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Currently, clinical simulators (full-body, robotic electromechanical devices) rely on computer-based input through a laptop computer. The computer interface is a complex series of screen-based inputs that are typically handled through keystrokes and the use of a mouse.  This project seeks to make the control of the simulators more efficient and accurate by redesigning the control interface.
[bookmark: _Toc229020435]Objectives
Goals
· Design a new control interface to more efficiently manipulate medical simulator values
· Communicate value changes with existing simulator software and hardware
· Display currently simulator values to user
Benefits
· More efficient control of simulator values for quicker situational response
· Allows operator to focus on simulation instead of controls
· Provides easy visual access to current simulation values
Features
· Heads up display for more ergonomic visual display of simulation values
· USB communication with existing computer hardware
· Rotary dial to sweep parameters
· Hardware buttons with tactile feedback for simulation and mode control
· New adjusted value submit button with time delay option
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Figure 1: Top Level Block Diagram
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Figure 2: Display Module Block Diagram
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Figure 3: Power Module Block Diagram
[bookmark: _Toc229020438]Block Descriptions
[bookmark: _Toc229020439]Power Module
This module distributes wall outlet power to all components and provides voltage conversion, regulation and protection.
Power Supply
Draws power from the wall outlet and converts 120VAC to 12VDC.
Voltage Converter
Converts the 12VDC from the power supply to 5VDC and 3.3VDC.
[bookmark: _Toc229020440]Input Module
This module will handle user input. Module consists of hardware input components such as buttons, rotary switches, and encoders, and also the input controller.
Hardware User Interface
The hardware user interface will consist of: buttons that will be used to interact with the GUI, a rotary dial encoder that will be used to make sweeping changes, and a rotary switch to select the submission delay. In order to cut down on traces as well as allow for more flexible design and maintenance, all hardware components will be modular. Each hardware component will have its own PCB which will then be secured onto the housing.
All hardware components will be connected to the GPIO ports of the Input Controller Arduino.
Input Controller
The Arduino input controller polls all hardware components for changes in values and communicates the changes to the application controller. This is to offload the polling cycles from the Raspberry Pi application controller and also to provide a voltage protection buffer from the Raspberry Pi. 
The Arduino will communicate changes in hardware state with the Raspberry Pi through USB. 
[image: ]
Figure 4: Input Controller Software Flowchart
[bookmark: _Toc229020441]Display Module
This module will display the values from the Laerdal software as well as show the graphical user interface that will be used in conjunction with the hardware input interface.
HDMI Splitter
The splitter will take the display from the Raspberry Pi and generate two identical HDMI display data for the heads up display (HUD) and the console display.
HDMI to Low Voltage Differential Signaling (LVDS) Converter
Takes HDMI display data from the Raspberry Pi and converts that to LVDS standard readable by the LCD displays. 
LCD Displays
The LCD displays (HUD and console display) will display the graphical user interface. Takes in LVDS standard data.

[bookmark: _Toc229020442]Control Module
This module is the brain of the system controlling communication with simulation computer, output to display module, and input from hardware interface.
Application Microcontroller
The Raspberry Pi is the application microcontroller that will perform the main controls for the entire system. There will be three main tasks for this microcontroller: getting current simulation values from the Laerdal simulation, receiving inputs state changes from the input controller, and finally updating the graphical user interface on the displays.
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Figure 5: Application Controller Software Flowchart
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Figure 6: Graphical User Interface Screenshot
USB Interface
Converts the FTDI UART signal from the Raspberry Pi into a USB signal readable by the simulation PC. The PC will have the FTDI driver installed to allow for communication to the Raspberry Pi.
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Figure 7: Power Supply Schematic
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Figure 8: Rotary Switch Schematic

[image: ]
Figure 9: Encoder Schematic
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Figure 10: Button Schematic
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Figure 11: USB Interface Schematic[1] 
[bookmark: _Toc229020444]Simulations and Calculations
[bookmark: _Toc229020445]Power Dissipation
	
	Powermax (W)
	Quantity
	Power Consumption (W)

	Arduino
	6 W
	1
	6 

	Raspberry Pi
	6 W
	1
	6

	Display
	3.33 W
	2
	6.66

	HDMI-LVDS Converter
	257.4 mW
	2
	.5148

	HDMI Repeater
	550 mW
	1
	.550

	Encoder Board
	143 mW
	1
	.143

	Push Button Board
	219 mW
	12
	2.628

	Rotary Switch Board
	110 mW
	1
	.110

	
	
	Totalmax:
	20.2406 watts


[bookmark: _Toc229020446]Rotary Switch Voltage Divider
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Figure 12: Rotary Switch Simulation Schematic
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Figure 13: Rotary Dial Resistor Network Simulation Result
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The resulting performance of this device passes all requirements listed in Appendix 7.1 of this report. All requirements now pass complete functionality, verified by the end-product on the device graphical user interface (GUI). The GUI reflects all desired changes made with hardware buttons and rotary devices and the device effectively communicates with the PC-side Laerdal software, this realization verifies all above requirements including: power, input, display, and control.  Furthermore, it can be reasonably shown that both outputs on the display splitting output identical displays as these components were all purchased off-the-shelf.
[bookmark: _Toc229020449]Tolerance Analysis Results
The power supplied to the components in our system is critical especially when the power is used for input and output levels. Specifically, the input interface must be provided 5 volts even at maximum current draw with a tolerance of about 0.25 volts. This is especially important for the rotary switch since we will be using discrete voltage levels for the 5 states of the rotary switch. If the power supplied fluctuates too much, the analog signal can be misinterpreted. A tolerance of 0.25 volts is acceptable because even if the max voltage is at 4.75 volts, the resistor network would output discrete steps of 4.75, 3.8, 2.85, 1.9, and 0.95 volts. If we give each analog reading a range of 1.0 volts, this won't cause any problems. The voltage supplied was monitored by attaching a multimeter probe and ensuring that the voltage supplied doesn’t drop below 4.75 volts and doesn’t go above 5.25 volts even when the system is fully running.  Furthermore, the voltage at each discrete level was further verified in the rotary switch application of the five volts.
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[bookmark: _Toc229020452]Labor Cost
	Member
	$/hour
	# of weeks
	Hours/week
	Total hours
	Subtotal
	(x2.5)

