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PROJECT PROGRESS REPORT 

Physical & Financial progress of Project 

Design and development of a fuel-flexible burner for domestic and community 

cooking applications 

Project funded by Petroleum Conservation Research Association (PCRA), Ministry of Petroleum & 

Natural Gas, Government of India. 

PI: Dr. Saravanan Balusamy, Department of Mechanical and Aerospace Engineering, Indian Institute of 

Technology Hyderabad, Kandi. 

Co-PI: Dr. Parag Rajpara, Department of Mechanical Engineering, Marwadi University, Rajkot. 

No. Description Details 

1 
Name of the Project / 

Study 

Design and development of a fuel-flexible burner for domestic and 

community cooking applications 

2 Project PI Dr. Saravanan Balusamy, IIT Hyderabad 

3 Project Co-PI Dr. Parag Rajpara, Marwadi University, Rajkot 

4 
Approved Total Cost for 

project 
Rs. 24.93 Lakhs 

5 

Total amount released 

from PCRA (1st 

installment) 

Rs. 6.20 Lakhs 

6 Actual expenditure Rs. 4,67,274 /- 

7 
Contribution by Project 

developer, if any 
Nil 

8 Objectives of the project 

• To assess the performance of a conventional cooking burner using 

LPG. If necessary, appropriate design modifications in terms of 

burner port size, mixing tube size, and burner material will be 

carried out, and the best configuration will be identified.   

• To employ the heat recirculation technique of PMC to enhance 

thermal performance and lower emissions. Optimization of 

porous structure and material will be realized to exploit the 

maximum benefit of the PMC technique.  
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• To introduce a swirling flow technique to enhance the mixing and 

flame stability of a cooking burner for various operating 

conditions using LPG as a fuel.  

• To perform the comparative performance analysis of developed 

cooking stoves with and without porous radiant burners and swirl 

burners for LPG. 

9 
Duration of the Project 

(in months) 
24 

10 
Start / MOU Date and 

Zero Date 
MoU Date: 17/05/2022, Zero Date: 16/06/2022 

11 
Scheduled completion 

date 
15/06/2024 

12 
Revised completion 

schedule 
NA 

13 

Planned work up to the 

quarter (physical), 

indicate milestones on 

quarterly basis 

1. Manpower recruitment – Period: 0 – 2 months  

2. Design and development of experimental setup – Period: 0 – 9 

months 

3. Procurement of equipment – Period: 1 – 6 months 

4. Installation of the LPG Stove and preliminary tests – Period: 2 – 

9 months 

14 

Actual progress 

(physical) with respect to 

milestones 

1. Manpower recruitment is completed. 

2. An experimental setup is designed and realized in our 

combustion lab. The main components are the commercial LPG 

stove, mass flow controller for the fuel metering, fume hood, 

aluminum pans of various sizes, thermometer, and exhaust gas 

analyzer. 

3. A few commercial LPG gas stoves are procured. An exhaust gas 

analyzer is procured with the support of other project funding. 

The fume hood and base support for the gas stove are procured 

and installed.  

4. Preliminary tests are conducted to know the thermal efficiency 

and emission levels of commercial LPG gas stoves.  
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5. New swirl burners are designed for domestic cooking stove 

applications and 3D printed using our in-house metal printer.  

6. Preliminary tests are going on with the 3D printed burners.  

7. Base support for the burner is under fabrication, which will give 

360-degree optical access between the burner cap and the bottom 

of the pan. 

15 
Reasons for shortfall, if 

any 
Nil 

16 
Asset procured, if any 

(give details) 

LPG gas stoves, aluminum pans, burners, thermometer, fume hood, 

base support, weighing scale 

17 
Projected expenditure for 

the next quarter 
Rs. 6 Lakhs 

18 

Details of publication of 

article / paper with 

respect to project, if any. 

Nil 

19 

Filing of Patents / awards 

/Commercialization 

related to Project. 

