SPOT to the Rescue!
Haywood County Emergency Services

& Boston Dynamics

PROBLEM STATEMENT

Haywood County Emergency Services responds to
emergency situations in remote, mountainous areas
with limited communication and challenging terrain.
While rescuing victims, first responders can be placed
in risky situations with many unknown variables. The
objective of this project is to determine how a Boston
Dynamics SPOT robot could mitigate the hazards
faced by first responders.

REQUIREMENTS

« Extend SPOT functional range to a minimum of
250-300ft

« Cannot exceed $1500 budget

» Cannot exceed 14kg payload limit

* Allows hands-free, two-way communication with
victims

* Durable design that can withstand damage from
various environments

* Provide sponsor with full documentation of tests
preformed, range extension, radio communication
system, and backpack payload design

CONCEPTS

* WIi-Fi access point and range extension system
* |Increase storage
* Constraint: Must allow for easy battery-swapping
* Design: Modular Backpack
* Two-way communication between victim and
responder
* Constraint: Must be hands-free
* Design 1: Radio-based system (Figure 3)
* Design 2: Wi-Fi-based system (Figure 2)

Table I. SPOT Range Extension Decision Matrix

700 MHz -

Bandwidth
Cost 5 5 il 1
Complexity 3 5 4 1
P

OWEr 3 5 4 3
consumption
Range 5 5 3 5
Reliability 5 3 3 5
Technology
Availability 2 4 > 2
Total 24 28 26 22

DESIGN AND TESTING
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Figure 1. SPOT Range Extension System Diagram
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Figure 2. Two-Way Communication (Wi-Fi)

Table Il. Overview of Tests Performed

Assessed the effect of added payload
(~12 kg) on SPOT’s battery usage,

Load Impact speed, and handling to determine
load-carrying capability.
Backpack Evaluated whether a backpack
mounted on SPOT interferes with arm
Interference

motion or sensors during operation.

Measured SPOT’s maximum functional

Max Functional . _— ;
range using Wi-Fi extension hardware

Range .
in a large, open area.
Tested the finalized Wi-Fi range
Field Testing — extension system in an indoor
Indoor environment with multiple walls and
Environment  obstructions to simulate emergency
conditions.

Evaluated SPOT’s mobility and stability
Backpack Payload while carrying a realistic rescue payload
using the finalized backpack design.

Assessed the reliability of a remotely
operated push-to-talk radio system
over typical operating distances.
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Figure 3. Two-Way Communication (Radio)

RESULTS

The final system consists of three integrated
subsystems:

SPOT Range Extension System
» Adjustable access point and repeater setup
that extend SPOT's functional range in
multiple environments
* |Increased line of sight operational range from
~ 7 5ft to +2000ft
* |Increased indoor operational range to ~100ft
through 4 walls
Two-Way Communication System
* Radio based system (75 ft line-of-sight)
« Smartphone based Wi-Fi calling system
(dependent on Wi-Fi strength and range)
* Both systems allow for hands-free contact
Backpack Payload
« Sturdy polycarbonate enclosure with base
* Modular design to accommodate various
sized equipment
« Has a capacity of 476 in?3

Figure 4. Backpack Payload
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CONCLUSION

The project successfully improved SPOT's
useability in emergency scenarios by significantly
iIncreasing its functional range, building a modular
backpack payload, and adding hands-free two-way
communication. SPOT can be outfitted with either
a handheld radio system or a Wi-Fi calling system,
both of which are viable for long-range
communication The overall design is affordable
and can be easily adapted to support a variety of
rescue operations.

FUTURE WORK

* Improve the consistency and reliability of
SPOT’s range extension in dense, urban
environments

» Design additional payloads to meet the needs of
unique rescue operations

* Improve the backpack payload for optimal
performance in the field

* Optimize the radio columniation system to be
more portable, durable, and reliable
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