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1. SCOPE
This document describes the test plan for verifying the design of the Dyspnea Real-Time Patient Feedback Device as described in DRPFD.01. It provides all necessary procedures for the validation test of the device. 
2. REASON FOR RE-ISSUE
	ISSUE
	
	REASON FOR RE-ISSUE

	1
	MR #DRPFD0001-TP
	This is the first time the plan has been issued


[bookmark: _heading=h.30j0zll]
3. INTRODUCTION
3.1. Description 
The following tests will be performed: 
	Test Case
	Direct Requirement 
	Test

	010 
	REQ0020, REQ0030, REQ0120, 
	Physical Measurements 

	020
	REQ0010, REQ0030, REQ0035, REQ0050, REQ0080, REQ0090, REQ0100, REQ110, REQ0130, REQ0140
REQ0160, REQ0170, REQ0180, REQ0190, REQ0195,  REQ0197, REQ0200, REQ0240, REQ0250, REQ0260, REQ0280, REQ0285, REQ290, REQ0300, REQ0310, REQ0315, REQ0320, REQ0340, REQ0350, REQ0360, REQ0370, REQ0380, REQ0390, REQ0400, REQ0430, REQ0440, REQ0450, REQ0460, REQ0470, REQ0480, REQ0290, REQ0300, REQ0310, REQ0340, REQ0350, REQ0360 REQ0370, REQ0380, REQ0400, REQ0430
	System Test



3.2. Strategy 
1. The DRPFD is a new product, all tests will be conducted. 
4. APPLICABLE DOCUMENTS
	This plan is based on requirements from DRPFD.01 Functional Requirements. 
5. DEFINITIONS 
· DRPFD: Dyspnea Real-Time Patient Feedback Device 
· RPB: Rate of Perceived Breathlessness
· RPU: Rate of Perceived Unpleasantness
· RPE: Rate of Perceived Exertion
6. SETUP
This testing requires the following units as a minimum: Patient Real-Time Feedback Device, Patient Feedback Computer Application, a desktop or laptop Windows computer with at least one USB port, a monitor with at least one HDMI port, and an exercise bicycle. 
7. EQUIPMENT RECORD
	The following test equipment, or equivalent, is needed to execute the tests in this plan: 
	Item 
	Test Case 
	Calibration Required? 
	Model Number / Product Name 

	Digital Caliper- significant digits to the thousandth (0.1) of a millimeter with a tare function. 
	Test Case 010
	Yes
	N/A

	Tape Measure
	Test Case 010
	No
	N/A

	Arduino R4 
	Test Case 020
	No
	Arduino R4 ESP32-S3

	DPFD Circuit (Figure 27)
	Test Case 020
	No
	N/A

	USB-C to USB-A Cable
	Test Case 020
	No
	N/A

	Computer with Arduino IDE Installed and Compatible with Windows Software
	Test Case 020
	No
	N/A

	 HDMI-USB Cable 
	Test Case 020
	No
	N/A

	Exercise Bicycle 
	Test Case 020
	No
	N/A

	Velcro Attachment Strips
	Test Case 020
	No
	N/A

	Digital Handheld Force Gauge 
	Test Case 020
	Yes
	N/A








8. TEST CASES 
8.1 [Test Case 010] “Physical Measurements”
Purpose: To verify that the dimensional measurements of the Dyspnea Patient Feedback System and corresponding components are within acceptable ranges.  