	Thomas Shiou
	$35
	12
	20
	240
	$8,400
	$21,000

	Nick Cialdella
	$35
	12
	20
	240
	$8,400
	$21,000

	
	
	
	
	480
	$42,000


[bookmark: _Toc229020453]Materials Cost
	Item
	Part Number
	Unit Price
	Quantity
	Total Cost

	10.1” LCD Screen
	776-MGG1010AU12
	$100.99
	2
	$201.98

	Rotary Encoder
	COM-10982
	$3.95
	1
	$3.95

	Black Metal Knob
	COM-10002
	$1.50
	1
	$1.50

	Rotary Switch
	MA05L1NCQD
	$11.68
	1
	$11.68

	Raspberry Pi
	RASPBRRY-MODB-512M
	$35.00
	1
	$35.00

	SD Card
	MMBTF04GWBCA-QME00
	$10.28
	1
	$10.28

	Arduino Uno
	DEV-11021
	$29.95
	1
	$29.95

	12V 6A AC/DC Power Supply
	AD-LCD12
	$13.99
	1
	$13.99

	HDMI 1x2 Repeater / Splitter
	HD-102
	$22.19
	1
	$22.19

	HDMI-LVDS Converter
	TFL401A
	$34.99
	2
	$69.98

	Illuminated Switch Push Button
	LP16OA1BSTWG
	$7.52
	12
	$90.24

	5V DC/DC Regulator
	102-2188-ND
	$10.84
	1
	$10.84

	3.3 DC/DC Regulator
	102-2187-ND
	$10.84
	1
	$10.84

	Micro USB Cable – 6’
	RTL-10767
	$5.95
	1
	$5.95

	22µF Capacitor
	445-7388-1-ND
	$1.82
	2
	$3.64

	10uF Capacitor
	445-3946-1-ND
	$0.62
	2
	$1.24

	Standoffs
	PRT-10739
	$2.95
	6
	$17.70

	Housing Chassis
	AC-415
	$21.39
	1
	$21.39

	Housing Bottom Plate
	BPA-1597
	$16.65
	1
	$16.65

	
	
	
	
	$578.99


[bookmark: _Toc229020454]Total Costs
	Labor Cost
	$42,000.00

	Materials Cost
	$578.99

	
	$42,578.99
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[bookmark: _Toc229020456]Accomplishments
The development of this project was extremely successful. The final product, being that it fulfills all requirements, displays an entire working concept fitting Jump Trading’s needs. The device can be fully used with the generic Laerdal software and can easily be adapted to customizations required on a simulation by simulation basis.
Throughout the entire development of this device, both parties gained invaluable experience with developing personalized software and the corresponding hardware to make a functioning device. Furthermore, fully supporting all custom software with customized printed circuit boards allowed the device to cater to every need and be entirely modular moving forward with designs.
It should also be noted, that the device is a proof of concept for any control interface and, with the way it was designed, can be relatively easily adapted for a completely new purpose (e.g. remotely controlling mucus or fluid secretions during a simulation). The only necessary changes would be within the software and how it responds to the inputs the user gives onto the device – making the device an entirely generic control console.
[bookmark: _Toc229020457]Uncertainties
The real major source of uncertainty is our modular design of PCBs that resulted in using lots of connectors and wires instead of create one or fewer PCBs and relying on traces. This means that our project will need to be serviced pretty frequently whenever a contact becomes loose. This has been a headache for us and will be a large source of problems in the future if this system gets actual use on the field.
Another source of uncertainty has been the processing power of the Raspberry Pi.  The Raspberry Pi Model B has a 700MHz ARM processor that I have some doubts keeps up well with all the communication and GUI tasks it performs. The only result of this is a noticeable lag between input interaction and GUI feedback.  If our system’s functionality was to ever expand to suggested features such as video feed, and additional simulation control, I think the Raspberry Pi’s processing power would start to become more of a problem. 
[bookmark: _Toc229020458]Future Work
In consideration of the next steps of this project, additional work on schematics in terms of increasing quality would be desirable. Noting that, adding fuses to power schematics for further safety consideration and slow-starting or delayed power-up circuitry would add additional cost to the system, but allow the device to protect internal components as well as ensure all microcontrollers and circuitry are powered on correctly. Furthermore, with the concrete knowledge of the button placement, quantity, and sizing translating all current printed circuit boards into one large board would be highly desired to avoid interconnect circuitry and wiring. This development would not require extensive additional resources and would greatly enhance the reliability of connections and stability of performance of the device.
	One of the major areas of improvement for software is the PC-side development of the interface between our system and the existing Laerdal software. Right now by using the Laerdal SDK, essentially a custom application was created to interface with our system. Ideally, however, our system would operate under operation system-level driver code so that any Laerdal software could potentially be controlled using our system, and not custom simulation software. A result of this custom software is that our system will not work with the simulation GUI that Jump Trading currently uses. 
[bookmark: _Toc229020459]Ethical Considerations
We commit ourselves to the entire Code of Ethics as listed by the Institute of Electrical and Electronics Engineers (IEEE) Policies, Section 7 - Professional Activities (Part A - IEEE Policies). Specifically:
1. We accept responsibility in making decisions consistent with the safety, health, and welfare of the public, and to disclose promptly factors that might endanger the public or the environment
· Our project will be used to train future healthcare professionals so it is imperative that our product operates accurately. Each simulation will be pre-planned according to a curriculum for a lesson to teach the students. Our product must accurately respond and reflect the curriculum for the day and not generate inaccurate responses to the technicians because the students in the simulation would not be taught the intended lesson. This could have far-reaching consequences if the students provide healthcare to people in the future. 
6. We maintain and improve our technical competence and to undertake technological tasks for others only if qualified by training or experience, or after full disclosure of pertinent limitations
· We will communicate to Jump Trading of any portion of the project that we don’t think we are fully qualified to complete. Our attitude will be that we want to create a product that we would feel comfortable with our own healthcare providers to learn from. If there are components in software or hardware that we cannot complete in a way that wouldn’t compromise the effectiveness of the project then Jump Trading will be notified.  
7. We seek, accept, and offer honest criticism of technical work, to acknowledge and correct errors, and to credit properly the contributions of others
We seek criticism from our peers, our instructors, and Jump Trading faculty. Although not all suggestions will be applied, we will take in to honest consideration any criticism or suggestion that others provide to us. Credit for the recognition of the problem goes to Jump Trading and any ideas we use that come from others will be properly credited in our documentation.
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	Requirements
	Verification