Nil 

20 Any other Information Nil  

 

 

Date: 29/4/2023 

 

 

Dr. Saravanan Balusamy 

Signature and Name of Project PI 

 

 

Dr. Parag Rajpara 

Signature and Name of Project Co-PI 
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Sr

No

Funds Allocated
as per MoU (Rs.)

( )

Total

Sanctioned

Fund released by PCRA {Rs.) Expenditure lncur.ed (Rs.)

Balance
(Rs.)

Remarks
Till Previous

instalment
Current

lnstallment
Till Previous

instalment
Current

lnstallment

1 Capital items 480000 0 47000 0 29779 77227

2
Chemical/ Raw

materials
0 0 0 0 0 0

3 Consumables 4L7900 0 100000 0 53573 46427
4 Utlilities 0 0 0 0 0 0

Consultancy 0 0 0 0 0 0
6 Travel 30000 0 76s2 0 3574 4078
7 Stationery 0 0 0 0 0 0
8 Manpower 922s60 0 0 84320

Workshop/
Seminar

20000 0 0 0 0 0

10
Miscellaneous/
Contingency

50000 0 15000 0 74320

11 Overhead 10% 192052 0 41766 0 47766 0
L2 GST@18% 380252 0 95062 0 95052 0

Total 2492764 0 620000 0 4672?4 152726

Utilizattion Statement of Expenditure

13 llnterest Non-R

5

307520 223200

9

580
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Date of Sanctinn: 25tl' March, 202 I

1. Principal Investigator (Name & Address): Dr. Rajondr.asinh Jadcja, Dcan - Faculty of
Engineoring. Marwadi Education Foundation's Group ol I,stitutions, Ra.ikot Morbi Road,

I{ajkot-360003. Gujarat, India.

2. Program Title: Rescue Support Robotics for Earthquake Situation

3. Date of Commencement of lrrogram: 3 l"t March 202 I

4. Duration ofProject: 3 years

5. Amount Sanctioned by GUJCOST: Its. 36. 17.0201

6. Amount lleleased by GUJCOST: Rs. 18,95,3 l0/-
7. Detail of Expenditure:

Sr,

No
Type of Expense

Items
Budget (In Rupees) l't Year

I

Recurring

Salary/Fellowship 3,60,000/-

2 Consumable 8,27,620t-

., l'ravel 50,000/-

4 50 000/-
5 Ovclhead J I8 899/-
6 Non-Ilecurring Permanent Equipment 2,43.900/-

'fotal Ex es r8,s0,419/-

8. whether there is any deviation from the purpose for which Grant lyas released, lf so

tletail of amount to be given

At present there is no deviation tionr the ob.jective tbr which tlre grant rvas releasecl.

9. Give details ofthe activities carriccl out dlring the year:

The activities carried out during the first year has been listed below here:

1. Literature Review

2. Prototyping of proposed mechanism

3. Procurement of Iterns and Consumables

Contingency

s
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l. Literature Iteview

To understand the probrem and know about the recent advances in the fierd the riteraturereview has been carried out. Flom the riterature review, we identified the gap in the work carriedout to advance the study efticientry. Based on the riterature revierv, a hybrid system consisting ofUAV and ground bot is proposed that can efflciently run the search and rescue operation..r_he
literature review is presented here and the meclranism for both the air support and ground supportis also discussed with communication between these two bots.

During naturar disasters, time is a cruciar factor especiary when the search and rescueoperations are ca*ied out. The response time after these disasters prays a major role and can belifesaving. Human efforts sometimes are time-consuming as there are so many variables that affectthe operation and the e*or in thejudgement can be life-threatening. So, a quick response wi, becritical for search and rescue during such conditions. During earthquake-rike situations, it is notpossibre for humans to run fescue operation especia,y multipre corapse of buirding occur. Thisleads to the situation where murtiple humans are trapped under debris and rescue operations areaffected due to the rimited rocal facirities. For situations rike this, an aeriar and ground supportfrom robots and UAVs wilr be most effective for immediate search and rescue operations. Theaerial vehicle can provide a wide-angre to decide the rescue pran and the sma, ground vehicre
which can enter any small places can execute that particular plan.

