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Abstract— In this paper we report the development and 

assessment of a modern interactive humanoid robot 

interacting with human beings and engaging in human 

society. A human body like this offers an array of 

information that is nonverbal and helps one to interact 

effectively with the robot. To this purpose, a humanoid 

robot was developed, which speaks and gestures 

autonomously with humans. Interaction is accomplished 

through a wide variety of interactive behaviours developed 

using a visualization tool to explain the complex system 

developed. Through interactive behaviour is developed by 

cognitive tests and introduced with local recognition. The 

robot is used to research incarnated communications as a 

testbed. Our approach is to study the human robot's 

interaction with body movements using a motion capture 

system that helps us describe the motions. We conducted 

experiments to equate body movements with mentally 

dependent subjective evaluation. The outcomes show the 

value of well- coordinated behaviours as well as the 

performance of the interactive behaviours developed, and 

implement a new analytical approach to human- robot 

interaction. 
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I. INTRODUCTION 

A humanoid robot is a body-shaped robot built to imitate the 

body of an individual. The concept could be for practical 

reasons, for example to communicate with human objects 

and conditions for scientific purposes, such as bipedal 

locomotive experiments or for some use. Humanoid robots 

usually have a torso, a head, two arms, and two legs, but 

humanoid robots may only model part of the body. [1] For 

the testing, repair, and emergency management of power 

stations humanoid robots are used to relieve workers of 

laborious and unsafe tasks. Likewise, astronauts on space 

flight are trained to perform repetitive activities. Others are 

assisting the aged and the sick, serving as a reference and 

engaging with clients as receptionists, and eventually 

supporting the development of human donor organs. The 

increasing development of the humanoid robot industry is 

largely due to the gradual progress of these robot 

technologies and their usability in an ever-growing range of 

applications. 

[2] Robots with which social interaction plays a 

vital role, differ from other robots in human- interactions 

involving teleoperation scenarios.[13] 

Humanoid robots are used in public spaces, 

including hospitals, banks, and airports.[14] Growing 

numbers of people in need of companionship and 

psychological assistance are driving the need for socially 

supportive robotics. Socially- robotics focuses on creating 

robots that can promote successful relationships with human 

users to support them at social and cognitive levels, either 

by helping them accomplish their goals, addressing their 

medical needs, or increasing their general well- being. [15] 

The study on how Paro, a robot seal, improves health care, 

and decreases the level of depression and anxiety in older 

people has been extensively investigated in terms of healing 

and therapy. A child's humanoid robot designed to improve 

basic social interaction skills for children living with autism 

through turn-around and imitation games, KASPAR, 

Kinesics, And Syncing of Personal Assistant Robots. 

SPRITE, the Stewart Robot for Collaborative Tabletop 

Creation Platform, helps a group of people complete a task 

to increase Group unity by controlling turns and attention 

patterns. [16] 

Many studies have already shown the advantages 

of robotics in one-to-one lessons and classroom 

environments during schooling. Students were more 

emotionally expressive when a robot suited a social robot to 

perform the same task than when performing the same task 

with a tablet in the field of mathematics. In many studies, it 

has been shown that personalizing the behaviour of a robot 

for human differences is necessary for good learning 

performance. Keep on, a tabletop robot, was created with an 

ability evaluation algorithm to provide personalized 

feedback. Nao, a child-sized humanoid robot, was to serve 

children for a short time. Human cognition is an area of 

research aimed at understanding how people learn from 

sensory input to acquire perceptive and motor competencies. 

[17] This knowledge is used for the creation and 

advancement of statistical models of human behaviour. This 

was suggested to promote the creation of ordinary people in 

very advanced robotics. [18] 

The fundamental distinction between humanoids 

and others (like industrial) forms of robotics in the planning 

and control is that the robot must walk in a human way 

using legged locomotives, particularly biped gaits. The 

optimal design of humanoid movements would lead, as is 

the case in the human body, to reduced energy consumption. 

This is why dynamics studies and the control of these 

systems are becoming increasingly relevant. A robot needs 

information about contact strength and their current and 

desired movement to maintain dynamic equilibrium while 

walking. A major idea, the Zero Moment Point (ZMP), is 

the solution to this problem. [19] 

Humanoids function with other characteristics. 

They have sensors that allow you to sense your 

surroundings. All of them have cameras to display clearly. 

Engines placed at strategic points lead them by motions and 

gestures. Such motors are commonly regarded as actuators. 

