Chapter 27: Use of Robots in Disaster-Stricken
Areas

Introduction

Disasters, whether natural like earthquakes, floods, and hurricanes, or man-made
like industrial accidents and terrorist attacks, demand rapid response for search
and rescue, surveillance, and damage assessment. However, these environments
are often too dangerous or inaccessible for human responders. Robotics has
emerged as a crucial solution to this challenge. Robots can navigate hazardous
zones, access tight spaces, detect human presence, deliver supplies, and relay
critical data—all while keeping responders out of harm’s way.

This chapter explores the application, types, control systems, deployment
techniques, and integration strategies for robots used in disaster response,
especially with relevance to Civil Engineering scenarios. The chapter also
addresses challenges, future trends, and real-world case studies to provide a
comprehensive view.

27.1 Types of Disasters Requiring Robotic Intervention

27.1.1 Natural Disasters

e Earthquakes: Debris removal, survivor detection, structural assessment.

e Floods: Monitoring water levels, identifying trapped individuals.

e Landslides: Mapping terrain changes, locating buried victims.

e Cyclones and Tsunamis: Infrastructure damage analysis and human
detection.

27.1.2 Man-Made Disasters

e Building Collapses: Urban Search and Rescue (USAR), mapping,
reconnaissance.

e Industrial Explosions: Chemical/radiation leak detection, equipment
monitoring.

e Terrorist Attacks: Bomb disposal, surveillance, chemical agent detection.



27.2 Roles and Functions of Robots in Disaster Zones

27.2.1 Search and Rescue Operations

e Use of robots to identify survivors using thermal imaging, CO, sensors,
audio detection, etc.

e Deployment of snake robots and small unmanned ground vehicles
(UGVs) into narrow crevices.
27.2.2 Surveillance and Reconnaissance
e Use of Unmanned Aerial Vehicles (UAVs) and drones for:

o0 Live video streaming
o Terrain mapping
o Victim identification

27.2.3 Structural Integrity Assessment

e Climbing robots for vertical structures to scan cracks or instabilities.
e Ground Penetrating Radar (GPR) and LiDAR integration.

27.2.4 Hazard Detection

e Equipped with chemical, biological, radiological, and nuclear (CBRN)
sensors.
e Drones for atmospheric monitoring.

27.2.5 Debris Removal and Delivery

e Autonomous bulldozer robots or tracked robots for rubble clearing.
e Delivery of emergency medical kits, water, food.

27.3 Categories of Disaster Response Robots
27.3.1 Unmanned Ground Vehicles (UGVs)

e Tracked or wheeled robots for navigating rough terrain.
e Examples: PackBot, Talon.

27.3.2 Unmanned Aerial Vehicles (UAVs)

e Drones with HD cameras, infrared sensors, LiDAR.



e Used ininaccessible or flooded areas.

27.3.3 Unmanned Surface Vehicles (USVs) and Underwater Robots
e For flood and tsunami-hit zones.
e Assistin body retrieval, underwater inspection.

27.3.4 Hybrid Robots

e Ground-air hybrids or modular robots that can adapt shape or movement.
e Used in uncertain or dynamic environments.

27.4 Sensors and Technologies Used

27.4.1 Vision Systems
e RGB cameras, infrared (IR) and thermal cameras, night vision.
e 3D vision systems with stereo cameras or structured light.
27.4.2 Environmental Sensors
e Gas sensors (methane, CO,, toxic gases)
e Temperature and humidity sensors
27.4.3 Motion and Positioning Sensors

¢ IMUs (Inertial Measurement Units)

e GPS, SLAM (Simultaneous Localization and Mapping) for autonomous
navigation.

27.4.4 Communication Systems

* Wi-Fi, RF, satellite communication for data relay to control centers.

27.5 Control Systems for Disaster Robots

27.5.1 Teleoperation
e Real-time remote control by human operator.
e Requires strong communication links.

27.5.2 Semi-autonomous Systems

e Operate independently with periodic human input.
e Use Al and decision-making algorithms.



27.5.3 Fully Autonomous Systems

e Use machine learning, computer vision, and sensor fusion.
e (Capable of navigation, decision making, and task execution without human
input.

27.6 Challenges in Deployment

27.6.1 Terrain and Environmental Complexity

e Debris, unstable ground, water, and lack of GPS signals complicate
movement.

27.6.2 Power Supply and Battery Life

e Limited runtime in field conditions; need for solar recharging or portable
batteries.

27.6.3 Communication Interruptions

e Structural blocks and signal attenuation hinder control and data relay.

27.6.4 Cost and Scalability

e High-tech robots can be costly and difficult to mass deploy in rural areas.

27.6.5 Ethical and Legal Issues

e Use of autonomous robots in sensitive environments must meet legal
standards.

27.7 Real-World Case Studies
27.7.1 9/11 World Trade Center Attack (USA)

e Ground robots used for searching in rubble zones.
e Thermal and audio sensors used to detect trapped survivors.

27.7.2 Fukushima Daiichi Nuclear Disaster (Japan)

e Radiation-resistant robots deployed to inspect and contain the leak.
e Robots entered reactors where human presence was impossible.

27.7.3 Nepal Earthquake (2015)

e UAVs used to map affected areas and locate survivors.



e Quick deployment of UGVs for clearing paths.

27.8 Future Trends and Research
27.8.1 Swarm Robotics

e Multiple robots working cooperatively to survey large areas.

