (human) to be moved and its new location. The 
motion planning software will then attempt to compute three trajectories. 
They are the reach, which is to position the robot to grasp the object 
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(human), the transfer, after grasping move the object (human) to the target 
location and the return which brings the robot to its rest position once the 
object (human) has been placed.

Joint Actuator Selection 
Our selection of actuators for DIRE was based on experience with KHR-0, 
KHR-1, and KHR-2. Dire has almost the same actuators as KHR-2. We 
modified the joint design of the hip-yaw, the hip-roll, the wrist and the neck, 
and we used the unit-type harmonic drive reduction gear of the hip-yaw 
joint differently from the way it was used in KHR-2. When turning around, 
DIRE has a higher level of torque than KHR-2 because we increased the 
turning speed of the robot by means of a control algorithm and we 
increased the weight of the torso. As a result, the hip-yaw joint requires 
more rigidity in all directions of moment and vertical force. 
  We used gears instead of a pulley-belt mechanism for the hip-roll joint. 
This joint needs to be 
hidden in the exterior model. We wanted the hip joints to look like balls 
because the massive parts, except for the joint actuators, are concentrated 
in the upper body of the robot, we increased the reduction ratio on the 
harmonic drive input side from 1.67:1 to 2.5:1. The hip-roll joint moves 
slowly. However, when the robot has both feet on the ground, the legs have 
a closed kinematical configuration. If the feet have a positional error in a 
particular situation, then, even though the error is comparatively small, the 
motor position error is larger than the other roll joint motors because of the 
length of the legs. Under those conditions, the motor consumes a 
continuous current, which is why we chose not to drastically increase the 
reduction ratio. All the joint reduction ratios were finely tuned on the basis 
of experiments, and we also tuned the shoulder pitch joint reduction ratio. 
When we drive the arms of the robot, the arm joint frequently requires the 
highest speed and torque. 

There is no preference on the mechanical materials except that tank treads 
are used for best mobility and the motors use up minimal battery. In order 
to be safe, the electrical components should not exceed 10 amps and use 
the standard frequency of 60hz. The frame and interior materials can be 
made of plastic and or aluminum. This should minimize waste material.  

Mechanical Component of the F/T Sensor 
Shaped like a Maltese cross, our F/T sensors can detect 1 force and 2 
moments. We attached the sensors to the wrist ( 50) and ankle (80 mm xΦ  
80 mm). To sense the magnitude of a beam deflection, we glued strain 
gages on the points where the load caused the largest strain. These points 
were located at the ends of the beam but we glued the gages 5 mm apart 
to minimize the problems of stress concentration and physical space. The 
ankle sensor was designed for a maximum normal force (FZ) of 100 kg and 
maximum moments (MX, MY) of 50 Nm.
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We placed the ankle joint motor and its driver far from the force/torque 
(F/T) sensor, which was located on the sole. The motor and driver may 
generate heat because they would be afflicted with high torque induced by 
landing shock from the ground. Hence, if the motor and driver are located 
near the  F/T sensor, they would transmit heat to the F/T sensor. The sensor 
is sensitive to temperature variance because we used strain gages in it. The 
ankle pitch joint has a wide movable range to enable the robot to take 
longer strides. 
As with KHR-2 and JOHNNIE, DIRE has two motors on the knee joint. Two 
motors are 
used because the knee joint actuator needs high speed and torque for the 
bent leg posture, and they can amplify the joint torque while conserving 
speed. This two-motor joint enables that the joint actuator wattage is 
doubled and that the reduction ratio can be decreased. If the harmonic 
drive can sustain the load that is applied to it, we can increase the joint 
speed
For the entire FFHR series, the design of the links and joints obviated the 
need for cantilever beams because a clamped supporting type of link has 
more rigidity than a cantilever support. We also wanted the link itself to be 
capable of a slight deflection and fluctuation. All the joints had a double 
supported beam-type link assembled on the reduction gear output and on 
the other side by the bearing support. We designed the supporting beams 
between two beams of the link. Although KHR-1 and KHR-2 were designed 
for flat plate-type support, DIRE has the partial tube-type support. 
This type support frame increases the rigidity of the link. The overall 
dimensions of the robot. To give the robot a natural exterior, we based its 
proportions on standard human proportions . However, there were frequent 
trade-offs between the robot’s appearance and the appearance of a human. 
While keeping in mind the appearance of a human child, we determined the 
widths of the legs, arms, torso, and head on the basis of the components of 
the robot. 
The head mechanism has 6 DOF. The eyeballs can move independently 
because each eye has 2 DOF and their design enables a stereo vision 
algorithm to be implemented on a PC. We installed the battery and the PC 
in the chest because we wanted to remove the backpack for the sake of 
artistic  design. DIRE has a slim appearance. Moreover, the design of DIRE 
enables us to conveniently change the battery (that is, we can plug the 
battery in or out after opening the case in the front chest of the torso 
frame). The movable angle range of the lower body joints are from the 
kinematic analysis. The maximum and normal moving angle ranges of the 
joints are related with the exterior artistic design. In determining the 
ranges, we compromised the angle range and the appearance of the robot.
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                    A schematic diagram of the joints and links of DIRE.