Fig.l Use_case fbr Ref'. I l]

Baudoin et ar. presented a view finder robot which in case of fire or any such crisis can
gather the background information. The main aim behind this robot was to determine whether the

ft
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affected area was safe for a human to enter as it is a very time-consuming pre_requisite that courd
delay the rescue mission [2]. The view-finder robot with the main task of data gathering was
equipped with sensors that can detect a.y harmrur or flammabre substance and in para el data in
form ofan image was forwarded to an advanced control station. euaritsch and co-authors designed
networked UAVs as aeriar sensor networks for disaster management apprications equipped with
cameras and sensors. uAVs are herpful to obtain aeriar views which ca, be very herpfur to assess
the situation during the time of disaster management Il]. This paper. pr.ese,ted the severar UAVs
flying in flight formation to fly over an affbcted area and information in rorm of i,rages or videos
were forwarded towards the user to make infbrrned decisions fbr disasters such as frood,
earthquake, etc' They have considered a use-case with a rorbidden area as srrown in the fo,owing
figure.

5*

do

:l

Fig. 2 Optimized picture taking the position fbr Ref. I I ]
The three main steps perrormed by the system for generating an overvier.v image are after

assessing the user's provided images: (r) pranning the mission, (2) executing the mission, and (3)
analyzing the image data. with the abirities of UAVs and sensors, trre first step is to 6etermine the
optimized position olimage capturing to minirnize the no. of images such that it covers the whole
area as shown in Fig. 2. The next step is to compute the routes for the UAVs so that each picture
point is visited whire minimizing the energy corsumption of each UAV and distributing the
workload equa,y. The pran was then sent to the uAVs which fly individuary or in formations
sensing the environment.

,l
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As we can observe in Fig. 3 the naive approach doesn,t cover the entire area and about
45% ofthe forbidden area is not covered in this approach which is improved in optimized solution
as we can observe in Fig. 3. The results of this approach compared with the normal scenario is
shown in Table 1.

b

ll

Fig. 3 comparison between naive approach and optimized solution for Ref. Il]
Table I Performance ofthe proposed scheme and comparison with NaiVe approach

Naive Approach Optimized Solution
No, of pictures 25 38

Uncovered forbidden area 2l 18 m2 875 m

Route length 550 rn 820 m

Picture point corn pLrt:rtion ls 6.47 s

Route optimization 2.95 s

Total computation timc 3.12 s 9.42 s

Habib et al. have presented a paper that discussed the rescue robotic chalenges and
necessary technical specifications and functionalities and also briefly described the rescue robotics
project [3]' They have briefly discussed about service robots which can be applicable as the helpers
ofelderly or infants. Later, they covered the role and requirements ofrobots working in a harsh,
dangerous condition which can be applied for search and rescue operations with different types of
robots such as UAV, UGV, USV, space robots, and medical robots. An example of UGV is the
SR-I0 inspector developed by prAp is equipped with a crawler drive with variable geometric
structure as shown in Fig. 4. The developed robot can move under difficult terrain conditions.
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inside ofrooms, and arso on stairs with a maximum speed of over l6 km/h. At last, they concruded
with a list of challenges in the application domains of robotics for disaster missions and riskv
intervention.

Fig.4 SR-10 Robot [3]

Restas presented a paper on drone applications in disaster management supporting role [4].
He reported the usage of UAVs during different kinds of naturar or human-made disasters
including floods, earthquakes, forest fires to nuclear accidents. S. Tadororo presented challenges
of disaster robotics [5]. The great eastern Japan earthquake was the first instance where robotics
systems were used for disaster assistance. This paper discussed the state ofaft disaster robotics
and the current gap in the field. The quince robot shown in Fig. 5 was used in Nuclear Reactor
buildings at the Fukushima-Daiichi Nuclear power plant accident in 20 r l. Image, radiation dose

Fig. 5 Quince Robot [4]

-e,eef
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rate, sampled dust, temperature and hurnidity taken by euince contributed signif.icantry to pranning
ofcool-shutdown and decornmissioning ofthe reactors. Active Scope camera (ASC) a serpentine
robot was applied to for forensic investigation of structural collapse during construction in
Jacksonville, 2008 for search and rescue in debr.is. It captured video image g rn deep and gave
important data of cause of accident.

