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NerveStim:
Overview

� Client: Matthew MacEwan

� Need Statement: There is a need for a new pain management 
therapy for patients suffering from chronic pain post-invasive 
surgery that does not foster independence and does not require 
addition surgery for explantation

� What it does: This device will include an external controller 
wirelessly connected to an internal bioresorbable implant. The 
implant will create a high-frequency alternating current (HFAC) 
nerve block.

Who is the client?

Why is it needed?

What does it do?



Changes to 
Preliminary 

Report
Design specification for Implant

Nerve cuff diameter 1-1.5 mm

Bioresorbable layers 9.9 (+-) 0.9 nm

Bioresorbable device 
viability

90 days

Weight 10 g

Electrical stimulation 
frequency

14kHz – 26kHz

Output voltage 50-150 mV

Wireless communication 
range

4 cm away

Wireless communication 
frequency

2.4 GHz

Wireless communication 
protocol

Radio frequency

Wireless power range 4 cm away

Biocompatibility Must be biocompatible

Power source Rechargeable

Charge length Minimum 1 week

Recharge duration Maximum 3 hours

Implant safety On/off mechanism

Implant cost Less than $200

Sufficient power 0.5-200 mW

Time to completion 6 months

Safe current density 1-10 mA

HFAC block Block necessary

Adjustable size Size should be 
adjustable



Changes to 
Preliminary 

Report
Design Specifications for Controller

Transmission duration 100 – 300 μS

Charge period Minimum 1 week

Recharge duration Maximum 3 hours

Controller cost Less than $200

Compatibility with 
hardware

100% compatibility 
required

Security 100% secure

Energy consumption Less than 6 W

Rechargeability 
convenience

Device should not require 
the patient to spend 
excessive time recharging 
it

Sufficient output 7-12 V

Time to completion 6 months

Compatibility with battery 100% compatible

Accessibility Accessible for all patients –
it is not prohibitively 
expensive and does not 
depend on smartphone 
ownership

Size 13x18x5 cm

Weight 200 g

Power source Rechargeable

Communication Wireless

Wireless communication 
range

4 cm away

Wireless communication 
protocol

Radio frequency 
(RF)

Wireless communication 
frequency

2.4 GHz

Transmission Rate At least 3 Mbps

Wireless power range 4 cm away

Wireless power safety 0.5 – 200 mW

Biocompatibility Does not need to be 
biocompatible

Transmission Voltage 150-250 mV



Design 
Alternatives:

Overview

� Six Categories of Design:
� Data Transmission
� External Power
� Internal Power
� Controller Configuration
� Computer Hardware
� Electrode Configuration



Design 
Alternatives: 

Data Transmission

� Advantages
� Data transmission frequency

� Security features
� High data throughput

1. Wifi

2. Bluetooth

3. Zigbee

4. Thread

� Disadvantages
� Expensive

� Not as compatible with Arduino
� Susceptible to security breaches

� Advantages
� Data transmission frequency
� Transmission power
� Secure
� Compatible with hardware

� Disadvantages
� Range of communication
� Slow transmission rate

Wifi

Bluetooth



Design 
Alternatives: 

Data Transmission
1. Wifi

2. Bluetooth

3. Zigbee

4. Thread



Design 
Alternatives: 

Data Transmission
1. Wifi

2. Bluetooth

3. Zigbee

4. Thread

Table 1. Pugh Chart:  Data Transmission

Specification Weight Potential Solutions
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Safety 10 10 10 10 10

Production Cost 8 7 8 8 7

Compatibility with 
Hardware

10 9 10 5 5

Security 9 7 9 9 9

Wireless 10 10 10 10 10

Transmission Rate 7 7 6 5 5

Communication Range 5 5 5 5 5

Communication 
Frequency

5 5 5 5 5

Energy Consumption 7 5 6 7 6

Weighted Total 65 69 64 62



Design 
Alternatives: 
External Power

1. Single Use Alkaline 

2. Single Use Lithium 

3. Rechargeable NiMH

4. Rechargeable Lithium Ion

5. Plug and Socket

Single Use Lithium

Single Use Alkaline



Design 
Alternatives: 
External Power

1. Single Use Alkaline 

2. Single Use Lithium 

3. Rechargeable NiMH

4. Rechargeable Lithium Ion

5. Plug and Socket

� Advantages
� Lightweight
� No need for replacement
� Longer charge duration
� High energy density 
� Short charge period

� Disadvantages
� Very powerful
� Expensive

Rechargeable Lithium

Rechargeable Nickel-Metal Hydride (NiMH) 

� Advantages
� Cheap
� No risk of damage

� Disadvantages
� Long charge period
� Short charge duration
� Lower energy density
� Incompatible with hardware



