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Project Detail Report
1. PROJECT SUMMARY:
This project is about a life saving Single Actuator Wave-Like Robot which can be used for
Disaster Management & Rescue Operations for situations like Earthquakes and other natural
calamities. The earthquake adversity retrieval networks are used to deliver alternative networks
backing to both the disaster sufferers and the assistance communities which provides assistance
to locate the disaster victims. Here we have a confined SINE Bot, which comprises of 3 major
elements. First, is the Single Actuator Wave-like Robot, a novel bioinspired robot. It has a
unique minimalistic mechanical design and produces an advancing sine wave, with a large
amplitude, using only a single motor but with no internal straight spine. We will further add on,
Omron's D6T non-contact MEMS thermal sensor, a Super-Sensitive İnfrared Temperature
Sensor that is able to detect the presence of stationary humans by detecting body heat. Thirdly,
two sensor modules for detecting Human Presence
and Monitoring Respiration are also attached with
this Robot, both based on its proprietary XE-Thru
technology. These can detect presence just from the
chest movement while breathing, and measure both
the rate and depth of breathing, allowing breathing
patterns to be tracked in real-time. These modules
allow to ‘see through’ a variety of objects including
lightweight building materials, duvets and blankets
to provide non-contact sensing at a range of up to
several metres.
Fig. 1 Single Actuator Wave-Like Robot
2. PROBLEM/ ISSUE:
The earthquake adversity assistance process involves, to locate victims, searching the affected
area, detecting the survivors and provides them rescue from the disaster zones. In this long
process, the survival rate of people stuck in the rubble rapidly drops, as it's critical to get in
there fast. Current approaches include the use of human-sniffing dogs and acoustic probes that
can detect cries for help. But these methods have drawbacks, such as the limited availability of
Canines and the silence of unconscious victims. So far, these devices are too bulky and
expensive for wide implementation. So, there is a need to develop an affordable, compact sensor
array to detect even the faint signs of life. Secondly detecting human presence without
movement is difficult.
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3. SOLUTİON:
Simple Passive Infra-red Detectors achieve this very successfully and are a common
feature in many households. However, detecting human presence in an area without movement
is not so simple. Unlike typical pyroelectric human presence sensors that rely on motion
detection, we will use D6T thermal sensor, which is able to detect the presence of stationary
humans by detecting body heat. Also this project proposes a design approach for a wireless
sensor network based on X4M200 respiration sensor module. The module is used to measure
and detect the respiration, movements and heartbeats of the survivors in any natural disaster
zones A minimlaistic structure and advanced detection sensors allow the life bot to swiftly and
accurately scan a disaster zone ( of a small radius ) of a any signs of life , therefore if more bots
were to be deployed , the synced performance would bring in much better results .
4. METHOD:
1st phase of our Project consists of construction of Single Actuator Wave-Like Robot. This Life
Robot almost prefectly replicates the motion of a sinusoidal advancing wave , which is the
principle basis of our robot , the sine wave-like motion allows the robot to crawl over a variety
of surfaces without much complexity . A key element in the design of a small crawling robot is
a minimalist approach, which in turn makes the robot more favourable for moving into nukes
and corners under the collapsed building rubble.
Our robot design uses a single motor for the rotation
of a helix to produce an advancing wave. The robot is
composed of four main parts: the motor house, the
motor, the helix, and the series of links (Fig. 2). The
motor is attached to the motor housing from one side
and to the helix from the other side. The links are
attached to the motor house. As the motor rotates the
helix, the links cancel the rotation along the axis of the
helix and maintain the vertical motion. In this way, the
links act as a 2D projection of the helix of the robot.