Specification: DRPFD.01 Section 5.1-3 [REQ0020, REQ0030, REQ0120] 

Equipment: 
1. Digital Caliper (mm and inch compatibility)
2.  Digital Angle Finder
3. Tape Measure (metric units)
Test Architecture: 

1

2



Figure 1: (1) Digital Caliper Diagram with Labels for Each Component, (2) Internal and External Jaws of Caliper[image: ]





 Figure 2: Tape measure
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Figure 3: Arduino Case Dimension Markers 
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Figure 4: Handlebar Dimension Markers
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Figure 5: AWG Electric Wire Dimension Marker

Test Procedure: 
To Measure Dimensions
1. Turn on the digital caliper. 
2. Press the mm/inch button and confirm the caliper is set to millimeters.
3. With the jaws completely closed, click the zero button on the caliper and wait for the display to read zero. 
4. For dimensions less than 150 mm, use the caliper to record each figure referenced dimension by either: 
a. Using the internal caliper jaws - internal dimensions, such as to measure radius. To measure radius using the caliper take the diameter with the instrument and divide the number recorded by two. 
b. Using the external caliper jaws - external dimensions, such as lengths and widths.
5. For dimensions exceeding 200mm, use the tape measure to record each figure-referenced dimension.
6. For all dimensions taken as described above, record them in the test results. 
Expected Results: 
Test passes if all of the following occurs: 
1. Measurements are within the specified tolerances as described in the Test Results Table of Test Case 010 Dimensional Measurements. 
Test Results: 
	Item 
	Expected Result
	Test Result 
	Pass/Fail 

	Arduino Case 
(Figure 3)
	(in mm)
A = 81
B = 100
C= 64
D = 4
E = 89
F = 108

Tolerance of ± 0.01
	A = 81
B = 100
C= 64
D = 4
E = 89
F = 108
	A = PASS
B = PASS
C= PASS
D = PASS
E = PASS
F = PASS

	Handlebar 
(Figure 4) 
	(in inches)
A = 4.59
B = 1.28
C = 1.20
D = 0.49
E = 0.43
Tolerance of ± 0.1
	A = 4.59
B = 1.28
C= 1.20
D = 0.49
E = 0.43
	A = PASS
B = PASS
C= PASS
D = PASS
E = PASS

	22 AWG Electric Wires 
(Figure 5)
	(in mm)
A = 774.7
Tolerance of ± 2
	A = 773.3
	A = PASS

	TECHFLEX Wire Covering 
(Figure 5)
	(in mm)
A = 774.7
Tolerance of ± 2
	A = 776.2
	A = PASS



[Test case 020 ] “Full System Test”
Purpose: To verify the proper assembly of the system, functionality, and integration of software for the Dyspnea Patient Feedback Device. 

Specification: DRPFD.01 Sections 5.1-7.2  [REQ0010, REQ0030, REQ0035, REQ0050, REQ0080, REQ0090, REQ0100, REQ110, REQ0130, REQ0140, REQ0160, REQ0170, REQ0180, REQ0190, REQ0195,  REQ0197, REQ0200, REQ0240, REQ0250, REQ0260, REQ0280, REQ0285, REQ290, REQ0300, REQ0310, REQ0315, REQ0320, REQ0340, REQ0350, REQ0360, REQ0370, REQ0380, REQ0390, REQ0400, REQ0430, REQ0440, REQ0450, REQ0460, REQ0470, REQ0480, REQ0290, REQ0300, REQ0310, REQ0340, REQ0350, REQ0360] 
 
Equipment: 
1. Dyspnea Real-Time Patient Feedback Device 
2. Handheld Digital Force Gauge
3. Desktop or laptop windows computer with the Patient Feedback Computer Application Installed
4. Exercise Bicycle 

Test Architecture: 
[image: ]
Figure 6: Schematic of Patient Feedback Device Assembly on Exercise Bike





Display Monitor
Lab PC
(USBC to USB Connection)
(HDMI Connection)


Figure 7: Overall Schematic of Patient Feedback Device


[image: ]
Figure 8: Schematic of Connection from Desktop Computer to Display Monitor 