Fig. 6 ASC - A serpentine Robot [4]

Harvey et al. presented a paper on drones r.vith thern.ral infrared carneras for a particular
location in New Zearand for the purpose ot'accurate thermar rnapping of the large, inaccessibre
area [6]' In this paper, they have p.esented a 2.2 km2 georeferenced, ternperature-calibrated
orthophoto of waikite geothermal area with more than 6000 irnages taken over the period of 2
weeks. They noted the 36 MW heat loss from therrnar rake and streams in trre survey area due to
the temperature calibration. The main aim was to find warm springs or other such features in
difficult terrain sucrr as wetrands and to provide heat ross estimation. They used the DJI phantom
2 vision+ quadcopter with ICI therrnal camera as shown in Fig. 7.

rry ..:
i
i

Fig. 7 Phantom 2 quadcopter with ICI thermal camera [6]
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Erderj presented a survey of UAVs for disaster management including disaster prediction,
assessment, response based on the interaction between UAV and wireress sensor network [7]. Inparticular, they have presented an approach for classifying disasters and outlined suitable network
architectures for effective disaster management. UAVs are reary usefur in disaster management
but they are mostry used for monitoring, disaster information sharing, rogistic and evacuation
support' damage assessment, and search and rescue missions (SAR), etc. They have proposed
operational functionality ofUAV in natural disaster management is shown in Fig. g.

Hashim and co-authors presented a development of a drone-based search and rescue
operation for the Maraysia flood disaster and evaruated the accuracy of victim detection [g]. As
the drone has a limited duration ofthe flight, search and rescue shourd be directed in an optimal

I
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Fig. 8 proposed functionality ofUAV in disaster management iiom Ref. [7]
path' First, we need the optimal area where the victims are most likely to be found. Then we need
to divide the main area into sub-areas for assigning search patterns and select search patterns in a
way it optimaly covers the sub-area and various search patterns are demonstrated in Fig. g. They
designed the prototype using a medium-sized quadcopter, transmitter, mobire phone, Arduino
LrNo R3, GPs/cpRs/GSM modure v3.0, and dre resurts were compared between the Gps
response and mobire response. This was ca,ied to make sure the system receives the message as
well as can send a repry to the rescuer. During 20 trials they conducted, some required more than
one request message to reply the location ofthe victim due to the GSM module failure.
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Fig. 9 Search pauerns uscd b1 drone

Luo presented a chapter containing communication and network technologies that are used
in UAY disaster management systems [9]. Fig. I0 shows the network architecture consisting of
wi-ft,2C/3C/4G ce urar network and GpS assisted sate[ite network. As we can observe, uAVS
connect to GpS saterite network using GpS receiver.which time to time provides georocation and
timestamp which are critical during disaster response. Figure I I depicts the entire architecture of
a UAV-based cooperative wireress network deproyed across a vast geographic area to give
disaster-affected areas with on-the-fly communication capabirities. UAVs are emproyed as
communication rerays in such scenarios to bridge communication in areas where pafi of the
communication infrastructure has been destr.oyed by natural catastrophes such as earthquakes,
floods' or man-made disasters such as bomb brasts, miritary attacks, and so on. .rhey 

designed an
optimal UAV deployment algorithm (oUDA) to quickly deploy the UAV ro the ideal position for
bridging communication between ground nodes and providing the best communication facilities
to the participating ground stations. The argorithms are set up in such a way that the UAV wi
begin flying toward the catastrophe region and broadcast beacon messages at regular intervars.
when the participating nodes get the beaco'message, they respond by sending their ID and GpS
position to the uAV. The uAV wi, arso measure the received signal strength (RSS) and the
distance between it and the ground nodes.

