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[bookmark: _vkndk7ep8nj9][bookmark: _Toc425393104]1. SCOPE
This document describes the test plan for verifying the design of the MMG Armband as described in MMG.01.  It provides the necessary procedures for the validation test of the device.

[bookmark: _Toc1589417269]2. REASON FOR RE-ISSUE
	Issue
	
	Reason for Re-Issue

	1
	MR #MMGxxxxxx
	This is the first time the plan has been issued



[bookmark: _Toc1190079871]3. INTRODUCTION
[bookmark: _2et92p0][bookmark: _Toc892811200]3.1 Description
The following tests will be performed:

	Test Case
	Direct Requirement
	Test

	
	
	Hardware Requirements

	010
	REQ010-160, REQ300-460
	System Test

	020
	REQ040, REQ170-200, REQ220, REQ230-260
	Dimensional Measurement Test

	030
	REQ210
	Mass Measurement Test

	
	
	Software Tests

	040
	REQ470 - 580
	Regression Model 


[bookmark: _tyjcwt]
[bookmark: _m104yhbhv198][bookmark: _Toc1805053533]3.2 Strategy
1. The MMG Armband is a new product.  All tests will be conducted. 

[bookmark: _Toc773332617]4. APPLICABLE DOCUMENT  
This test plan is based on requirements from the MMGA.02: 

[bookmark: _Toc1094511722]5. DEFINITIONS 
Mechanomyography (MMG): Measurement of surface vibrations and oscillations due to motor unit activity. 
Micro-Electromechanical System (MEMS): a device made using microfabrication techniques. Characterized with having dimensions at or below a few millimeters and including electrical/mechanical system(s). 
Analog to Digital Converters (ADC): Converts analog signal inputs into digital signal outputs. 

[bookmark: _Toc1115606684]6. SETUP 
The testing requires the following units as a minimum: MMG Armband, Computer with MATLAB and code, Computer with STM32 Cube IDE, caliper
[bookmark: _Toc1724709155]7. EQUIPMENT RECORD 
	Item
	Test Case
	Calibration required?

	MEMS ADXL327 Accelerometer
	[010]
	NO

	STM32F303Discovery Microcontroller
	[010]
	NO

	Flexible Sensor: Conductive Rubber Sheet
	[010]
	

	Bunjee Straps
	[010]
	NO

	Spring Buckle
	
	

	Connection Wires (≥30)
	[010]
	NO

	3V Flat Battery
	[010]
	NO

	Lanyard
	[010]
	NO

	ABS 3D Printer Ink 
	[010]
	NO

	USB A to Mini USB B Adapter
	[010]
	NO

	PC
	[010]
	NO

	STM32Cube “Group13ADC” folder file
	[010]
	NO

	MATLAB script “Group13serialcom”
	[010]
	NO

	Digital Caliper
	[020]
	YES

	Ruler
	[020]
	NO

	Digital Scale
	[030]
	YES

	Biodex System 
	[040] 
	YES




[bookmark: _Toc1095263]8. TEST CASES
[bookmark: _Toc2128423900][Test Case 010] System Test

Purpose: To ensure the following: 1) The correct components are collected for the device. 2) The correct connections have been made between components. 3) The correct assembly of each component of the device has been made. 4) The 10 accelerometers and the flex sensor are giving accurate readings

Specifications: REQ010-160, REQ300-460 

Test Architecture: 
[image: ]
Figure 1: STM32F3Discovery Microcontroller

[image: ]
Figure 2: ADXL 327 Accelerometer

[image: ]
Figure 3: Conductive Rubber Sheet from Adafruit

[image: ]
Figure 4: Bungee Straps from SwimOutlet

[image: ]
Figure 5: Connection Guide for Hardware Components


	STM32F303DISCOVERY Pin and Variable Names 

	Sensor Pin
	STM32F3DISCOVERY Pin Name 
	Function of Port (Shown in STM32F3DISCOVERY Documentation pg 37-40)