Design 
Alternatives: 
External Power

1. Single Use Alkaline 

2. Single Use Lithium 

3. Rechargeable NiMH

4. Rechargeable Lithium Ion

5. Plug and Socket

� Advantages
� Sufficient power
� Compatible with hardware

� Disadvantages
� No worldwide standard
� Safety hazard
� Requires a socket at all times

Plug and Socket



Design 
Alternatives: 
External Power

1. Single Use Alkaline 

2. Single Use Lithium 

3. Rechargeable NiMH

4. Rechargeable Lithium Ion

5. Plug and Socket

Table 2. Pugh Chart: External Power

Specification Weight Potential Solutions

Legend
10: Most Preferred
0: Least Preferred
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Safety 10 10 7 10 7 9

Production Cost 8 8 8 7 7 6

Weight 8 7 8 5 6 7

Rechargeability 
Convenience

7 3 3 7 7 1

Sufficient Output 10 10 0 0 10 10

Charge Period 9 9 9 5 8 9

Charge Duration 8 4 1 8 7 1

Compatibility with 
Hardware

9 9 0 0 9 9

Weighted Total 60 36 42 61 52



Design 
Alternatives: 
Internal Power

1. Thermoelectric Generator

2. Chemical Energy Battery

3. Piezoelectric Generator

4. Passive Power

5. BIONs

� Advantages
� Power source preexisting

� Safe
� Effective

� Disadvantages
� Insufficient power

� Costly
� Not bioresorbable

Thermoelectric Generator (TEGs)

� Advantages
� Preexisting power source

� Safe

� Disadvantages
� Device lifespan

� Insufficient power
� Not bioresorbable

Chemical Energy Batteries



Design 
Alternatives: 
Internal Power

1. Thermoelectric Generator

2. Chemical Energy Battery

3. Piezoelectric Generator

4. Passive Power

5. BIONs

� Advantages
� Inexpensive
� Could be made 

bioresorbable

� Disadvantages
� Time cost
� Power source not preexisting
� Inefficient power

Piezoelectric Generator



Design 
Alternatives: 
Internal Power

1. Thermoelectric Generator

2. Chemical Energy Battery

3. Piezoelectric Generator

4. Passive Power

5. BIONs

� Advantages
� Easily controllable
� Safe
� Viable
� Bioresorbable
� Short production time

� Disadvantages
� Production cost 

Passive Power



Design 
Alternatives: 
Internal Power

1. Thermoelectric Generator

2. Chemical Energy Battery

3. Piezoelectric Generator

4. Passive Power

5. BIONs

� Advantages
� Sufficient power
� Biocompatible

� Disadvantages
� Production cost
� Production time
� Not bioresorbable

BIONs



Design 
Alternatives: 
Internal Power

1. Thermoelectric Generator

2. Chemical Energy Battery

3. Piezoelectric Generator

4. Passive Power

5. BIONs

Table 3. Pugh Chart: Internal power

Specification Weight Potential Solutions

Legend
10: Most Preferred
0: Least Preferred
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Device Viability 6 6 2 5 6 6

Sufficient Power 10 0 2 10 10 10

Time to 
Completion

5 3 3 3 5 1

Safety 10 10 10 10 10 10

Production Cost 8 2 5 8 7 3

Biocompatibility 9 0 0 8 9 5

Weighted Total 21 22 44 47 35



Design 
Alternatives: 

Computer Hardware
1. Arduino

2. Raspberry Pi

3. Waspmote

� Advantages
� Small power consumption
� Ideal size
� Cheap
� Many accessories available

� Disadvantages
� Weight
� Communication

Arduino



Design 
Alternatives: 

Computer Hardware
1. Arduino

2. Raspberry Pi

3. Waspmote

� Advantages
� Versatile
� More input/output options

� Disadvantages
� Weight
� Size
� Costly

Raspberry Pi



Design 
Alternatives: 

Computer Hardware
1. Arduino

2. Raspberry Pi

3. Waspmote

Table 4. Pugh Chart: Computer Hardware

Specification Weight Potential Solutions

Legend
10: Most preferred
0: Least preferred
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Size 9 9 6 7

Production Cost 8 8 8 2

Weight 10 9 8 10

Necessary Power 8 8 8 5

Compatibility with 
Battery

7 7 7 3

Communication 7 6 7 4

Transmission Voltage 8 8 8 8

Weighted Total 55 52 39



Design 
Alternatives: 

Controller Configuration
1. Full Custom Build

2. Phone app and Custom hardware

� Advantages
� Freedom of design
� Inexpensive
� Highly accessible

� Disadvantages
� No disadvantages seen

Full Custom Build

Phone app and Custom Hardware 

� Advantages
� Size
� Inexpensive

� Disadvantages
� Coding-intensive
� Accessibility issues
� Hardware compatibility