&
14



il "''-::".-..

@'r
c

Fig. t0 A network architecture for UAV-based disaster management system

Fig. Il Bridge communication between several UAVs

Abraham et al. presented a paper on swarm robotics in disaster management [10]. Swarm
robotics due to its robust and flexible nature can access the area which is otherwise a difficult task.
The main aim was to detect any life form stuck in any danger zone and show its way out by
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performing coordinated movements. There are several existing projects such as the SENEKA
project with the aim ofsurveying the site and searching for a source ofdanger and victims using
swarm robots with dynamicany networkabre sensors I l r ]. Researchers at carnegie Mellon
University are designing intercommunicating miniature drones which can enter the building after
the disaster and give criticar information and create a two-dimensionar map. A sociar drone is a
Mumbai-based startup that documented and helped a lot in search and rescue operations during
uttarakhand floods. It surveyed Uttarkashi, Gangotri, and Maneri and gathered huge content.
Abraham has suggested a drone system that can herp deriver medicar supplies using a GpS modure
with the help ofa latitude and longitude tracking system or can detect victims at such locations.

Sanfilippo and co-authors presented a review on perception-driven obstacre-aided
locomotion for snake robots [12] that could be used to transfer tools and assembled with sensors
into dangerous or restricted regions which are out of reach for other robots and humans.
Perception-driven locomotion and obstacle-aided movement are required for snake robots to
perform these tasks. In order to understand the wide range of rear-worrd apprications for snake
robots, such as firefighting, industriar inspection, and search and rescue, these aspects are criticar.
The work presented a comprehensive analysis ofthe current state ofthe art, obstacles, and potential
of perception driven obstacle-aided locomotion for snake robots. Authors focused on current
approaches to obstacle avoidance, obstacle accommodation, and obstacle-aided locomotion in the
context of snake robots. As a result, they considered obstacle-aided locomotion in terms of
perception and mapping. Therefore, we've compiled a rist orcruciar tecrrnorogies and approaches
for perception-driven obstacre-assisted rocomotion, such as mapping and representation. one of
the most appearing approaches to fuly emurate the movement of biorogicar snakes is to buird a
robotic snake with such agility. one ofthe main reasons for the creation ofsuch a robot is the wide
range ofuses it may be put to, such as pipe inspection for the oil and gas in<lustry, firefighting, and
search-and-rescue. The basic concept of this is presented in Fig. 12. For obstacre tackling three
possibilities were discussed. In the traditional approach, Artificial potenrial Field theory has been
used to effectively model imaginary force fields surrounding things on the robot that are either
repulsive or appealing. Force fields generated by the target location attract the robot, whereas those
generated by other robots' obstructions, or the robot itself repel it. It is possible that these lorces
will get more powerfur as the robot draws nearer. It was buirt on these concepts that an obstacre
avoidance controller appeared [13]. The second approach is known as obstacre accommodation.
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In order to avoid obstacres, it is possibre to take a more relaxed approach by reveraging sensory
fleedback' The co,ision between the snake robot and obstacres are possible; however, any
collisions must be carefury regulated to prevent harm to the snake robot. In I I4], a motion planning
system was buirt to arow a snake-rike robot to be abre to navigate around obstacles in its path.
Motion restrictions caused by contact with impediments were firsr rornrary for.,rurated in Ir5].Based on this formuration. a nover inverse kinematics model was buirt that enabres joint motion
for snake robots under contact Iimitations. with this paradigm, a snake robot nrotion pranner was
also presented for complex environments.