	MMG1_X 
	PA0
	ADC1_IN1

	MMG1_Y 
	PA1
	ADC1_IN2 

	MMG1_Z 
	PA2
	ADC1_IN3 

	MMG2_X 
	PA3
	ADC1_IN4 

	MMG2_Y 
	PF4
	ADC1_IN5 

	MMG2_Z 
	PC0
	ADC1_IN6 

	MMG3_X 
	PC1
	ADC1_IN7 

	MMG3_Y 
	PC2
	ADC1_IN8 

	MMG3_Z 
	PC3
	ADC1_IN9

	MMG4_X 
	PA4
	ADC2_IN1

	MMG4_Y 
	PA5
	ADC2_IN2 

	MMG4_Z 
	PA6
	ADC2_IN3 

	MMG5_X 
	PB1
	ADC3_IN1 

	MMG5_Y 
	PE9
	ADC3_IN2

	MMG5_Z 
	PE13
	ADC3_IN3 

	MMG6_X 
	PB13
	ADC3_IN5 

	MMG6_Y 
	PE8
	ADC3_IN6 

	MMG6_Z 
	PD10
	ADC3_IN7 

	MMG7_X 
	PD11
	ADC3_IN8

	MMG7_Y 
	PD12
	ADC3_IN9

	MMG7_Z 
	PD13
	ADC3_IN10

	MMG8_X 
	PD14
	ADC3_IN11 

	MMG8_Y 
	PB0
	ADC3_IN12 

	MMG8_Z 
	PE7
	ADC3_IN13 

	MMG9_X 
	PE10
	ADC3_IN14 

	MMG9_Y 
	PE11
	ADC3_IN15

	MMG9_Z 
	PE12
	ADC3_IN16

	MMG10_X 
	PE14
	ADC4_IN1

	MMG10_Y 
	PE15
	ADC4_IN2 

	MMG10_Z 
	PB12
	ADC4_IN3 

	FLEX_INPUT 
	PF2
	ADC1_IN10

	BIODEX_BNC_CABLE
	PB14
	ADC4_IN4


Table 1: MMG Inputs and Corresponding Ports on Microcontroller
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Figure 6: Op Amp Circuit to Power Flexible Sensor


[image: A close up of a device

Description automatically generated] [image: A green circuit board with wires

Description automatically generated]
Figure 7: Accelerometers in Casings

[image: A black device with wires
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Figure 8: Accelerometers and Casings Positioned with Flexible Sensor (Flexible Sensor Inside bottom of casings)

 
[image: A person wearing a red shirt
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Figure 9: Correct Setup for Securing Accelerometers on the Arm
[image: ][image: ][image: ] 
Figure 10: Correct Setup of Microcontroller in Casing

[image: ]

Figure 11: Armband Device Assembly Guide

Equipment:
1. 10 Accelerometers
2. STM32F303DISCOVERY microcontroller w/ STM32F303VCTx board chip
3. Flexible Sensor
4. Bungee Straps
5. 3D Printer Ink (ABS)
6. Connection Wires
7. Battery
8. Computer
9. Accelerometer Casings
10. Microcontroller Casing 
11. USB A to Mini USB B adapter
12. MATLAB R2023b (or later)  software
13. MATLAB script “Group13serialcom” file LINK: here
14. 1 human subject

Test Procedure:
1. Check that the microcontroller is the STM32F303Discovery kit model from STM Devices.
2. Check that the 10 accelerometers are the MEMS ADXL327 model.
3. Check that the flexible sensor is the conductive rubber sheet from Adafruit with the correct product ID number: 5463.
4. Check that the bungee straps are from Swim Outlet with the correct product ID number: 1169 .
5. Check that the correct 3D printer Ink is being used to print the accelerometer and microcontroller casings. This should be ABS ink only.
6. Check that the 10 accelerometers are connected as wired as shown in Figure 5.
7. Check that each accelerometer is connected to their three corresponding ports on the microcontroller as seen in Table 1.
8. Check that the flexible sensor is connected to the circuit as shown in Figure 6.
9. Check that the flexible sensor circuit is installed on the PCB Board as shown in Figure 5.
10. Check that the PCB Board is connected to the microcontroller as shown in Figure 5.
11. Plug the STM32F303DISCOVERY microcontroller to the PC via a USB A to Mini USB B adapter as shown in Figure 5. 
12. Check the COM port for the microcontroller in the Device Manager application shown in Figure 12.   
[image: A screenshot of a computer
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Figure 12: Device Manager application showing the COM port of the STM32F303DISCOVERY microcontroller.  The COM port is shown in red.