The tables below show the selected motors and reduction gears for all 
joints. In Table III, the 
Reduction gear type and the input gear ratio refer to the final output gear 
type and the gear ratio between the motor output and the reduction gear 
input. 

                                    Upper body actuators of DIRE
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                                           Lower body actuators of DIRE.

APPENDIX B

Sensors
We used F/T sensor, proximity sensor, inertia sensor and triple IR sensor 
systems for FFHR.

F/T Sensor

 To sense the ground contact condition of the foot, F/T sensor is important 
for walking. We added the F/T senor at the wrist to corporate with external 
environment  including  human  interaction.  For  the  more  robust  walking 
control of the platform, the sensors are attached the wrist ( 50) and ankleƷ  
(80 mm x 80 mm). To sense the magnitude of a beam deflection, strain 
gages are glued onto the points where the load causes the largest strain. 
These points were located at the ends of the beam but the gages were 
glued 5 mm apart to minimize the problems of stress concentration and 
physical space. The ankle sensor was designed for a maximum normal force 
(FZ) of 100 kg and maximum moments (MX, MY) of 50 Nm. we also add the 
inertia sensor system. The inertia sensor system is made by accelerometer 
and rate gyro.
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Figure 10. Inertia Sensor System

 

Signal Processing Block Diagram of the Inertia Sensor System 

FFHR has an inertia sensor system enclosed in its chest. The walking control 
algorithm of the robot uses the attitude sensor actively. The inertia sensor 
system is composed of a 2-channel accelerometer, a 2-channel rate gyro 
and a signal-condition processor board, as shown in Fig. 10. In practice, the 
accelerometer can sense the robot’s inclination using an arcsine function. 
However,  it  is  very  sensitive  to  unwanted acceleration  resulting  from a 
shock or a jerk. The rate gyro is good for sensing the angular velocity, but it 
drifts under a low frequency.  Therefore,  it  is necessary to utilize signal-
processing methods. As shown above in Fig. 11, the robot’s attitude and its 
rate of change can be used instead. The sensor measures the inclination of 
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the torso; the angle control is very important for the robot’s stability and in 
terms of repeatability.

GPS
   GPS capability is an important aspect to our robot. It would allow the 
robot operator to manoeuvre the robot while always keeping track of its 
location. This would especially come in handy for example in areas where a 
building/series of buildings set ablaze. It may not be able to tell where the 
robot is just by looking. The GPS device would be able to give a specific 
location with respect to known points and this would help the rescue team 
greatly. The position of the GPS is in the lower part of the chest. 

Proximity Sensor
The proximity sensor will enable the robot to approximate its distance from 
obstacles and help it navigate around them. This is also an important part 
of  the robot  because it  would  allow easy  movement  and save time by 
avoiding crashing into things as it moves and the position of the proximity 
sensor is in the upper part of the chest.