Fig. 2 Motor Housing of SAW Sine Bot
4.1 Traveling wave logarithm:
The simplest model of traveling wave is an advancing
sine wave, or harmonic wave. Its mathematical
presentation is

y  x, t   A sin  kx  wt 

(1)
where x is the space coordinate, t is the time,y is the
height of the wave at point xand time t, and A is the
amplitude. The angular velocity w of the wave is related
w
to the frequency by f 
(2)
2
and the wave length L of the traveling wave is related to the wave number by
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The travelling speed of the wave is thus

Vwave  f  L 

w
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(4)

In this section, we show that the projection of a rotating helix forms
an advancing sine wave. A 3D helix whose axis is parallel to the x
direction and its 2D projection on the X-Y plane are presented in
Error! Reference source not found..
4.2 Super-Sensitive İnfrared Human Temperature Sensor:
2nd Phase is the installation of Super-Sensitive İnfrared Human Temperature Sensor on our
SINE BOT. Unlike typical pyroelectric human presence sensors that rely on motion detection,
the D6T thermal sensor is able to detect the presence of stationary
humans by detecting body heat, regardless of whether they move or
not. As the D6T sensors are also able to monitor the temperature of
a room, instantly sense unusual changes in temperature, thereby
detecting factory line stoppages, or discover areas of overheating for
early prevention of fire outbreaks, etc. İn our case this would be used
to detect alive human beings trapped underneath a collapsed
buildingrubble.
While standard thermal sensors are only able to measure temperature at one certain contact
point, the D6T can measure the temperature of an entire area contactlessly. Signals generated
by infrared rays are usually extremely weak, and high-sensitivity detection is therefore very
difficult to achieve. However, Omron has developed and manufactured in-house every part of
the new thermal sensor, from the MEMS sensors to ASICs (application-specific integrated
circuits) and other application-specific parts, specifically with the aim of ensuring that the D6T
is capable of highly sensitive detection.

The technology behind the D6T thermal sensors combines a MEMS micro-mirror structure
for efficient IR radiation detection with a high-performance silicon lens to focus the infrared
rays onto its thermopiles.
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4.3 Human Presence & Respiration Detection Flow Mechanism:
3rd Phase of our Project consists of sensor modules for detecting Human Presence And
Monitoring Respiration which will be attached with this Robot. Once the module detects
any movement or breathe the module takes it as input and sends it to frame
storage buffer.
Further, the buffer sends the movement and breathe to 2-D processing block
where the input is sent to another three classifiers (movement detector,
breathing pattern estimator and respiration detector). Which are used to
distinguish the inputs either input is movement or breathe. The breathing pattern
estimator specify the breathing pattern of survivals and respiration and movement detectors
specify the distance, respiration per minutes and state of breathing with the help of state
combiner. The state combiner is used to measure the breathing s tate (low, high) of survivals.

5. INNOVATİVE ASPECT
The Innovation in this project is the compact Mini Single Actuator Wave-like robot, which is
the size of a palm and that can move in all directions, on contoured places, into the tiniest little
slits and reach down the rubble of a collapsed building, with its Obstacle Avoiding Sensors
and an IR Camera to record images in the deepest of places, after an Earth Quake has occurred.
Along with D6T thermal sensor into the Actuator Robot, which is able to detect the presence
of stationary humans and secondly, the inclusion of respiration X2M200 hardware module
into the Actuator Robot - Human Thermal Sensor and Human Breathing Pattern Sensor
attached to it, which has been used to detect the movements, presences, and distance and
respiration frequency of the survivals. Moreover, the module has capability to capture the live
breathing pattern of victim’s on-surface and under-surface in disaster zone.

Fig: D6T thermal sensor

Fig: Respiration Detection Hardware Module
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6. APPLİCABİLİTY
Our project will be implemented according to a 4 Step work flow : Initiation , Planning ,
Execution and Closure ; which will be discussed in the next section.
As for the commercial viability of the project , it has the potential to be converted into a useful
commercial product as it can be used not only in the fields of disaster management , search &
rescue and National Level security purposes . The primary function of the bot is to locate and
identify even the faintest signs of humanpresence precisely , which is comprehended by the
powerful sensors used. However the most effective use of this product would be real time
coordination among a swarm of life bots , which would comprehensively save precious time
during search and rescue operations. The major risk in the applicability of this project would be
availability of specialized sensors.
The proposed architecture helps to develop a coordination among affected earthquake zones,
field offices and core management to provide the assistance to the victims and survivals of
affected area. The logical architecture of sensor based detection methods has various
components to provide a resilient network communication to float the information from the
disaster zones as shown in figure.