13. Confirm that the microcontroller powers on once connected to the battery or computer.
a. This would be done by checking that the red power light labeled “PWR” is visible. As shown in Figure 1, this can be found on the top left corner of the microcontroller.
14. Check that the accelerometers are assembled in each casing as shown in Figure 7.
15. Check that the microcontroller is assembled in its casing as shown in Figure 10.
16. Check that the flexible sensor is positioned inside the bottom of the accelerometer casings as shown in Figure 8 to make the armband as shown in Figure 11.
17. Check that the armband is secured around the arm of a subject using the bungee straps as seen in Figure 9. 
18. Download the MATLAB script “Group13serialcom” file onto the PC and open it.  
19. Check the serial port command in the “Serial Communication and Data Collection” section as shown in Figure 13.  Check that the COM port for the microcontroller matches the selection.  

[image: A screenshot of a computer program
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Figure 13: Serial Communication and Data Collection section in the “Group13serialcom” MATLAB script.  The COM port option is shown in red.  

20. Before the data collection is run, have the subject place a 5 lbs. weight in the arm that the armband is attached to as shown in Figure 14.  

[image: A person holding a plate in front of a machine]
Figure 14: Subject holding the 5 lbs. weight before bicep contraction occurs.  

21. Run the “Serial Communication and Data Collection” section in the MATLAB script.  When the command prompt pops up for data collection time, input 15 seconds as shown in Figure 15.  

[image: A screenshot of a computer
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Figure 15: The time of data collection will be entered in the Command Window after “Serial Communication and Data Collection” section has been run, shown in red.   

22. Once the “Serial Communication and Data Collection” section has been run, the subject will wait 5 seconds before a bicep contraction.  
23. Have the subject perform a bicep contraction holding a 5 lbs. weight for 5 seconds as shown in Figure 16.  After 5 seconds of contraction, have the subject rest until data collection has finished.   

[image: A person holding a wheel
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Figure 16: Subject performing a bicep contraction while holding a 5 lbs. weight.

24. When the data collection is over, run the “Predictors Filter” section in the MATLAB script as shown in Figure 17 to apply a filter to the accelerometer and flex sensor signals.   

[image: ]
Figure 17: “Predictors Filter” section in the “Group13serialcom” MATLAB script.  

25. Run the “Filtered Data Plot” section as shown in Figure 18 to create a plot showing all 10 accelerometer and 1 flex sensor signals.  

[image: ]
Figure 18: “Filtered Data Plot” section in the “Group13serialcom” MATLAB script

26. When the collection time is over, enter the file name on the app and save data. The data file will be saved to the path “C:\Users\HP\Documents\Capstone\MATLAB Data\FileName.xls"




Expected Results:
Test passes if all of the following occur:
1. The collected microcontroller is the STM32F3Discovery kit model from STM Devices.
2. The 10 accelerometers collected are the MEMS ADXL327 model.
3. The flexible sensor collected is the conductive rubber sheet from Adafruit with the correct Product ID Number: 5463.
4. The collected bungee straps are from Swim Outlet with the correct Product ID Number: 1169.
5. The accelerometer and microcontroller casings are printed using ABS.
6. The 10 accelerometers should be wired correctly: voltage port to 3V port, COM port to GND
7. port, X Y Z ports to assigned ports (ADC Channels).
8. Each accelerometer should have their X, Y, and Z ports connected to their respective 3 ADC channels on the microcontroller.
9. The flexible sensor circuit should be connected to voltage, ground, and its respective ADC channel.
10. The battery should be connected to the microcontroller at the 3V and ground ports or the microcontroller should connect to the computer through the USB connection.
11. The microcontroller should be powered on once connected to the battery or computer.
12. The accelerometers are secured in all their casings.
13. The microcontroller is secured in its casing.
14. The accelerometers with their casings are secured around the armband with bungee straps with no movement.
15. The PC will download the “Group13ADC” software file to the microcontroller without any errors.
16. The “Group13serialcom” script will collect and save data from the accelerometers and flexible sensor as the human subject performs a bicep contraction.  
17. The plotted MMG data should fit the pattern as shown in the Test Results Table. 
18. The plotted Flex sensor data should fit the patterns given in the Test Results Table.