[20] 

Such humanoid robots are created with a great deal 

of effort, funding, and analysis. The human anatomy is first 

analysed and inspected to provide a clear image of the 

imitations. Therefore, the function or intent for which the 

humanoid is produced must be decided. For multiple 
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purposes, humanoid robots are made. Others are produced 

specifically for academic or educational purposes. Others for 

entertainment purposes are made. Some humanoids are 

developed to do different tasks like a personal assistant 

using AI, assisting with the elderly, etc. [21] 

II. LAWS OF HUMANOID ROBOT 

1) Zeroth Law: “A Robot must not injure humanity 

although in action, allow humanity come to harm”.[22] 

2) First Law: “A Robot must not harm a human body 

although in action, allow one to come to harm”. 

3) Second Law: “A Robot must always obey human being, 

unless it is to conflict with a higher order law”.[23] 

4) Third Law: “A Robot must protect itself from harm 

unless that it is conflict with a higher order law”.[24] 

III. LITERATURE REVIEW 

Humanoid robots have been designed to mimic the human 

movement and contact. Like other service robots, they 

deliver profit, which results in cost savings and efficiency, 

through automation of tasks. Humanoid robots are a modern 

type of qualified robot operation. Dreamt of it for a long 

time, in a wide variety of implementations they are now 

economically viable. [2] 

Major studies have been made in humanoid science, 

leading to the movement and success of a variety of 

humanoid robots. A fostering continuum of science and 

technology has evolved over the past decade in humanoid 

research which has led to the development of sophisticated, 

sensorimotor capabilities complex humanoid mechatronic 

systems. The availability of reproducible humanoid robot 

systems which were used as standard hardware and software 

platforms to support humanoid work in recent years is 

definitely of prime importance for advancement in the area. 

Numerous scientific advances and excellent university 

performances, research institutes. [3] 

Mike Blow et.al worked on one of the most 

complex questions is how to build a robot that is suitable for 

researching human-robot interactions in a manner that 

affects not only technical ability and property of the robot 

but also its understanding, particularly in this area, by 

interacting with humans. The knowledge of the robot or the 

ability to engage with the robot will have no impact on the 

outcome of experiments of human-robot interactions, but 

not on the recognition of the role of all robotics of society. 

[4] 

Jun-ho Oh et.al, worked on a humanoid robot 

KHR-1. To investigate biped walking, KHR-1 was created. 

The DOF has 21 hand-free DOFs in the legs, 1 DOF in the 

torso, and 8 DOF in arms. The goal of KHR-2 (41 DOF) 

was to create a humanoid that can be moved and human-like 

in the living-ground. KHR-3 strives to have more human-

like features, gestures, and human friendliness. The goal is 

to build a stable and attractive humanoid platform that will 

allow the implementation of competing theories and 

algorithms, including dynamic walking; human interaction; 

AI, visual & image recognition, and navigation. Because 

this research aims to create a robot, which looks like a 

human and human-friendly action, it should have a strong 

connection between mechanical design and exterior art 

design. [5] 

Takakastu Isozumi et.al, present the paper on a 

prototype platform for HRP-2 humanoid robotics. HRP-2 is 

a new framework for the robotics of humanoids, which was 

developed for Phase2 of HRP. HRP is a project for 

Humanoid Robotics which has been initiated by the 

Japanese Ministry of Economy, Trade, and Industry (METI) 

over the period from 1998 through 2002 for five years. It is 

also enhanced the ability to move the HRP-2 throughout the 

whole body to allow the HRP-2 to hit even hard HRP-2 tips 

by a humanoid robot. Best describes the structures and 

requirements of the humanoid robotics platform built a 

prototype and its electric system. [6] 

Matthew M. Williamson et.al, Presented a paper on 

humanoid high torso robot named Cog has been designed to 

answer the questions of developmental structure, physical 

embodiment, multiple feeling and motor systems 

integration, and social interaction. The robot has 20 and a 

range of sensory systems including visual, auditory, 

vestibular, kinesthetic, and contact senses. The robot is free 

of charge. We also reported on several exercises for visual 

movements (smooth tracking, saccades, binocular vergence, 

vestibular eyepieces, optokinetic reflexes), orienting, muscle 

coordination, and social actions (pointing towards a visual 

target, recognizing mutual focus by face and eye 

exploration, imitating it). [7] 

Aude Billard et.al, proposed the methods extract 

important features from a task, which included important 

spatial-time correlations across multivariate datasets; 

evaluate a standardized metric for evaluating robot 

performance and eventually optimize robot replication 

according to imitation performance metric and when put in 

new contexts. The methods proposed are the following 

important features: Three experiments confirmed this 

approach, in which a humanoid robot was taught basic 

kinetic manipulation tasks. [8] 

Christopher et.al, published a paper outlining their 

approach to human motion has been submitted. Gather data 

on a humanoid robot's capabilities. The movement was 

based on local scaling algorithms to integrate joint and 

speed limits and movement to remove artifacts due to the 

singularity of the robot's shoulder workspace. This indicates 

the difference between the reported human motion of the 

robot, mapped to free, but not constrained, joint angle or 

velocity, and the real robot motion. Small diagonal numbers 

suggest the robot's motion was suitable for human 

movement. [9] 