Stone

Stone

I

L
I

Fig' l2 The basic concept ofsnake robot pe.ccption-driven obstaore-aidecl Iocomotion [12]It has been found in nature that biological snakes exploit terrain irr.egularities and push
against them when moving over lateral undulations in order to create a more effective locomotor
stride' Furthermore, the e,tire body of the snake is bent, with all portions fbrowing the direction
ol its head and neck' Kerasidi et al. repo(ed a. innovation in underwater robots [16]. For
biologically inspired swirnming snake robots, experinrental results for LoS path-lollorving control
were provided' An underrvater srtake robot contloller that could handle both lateral undulation and
eel-like motion patter.s was proposed. The.obot was guided to its destination using LoS guidance
and a directionar controrer. 'fhere are threc p'inrary pads to trre proposed path-following
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controfler: There are three components to the Line ofsight (Los) guidance law: l) the gairpattem
contror system that generates a sinusoidal motion pattern that drives forward, 2) the heading
contro,er that steers the robot toward and then arong the desired path, and 3) the Los guidance
law that generates the desired heading angre. Underwater snake robots can be programmed tofollow straight lines using the proposed control method. Fluid parameter identification andsimuration resurts based on the identified fluid coefficients were presented to compare the physical
robot's motion with simulation results during the experiments. For both lateral undulation and eel_like motion pattems, the experimentar resurts showed that the suggested contror approach
successfury directed the robot torvard and arong the target path. Tt 

"re 
wil b" rore *o.k done to

test the efficacy of this contror rnethod for broad path-forowing contror apprications in future
works by the authors' In the future, the fluid coefficient identification scheme should be tested in
conjunction with current effects. It is possibre to emproy force/torque sensors impranted in the
modules of the robot to identify fluid coefrcients more precisely with and without the effects of
currents' In addition, the idea ofextending the contror strategy to 3-D and thus investigating depth
control tactics for underwater snake robots is an attractive issue for future exploration. To develop
underwater snake robots for demanding rear-time subsea activities, an experimental inquiry into
the path following ofunderwater snake robots in 3_D is required.

Kormushev and co-authors reported an important role ofreinforcement rearning in robotics
and its apprications and cha,enges faced rear world [r7]. Robots can rearn, improve, adapt, and
reproduce tasks with dynamica,y changing constraints by exproring and learning on their own.
This is the primary goar of reinforcement rearning in robotics. Robotics-rerated reinforcement
learning argorithms and poricy representations were summarized in the paper. Robotics poricy
representation faces a srew ofdifficurties. Reinf,orcement rearning may be used for a variety of
real-worrd tasks, incruding pancake flipping, bipedar walking energy reduction, and archery-based
aiming' Difl'erent policy representations are prese,ted and assessed for each task in a state-of-the-
art expectation-maximization-based reinforcement rearning moder. Six rarely addressed
difficulties in policy representations are addressed by the suggested poricy representations:
conelations, adaptabirity, multi-resorution, grobarity, murti-dimensionarity, and convergence. As
a result, these examples examine both their triumphs and their shortcomings in practice. It is
possible to draw inferences about the state of the art and future directions for reinforcement
leaming in robotics based on these specific situations.

+
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Peng and co-authors reported a new appfoach to learning agile robotic locomotion skills
by imitating animals [18]' It has been a persistent dit]iculty in robotics to replicate the diverse and
nimble rnovement tarents of anirnars. whire rnanuafly designed contro[ers have been abre to
replicate many complicated behaviors, constructing such controllers involves a time-consuming
and demanding deveropment process, typically requiring substa.tial experience of the
complexities of each ability' To automate controller development, rei.forcement rearning is a good
option' However, creating learning objectives that motivate an agent to berrave in a particurar way
can necessitate a high rever of expertise in the parlicurar f.ierd. To teach legged robots nimble
mobility, authors devised an imitation learning system that used real-wor.ld animals 1o teach them
how to nrove quickly and efficientry. The work demonstrated that a singrc learning_based
technique can automaticalry synthesize controrers ror a wide range of regged r.obot behaviors by
using relbrence motion data. The system presented in the paper can rcarn adaptive poricies in
simulation and then swiftly adapt the* lor real-worlcl deployment by introducing sa,ple efficient
domain adaptation approaches into the training process. with the herp ofan Ig-DoF quadruped
robot, authors ilustrated the efficiency of the method by teaching it a wide range of nimbre
behaviors.