Test Results:

	Test
	Pass/Fail

	Microcontroller is the STM32F3Discovery kit model from STM Devices
	Pass

	10 accelerometers are the MEMS ADXL327 model
	Pass

	Flexible sensor is the conductive rubber sheet from Adafruit with product ID Number: 5463
	Pass

	Bungee straps are from Swim Outlet with product ID Number: 1169
	Pass

	Accelerometer and Microcontroller Casings are printed using ABS
	Pass

	10 accelerometers wired correctly
	Pass

	X,Y,Z ports connected to respective channels on microcontroller
	Pass

	Flexible sensor circuit is connected to voltage, ground, and respective ADC channel
	Pass

	Microcontroller connected to the computer for power
	Pass

	Microcontroller powers on when connected to battery or computer
	Pass

	Accelerometers secured in casings
	Pass

	Microcontroller secured in its casing
	Pass

	Bungee straps secure accelerometers and their casings
around the armband
	Pass

	“Group13ADC” software file downloaded to the microcontroller without any errors.
	Pass

	“Group13serialcom” script collected and saved data from the accelerometers and flexible sensor as the human subject performs a bicep contraction.  
	Pass



	Sensor
	Expected graph
	Actual graph
	Pass/Fail

	MMG1
	[image: ]
	[image: ]
	Pass

	MMG2
	[image: ]
	[image: ]
	Pass

	MMG3
	[image: ]
	[image: ]
	Pass

	MMG4
	[image: ]
	[image: ]
	Pass

	MMG5
	[image: ]
	[image: ]
	Pass

	MMG6
	[image: ]
	[image: ]
	Pass

	MMG7
	[image: ]
	[image: ]
	Pass

	MMG8
	[image: ]
	[image: ]
	Pass

	MMG9
	[image: ]
	[image: ]
	Pass

	MMG10
	[image: ]
	[image: ]
	Pass

	Flex
	[image: ]
	[image: ]
	Pass






[bookmark: _Toc629826251][Test Case 020] Dimensional Measurement Test

Purpose: To verify that each part of the device is in the tolerance range of its specified dimensions.

Specifications: REQ040, REQ170-200, REQ 220, REQ230-260

Test Architecture: 
[image: ]Figure 19: Digital Caliper Example

[image: ]
Figure 20: Accelerometer Casing Base Dimensions

[image: ]
Figure 21: Accelerometer Casing Cap Dimensions

[image: ]
Figure 22: Accelerometer Casing Bottom Dimensions

[image: ]
Figure 23: Microcontroller Casing Cap Dimensions

[image: ]
Figure 24: Microcontroller Casing Base Dimensions

[image: ]
Figure 25: PCB Casing Dimensions


[image: ]
Figure 26: PCB Cap Dimensions

[image: ]
Figure 27: How to Measure Dimensions of Flexible Sensor

Equipment:
1. Accelerometer Casings
2. Microcontroller Casings
3. Flexible Sensor
4. Digital calipers
5. Ruler

Test Procedure:
1. Power on the calipers. 
2. Check if the caliper reads zero when the flat surfaces of the large legs are placed together. (Flat surfaces seen by red arrows in Figure 19). 
a. If the caliper reads other than 0, wipe the legs and read again.
b. After wiping, if the caliper reads other than 0, place the flats of the long legs flush and press the zero button.
3. Use the caliper to measure the base, cap, and bottom of each accelerometer case. 
4. Check to see if the dimensions are in the tolerance range of the dimensions seen in Figures 20, 21, and 22. 
5. Use the caliper to measure the base and cap of the microcontroller casing.
6. Check to see if the dimensions are in the tolerance range of the dimensions seen in Figures 23 and 24.  
7. Use the caliper to measure the PCB casing.
8. Check to see if the dimensions are in the tolerance range of the dimensions seen in Figures 25 and 26. 
9. Use a ruler to check if the flexible sensor is the correct dimensions in length and width as shown in Figure 27.

Expected Results:
Test passes if all the following occur:
1. If the measurements are equal to the specified values or are within the tolerance range presented in Test Results table below (test case 020).