	AC Adapter:
1. Supplies 12±.25 V to power distribution board
A. AC adapter is correctly plugged into wall outlet

B. Voltage is 12V on DC input pins of board

C. Voltage is within 250mV of 12V


Power Distribution Board:
1. Power switch puts 12±.5 V on 12V bus

A. Power switch contact resistance does not exceed 150mΩ


B. Power switch input pole has 12V supplied
C. Power switch output pole has 12V provided


2. 5V Regulator outputs 5±.25 V

A. Regulator input voltage is 12V from bus

B. Regulator primary signal ground and ground supply nodes connect to board ground
C. Regulator power output is pulled up to output voltage
D. Input capacitors are properly connected


E. Output capacitors are properly connected



3. 3.3V Regulator outputs 3.3±.25 V

A. Regulator input voltage is 12V from bus

B. Regulator primary signal ground and ground supply nodes connect to board ground
C. Regulator power output is pulled up to output voltage
D. Input capacitors are properly connected


E. Output capacitors are properly connected



	AC Adapter:
1. Probe voltage on board for 12V using oscilloscope
A. Check that AC adapter is correctly plugged into wall outlet and cord terminates into adapter
B. Use probe contacts of multi-meter to check DC input pins on board for 12V
C. Probe DC input pins on board and check that voltage is within 250mV of 12V
Power Distribution Board:
1. Probe voltage on 12V bus for 12V using multi-meter
A. Close power switch without DC input connected and measure resistance across switch with multi-meter to check that it does not exceed 150mΩ
B. Check voltage at power switch input for 12±.5V using multi-meter
C. Close power switch with DC input connected and check voltage at power switch output for 12V using multi-meter

2. Probe output voltage of regulator for within 250mV of 5V on oscilloscope
A. Check pin 1 for 12V from 12V bus using multi-meter
B. Check pin 2 for continuity between pin and ground nodes using multi-meter

C. Check pin 3 for continuity to the 5±.25V output voltage using multi-meter
D. Check continuity of input capacitor with 12V bus and ground according to schematic using multi-meter
E. Check continuity of output capacitor with 5V output voltage and ground according to schematic using multi-meter

3. Probe output voltage of regulator for within 250mV of 3.3V on oscilloscope
A. Check pin 1 for 12V from 12V bus using multi-meter
B. Check pin 2 for continuity between pin and ground nodes using multi-meter

C. Check pin 3 for continuity to the 3.3±.25V output voltage using multi-meter
D. Check continuity of input capacitor with 12V bus and ground according to schematic using multi-meter
E. Check continuity of output capacitor with 3.3V output voltage and ground according to schematic using multi-meter




[bookmark: _Toc229020464]Input Module
	Requirements
	Verification

	Parameter Pushbutton:
1. Button press sends digital-high logic signal to output

A. Input voltage to pushbutton is always 3.3 ±.25 V

B. Button press closes switch between input and output pins

C. Output pin of pushbutton is connected to output resistor on board


2. Button release sends digital-low logic signal to output

A. Button low-side input pin is always grounded

B. Button low-side input and output pins are always connected


C. High impedance pull-down resistor is connected push button output



3. Button LED is of mild brightness and always on

A. LED input is always 3.3±.25 V


B. LED is properly connected to ground through resistor



Encoder:
1. Encoder outputs gray code on rotation according to datasheet


A. There are four possible states when rotating encoder[A1 A0]: [GND GND], [GND VCC], [VCC GND], and [VCC VCC]

B. Common pin of encoder is always grounded

C. Gray code progression is identical to datasheet quoted progression


2. Encoder LED is of mild brightness and always on

A. LED input is always 3.3±.25V


B. LED is properly connected to ground through resistor


Rotary Switch:
1. Each of 5 positions output discrete voltage levels with margins no smaller than 1V



A. Each of 5 switch positions are at discrete voltage levels (about 1.25V per division)

B. Rotating rotary switch switches the output to correct position


Arduino:
1. Arduino microcontroller is powered


2. Digital inputs are correctly received from the hardware and sends received input to raspberry pi
A. Hardware is securely terminated to digital input ports

B. Voltages above 250mV are received as a digital-high signal

C. Raspberry pi user interface reflects changes in Arduino digital inputs



3. Analog inputs are correctly received from hardware and sends received input to raspberry pi
A. Hardware is securely terminated to analog input ports

B. Floating analog input from encoder hardware is taken as high signal

C. Inputs from rotary switch are voltage sensed
D. Raspberry pi user interface reflects changes in Arduino analog inputs
	Parameter Pushbutton:
1. Probe output pin of parameter pushbutton PCB using multi-meter while pressing button to check voltage above 250mV
A. Probe pushbutton input pin for 3.3±.25V using multi-meter while button is and is not pressed
B. Check continuity of input and output pins of pushbutton switch using multi-meter while pressing button
C. Check continuity of pushbutton output pin and output resistor using multi-meter