Triple IR Sensor

Triple IR (IR3) Flame Detector detects fuel and gas fires at long distances 
with the highest immunity to false alarms. It is an important part of FFHR to 
detect flame and it is located at his forehead. The 3600-I IR3 can detect a 
1ft2 (0.1m2) gasoline pan fire at 215 ft (65m) in less than 5 seconds.

   The 3600-I  is the most durable and weather resistant flame detector 
currently  on  the  market.  Its  new features  include a  heated window,  to 
eliminate  condensation  and  icing;  HART  capabilities  for  digital 
communications; lower power requirements; and a compact, lighter design.

The 3600 Series is approved to IEC 61508 Safety Integrity requirements of 
SIL-2.Stepper  motors  can  be used alongside with  the  proximity  sensors 
because they have high torque and accuracy.

Our choice of gear types and harmonic drive types was limited by the given 
design conditions (such as space, shape, permissible power, and weight). 
We used brushed 24 V DC motors. With flexibility in designing the size, 
shape and wiring, we found it easier to develop the brushed DC motor 
drivers than other types of motors (such as brushless DC motors or AC 
motors). The brushed DC motors also have a suitable thermal property. 
When we drive them in harsh conditions, for example with high speed and 
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severe torque, the generated heat is less than that of brushless DC motors. 
Hence, there is less chance of heat being transferred from the motors to 
other devices such as the sensors and controller. 
The voltage of the motor has trade-offs. If the motor has a high voltage, it 
cannot drive a high 
current, and vice versa. The voltage of the motors is related to the size and 
weight of the battery. A high-voltage source requires more battery cells to 
be connected serially. The number of battery cells is directly related to the 
weight of the battery system and the weight distribution of the robot. 

Motor Control

The fire fighting robot needs simple and lightweight dc-motor speed-control 
hardware that can work with low-power batteries. Flip-flop type navigation 
systems allow only one motor to operate at a time while the other motor 
remains off. Navigation direction changes alternatively even when the robot 
has to navigate through a straight path. Line-tracker robots are of this type. 
Zigzag motion lets the robot look at the track toward its left and right such 
that it can correct its path if necessary. We can drive both motors if need be 
which is a bonus. The figure illustrates two independent motor-speed 
control channels: one for a right-hand side motor and the other for a left-
hand side motor. Power to each motor is pulse-width-modulated using a 
Basic computer program. The power-driver circuit uses npn power 
transistors, Q1 and Q2. These transistors have high-power-kicking ability 
that the robotics require. The PC’s parallel port directly controls the base of 
these transistors. LPT port data bit D0 operates a right hand-side motor, 
and data bit D4 operates a left hand-side motor. Level one at the port pin 
turns on the motor power, and level zero turns off the motor power. If both 
D0 and D4 are set to one, then both motors operate together. Reverse 
control does not occur.  Thus, only one motor needs to operate to turn the 
robot backward until rotation is complete.

Feedback sensors can be added to the hardware. These sensors are 
necessary to know the position of the robot. The circuit works for small dc 
motors operating from a power source in the range of 3 to 12V. This 
motor would be connected to the power supply as well as the mother board 
because the programming would control the PWM. 
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Stepper motors can be used alongside with the proximity sensors because 
they have high torque and accuracy.

When choosing a type of battery, some factors such as current output and 
energy capacity have to be taken into account. Some types of batteries that 
will be looked at are Nickel Cadmium, Nickel Metal Hydride, and Lithium Ion. 
All three have a high energy capacity and a good current output. Safety 
factors must also be looked at when selecting a battery. Nickel Cadmium is 
toxic and must be full discharged when recharging. Nickel Metal Hydride 
takes a while to recharge. Lithium Ion is the most expensive but has the 
least safety problems. 