Test Results:
	Item
	Expected Results
	Actual Results
	Pass/Fail

	Accelerometer Base Dimensions
	Figure 20 ±  0.5 mm
	
	

	Outside Peg Diameter
	4.5 mm
	4.5 mm
	PASSx10

	Peg Distance
	15.0 mm
	15.0 mm
	PASSx10

	Width of Inside
	21.25 mm
	21.25 mm
	PASSx10

	Inside Wall Thickness
	1.88 mm
	1.88 mm
	PASSx10

	Base Width
	25.0 mm
	25.0 mm
	PASSx10

	Outside Wall Height
	6.0 mm
	6.0 mm
	PASSx10

	Outside Wall Width
	5.0 mm
	5.0 mm
	PASSx10

	Hole Distance
	28.0 mm
	28.0 mm
	PASSx10

	Hole Diameters
	3.5 mm
	3.5 mm
	PASSx10

	Hole Center from Edge
	2.5 mm
	2.5 mm
	PASSx10

	Base Thickness
	2.25 mm
	2.25 mm
	PASSx10

	Base Length
	33.0 mm
	33.0 mm
	PASSx10

	Cut Diameter
	3.0 mm
	3.0 mm
	PASSx10

	Inside Peg Diameter
	2.5 mm
	2.5 mm
	PASSx10

	Peg Distance from Wall
	3.13 mm
	3.13 mm
	PASSx10

	Outside Peg Height
	1.5 mm
	1.5 mm
	PASSx10

	Inside Peg Height
	3.5 mm
	3.5 mm
	PASSx10

	Accelerometer Cap Dimensions
	Figure 21 ± 0.5 mm
	
	

	Cap Length
	35.5 mm
	35.5 mm
	PASSx10

	Cap Width
	27.5 mm
	27.5 mm
	PASSx10

	Cap Height
	4.0 mm
	4.0 mm
	PASSx10

	Cap Wall Thickness
	1.0 mm
	1.0 mm
	PASSx10

	Cap Extrude Radius
	1.25 mm
	1.25 mm
	PASSx10

	Cap Extrude Distance
	12.75 mm
	12.75 mm
	PASSx10

	Cap Inside Length
	33.5 mm
	33.5 mm
	PASSx10

	Accelerometer Casing Bottom Dimensions	Comment by Nazli, Semih: Not in requirements doc
	Figure 22 ± 0.5 mm
	
	

	Bottom Length
	33 mm
	33 mm
	PASSx10

	Bottom Width
	25 mm
	25 mm
	PASSx10

	Leg Length
	5.5 mm
	5.5 mm
	PASSx10

	Leg Width
	3.75 mm
	3.75 mm
	PASSx10

	Leg Distance
	25.5 mm
	25.5 mm
	PASSx10

	Bottom Thickness
	2.0 mm
	2.0 mm
	PASSx10

	Leg Height
	6.50 mm
	6.50 mm
	PASSx10

	Processor Cap Dimensions
	Figure 23 ± 0.5 mm
	
	

	A
	5.00 mm
	5.00 mm
	PASS

	B
	49 mm
	49 mm
	PASS

	C
	10.50 mm
	10.50 mm
	PASS

	D
	130.50 mm
	130.50 mm
	PASS

	E
	52 mm
	52 mm
	PASS

	F
	R 0.50 mm
	R 0.50 mm
	PASS

	G
	70 mm
	70 mm
	PASS

	H
	10 mm
	10 mm
	PASS

	I
	35 mm
	35 mm
	PASS

	J
	R 0.8 mm
	R 0.8 mm
	PASS

	K
	3 mm
	3 mm
	PASS

	L
	R 1 mm
	R 1 mm
	PASS

	M
	1.6 mm
	1.6 mm
	PASS

	Processor Base Dimensions
	Figure 24 ± 0.5 mm
	
	

	A
	8 mm
	8 mm
	PASS

	B
	14.2 mm
	14.2 mm
	PASS

	C
	28.10 mm
	28.10 mm
	PASS

	D
	37 mm
	37 mm
	PASS

	E
	1.50 mm
	1.50 mm
	PASS

	F
	99 mm
	99 mm
	PASS

	G
	3 mm
	3 mm
	PASS

	H
	7 mm
	7 mm
	PASS

	I
	R 2 mm
	R 2 mm
	PASS

	J
	5 mm
	5 mm
	PASS

	K
	1 mm
	1 mm
	PASS

	L
	R 1 mm
	R 1 mm
	PASS

	M
	50 mm
	50 mm
	PASS

	N
	68 mm
	68 mm
	PASS

	O
	2 mm
	2 mm
	PASS

	P
	10 mm
	10 mm
	PASS

	Q
	14.2 mm
	14.2 mm
	PASS

	R
	20.1 mm
	20.1 mm
	PASS

	PCB Casing Dimensions
	Figure 25 ± 0.5 mm
	
	