2. Probe output pin of parameter pushbutton PCB using multi-meter after releasing button press to check voltage is below 250mV
A. Check that pushbutton low-side input pin (4) is grounded using multi-meter while button is and is not pressed
B. Check continuity of low-side input and output pins (4 and 3 respectively) using multi-meter while button is and is not pressed
C. Measure resistance between low-side output pin (3) and high-side output pin (2) to be in accordance with schematic (10kΩ)

3. Visually check LED for constant output while button is and is not pressed
A. Probe voltage input to LED pin (x) is 3.3±.25V while button is and is not pressed using multi-meter
B. Check continuity of LED resistor between output LED pin (y) and ground while button is and is not pressed using multi-meter

Encoder:
1. Probe the two output pins using oscilloscope in pull-up mode and rotate encoder both clockwise and counterclockwise matching with expected output according to datasheet
A. Check continuity of four possible states while rotating encoder between both the output pins (A and B) and common pin (C) using two multi-meters
B. Check continuity of common pin to ground while rotating and not rotating the encoder using multi-meter
C. Check outputs using oscilloscope to determine correct progression of gray code in accordance with the datasheet

2. Visually check LED for constant output while button is and is not pressed
A. Probe voltage input to LED pin (x) is 3.3±.25V while button is and is not pressed using multi-meter
B. Check continuity of LED resistor between output LED pin (y) and ground while button is and is not pressed using multi-meter

Rotary Switch:
1. Probe switch output in each position using multi-meter, recording voltages of each position. Calculate voltage differences between all adjacent switch positions ensuring no difference is less than 1V
A. Probe voltages at all switch position inputs for discrete voltage levels using multi-meter
B. Check continuity between switch position input and switch output in all five switch positions using multi-meter

Arduino:
1. Probe Arduino power using multi-meter and visually check LED indicator

2. Check continuity to digital inputs from correct hardware and sends input value changes to raspberry pi
A. Probe continuity between digital inputs and hardware for each digital input using multi-meter
B. Verify the digital-high voltage threshold is set to greater than 250mV in Arduino programming
C. Verify the receipt of input changes when the Arduino digital inputs receive a change from hardware in the raspberry pi user interface

3. Check continuity to analog inputs from correct hardware and sends input value changes to raspberry pi 
A. Probe continuity between analog inputs and hardware for each analog input using multi-meter
B. Verify the encoder inputs are in pull-up mode in Arduino programming
C. Verify the rotary switch inputs are sensing the direct input voltage in Arduino programming
D. Verify the receipt of input changes when the Arduino analog inputs receive a change from hardware in the raspberry pi user interface



[bookmark: _Toc229020465]Display Module
	Requirements
	Verification

	LCD Screen:
1. All pixels should be operating 



2. LCD Screen should be provided 12±.25V


HDMI-LVDS Converter:
3. LVDS display should be set at 1280x800 resolution





4. LVDS is outputting display data that has color depth of 24 bits



5. LVDS signal should match equivalent HDMI signal




HDMI Splitter:
6. HDMI repeater is supplied 5±.25V


7. HDMI signal is being repeated identically


A. Vcc of HDMI pin out should be at 5±.25 volts

B. Both HDMI clocks should be in sync



C. Pin 1- 9 should be identical between both HDMI outputs


	LCD Screen:
1. Screen will be sent data that consists of only red pixels, then green pixels, then blue pixels, and then white pixels. At each test, the screen will be visually inspected for any dead pixels 
2. Measure pin1 of CON4 contacts to the LCD screen with a multimeter against ground (pin 6) and ensure 12±.25 volts is provided.
HDMI-LVDS Converter:
3. Ensure that Raspberry Pi is connected to HDMI-LVDS converter and run script “boot.scr” in boot partition. Look for source file boot.txt and observe the value of parameter “video_mode=”. The EDID information from the EEPROM memory on the PIC chip should provide this information. 
4. Confirm that each channel is outputting 8-bit of color information by connecting a logic analyzer to RX0, RX1, and RX2 pixel data on the LVDS CON3 contacts (pin 8, 10, and 12 respectively). 
5. Connect HDMI signal to a monitor and observe the screen. Using the HDMI repeater, connect an identical HDMI signal to the HDMI-LVDS converter with the LCD screen attached. Compare screens and ensure similar images. 

HDMI Splitter:
6. Use a multimeter to measure the voltage supplied to the HDMI splitter against ground and check that 5±.25V is supplied
7. Monitor the pinout of the HDMI using a logic analyzer and oscilloscope and compare both HDMI outputs and check for identical signals
A. Measure voltage of HDMI pin 18 against ground (pin 17) and confirm 5±.25 volts reading
B. Connect oscilloscope to pin 10 on each HDMI output and measure against ground (pin 17) and ensure clocks are at same cycle time. Repeat for pin 12.
C. Hook up oscilloscope to each pin 1-9 on both HDMI outputs and compare signals on the oscilloscope against ground (pin 17). Confirm identical signals
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	Requirements
	Verification

	USB Interface:
1. Interface provided 5±.25 volts from USB port


2. Interface outputs a maximum of 3.3 volts through the UART TX pin (JP1 pin 4)
3. Correctly converts USB to UART





4. UART is using baud rate 115200 bps



5. Correctly converts UART to USB





Microcontroller:
6. Sends correct display data to HDMI port




7. Sends correct data through UART to USB interface




8. Reads data through UART





9. UART is operating at 115200 bps baud rate





10. Communicate with Input Controller over USB


	USB Interface:
1. Using a multimeter, measure the voltage coming from the USB connection, check this against Vcc pin 20 on the FT232RL chip.
2. Measure the power pin (3) on the JP1 6-pin header on the interface.
3. Send the string "TEST" using ASCII characters from the PC using PuTTY, ensuring correct COM port is selected and use a logic analyzer on the TX pins from the interface and look for the ASCII values of the string "TEST" is sent correctly.
4. Send the string "TEST" from the PC using PuTTY and using a logic analyzer observe what the baud rate of the data is being sent at from the TX line
5. Send the string "TEST" using ASCII characters from the Raspberry Pi over the UART pins and use logic analyzer on the USB D- and D+ and look for the ASCII values of the string "TEST" in the data packets