27.8.2 AI-Driven Decision Systems

e Machine learning for prioritizing rescue missions and understanding
survivor patterns.

27.8.3 Bio-inspired Robots

e Robotic designs inspired by insects, snakes, and birds for agile movement.

27.8.4 Integration with GIS and BIM

e Geospatial data for rapid disaster mapping.
e Building Information Modeling (BIM) data for structural assessment.

27.8.5 5G and Beyond

e High-speed, low-latency networks to improve control and data transmission.

27.9 Integration of Robotics with Civil Engineering
Infrastructure

Robotic deployment in disaster response is enhanced significantly when integrated
with civil engineering data systems and practices. The cooperation between civil
engineers and robotic systems creates powerful tools for assessment, mitigation,
and rebuilding.

27.9.1 Use of BIM (Building Information Modeling)

e Robots integrated with BIM can access architectural and structural layouts
to navigate collapsed structures.

e Real-time damage comparison between as-designed and as-is models using
LiDAR-equipped robots.

e Example: A robot scans a collapsed building and overlays it on the BIM
model to identify structurally compromised zones.



27.9.2 GIS-Based Navigation
e Geographic Information System (GIS) data helps robots autonomously
navigate across disaster-stricken zones.

e GIS layers can show flood plains, fault lines, or weak soil zones, helping
robots prioritize routes.

e UAVs capture aerial GIS-compatible data for broader situational awareness.

27.9.3 Robotic Surveying and Structural Monitoring

e Drones and crawler robots equipped with total station and laser scanning
tools are used for:

o Bridge damage assessment.
o Dam crack detection.
0o Road subsidence mapping.

e Time-lapse imaging and 3D reconstruction are employed to monitor
changes post-disaster.

27.10 Robot Design Considerations for Disaster
Environments

Robots used in disaster management must be engineered to survive and operate
effectively in extreme and unpredictable conditions.

27.10.1 Mechanical Design
e Compact and Modular Design: For maneuvering through rubble and
adapting to confined spaces.

* Robust Suspension and Treads: Allow traversal over uneven surfaces,
collapsed terrain, and stairs.

e Waterproofing and Dustproofing: Essential in floods, rainstorms, or dusty
debris zones (IP67/68 standards).

27.10.2 Material Selection

e Use of heat-resistant, lightweight, and non-corrosive materials.
e Shape-memory alloys for adaptive structure deformation.
e Fire-retardant composites for operation in high-temperature zones.



27.10.3 Energy Systems

e Hybrid energy systems: Solar panels + rechargeable batteries.

e Energy harvesting methods: Vibration energy in collapsed buildings or
temperature gradients.

27.11 Human-Robot Interaction (HRI) in Disaster Response

Efficient communication between humans and robots is essential for successful
disaster operations.

27.11.1 User Interfaces
e Intuitive control panels, touchscreen interfaces, or gesture-based
commands.

e Integration of haptic feedback systems for remote object manipulation
(e.g., lifting debris).

27.11.2 Augmented Reality (AR) and Virtual Reality (VR)
e AR used by civil engineers and responders to visualize data from robot
sensors overlaid on real-time views.

e VR used for remote training and mission rehearsal using simulated
environments and robot models.

27.11.3 Voice and Natural Language Processing (NLP)

e Voice-commanded robots in multilingual disaster zones.

e NLP modules enable robots to interpret basic spoken instructions, reducing
the need for complex Ul training.

27.12 Swarm Intelligence and Cooperative Robotics

Swarm robotics involves deploying multiple robots that act collaboratively using
decentralized intelligence—much like colonies of ants or bees.

27.12.1 Features of Swarm Robots
e Self-organizing: No central command; robots react based on local data and
peer actions.

e Redundancy: If one fails, others compensate—ensuring continuity of
mission.



e Scalability: Easily scaled up by adding more units.

27.12.2 Disaster Applications

e Mapping large or complex environments like a landslide zone.
e (Coordinated rubble removal using dozens of small, load-bearing bots.
e Search and rescue in a collapsed mine where communication is restricted.

27.13 Robotic Coordination with Emergency Services

Robots function best when embedded within the broader emergency response
framework.
27.13.1 Integration with Command and Control Centers
e Robot telemetry and video feeds integrated into Emergency Operation
Centers (EOCs).

e Real-time dashboards showing:

o Survivors found
0 Hazards detected
o Navigation routes completed

27.13.2 Interoperability with Other Systems

e Firefighting drones and gas-leak detectors working in sync.
e Robots relaying data to ambulance dispatch units and military rescue

teams.
27.13.3 Training and Simulation Exercises
e Periodic mock drills including human responders and robots.

e Civil engineers and responders trained to interpret robot data during
simulations of:

o Collapsed buildings
o Urban flooding
o Industrial gas leaks




27.14 Ethical, Legal, and Social Implications

As robots become integral in emergency responses, their use raises critical legal
and ethical questions.

27.14.1 Data Privacy and Surveillance

e UAVs collecting images may inadvertently violate individual privacy.
e Regulations required for data sharing and media use.

27.14.2 Liability and Accountability
e If arobot causes secondary damage (e.g., collapses a weakened wall), who is
responsible?
e Insurance policies and SOPs needed for deployment.

27.14.3 Public Perception and Trust
e Community acceptance is essential; public education campaigns can reduce
fear or resistance to robotic involvement.

* Robots should wear markings (e.g., emergency service logos) to identify
them as aid workers.
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