	A
	54.0 mm
	54.0 mm
	PASS

	B
	R 1.75 mm
	R 1.75 mm
	PASS

	C
	36.0 mm
	36.0 mm
	PASS

	D
	8.20 mm
	8.20 mm
	PASS

	E
	12.0 mm
	12.0 mm
	PASS

	F
	2.00 mm
	2.00 mm
	PASS

	G
	7.95 mm
	7.95 mm
	PASS

	H
	8.00 mm
	8.00 mm
	PASS

	I
	2.00 mm
	2.00 mm
	PASS

	J
	1.00 mm
	1.00 mm
	PASS

	K
	1.00 mm
	1.00 mm
	PASS

	L
	85.0 mm
	85.0 mm
	PASS

	M
	7.00 mm
	7.00 mm
	PASS

	N
	37.0 mm
	37.0 mm
	PASS

	PCB Casing Cap Dimensions
	Figure 26 ± 0.5 mm
	
	

	A
	24.0 mm
	24.0 mm
	PASS

	B
	51.75 mm
	51.75 mm
	PASS

	C
	0.98 mm
	0.98 mm
	PASS

	D
	R 1.75 mm
	R 1.75 mm
	PASS

	E
	35.0 mm
	35.0 mm
	PASS

	F
	1.50 mm
	1.50 mm
	PASS

	G
	2.00 mm
	2.00 mm
	PASS

	Flexible Sensor Dimensions
	Figure 27 ± 1 mm
	
	

	Flexible Sensor Length
	150mm
	150 mm
	PASS

	Flexible Sensor Width
	10 mm
	10 mm
	PASS






[bookmark: _Toc1101461343][Test Case 030] Mass Measurement Test

Purpose: To verify that each part of the device is in the tolerance range of its specified mass.

Specifications: REQ210

Test Architecture:
[image: ]
Figure 28: Digital Scale used to measure Accelerometer Casing

[image: A black square object on a wood surface
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Figure 29: Assembled Accelerometer Casing Ready for Mass Measurement

Equipment:
1. Accelerometer Casings (10)
2. Digital Scale (imperial units)

Test Procedure:
1. Turn on the scale using the power button as displayed in Figure 28.
2. Allow the scale to come to rest and use the tare button, shown in Figure 28, to set the reading to zero.
3. With the scale set to zero, set the accelerometer casing without the accelerometer, shown in Figure 29, onto the scale to be measured.
4. Record the mass that is displayed on the screen of the scale.
5. Remove the accelerometer casing from the scale.
6. Repeat steps 2-5 for each of the 10 casings.
7. Turn off the scale using the power the button.

Expected Results:
Test passes if all of the following occur:
1. If the measurements are equal to the specified values or is within the tolerance range presented in Test Results table below (test case 030).

Test Results:
	Item
	Expected Results
	Actual Results
	Pass/Fail

	Accelerometer Casing 1 Mass
	M = 6g ± 1g
	6 g
	Pass

	Accelerometer Casing 2 Mass
	M = 6g ± 1g
	6 g
	Pass

	Accelerometer Casing 3 Mass
	M = 6g ± 1g
	6 g
	Pass

	Accelerometer Casing 4 Mass
	M = 6g ± 1g
	6 g
	Pass

	Accelerometer Casing 5 Mass
	M = 6g ± 1g
	6 g
	Pass

	Accelerometer Casing 6 Mass
	M = 6g ± 1g
	6 g
	Pass

	Accelerometer Casing 7 Mass
	M = 6g ± 1g
	6 g
	Pass

	Accelerometer Casing 8 Mass
	M = 6g ± 1g
	6 g
	Pass

	Accelerometer Casing 9 Mass
	M = 6g ± 1g
	6 g
	Pass

	Accelerometer Casing 10 Mass
	M = 6g ± 1g
	6 g
	Pass



[bookmark: _Toc1332695888][Test Case 040] Regression Model 

Purpose: To verify that the LSTM neural network can create a torque estimation that correlates with measurements made from the Biodex system.  