Microcontroller:
6. Create separate screens each with only red, blue, green, white, then black pixels and hook up the HDMI out to a TV or monitor that we know works and observe for any inconsistencies. 
7. Send the string “TEST” using a simple python script with imported library “serial” and using function serialport.write(“TEST”). Connect logic analyzer with UART protocol to the UART_TXD GPIO pin 14 and ensure string “TEST” is sent correctly. 
8. Using PuTTY, send the string “TEST” over USB making sure the correct COM port is used. Then on the Raspberry Pi, using the serial read function in the serial library, read the message stream and confirm that the string “TEST” is received
9. Look at /boot/cmdline.txt and ensure parameter “kgdboc” is set at 115200. Now using a logic analyzer on UART_TXD GPIO pin 14 send string “TEST” over UART and ensure that baud rate is at 115200 by looking at the signal
10. Send test string “TEST” using python serial library and ensure that arduino receives the message by blinking the on-board LED if the string “TEST” is received.




[bookmark: _Toc229020467]Appendix B: Input Controller Code
1. // Digital Pin Assignments  
2. #define RX_PIN       0  
3. #define TX_PIN       1  
4. #define ENCODERA_PIN 2 // Interrupt 1  
5. #define ENCODERB_PIN 3 // Interrupt 0  
6. #define CANCEL_PIN   4  
7. #define HR_PIN       5  
8. #define AWRR_PIN     6  
9. #define SP02_PIN     7  
10. #define BPDYST_PIN   8  
11. #define BPSYST_PIN   9  
12. #define TREND1_PIN   10  
13. #define TREND2_PIN   11  
14. #define TREND3_PIN   12  
15. #define LED_PIN      13 // Not used  
16. #define TREND4_PIN   14 //A0  
17. #define TREND5_PIN   15 //A1  
18. #define TREND6_PIN   16 //A2  
19. #define PLAYPAUSE_PIN 17 //A3  
20. #define SUBMIT_PIN    18 //A4  
21.   
22. // Analog Pin Assignments  
23. #define DELAY_PIN     5 //A5  
24.   
25. #define ROTARY_DEBOUNCE_DELAY  50  
26. #define PP_DEBOUNCE_DELAY      75  
27.   
28. // Debugging  
29. boolean RotaryEnable = true;  
30. boolean EncoderEnable = true;  
31. boolean ButtonEnable = true;  
32.   
33. // Global  
34. boolean changestate = false;  
35. unsigned int changeParam = 0;  
36. boolean paused = false;  
37. boolean signalSent = false;  
38. long lastPPDebounceTime = 0;  
39. int playpauseReading = 0;  
40. int playpauseState = LOW;  
41. int playpausePrevState = LOW;  
42. boolean playpauseSent = false;  
43.   
44. // Analog values  
45. int delayReadValue = 0;  
46. int delayValue = 0;  
47. int delayValuePrev = 0;  
48. int delayValueCurr = 0;  
49. long lastRotaryDebounce = 0;  
50.   
51. // Encoder Debouncing  
52. volatile unsigned int encoderValue = 0;  
53. unsigned int lastReportedEncValue = 1;  
54. static boolean rotating = false;  
55. boolean A_set = false;  
56. boolean B_set = false;  
57.   
58. char serialIN[10];  
59.   
60. // Inital Setup  
61. void setup()  
62. {  
63.   //pinMode(LED_PIN, OUTPUT);  
64.     
65.   pinMode(CANCEL_PIN, INPUT);  
66.   //digitalWrite(CANCEL_PIN, LOW);  
67.   pinMode(HR_PIN, INPUT);  
68.   //digitalWrite(HR_PIN, LOW);  
69.   pinMode(AWRR_PIN, INPUT);  
70.   //digitalWrite(AWRR_PIN, LOW);  
71.   pinMode(SP02_PIN, INPUT);  
72.   //digitalWrite(SP02_PIN, LOW);  
73.   pinMode(BPDYST_PIN, INPUT);  
74.   //digitalWrite(BPDYST_PIN, LOW);  
75.   pinMode(BPSYST_PIN, INPUT);  
76.   //digitalWrite(BPSYST_PIN, LOW);  
77.   pinMode(TREND1_PIN, INPUT);  
78.   //digitalWrite(TREND1_PIN, LOW);  
79.   pinMode(TREND2_PIN, INPUT);  
80.   //digitalWrite(TREND2_PIN, LOW);  
81.   //pinMode(TREND3_PIN, INPUT);  
82.   //digitalWrite(TREND3_PIN, LOW);  
83.   pinMode(TREND4_PIN, INPUT);  
84.  // digitalWrite(TREND4_PIN, LOW);  
85.   pinMode(TREND5_PIN, INPUT);  
86.   //digitalWrite(TREND5_PIN, LOW);  
87.   pinMode(TREND6_PIN, INPUT);  
88.   //digitalWrite(TREND6_PIN, LOW);  
89.   pinMode(PLAYPAUSE_PIN, INPUT);  
90.   digitalWrite(PLAYPAUSE_PIN, LOW);  
91.   pinMode(SUBMIT_PIN, INPUT);  
92.   digitalWrite(SUBMIT_PIN, LOW);  
93.     
94.   pinMode(ENCODERA_PIN, INPUT);  
95.   digitalWrite(ENCODERA_PIN, HIGH);  
96.   pinMode(ENCODERB_PIN, INPUT);  
97.   digitalWrite(ENCODERB_PIN, HIGH);  
98.   attachInterrupt(0, doEncoderA, CHANGE); // interrupt 0 = pin 2  
99.   attachInterrupt(1, doEncoderB, CHANGE); // interrupt 1 = pin 3  
100.     
101.   if(RotaryEnable)  
102.     analogReference(EXTERNAL);  
103.     
104.   Serial.begin(9600);  
105. }  
106.   
107. // Main Loop  
108. void loop()  
109. {   
110.   // Change state LED light  
111.   //digitalWrite(LED_PIN, changestate);  
112.   digitalWrite(LED_PIN, digitalRead(ENCODERA_PIN));  
113.   // Encoder  
114.   rotating = true;  // reset the debouncer  
115.   
116.   if ( lastReportedEncValue != encoderValue ) {  
117.     Serial.print("Update:");  
118.     Serial.println(encoderValue);  
119.     lastReportedEncValue = encoderValue;  
120.   }  
121.     
122.   // Rotary  
123.   delayReadValue = analogRead(DELAY_PIN);  
124.     
125.   if( delayReadValue > 900 )  
126.     delayValue = 0;  
127.   else if( delayReadValue > 600 )  
128.     delayValue = 10;  
129.   else if( delayReadValue > 300 )  
130.     delayValue = 20;  
131.   else if( delayReadValue > 100 )  
132.     delayValue = 30;  
133.   else  
134.     delayValue = 60;  
135.     
136.   if( delayValue != delayValuePrev)  
137.   {  
138.     lastRotaryDebounce = millis();   
139.   }  
140.     