Hirose et ar. presented mathematical modering for biorogicary inspired snake robots Ir9].smaller active endoscopes, a large-sized snake-like inspection robot fbr nuclear reactor-related
facilities, Koryu, and numerous other snake-rike robots are arso avairabre. one ofthe most recent
study subjects is the creation of snake-rike robots. Because of previous rcsearch, they expect
snake-like robots wifl soon be used in a practicar manner. Mocr.rand and co-authors surveyed the
emotion in reinforcement learnirrg agents and robors [20]. The amicre provided the first survey of,
computationar moders or errrotion in reinforcenre.t learning (RL) agents. Agent/robot emotions
are the center of the survey, whire human user ernotions are almost compretely ignored. Emotions
are acknowledged as functionar in decision-making by influencing motivation and action serection.
RL is a key subcrass of the decision-making arcrritecture used by agents, and the most
computational emotion models find their foundation in the work. Three research donrains benefit
from studying the emotions of RL-based agents. For machi,e rearning (ML) researchers, emotion
models may boost rearning efficiency, Emotions can be used in the interactive ML and human_
robot interaction communities to transmit state and increase user investrnenr. Finany, it arows
academics in the field ofaffective modeling to test their hypothcses in a rear-rvorrd AI agent class.
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This survey provided background on emotion theory and RL. How emotions can be modelred in
real-life robots' what kinds of emotions may be generated from these fundamentar dimensions
(e'g" homeostasis or assessment), and how these emotions might either influence the agent,s
learning efficiency or be used as social signals are all addressed. Authors also systematically
examined evaluation criteria, and made connections to significant RL sub-domains like (intrinsic)
motivation and moder-based RL. In summary, this survey provided interesting and significant
information in implementing emotions into their RL agents with a practical overview as well as
identifying problems and directions for future research on elnotion_RL.

we propose the system equipped with a UAV and a snake robot. The UAV will provide a
general scenario ofa situation and wi[ point the direction with greater casuarties and drop the
snake robot at that point to investigate any human casuarties. The uAV wi be equipped with a
normal high-resolution camera and infrared camera to detect humans using deep rearning
algorithms' we might also add several swarm robots in snake robots which will divide the area
within themselves to investigate and communicate with the control station via snake robot/uAv
network' we can also Iaunch sevet'al snake robots equipped with swarm robots at different casualty
areas to optimize the time taken lor search and rescue.

2. Proposed Mechanism

We propose a hybrid system composed of air support and ground support of UAV and
snake robot, respectively. Forprimary scan, a UAV system will scan the earthquake-affected area
utilizing a thermal and conventionar camera and wi detect human beings that are trapped under
the debris in a fast scan. Later, we will divide the affected area into an optimized map as shown in
Fig' 2 and Fig. 3 and drop the swarm/single snake robots in those pafiicular areas where UAV
cannot locate any human beings and this area will be prioritized accor.dingly to detect the humans
trapped under the debris more efficiently. There will be a control station at an affected site that
will collect the data forwarded by both the UAV and Snake robot. The snake robot will be
co,municating to the control station through the bridge communication with the help of a UAV
system that will be stationed in the affected area. Thus, we are proposing an efficient and
optimized, and exhaustive search and rescue

disaster.

support mechanism fbr an earthquake_like natural

dt
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Here we have introduced the drone for the sore purpose of initiar screening as the snake
robot's speed will be low as it must scan the larger area an initial scan will herp to identit, the
highly affected area and we can drop the snake robot/swarm of snake robots in that area for
efficient search and rescue operation. Furthermore, an initiar scan with herp ofa drone will herp to
detect the human that is trapped on the surface and easily detected resulting into saving ofcritical
time' In addition to that, it is difficult to predict the size ofthe affected area immediately and the
drone will help us launch the snake robot at larger distances. with the herp of bridge
cornmunication discussed earlier, we can communicate to the snake robot via drone and collect the
important data to process. These are the major reasons why we have intr.oduced the drone in our
search and rescue mechanism.