Hirohisa Hirukawa et.al Proposed real-time gait 

strategies for a humanoid robot for paper studies. A quick 

and smooth change in the gear may be made by planning 

simultaneously the pathways of the COG (Center of 

Gravity) and the ZMP (Zero Moment Point). The change of 

gait is also accomplished by communicating the new 

trajectories with those currently measured. Finally they 

suggest two methods, namely the real-time and quasi-real-

time one, for linking two trajectories; they demonstrate that 

even though a change in the phase position is substantial a 

stable change of gait is possible by using the almost real-

time method. Simulation and observation show the efficacy 

of the proposed methods. [10] 
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Atsuo Takanishi et.al, Proposed a paper detailing 

the design of a novel humanoid robot which can be used as a 

human-motion hardware simulator. This humanoid robot has 

2 DOF legs, 2 DOF waist, 2 DOF trunk, 7 DOF arms, and 

finally 7 DOF legs. A new design concept for a robot, which 

can use a walking assist system, is proposed while designing 

this device. In addition to this, a method is proposed to 

control the forearms by a redundant trunk motion. A range 

of types of tests confirm the mechanical design and the 

efficacy of the robot control system. [11] 

Testsuo Ono et.al, Their exploratory approach 

reported for the development and evaluation of interactive 

humanoid robots. The Robovie robot developed has a 

human-like appearance and diverse sensors to interact with 

humans. Concerning development, the adopted a pragmatic 

approach (implement as many interactive behaviors as 

possible with a bottom-up design) to understand the 

autonomy and complexity of the interactive robot, which 

behaves like a human child and attempts to communicate 

with humans daily. They experimented to test the built 

robot, and studied the robot-humans communication. The 

individuals in the experiment behave as if they were dealing 

with a human being. They kept eye contact with the robot 

and imitated robot movements. Such trainings in body 

movements show the formed robot's high performance in 

interaction. Significant associations between coordinated 

body movements and individual assessments have been 

found as a result of further research on body movements. 

The multiple linear models describe 59 % of the qualitative 

assessment of language communication. [12] 

IV. METHODOLOGY 

Development of Body: This section mainly focused on the 

design strategy we will follow. We will follow the bottom-

up approach for designing the humanoid. It is one of the 

effective ways of building a humanoid robot. The 

compatibility in appearance will be much likely to be like 

humans. And nowadays considering robot is more preferred 

which are similar to the human. Considering the 

technological advancement in the field of robotics and 

designing the time for designing an advanced robot has 

considerably reduced. 

 
Fig. 1: Steps involved in Robot Skeleton Designing 

A. Building Material 

When considering the building material there is a lot of 

factors we have to consider. Such as weight, cost, durability, 

etc. There is plenty of option when it comes to choosing the 

building substances. However not every material is good for 

designing the parts. 

1) Aluminum:  

Aluminum is very light compared to steel and are very 

comfortable in shape transformation. It is also a good 

material if you’re worried about a robot’s exterior becoming 

rusty over time due to the fact aluminum does no longer 

rust. Another feature of aluminum makes compatibility 

popular option for robot exterior is that it can be polished to 

high shine thus increasing the looks of the robot. It can be 

easily cut with the HSS tool. It is non-magnetic and an 

excellent electrical and thermal conductor. 

2) Carbon Fiber:  

Carbon fiber composites have stunning specifications that 

make them attractive. Sheets can be quickly assembled into 

frames for a wide range of robotic applications. It is a 

fibrous material, which means that all fibers are positioned 

in one path. It is very strong in both compression and 

tension. It is non-metallic, and can be used in applications 

where metal would interfere with sensors. 

B. Electronic Components 

1) Encoder:  

Simply stated, the encoder is a sensing system that gives 

input. It converts movement into an electrical signal. This 

signal can be read by way of a control tool in a motion 

control system, such as a counter or a PLC. It sends a 

remarks signal which may be used to decide position, count, 

speed, or direction. This information can be utilized by a 

control device to ship a command for a specific function. 

2) Planetary gear set:  

Planetary equipment motor (planetary geared motor) is a 

combination by way of planetary kind gearbox and a DC 

motor with the functions of velocity reduction, high 

transmission efficiency, smooth strength output and 

excessive torque. Planetary gearbox is a planetary 

equipment, a solar tool and an outer ring gear deceleration, 

this shape has the capabilities of shunting, deceleration and 

multi-teeth meshing to improve the output torque, higher 

adaptability and work efficiency. 