Specifications: REQ470 - 580

Test Architecture:
1. Download the MATLAB script “Group13serialcom” to the PC.  Link for download found in equipment list.  
2. Download the MATLAB .mat file “NeuralNetworkWS” to the PC.  Link for download found in equipment list.  
3. Download the MATLAB script “TestCase040RegressionModel”  to the PC.  Link for download found in equipment list.  
4. Attach the Biodex torque BNC cable to the microcontroller BNC cable as shown in Figure 28.   

[image: A black box with a white strip attached to it

Description automatically generated]
Figure 30: Biodex torque cable attached to the microcontroller BNC cable.  The torque data will be read through an ADC channel at the same sampling frequency as the other channels.  

5. Set up the Biodex System for patient use.  The Biodex system seat and position should be adjusted so that either the subject’s right or left forearm is in a vertical position with a hinge at the elbow joint.  Correct setup for subject position is shown in Figure 29.    

[image: A person holding a metal bar
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Figure 31:  Subject position while seated in Biodex System.  Calibration will be performed by lab professional. 

6. Attach the MMG armband to the subject on the arm that is in the vertical position in the Biodex system.  Adjust the fasteners to ensure a snug fit as shown in Figure 9.   
7. Plug the STM32F303DISCOVERY microcontroller into the PC for data collection.  

Equipment:
1. PC with MATLAB R2023b (or later) and STM32Cube IDE version 1.13.2 (or later) installed 
2. MATLAB .mat file “FinalNeuralNetworkWorkspace” LINK: here
3. MATLAB script “Group13serialcom” LINK: here
4. MATLAB script “TestCase040RegressionModel” Link: here
5. Fully assembled MMG armband 
6. Biodex System 
7. USB A to Mini USB B adapter
8. STM32F303DISCOVERY microcontroller w/ STM32F303VCTx board chip  
9. 1 human subject

Test Procedure:
1. Run the “Serial Communication and Data Collection” section in the MATLAB  “Group13serialcom” script.  When the command prompt pops up for data collection time, input 15 seconds as shown in Figure 15.  
2. After data collection time has been entered, the subject should wait 5 seconds before performing a muscle contraction on the Biodex system 
3. After 5 seconds, the subject should perform a muscle contraction on the Biodex system for 5 seconds.  Figure 32 shows a subject performing a muscle contraction.  

.[image: A person in a chair with a device attached to his arm

Description automatically generated] 
Figure 32 Subject performing a bicep muscle contraction while seated in Biodex System.  This contraction will occur for a duration of 5 seconds.   

4. After data file has been collected for the test from 1 subject, open the “TestCase040RegressionModel” MATLAB script.  
5. Import the downloaded “FinalNeuralNetworkWorkspace” .mat file into the MATLAB workspace.  Figure 33 shows how to import the data.  

[image: A screenshot of a computer

Description automatically generated] 
Figure 33: Under the “HOME” tab shown in red, click the “Import Data” selection shown in red to import the “FinalNeuralNetworkWorkspace” .mat file.

6. Run the “TestCase040RegressionModel” code and record the values printed in the command window as shown in Figure 34.  The values form the predicted vs. actual torque should be recorded as well as the p value and R2 value from the LSTM neural network regression line.  The p value and R2 value only need to be recorded once as the values will not change for each subject.   

[image: A screenshot of a computer

Description automatically generated] 
Figure 34: MATLAB command window after running “TestCase040RegressionModel” script.

7. Repeat the test procedure steps 1-6 for 4 other trials.  

Expected Results: 
1) The P value of LSTM neural network regression line is less than 0.05 (A p value of less than 0.05 indicates that the model is statistically significant).  
2) The R2 of LSTM neural network regression line is greater than 0.9 (A R2 value close to 1 represents a perfect regression line to the data).  
3) The absolute value of the difference between the predicted and actual torque is less than 5 N*m for all 5 trials.  