Fig. 13 An initial testing mechanism designed for snake robot

we have deveroped a mechanism for identifying a human and the output is reported in Fig.
13. The cu*ent size olthe single block of the snake robot is r l cm x l0 cm x 7 cm and further
motlification are required in the prototype preserrted in Fig. 13. As the project progresses, we wilr
try to design a compact mecha.ism for the robot. In Fig. 13, we have only illustrated a testing
mechanism for testing purposes. A drone is also being tested and is ready to record videos for
further image processi,rg to detect human beings. For the building block ofthe snake robot, we
hav.-- compartmentarized the spaces for sensors (cameras, lidars, mike, speakers, etc.), motors, and
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oth!'r essential equipment for the proper operation ofthe snake robot. A 3D printed block design
for :r snake robot is in progress that will consist of several sensors to guide the snake robot in the
proper direction and send the data to the contror statio, via communication through uAV, and
imlge capturing devices.

we have divided the project into severar steps. rn the first step, we wi, design a basic
prolotype lor both the UAV and snake robot mcchanisrrr and dernonstrate the deep learning-based
algo'ithm for human detection. In the second step, we will try to achieve a snake-rike movement
ancl prepare a compact design ror the snake robot. In the thir.d stage, a line of sight and path
follorving mechanism will be inrplemented. Finally. we will work on the UAV and snake robot
conltnunication and designing ofan accurate algoritlun lor elficient and early detection ofhumans
traplted under the debr is.

3, l,rocu rent ent Details

irig. I4 illustrates the purchased components for the designing ora snake robot and drone, 3D
pri'ltcr'' and lhe concept of a UAV system.'l'he available materiars tbr the s,ake robot have larger
wci:'rrt and diflicult to operate on the comprex surface. Furthermore, the increased weight wi
slor'down the snake robot's speed and can arso restrict its movements. This has motivated us to
em,roy materiars such as pLA, ABS, Tpu, etc. that wi, allow the snake robot to move in the
dense places eflbrtlessly To design this structure, a 3D printer is procured that is illustrated in Fig.
l4' 'l he diflerent material filaments are also illustrated in Fig. 14. Fur.thermore, the data received
fror;r snake robots and UAVs rvilr be very ra.ge. Additionary, we,, need a rear-time image
proi"ssing with the help ofdeep learning algorithrns to guide the snake robots in proper direction
aurr 'rctection ofhumans. This requires faster processing power, so that trre system can process the
da.; in eff]cient time. Additiona[y, state of the art graphics processing unit wifl irrprove the
pr()! 

"ssing 
in ML/DL algorithms. This has forced investigators to purchase a workstation with

hir,l:, configuration.

For the drone, we have purchased a carbon fiber body frame that wi, provide a sturdy, and
eill- ic-nt ope'arion in any conditions and Lippo battcries were purchased to achieve the higher
flir'l l rirne as *'e don't know the exact flight tinre beforehand and to keep in mind the operation
ti'r " *'e havc decided to purchase Lippo batte.ics and to achieve higher resorutio^ a high-
res...rrioll canrer.a is also purchased this all equipnrent are presented in Fig. 14,.

s
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Fig. 14 Purchased component, 3D printer with the concept of UAV system

Ilcnefit to St:rkeholders:

The ongoing research work has benefiued multiple stakeholders in the university. While

the research work is carried out with the objective to develop a robot for rescue ofhuman beings

trapped under the debris, several alternative solutions have emerged out of discussion with

graduate, and undergraduate scholars. In addition to this, no. of undergraduate students has

expressed immense interest in developing the solution which are indigenous and specific to the

need of Indian conditions. A team has been formed to work on the current project.
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Following are the details of the team:

PI: Dr. R.B. Jadeja

Co-PI: Dr. Tapankumar Trivedi

Junior Research Fcllow: Mr. Jaymit Surve

Faculty Co-ordinators: l. Mr. Akshay Ranpariya

2. Dr. Dinesh Kumar

Student Team: l. Bhavdeep Singh Krishnawat

2. Dushyant Bagthariya

3. Viraj Shekhda

4. Dev Soni

5. Raj Panjwani
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