Figure 9: Digital Handheld Force Gauge

Test Procedure: 
Confirmation of Physical Set-Up:
1. Take the velcro strap that comes pre-strung through the arduino case and fasten it around the base of the bike above the handlebars and below the bike screen (FIGURE 6). 
2. Examine the arduino case and velcro strap, the velcro must be securely fastened around the bike without slipping or loosening. Visual inspection should confirm that the velcro is tightly secured with no visible gaps or slack. Testers should record that there are no visible gaps or slack in test results (FIGURE 6). 
3. To further test the security of the case attachment to the bike: switch the digital force gauge to ON and calibrate the machine by hitting the ZERO button. Ensure the force is in NEWTONS on the display screen (FIGURE 9). 
4. Take the test hook (circled in FIGURE 9) and place it between the velcro strap and the bike. Slowly pull the force gauge until the screen reads 300 N (roughly 65% of the average force an adult male can pull) hold for 5 seconds. If the velcro strap remains in place with no visible gaps or slack, the test should record the test is passed in the test results. 
5. Take the GREEN handlebar attachment and slide it over the right handle bar. Then take the RED handle bar attachment and slide it over the left handle bar (note: the handle bars are built at a dimension so that they will fit snug to the bike handlebar, no additional materials are needed for attachment). When finished the set up should be as it is in FIGURE 6.  
6. Examine both the RED and GREEN handlebar attachments and ensure that there is no visible space between the attachment piece and the bike handle, meaning the handlebar attachments are snug (FIGURE 10). If no space is observed, record “NO SPACE” in the test results. 






Figure 10: Bike Handle Attachment. There should be no space where the two red circles are 

7. Examine the desktop computer that will be used and confirm that the HDMI-USB cable is plugged into the computer (the USB side), if the cable is plugged in record yes in the test results (FIGURE 8).
8. Examine the monitor and confirm that the HDMI-USB cable is connected to the monitor (HDMI side) in HDMI port 1 (any port could be used, but for the purpose of this document port 1 will be referenced), if connected the tester should record yes in the test results (FIGURE 8).
Full System Test:
1. Turn on the desktop computer (FIGURE 11).
[image: ]
Figure 11: Red circles depict power button location on both computer tower and monitor

2. Open Patient Feedback Computer Application by clicking on the Application shortcut icon on the desktop using the computer mouse (FIGURE 12).

Figure 12: Application shortcut icon [image: ]

3. Turn on the TV mounted on the rolling stand by pressing the power button on the remote and then press the Input button on the remote to set the input to HDMI 1 on the monitor (FIGURE 13).   
[image: ]
	Figure 13: Red Circles depict the power button(left) and input button(right) to turn on and change HDMI on TV.
		
4. Click on the bluetooth icon in the bottom right side of your desktop and select HC-05 to connect. If HC-05 says connected underneath, indicate yes in test results. If Arduino does not connect successfully via bluetooth proceed to step 5.  
[image: ]
                                       Figure 14: Red circle indicating bluetooth Icon on desktop
5. Connect the Arduino R4 to the Desktop computer via usb-c to usb cable. When connected, the green light on the Arduino R4 turns on indicating successful connection to the computer as it appears in FIGURE 15. If green light is on, indicate yes in the test results. 
[image: ]
       Figure 15: Arduino R4 Green LED on

6. Confirm that the desktop computer and TV are displaying the Dyspnea Patient Feedback Application before continuing, if the display is correct record yes in the test results. This screen should be as it appears in FIGURE 16, on both the TV and desktop computer.
[image: ]
Figure 16: Initialization of Patient Feedback Application seen on both Computer and TV display

7. Click on the “RPB” button using the desktop computer mouse and confirm the RPB scale description loads on the monitor (FIGURE 17).  If this occurs, record yes in the test results.
[image: ]
Figure 17: Computer and TV display showing RPB description after RPB button press 

8. Click on the RPU button using the desktop computer mouse and confirm the RPU scale description loads on the monitor (FIGURE 18).  If this occurs, record yes in the test results.
[image: ]
Figure 18: Computer and TV display showing RPU description after RPU button press 

9. Click on the RPE button using the desktop computer mouse and confirm the RPE scale description loads on the monitor (FIGURE 19).  If this occurs, record yes in the test results.
[image: ]
Figure 19: Computer and TV display showing RPE description after RPE button press 

10. Click on the clear button using the desktop computer mouse. Confirm the scale description clears. If this occurs, record yes in the test results.
[image: ]
Figure 20: Illustration of what screen looks like after pressing the clear button.