Our choice of gear types and harmonic drive types was limited by the given 
design conditions (such as space, shape, permissible power, and weight). 
We used brushed 24 V DC motors. With flexibility in designing the size, 
shape and wiring, we found it easier to develop the brushed DC motor 
drivers than other types of motors (such as brushless DC motors or AC 
motors). The brushed DC motors also have a suitable thermal property. 
When we drive them in harsh conditions, for example with high speed and 
severe torque, the generated heat is less than that of brushless DC motors. 
Hence, there is less chance of heat being transferred from the motors to 
other devices such as the sensors and controller. 
The voltage of the motor has trade-offs. If the motor has a high voltage, it 
cannot drive a high 
current, and vice versa. The voltage of the motors is related to the size and 
weight of the battery. A high-voltage source requires more battery cells to 
be connected serially. The number of battery cells is directly related to the 
weight of the battery system and the weight distribution of the robot. 
The choice of gear types and harmonic drive types was limited by specific 
design constraints 
(such as the space, shape, permissible power, and weight). With flexibility 
in designing the 
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size, shape and wiring, it was easier to develop brushed DC motor drivers 
compared to 
other types of motors (such as brushless DC motors or AC motors). The 
brushed DC motors 
also have a suitable thermal property. When they are driven in harsh 
conditions, for 
example at a high speed and severe torque, the generated heat is less than 
if brushless DC 
motors were used. Hence, there is less of a chance that heat will be 
transferred from the 
motors to devices such as the sensors or the controller. 
There are trade-offs in terms of the voltage of the motor. If the motor has a 
high voltage, it 
cannot drive a high current, and vice versa. The voltage of the motors is 
related to the size 
and weight of the battery. A high-voltage source requires more battery cells 
to be connected 
serially. The number of battery cells is directly related to the weight of the 
battery system 
and the weight distribution of the robot.

Brushed DC motors were used for joint actuators. The motors, as used in 
this robot, are 
divided by their power capacity. High-power motors are used for joints such 
as the hip, 
knee, ankle, shoulder, elbow and torso. These joint actuators require high 
levels of torque, 
speed and reliability. For example, the motors used in the lower limb are 
directly related to 
the walking performance and stability of the robot. In addition, the arm joint 
motors also 
require high power as it was desired that the robot could imitate human 
motions such as 
bowing, sign language, and simple dancing. Low-power motors are used for 
joints such as 
the fingers, wrists, neck, and eyes.  These motors have little connection to 
the overall 
walking stability of the robot; they were added for the decoration of motion. 
Two types of 
servo controllers were developed: a low-power controller and a high- power 
controller.

APPENDIX C

THE LEG DESIGN OF HUMANOID FIRE FIGHTING ROBOT
The both legs are move or controlled externally using an actuator motor in 
order to generate motions. A steel wire is used as a muscle to connect the 
upper and lower leg.
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THE HAND DESIGN OF HUMANOID FIRE FIGHTING ROBOT
The human-like movement of the hands of the humanoid fire fighting robot 
could lie in electro-active polymers used as artificial muscles. The electro-
active polymers (EAPs) are plastics that move in response to electricity.

Materials for building humanoid fire fighting robot:
• Plastics: This is a soft material which is cost effective, much easier to work 

with and machine than metals; we used plastic in the building of the 
humanoid fire fighting robot.

• Aluminium: The  entire  frameworks  for  the  humanoid  fire  fighting 
robot especially the legs and hand of the humanoid fire fighting robot 
are manufactured using 6061-T6 aluminium. The advantage of this 
material  is  considered  for  its  rigidity,  low  weight  and  ease  of 
machining. The main disadvantage of this particular alloy is that it is 
difficult  to  bend and weld.  The human-like movement of  the legs 
could lie in electro-active polymers used as artificial  muscles. The 
electro-active polymers (EAPs) are plastics that move in response to 
electricity.

• Balsa wood: The balsa wood is very important material used for the 
manufacturing of the humanoid fire fighting robot; it’s also ease to 
work with. 

• Ceramics: This is also a good option for building a fire fighting robot, 
its role is maximising at the point of finishing, as it forms the fore 
skin which is regarded as flesh of the humanoid fire fighting robot. 
This is also possible because it can be used for the purpose of fire 
protection in the form of a fire proves. 

Therefore, the combination of these materials forms the body frame 
work of the humanoid fire fighting robot.

Team
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