3) A02YYUW Waterproof Ultrasonic Sensor:  

Ultrasonic distance sensor calculates the target area by 

calculating time lapses between transmitting and receiving 

the ultrasonic pulse. It is an easy-to-use, high-performance 

and reliable ultrasonic sensor module with much smaller 

blind zone, wider sensing perspective and some power of 

penetration compared to other related sensors. It uses a 

locked, discrete, waterproof and dustproof probe that may 

be well adapted for rough and damp measurement 

conditions. It can easily interface with upper host and 

having 9600bit/s band rate. Its operating voltage is 

equivalent to 3.3V and have blind zone equals to 3cm. 

4) Motor Driver (MD10C):  

MD10C is new version of MD10B. It gives numerous 

improvements over the MD10B such as resource for each 

locked-antiphase and signal- cost PWM sign as nicely as the 

use of full solid- state additives that result in faster reaction 
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time and cast off the damage and tear of the mechanical 

relay. Its operating voltage ranges from 5V to 300VDC.It 

comes with Cytron’s motor driver which make it easy to get 

started. It is equipped with NMOS H-Bridge for better 

efficiency. 

5) MPU6050 Sensor Module:  

It is a complete 6- axis Motion Tracking Device. It has 3-

axis Gyroscope, 3-axis Accelerometer and Digital Motion 

Processor which is combined in small package. It uses I2C 

bus interface to communicate with other microcontroller. 

The sensor is incorporated with MEMS and 3-axis 

Gyroscope and , 3-axis Accelerometer . 

C. I/O Control System. 

1) Raspberry PI4:  

We are using Raspberry PI as an interface with wireless 

support of 2.4GHz and 5.0GHz and Bluetooth 5.0. It 

supports micro HDMI ports 4K display. Broadcom 

BCM2711, Quad core Cortex-A72 (ARM v8) 64-bit SoC 

supports 1.5GHz. It supports both USB3 and USB2. Power 

supply of this board is provided through USB-C type. 

V. MECHANICAL DESIGN 

We have selected aluminum and carbon fiber for making 

overall skeleton of the robot. It reduces the weight and 

increases the overall mobility of the robot. After the 

selection of material machining is performed on these 

materials. Machining refers to the usage of machines to 

procedure materials in step with the specifications based on 

the design drawings. Machine tools are the pieces of 

equipment crucial to acquire this. Machine gear are 

beneficial as machines that produce not most effective 

machines but also machine tools themselves. And these are 

tuned according to required shape and design. Various 

action is carried out during this tuning such as: 

1) Cutting:  

Cutting means to reduce off elements from workpieces using 

a tool. Cutting is the motion that cuts off elements from the 

workpiece, and usually is done via a slicing tool moving in 

an immediately line. Feeding, on the alternative hand, is the 

movement that permits reducing of other parts by using 

moving the reducing tool. Extra component of the material 

is removed. 

 
Fig. 2: Mechanical Design of a robot skeleton 

2) Drilling:  

It is part of machining which is especially used to reduce a 

hollow into a workpiece. It can be completed on numerous 

machines, including preferred machining gadgets along with 

CNC milling machines or CNC turning machines. 

Specialized system also exists for hole-making, together 

with drill presses or tapping machines. The cutting device is 

a cylindrical tool with sharp teeth that is secured inside a 

piece referred to as a collet, that's then connected to the 

spindle, which rotates the device at excessive speeds. By 

feeding the rotating device into the workpiece, the fabric 

reduces away in the form of small chips to create the 

favored feature. 

3) Surface Finishing:  

It is a large area of industrial process which try to alter the 

surface of a manufactured item to achieve a certain property. 

Finishing product include various works. Grinding, 

roughing, casting is some of them in this broad field. 

VI. DESIGNING STAGE 

We are using Catia- V5. Every part is analyzed and 

approximated by drawing a blueprint. The parts are built 

according to the blueprint. After the designing of the parts 

various stages of machining is performed. After these steps’ 

parts are assembled and used to match the reference. Then 

this unit is tested and analyzed. Framing of the stages are 

done according to the images. 

 
Fig. 3: Overview 

 
Fig. 4: Body Frame Design 

As Shown in above Fig. 4 the frame of the robot 

skeleton is designed using the CATIA-V5. The design is 

observed from every aspect. 

Fig 5 Represent the side view of the frame. 
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Fig. 5: Side View 

VII. CONCLUSION 

This paper describes various steps for designing an 

advanced skeleton. And it also explains what steps it takes to 

build a robot. It also explains the unit designing of the body 

parts and their component. It also describes its economic 

benefit by using a blueprint design as a reference. This 

process of building an advanced skeleton also saves lot of 

time and wastage of material. Hence overall reducing the 

cost and labor. 
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