11. Click on the Timer button using the desktop computer mouse. Confirm the timer starts at the bottom of the screen. If this occurs, record yes in the test results.
[image: ]
Figure 21: Illustration of what the Timer should look like after clicking the Timer button. 

12. Click on the Start button using the desktop computer mouse. Confirm RPB scale loads on monitor with yellow highlight on 0 value (FIGURE 21).  If this occurs, record yes in the test results.
[image: ]
Figure 22: Computer and TV display upon Start button press 

13. Click the GREEN handlebar button 6 times (FIGURE 10). Confirm the RPB scale reading is 5. This is confirmed by seeing the yellow highlight in the corresponding row (FIGURE 23).  If this occurs, record yes in the test results.
[image: ]
Figure 23: Computer and TV display showing RPB on number 5

14. Click the RED handlebar button 3 times (FIGURE 10). Confirm the RPB scale reading is 2. This is confirmed by seeing the yellow highlight on the number (FIGURE 24).  If this occurs, record yes in the test results.
[image: ]
Figure 24: Computer and TV display showing RPB on number 2 

15. Press both the GREEN and RED handlebar buttons at the same time for 1 second to lock in the scale value of 2 (FIGURE 10). Confirm the number 2 is highlighted in green, this indicates the value has been locked in.  If this occurs, record yes in the test results.
16. After locking in the answer, confirm that the RPU scale automatically loads on the display (FIGURE 25).  If this occurs, record yes in the test results.
[image: ]
Figure 25: Computer and TV display showing RPU Scale 

17.  Click the GREEN handlebar button 6 times (FIGURE 10). Confirm the RPU scale reading is 5. This is confirmed by seeing the yellow highlight in the corresponding row (FIGURE 26).  If this occurs, record yes in the test results.
[image: ]
Figure 26: Computer and TV display showing RPU on number 5

18. Click the RED handlebar button 3 times (FIGURE 10). Confirm the RPU scale reading is 2. This is confirmed by seeing the yellow highlight in the corresponding row (FIGURE 27).  If this occurs, record yes in the test results.
[image: ]
Figure 27: Computer and TV display showing RPU on number 2

19. Press both the GREEN and RED handlebar buttons at the same time for 1 second to lock in the scale value of 2 (FIGURE 10).  Confirm the number 2 is highlighted in green on the display monitor, this indicates that the value has been locked in.  If this occurs, record yes in the test results.
20. After locking in the answer, confirm that the RPE scale automatically loads on the display. (FIGURE 28).  If this occurs, record yes in the test results.[image: ]
Figure 28: Computer and TV display showing RPE Scale

21.  Click the GREEN handlebar button 5 times (FIGURE 9). Confirm the RPE scale reading is 11. This is confirmed by seeing the yellow highlight in the corresponding row (FIGURE 29).  If this occurs, record yes in the test results.
[image: ]
Figure 29: Computer and TV display showing RPE Scale on number 11

22. Click the RED handlebar button down 3 times (FIGURE 9). Confirm the RPE scale reading is 8. This is confirmed by seeing the yellow highlight in the number cell (FIGURE 30).  If this occurs, record yes in the test results.
[image: ]
Figure 30: Computer and TV display showing RPE Scale on number 8
23. Press both the GREEN and RED handlebar buttons at the same time for 1 second to lock in the scale value of 9 (FIGURE 10). Confirm the number 9 is highlighted in green on the display monitor, this indicates that the value has been locked in.  If this occurs, record yes in the test results.
24. Using the mouse click on the save button (FIGURE 31).
[image: ]
Figure 31: Computer and TV display when save button is pressed