Design 
Alternatives: 

Controller Configuration
1. Full Custom Build

2. Phone app and Custom hardware

Table 5. Pugh Chart: Controller Configuration

Specification Weight Potential Solutions
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Size 10 10 10

Accessibility 10 10 3

Production Cost 8 8 8

Time to Completion 8 8 2

Weight 9 9 9

Power Source 9 9 4

Hardware 
Compatibility

10 10 1

Safety 10 10 10

Weighted Total 74 47



Design 
Alternatives: 

Electrode Configuration
1. Tripolar ribbon-type cuff electrode

2.  Bipolar anode-cathode cuff electrode

3. Dual macro-sieve electrode assembly � Advantages
� HFAC block
� Adjustable size
� Safe current density

� Disadvantages
� Not bioresorbable yet 
� Production cost

Tripolar ribbon-type cuff electrode



Design 
Alternatives: 

Electrode Configuration
1. Tripolar ribbon-type cuff electrode

2.  Bipolar anode-cathode cuff electrode

3. Dual macro-sieve electrode assembly

� Advantages
� Creates HFAC block
� Bioresorbable
� Inexpensive
� Safe current density

� Disadvantages
� No disadvantages seen

Bipolar anode-cathode cuff electrode

Wire

Cuff body

Electrode Contacts



Design 
Alternatives: 

Electrode Configuration
1. Bipolar anode-cathode cuff electrode

2. Tripolar ribbon-type cuff electrode

3. Dual macro-sieve electrode assembly

� Advantages
� HFAC block

� Safe current density

� Disadvantages
� Production cost

� Not yet bioresorbable

� Adjustability

Dual macro-sieve electrode assembly



Design 
Alternatives: 

Electrode Configuration
1. Bipolar anode-cathode cuff electrode

2. Tripolar ribbon-type cuff electrode

3. Dual macro-sieve electrode assembly

Table 6. Pugh Chart: Electrode Configuration

Specifications Weight Potential Solutions

Legend
10: Most Preferred
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Safe current density 10 10 10 10

HFAC block 9 8 8 7

Bioresorbable 10 10 8 8

Production Cost 8 8 7 6

Adjustable size 5 5 5 4

Weighted Total 41 38 35



Overview of 
Chosen Solution
Issue 1: Bluetooth

Issue 2: Rechargeable Lithium Ion 
Battery

Issue 3: Passive Power

Issue 4: Arduino

Issue 5: Full custom build

Issue 6: Bipolar cuff electrode



Questions?
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Design 
Alternatives: 

Data Transmission
1. Wifi

2. Bluetooth

3. Zigbee

4. Thread

� Advantages
� Transmission frequency
� Inexpensive
� Low power rate
� Range of communication

� Disadvantages
� Incompatible with hardware
� Low data communication rate

Zigbee

� Advantages
� Low power
� Secure
� Transmission frequency

� Disadvantages
� Incompatible with hardware
� Low data communication rate

Thread



Design 
Alternatives: 
External Power

1. Single Use Alkaline 

2. Single Use Lithium 

3. Rechargeable NiMH

4. Rechargeable Lithium Ion

5. Plug and Socket

� Advantages
� Safe
� Lightweight

� Disadvantages
� Insufficient output
� Potential of corrosion
� Incompatible with hardware

� Advantages
� Safe 
� Sufficient output
� Compatible with hardware
� Cheap

� Disadvantages
� Cannot recharge
� Potential for corrosion

Single Use Lithium

Single Use Alkaline



Design 
Alternatives: 

Computer Hardware
1. Arduino

2. Raspberry Pi

3. Waspmote

� Advantages
� Complex
� Compatible and versatile
� Lightweight

� Disadvantages
� Extremely expensive
� Communication

Waspmote



Budget

Table 7. Budget

Item Quantity Cost Source

Arduino Uno Rev3 1 $22 Arduino Store

HC-05 Bluetooth 
Transceiver

1 $8.50 Amazon

Band 1 $20 Amazon

TENS Electrodes 1 pack $9.95 Amazon

Battery 2 $17 Amazon

Battery connector 1 $5 Amazon

LCD Screen 1 $11 Adafruit

Potentiometer 3 $3.75 ($1.25 each) Adafruit

Potentiometer 
Knobs

3 $1.50 ($0.50 each) Adafruit

Half-size 
Breadboard

1 $5 Adafruit

Power Switch 1 $0.95 Adafruit

Wiring 100 feet $8.50 Jameco Electronics

Function Generator 1 $10 Amazon

Bioresorbable 
Implant

1 $0 Dr. MacEwan

3D Printed Casing 1 $0 BME Department

Total $123.15 (before 
tax)