141.   if( (millis() - lastRotaryDebounce) > ROTARY_DEBOUNCE_DELAY && RotaryEnable )  
142.   {  
143.     if( delayValue != delayValueCurr )  
144.     {  
145.       delayValueCurr = delayValue;  
146.       Serial.print("Delay:");  
147.       Serial.println(delayValue);  
148.     }  
149.   }  
150.     
151.   delayValuePrev = delayValue;  
152.     
153.   // Buttons  
154.   if( digitalRead(CANCEL_PIN) )  
155.   {  
156.     // Cancel changes  
157.     if( changestate )  
158.     {  
159.       Serial.println("CANCEL");  
160.       changestate = false;   
161.       changeParam = 0;  
162.       encoderValue = 0;  
163.     }  
164.   }  
165.     
166.   else if( digitalRead(SUBMIT_PIN) )  
167.   {  
168.     // Submit changes  
169.     if( changestate )  
170.     {  
171.       Serial.println("SUBMIT");  
172.       changestate = false;   
173.       changeParam = 0;  
174.       encoderValue = 0;  
175.     }  
176.   }  
177.     
178.   else if( digitalRead(HR_PIN) )  
179.   {  
180.     if( changeParam != 1 )  
181.     {  
182.       changeParam = 1;  
183.       Serial.println("Change:01");  
184.       delay(50);  
185.       encoderValue = Serial.parseInt();  
186.     }  
187.           
188.     if( !changestate )  
189.       changestate = true;  
190.   }  
191.     
192.   else if( digitalRead(AWRR_PIN) && ButtonEnable )  
193.   {  
194.     if( changeParam != 2 )  
195.     {  
196.       changeParam = 2;        
197.       Serial.println("Change:02");  
198.       delay(50);  
199.       encoderValue = Serial.parseInt();  
200.     }  
201.   
202.     if( !changestate )  
203.       changestate = true;  
204.   }  
205.     
206.   else if( digitalRead(SP02_PIN) && ButtonEnable )  
207.   {  
208.     if( changeParam != 3 )  
209.     {  
210.       changeParam = 3;  
211.       Serial.println("Change:03");  
212.       delay(50);  
213.       encoderValue = Serial.parseInt();  
214.     }  
215.   
216.     if( !changestate )  
217.       changestate = true;  
218.   }  
219.     
220.   else if( digitalRead(BPDYST_PIN) && ButtonEnable )  
221.   {  
222.     if( changeParam != 4 )  
223.     {  
224.       changeParam = 4;  
225.       Serial.println("Change:04");  
226.       delay(50);  
227.       encoderValue = Serial.parseInt();  
228.     }  
229.   
230.     if( !changestate )  
231.       changestate = true;  
232.   }  
233.     
234.   else if( digitalRead(BPSYST_PIN) && ButtonEnable )  
235.   {  
236.     if( changeParam != 5 )  
237.     {  
238.       changeParam = 5;  
239.       Serial.println("Change:05");  
240.       delay(50);  
241.       encoderValue = Serial.parseInt();  
242.     }  
243.   
244.     if( !changestate )  
245.       changestate = true;  
246.   }  
247.   else if( digitalRead(TREND1_PIN) && ButtonEnable)  
248.   {  
249.     if( changeParam != 7 )  
250.     {  
251.       changeParam = 7;  
252.       Serial.println("Change:07");  
253.       delay(50);  
254.       encoderValue = Serial.parseInt();  
255.     }  
256.   
257.     if( !changestate )  
258.       changestate = true;  
259.   }  
260.   else if( digitalRead(TREND2_PIN) && ButtonEnable )  
261.   {  
262.     if( changeParam != 8 )  
263.     {  
264.       changeParam = 8;  
265.       Serial.println("Change:08");  
266.       delay(50);  
267.       encoderValue = Serial.parseInt();  
268.     }  
269.   
270.     if( !changestate )  
271.       changestate = true;  
272.   }  
273.     
274.   else if( digitalRead(TREND3_PIN) && ButtonEnable )  
275.   {  
276.     if( changeParam != 9 )  
277.     {  
278.       changeParam = 9;  
279.       Serial.println("Change:09");  
280.       delay(50);  
281.       encoderValue = Serial.parseInt();  
282.     }  
283.   
284.     if( !changestate )  
285.       changestate = true;  
286.   }  
287.     
288.   else if( digitalRead(TREND4_PIN) && ButtonEnable )  
289.   {  
290.     if( changeParam != 10 )  
291.     {  
292.       changeParam = 10;  
293.       Serial.println("Change:10");  
294.       delay(50);  
295.       encoderValue = Serial.parseInt();  
296.     }  
297.   
298.     if( !changestate )  
299.       changestate = true;  
300.   }  
301.     
302.   else if( digitalRead(TREND5_PIN) && ButtonEnable)  
303.   {  
304.     if( changeParam != 11 )  
305.     {  
306.       changeParam = 11;  
307.       Serial.println("Change:11");  
308.       delay(50);  
309.       encoderValue = Serial.parseInt();  
310.     }  
311.   
312.     if( !changestate )  
313.       changestate = true;  
314.   }  
315.     
316.   else if( digitalRead(TREND6_PIN) && ButtonEnable)  
317.   {  
318.     if( changeParam != 12 )  
319.     {  
320.       changeParam = 12;  
321.       Serial.println("Change:12");  
322.       delay(50);  
323.       encoderValue = Serial.parseInt();  
324.     }  
325.   
326.     if( !changestate )  
327.       changestate = true;  
328.   }  
329.     
330.   playpauseReading = digitalRead(PLAYPAUSE_PIN);  
331.     
332.   if(playpauseReading != playpausePrevState)  
333.   {  
334.     lastPPDebounceTime = millis();  
335.   }  
336.     
337.   if ((millis() - lastPPDebounceTime) > PP_DEBOUNCE_DELAY)  
338.   {  
339.       playpauseState = playpauseReading;  
340.   }  
341.     
342.   if (playpauseState && !playpauseSent)  
343.   {  
344.     if (paused)  
345.     {  
346.       Serial.println("PLAY");  
347.       paused = false;  
348.     }  
349.     else  
350.     {  
351.       Serial.println("PAUSE");  