25. By clicking the “Cancel” button in the Excel application, view the full saved data on the Excel sheet. Confirm that the data matches the data that was entered (FIGURE 32)
[image: ]
Figure 32: Excel File with correctly saved data 

Test Results: 
	Item 
	Expected Result
	Test Result 
	Pass/Fail 

	There are no visible gaps or slack between the velcro strap and the exercise bike 
	NO SLACK OR GAPS FOUND 
	NO SLACK OR GAPS FOUND
	PASS

	There is no visible space between the GREEN handlebar attachment and the bike
	NO SPACE 
	NO SPACE 
	PASS

	There is no visible space between the RED handlebar attachment and the bike
	NO SPACE 
	NO SPACE 
	PASS

	Arduino connection to computer is successful when under devices in the bluetooth “HC-05” says “Connected”
	Yes
	No
	FAIL

	Arduino connection to computer is successful when the LED on Arduino board is green
	Yes 
	Yes 
	PASS

	Monitor and TV Displays Dyspnea Patient Feedback Application
	Yes
	Yes 
	PASS

	Green light visible indicating Arduino is on and connected 
	Yes 
	Yes 
	PASS

	RPB Button Loads Scale Instructions on Monitors 
	Yes 
	Yes 
	PASS

	RPU Button Loads Scale Instructions on Monitors
	Yes 
	Yes 
	PASS

	RPE Button Loads Scale Instructions on Monitors
	Yes 
	Yes 
	PASS

	Clear Button clears RPE Scale Instructions
	Yes
	Yes
	PASS

	Timer Button Loads Timer
	Yes
	Yes 
	PASS

	Start button Loads RPB Scale
	Yes
	Yes 
	PASS

	Green Handlebar Button Press 5 times Increases Scale Value by 5 (RPB Scale) 
	Yes
	Yes 
	PASS

	Red Handlebar Button Press 3 times Decreases Scale Value by 3 (RPB Scale)
	Yes
	Yes 
	PASS

	Pressing both the Red and Green Handlebar Buttons Lock In Value Indicated by Green Color Change Around  The Number Block. (RPB Scale)
	

Yes
	Yes 
	PASS

	After locking in Answer the RPU Scale automatically loads 
	Yes
	Yes 
	PASS

	Green Handlebar Button Press 5 times Increases Scale Value by 5 (RPU Scale)
	Yes
	Yes 
	PASS

	Red Handlebar Button Press 3 times Decreases Scale Value by 3 (RPU Scale) 
	Yes
	Yes 
	PASS

	Pressing both the Red and Green handlebar Buttons Lock In Value Indicated by Green Color Change Around  The Number block. (RPU Scale)
	Yes
	Yes 
	PASS

	After locking in Answer the RPE Scale automatically loads 
	Yes
	Yes 
	PASS

	Green Handlebar Button Press for 5 seconds Increases Scale Value by 5 (RPE Scale)
	Yes
	Yes 
	PASS

	Red Handlebar Button Press 3 times Decreases Scale Value by 2 (RPE Scale)
	Yes
	Yes 
	PASS

	Pressing both the Red and Green handlebar Buttons Lock In Value Indicated by Green Color Change Around  The Number block. (RPE Scale)
	Yes
	Yes 
	PASS

	After pressing “Save” button data successfully populates to Excel file
	Yes
	Yes 
	PASS

	Saved data in Excel file confirmed as the locked in values for the RPB, RPU, & RPE scales
	Yes
	Yes 
	PASS




9. ATTACHMENTS 	
Cover Sheet for QUALITY RECORDS 
	Test Plan Name 
	DRPFD0001-TP

	Test Engineer
	Dyspnea Real-Time Patient Feedback Device team

	Test Date 
	

	Version 
	(HW)                                  (SW)