Fig. Logical architecture of Sensor Based Detection Technique
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7. ESTİMATED COST AND PROJECT SCHEDULİNG
Price
USD $
5

Price (TRY)
(Turkish Lira)
35

Sr. No.
1

Equipment
DC Motor

Qty.
1

2

LCD Display

1

21

3

3

Raspberry Pi 3

1

350

54

4

3D Prinnted Helix Structure

1

477

70

1

800

117

1

400

58

1

83

12
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Breathing-Recognition Sensor
( Xethru X4M 200 )
Thermal Presence Detection
Sensor ( Omron D6T )
Infrared Camera

8

Piezo Buzzer

1

7

1

9

IR LED Lamps

5

77

12

10

Crystal Oscillator

2

8

1

11

Transformer/Adaptor

1

62

9

12

PCB Breadboard

1

170

25

13

Resistors/ Transistors/
Push buttons

Diodes/

_

35

5

14

Cables/ Connectors/ Switch/IC
socket
Programming: Python
+ Miscellaneous
Total Cost of Project

_

70

10

_

100

15

2700

397

5
6
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7.1 Project Calendar
DURATION (in weeks)

TASKS

MARCH
2
3

4

APRIL
1
2

3

4

MAY
1
2

3

4

JUNE
1
2

3

Planning
Project Requirements
Analyzing and Design
Project Development
Project Testing
Maintenance
Documentation

and
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8. TARGET GROUP OF THE PROJECT IDEA (USERS):
The main target users of our product are Safety measures Agencies, who can use this for disaster
and relief management operations. As the life of each and every person is precious, amidst of a
disaster or calamity, time is short for identifying survivors (i.e.; in a rubble inside a building
floor), this Sine Bot can easily reach into the nooks and corners and identify the potential
survivors before it’s too late, hence its usable in many situations where disaster management is
required, other than just earth quakes.

9. RİSKS:
Problems that may arise during project implementation :
Size, mobility and complexity of the project has to be balanced as on-field performance is
greatly affected by these factors . To not waste our time and resources on this stumbbling block
, we plan to initialize some blue prints ( prototype 3D models ) , run simulations and compare
them , then the most suitable version that fulfills the objectives efficiently will be selected for
a physical prototype .
IMPACT

PROBABILITY
HIGH

MEDIUM

HIGH

High
material
costs
Delays in procurement/
production of materials

MEDIUM

Non-Availability
materials

of

LOW

Travelling
restrictions due to
on-going pandemic

LOW

The advance nations have high level of preparedness to deal with the human made disaster as
well as natural disasters but some disaster cannot be entirely stopped. When the natural or
manmade disaster happens in public places, the rescue communities and different wireless
based sensor networks need to be deployed. In such circumstances, it is necessary for rescue
communities to provides a quick assistance to affected populations and identify the victim areas
by utilizing the available networks. The “sensor based survival detection system in earthquake
disaster” is a contribution towards to the welfare of the affected communities and provide a
quick response to identify the possible locations of disaster victims. Furthermore, the design
system sends an early warning alerts to respective offices to immediate activation of rescue
operation at adversity zones. Moreover, the rescue communities immediately operate to save
the human life and frequently needs to function in risky locations. Hence, the sensor based
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survival detection system is used to progressively support and faster
identification of disaster victims.

10. RESOURCES:
Following sites have been used to consult research about this particular project
1) https://www.hackster.io/
2) https://www.electronicshub.org/arduino-project-ideas/?ref=menu
3) https://www.instructables.com/
4) https://www.eurekamagazine.co.uk/design-engineering-features/technology/novel-sensoris-capable-of-detecting-human-presence-without-movement/46787/
5)
https://www.businesswire.com/news/home/20150428005524/en/Novelda-Non-contactsensors-monitor-breathing-detect-presence
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