352.       paused = true;  
353.     }  
354.     playpauseSent = true;  
355.   }  
356.   else if (!playpauseState)  
357.     playpauseSent = false;  
358.   
359.   playpausePrevState = playpauseReading;  
360.   
361. }  
362.   
363. // Interrupt on Encoder A  
364. void doEncoderA()  
365. {  
366.   // Delay to debounce  
367.   if (rotating)  
368.     delay(1);  
369.       
370.   // Make value adjustments (+1 if A leads B)  
371.   if( digitalRead(ENCODERA_PIN) != A_set)  
372.   {  
373.     A_set = !A_set;  
374.       
375.     if( A_set && !B_set && changestate)  
376.       encoderValue += 1;  
377.       
378.     rotating = false;   
379.   }  
380. }  
381.   
382. // Interrupt on Encoder B  
383. void doEncoderB()  
384. {  
385.   // Delay to debounce  
386.   if (rotating)  
387.     delay(1);  
388.       
389.   // Make value adjustments (-1 if B leads A)  
390.   if( digitalRead(ENCODERB_PIN) != B_set )  
391.   {  
392.     B_set = !B_set;  
393.       
394.     if( B_set && !A_set && changestate)  
395.       encoderValue -= 1;  
396.         
397.     rotating = false;   
398.   }  
399. }  
Appendix C: Application Controller Code
1. #!/usr/bin/python  
2. # Written by Tommy Shiou  
3.   
4. import sys  
5. import serial  
6. import threading  
7. import time  
8. from tkinter import *  
9. from tkinter import ttk  
10.   
11. # Constants  
12. serialPort = '/dev/ttyACM0'  
13. uartPort = '/dev/ttyAMA0'  
14. changeColor = '#D40005'  
15. selectColor = '#6DC066'  
16.   
17. # Global Variables  
18. exitFlag = False  
19. root = None     # Gui object  
20. uart = None     # Serial Port  
21. uartInitialized = False  
22. currEditingParam = '00'  
23. currTrend = '00'  
24. delayValue = 0  
25.   
26. parameterLabels = { # Parameter labels  
27.                     '01' : 'HR',  
28.                     '02' : 'awRR',  
29.                     '03' : 'spO2',  
30.                     '04' : 'BPsy',  
31.                     '05' : 'BPdy',  
32.                     '06' : 'Delay'}  
33.   
34. currSimContents = { # Current simulation values  
35.                     '01' : '00',    # HR  
36.                     '02' : '00',    # awRR  
37.                     '03' : '00',    # spO2  
38.                     '04' : '00',    # BPsyst  
39.                     '05' : '00',    # BPdyst  
40.                     '06' : '00',    # Delay  
41.                     '07' : 'XXXXX', # Trend1  
42.                     '08' : 'XXXXX', # Trend2  
43.                     '09' : 'XXXXX', # Trend3  
44.                     '10' : 'XXXXX', # Trend4  
45.                     '11' : 'XXXXX', # Trend5  
46.                     '12' : 'XXXXX'} # Trend6  
47.   
48. displayContents = { # Display contents strings  
49.                     '01' : '00',    # HR  
50.                     '02' : '00',    # awRR  
51.                     '03' : '00',    # spO2  
52.                     '04' : '00',    # BPsyst  
53.                     '05' : '00',    # BPdyst  
54.                     '06' : '00',    # Delay  
55.                     '07' : 'XXXXX', # Trend1  
56.                     '08' : 'XXXXX', # Trend2  
57.                     '09' : 'XXXXX', # Trend3  
58.                     '10' : 'XXXXX', # Trend4  
59.                     '11' : 'XXXXX', # Trend5  
60.                     '12' : 'XXXXX'} # Trend6  
61.   
62. changeStates = { # Parameters in editing state  
63.                 '01' : False,   # HR  
64.                 '02' : False,   # awRR  
65.                 '03' : False,   # spO2  
66.                 '04' : False,   # BPsyst  
67.                 '05' : False,   # BPdyst  
68.                 '06' : False,  
69.                 '07' : False,  
70.                 '08' : False,  
71.                 '09' : False,  
72.                 '10' : False,  
73.                 '11' : False,  
74.                 '12' : False}  
75.   
76.   
77. ################################################################################  
78. #  
79. # Application monitoring thread  
80. #  
81. ################################################################################  
82. class applicationThread (threading.Thread):  
83.     def __init__(self, threadID, name, delay):  
84.         threading.Thread.__init__(self)  
85.         self.threadID = threadID  
86.         self.name = name  
87.         self.delay = delay  
88.   
89.     def run (self):  
90.         print ("Starting " + self.name)  
91.         get_application_values(self.name, self.delay, 30)  
92.         print ("Exiting " + self.name)  
93.     #end class applicationThread  
94.   
95. def get_application_values (threadName, delay, counter):  
96.     global currSimContents  
97.     global displayContents  
98.     global delayValue  
99.     global uart  
100.     global uartInitialized  
101.   
102.     # Open uart serial port with simulation controller  
103.     try:  
104.         uart = serial.Serial(uartPort, 9600, timeout=1)  
105.     except:  
106.         print("ERROR: UART port error")  
107.     else:  
108.         uartInitialized = True  
109.         while not exitFlag:  
110.             # Get current simulation values and store  
111.             uart.write(bytes("update HR\n", 'UTF-8'))  
112.             uartIN = str(uart.readline())  
113.             currSimContents['01'] = uartIN[6:-3]  
114.             uart.write(bytes("update awRR\n", 'UTF-8'))  
115.             uartIN = str(uart.readline())  