Test Results:  

	Regression Model
	p value (p<0.05)
	R2 value (>0.9)
	Pass/Fail

	LSTM Network
	p < 0.001
	0.98737
	Pass




	Trial #
	Actual Torque (N*m)
	Predicted Torque (N*m)
	| Difference |
	Pass/Fail

	1
	42.9761
	45.8161
	2.8400
	Pass

	2
	75.1337
	72.7474
	2.3863
	Pass

	3
	33.4636
	33.7752
	0.3116
	Pass

	4
	68.5189
	69.3600
	0.8411
	Pass

	5
	58.7014
	56.5158
	2.1856
	Pass
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9. ATTACHMENTS
	Test Plan Name
	MMG Armband

	Test Engineer
	Failla, Ford, Muscatella, and Nazli

	Test Date
	4/16/24

	Version
	1

	System Name
	MMG Armband

	Tests Covered
	4

	MRs written?
	YES     or       NO     [see next page]

	Data attached?
	YES     or       NO    

	Old Results appended?
	YES     or       NO    

	Record Type?
	.doc

	Date Filed
	4/24/24

	Storage Location (Room #)
	Professor Son’s BME Lab

	Approval Signature(s)
	Josh Failla, Devon Ford, Garrett Muscatella, Semih Nazli



TEST STATUS
 
	Test Case
	TEST PASSED?
	IT TEST FAILED
MR#
	IF TEST FAILED, MR NOT ENTERED
REASON
	COMMENT

	 010
	 Pass
	 
	 
	 

	 020
	 Pass
	 
	 
	 

	 030
	 Pass
	 
	 
	 

	 040
	Pass
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3% Serial Commmication and Data Collection
s = serialport("COM3", 230400); % Opens serial communication for "COM3" at a baud rate of 230400 bits/sec
pause(5); % 5 ms pause between opening serial communication and specifying time length

prompt = "Data Collection Time (secs): "; % Input for time of data collection

x = input(prompt); % Variable for time of data collection

ExpTine = x*100; % converting time to 100 Hz

ArmbandData = zeros(ExpTine,31);

s.flush; %deletes old data stored in serial port

i-1;
time = zeros(ExpTime, 1);

serial = readline(s); % By reading a singular line, it clears the serial port, avoiding errors
tic
while i < ExpTime % While loop runs for duration of the data collection time

ArmbandData(i,:) = str2nun(readline(s)); % Reads serial port line and stores it in data array
time(i) = toc;

i = i+1; % Moves on to the next data collection in the while loop

end
s.delete; % Deletes serial communication
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%% Predictors Filter

Fs = 100; % Sampling frequency in Hz

Fpassl = 4; % Lower passband frequency in Hz

Fpass2 = 40; % Upper passband frequency in Hz

W= 2; % Filter order (you can adjust this value as needed)

% Normalize the frequencies
Wpassl = Fpassl / (Fs/2);
Wpass2 = Fpass2 / (Fs/2);

% Design the Butterworth bandpass filter
[b, a] = butter(N, [Wpassl, Wpass2], ‘bandpass');

%Filtering the data
filtered ArmbandData = filtfilt(b,a,ArmbandData);
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%% Filtered Data Plot
figure(2)

sgtitle("Filtered WG Armband Acceleroneter Data”);

set(gef, ‘Position’,get(@, 'Screensize'));

subplot(3,4,1);

plot(iltered ArmbandData(1:970,1), Color’, "Blue’); hold on
plot(filtered ArmbandData(1:970,2), " Color", "Red")
plot(Filtered ArmbandData(1:970,3), Color', ‘Green')
title("HHG Accelerometer 1')

xlabel('Tine (ns)")

ylabel("Accel. Signal (aV)')

ylim([-200,200]);

legend('X Accelerometer Signal','Y Accelerometer Signal','Z Accelerometer Signal'); hold off
subplot(3,4,2);

plot(filtered ArmbandData(1:970,4), Color', 'Blue’); hold on
plot(filtered ArmbandData(1:970,5), Color", 'Red’)
plot(filtered_ArmbandData(1:970,6), ' Color", "Green')
title('MG Accelerometer 2')

xlabel('Tine (ns)')

ylabel("Accel. Signal (aV)')

ylim([-200,200]);

hold off

subplot(3,4,3);

plot(filtered ArmbandData(1:970,7), Color’, "Blue’); hold on
plot(filtered ArmbandData(1:970,8), Color", 'Red’)
plot(filtered_ArmbandData(1:970,9), 'Color, "Green')
title("HHG Accelerometer 3')

xlabel('Tine (ns)")

ylabel("Accel. Signal (aV)')

ylin([-200,200]);

hold off
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Command Window

New to MATLAB? See resources for Getting Started.

ans =

"Predicted Torque = 45.8161 , Actual Torque = 42.9761"

ans =

"R"2 value =0.99525"

ans =

"p value = 0"