	System Name 
	Dyspnea Patient Feedback Device

	Test Covered 
	010, 020

	MRs Written? 
	(Y)                                      (N)

	Data Attached? 
	(Y)                                     (N)

	Old Results Appended? 
	(Y)                                     (N)

	Record Type 
	System Test Results 

	Date Filed 
	

	Storage Location (Room #)
	

	Approval Signature(s)
	



TEST STATUS 
	Test case 
	Test passed? 
	If test failed:
MR#
	If test failed & MR not entered:
Reason 
	Comment 

	010
	PASS
	
	
	N/A

	020
	PASS
	
	
	N/A
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Breathlessness Scale Instructions

The purpose of this test is to see how your breathing feels during exercise. There are no right or wrong answers. The
scale simply asks you to tell us how hard it is to breathe - from nothing at all, to the hardest imaginable. The number 0

represents no breathlessness. The number 10 represents the strongest or greatest breathlessness that you have ever
experienced.

Each minute during the exercise test you will be asked to use the buttons to navigate to a number which represents
your perceived level of breathlessness at the time. Pressing/holding the button on the right will interval up the scale.
Pressing/holding the button on the left will interval down the scale. Holding both buttons simultaneously will lock in
the selected rating on the scale. During the exercise test you may have an even stronger or greater intensity of
breathlessness than you have previously experienced. You should then navigate to the word “maximal” if the severity is
greater than 10. You can tell us this number after the mouthpiece has been removed.

The pictures below show how your breathing might feel, from no difficulty at all, to the most difficulty you can imagine.
You might feel this difficulty breathing in your chest or your throat.

0: Nothing at all 3: Moderate 10: Maximal
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Unpleasantness Scale Instructions

Unpleasantness expresses the affective evaluation of the sensation regardless of whether the intensity is high or low.
Unpleasantness describes how much you effectively dislike something or feel terrified by it. A low unpleasantness indicates
that the perceived breathlessness does not feel bad. A high unpleasantness signifies that the breathlessness feels very bad
or terrifying regardless of whether the intensity of the sensation is high or low.

During the exercise test you will be asked to navigate to a number which represents your perceived level of the
unpleasantness of breathlessness at the time. Presssing/holding the button on the right will interval up the scale.
Pressing/holding the button on the left will interval down the scale. Holding both buttons simultaneously will lock in the
selected rating on the scale.

The picture below shows how your unpleasantness might feel, from not unpleasant to maximum imaginable unpleasantness.

10: Maximum

imaginable
0: Not unpleasant &

unpleasantness

@) (@) (o9) (39 (%) (4
) \Z) (=) (=) (5) X
0 2 4 6 8 10
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Exertion Scale Instructions

During the graded exercise test we want you to pay close attention to how hard the work rate is for you. The feeling should
be your total amount of exertion and fatigue, combining all sensations and feelings of physical stress, effort, and fatigue.
Don’t concern yourself with any one factor such as leg pain, shortness of breath or exercise intensity, but try to concentrate
on your total, inner feeling of exertion. Don’t underestimate or overestimate, just be as accurate as possible.

You will be asked to navigate to a number which represents your perceived level of exertion at the time. Pressing/holding
the button on the right will interval up the scale. Pressing/holding the button on the left will interval down the scale.
Holding both buttons simultaneously will lock in the selected rating on the scale.

The picture below shows how your exertion might feel, from very, very light to very, very hard.
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Rate your breathing:
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0.5 Very, very weak (Just Noticeable)
1 Very Weak
2 Weak (Light)

3 Moderate
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Rate unpleasantness of your breathing:

- 0 NotUnpleasant |
0.5 Very, very weak (Just Noticeable)
1 Very Weak Unpleasantness
2 Weak (Light) Unpleasantness
3 Moderate Unpleasantness
4 Somewhat Strong Unpleasantness
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9
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Rate unpleasantness of your breathing:
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Rate unpleasantness of your breathing:
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