116.             currSimContents['02'] = uartIN[8:-3]  
117.             uart.write(bytes("update sp02\n", 'UTF-8'))  
118.             uartIN = str(uart.readline())  
119.             currSimContents['03'] = uartIN[8:-3]  
120.             uart.write(bytes("update BPsy\n", 'UTF-8'))  
121.             uartIN = str(uart.readline())  
122.             currSimContents['04'] = uartIN[8:-3]  
123.             uart.write(bytes("update BPdy\n", 'UTF-8'))  
124.             uartIN = str(uart.readline())  
125.             currSimContents['05'] = uartIN[8:-3]  
126.               
127.             # Update display values if not in editing state  
128.             for parameter in ['01', '02', '03', '04', '05']:  
129.                 if not changeStates[parameter]:  
130.                     displayContents[parameter] = currSimContents[parameter]  
131.     #end def get_application_values  
132.   
133.   
134. ################################################################################  
135. #  
136. # Arduino monitoring thread  
137. #  
138. ################################################################################  
139. class inputThread(threading.Thread):  
140.     def __init__(self, threadID, name):  
141.         threading.Thread.__init__(self)  
142.         self.threadID = threadID  
143.         self.name = name  
144.     def run (self):  
145.         print ("Starting serial monitor")  
146.         read_serial()  
147.         print ("Exiting serial monitor")  
148.     #end class inputThread  
149.   
150. def read_serial():  
151.     global displayContents  
152.     global currEditingParam  
153.     global changeStates  
154.     global currSimContents  
155.     global delayValue  
156.     global uartInitialized  
157.     global uart  
158.   
159.     # Submit values to simulation controller  
160.     def submitValues():  
161.         if uartInitialized:  
162.             uart.write( \  
163.             bytes('set delay' + '\n', 'UTF-8') )  
164.             uart.write( \  
165.             bytes(displayContents['06'] + '\n', 'UTF-8') )  
166.   
167.             for parameter in ['01', '02', '03', '04', '05']:  
168.                 if changeStates[parameter]:  
169.                     # Send parameter label  
170.                     uart.write( \  
171.                     bytes('set ' + parameterLabels[parameter] + '\n', 'UTF-8') )  
172.                     # Send parameter value  
173.                     uart.write( \  
174.                     bytes(displayContents[parameter] + '\n', 'UTF-8') )  
175.   
176.     # Open USB serial port with input controller  
177.     try:  
178.         ser = serial.Serial(serialPort, 9600)  
179.     except IOError:  
180.         print("ERROR: Arduino not connected!")  
181.     else:  
182.         while not exitFlag:  
183.             # Receive messages from Arduino  
184.             serialIN = str(ser.readline())  
185.             print(serialIN)  
186.             # Select Changes  
187.             if 'Change' in serialIN:  
188.                 currEditingParam = serialIN[9:11]  
189.                 # Reply with current value  
190.                 ser.write( bytes(displayContents[currEditingParam], 'UTF-8') )  
191.                 ser.write( bytes('\n', 'UTF-8') )  
192.                 # Deselect Trend  
193.                 if currEditingParam in ['07', '08', '09', '10', '11', '12']:  
194.                     for trend in ['07', '08', '09', '10', '11', '12']:  
195.                         changeStates[trend] = False  
196.                         if trend == currEditingParam:  
197.                             currTrend = currEditingParam  
198.                 changeStates[currEditingParam] = True  
199.             # Cancel Changes  
200.             elif 'CANCEL' in serialIN:  
201.                 changeState = False  
202.                 for parameter in ['01', '02', '03', '04', '05']:  
203.                     changeStates[parameter] = False  
204.                     displayContents[parameter] = currSimContents[parameter]  
205.             # Update Values  
206.             elif 'Update' in serialIN:  
207.                 if currEditingParam != '00' and changeStates[currEditingParam]:  
208.                     displayContents[currEditingParam] = serialIN[9:-5]  
209.             # Update Delay  
210.             elif 'Delay' in serialIN:  
211.                 delayValue = int(serialIN[8:serialIN.find('0')+1])  
212.                 displayContents['06'] = str(delayValue)  
213.             # Submit Changes  
214.             elif 'SUBMIT' in serialIN:  
215.                 print("Submitting")  
216.                 submitValues()  
217.                 # Reset GUI  
218.                 for parameter in ['01', '02', '03', '04', '05']:  
219.                     print(displayContents[parameter])  
220.                     changeStates[parameter] = False  
221.             # Toggle Play  
222.             elif 'PLAY' in serialIN:  
223.                 print("Playing")  
224.                 uart.write( bytes('PLAY\n', 'UTF-8') )  
225.             # Toggle Pause  
226.             elif 'PAUSE' in serialIN:  
227.                 print("Pausing")  
228.                 uart.write( bytes('PAUSE\n', 'UTF-8') )  
229.   
230.     #end def read_serial  
231.   
232.   
233.   
234. ################################################################################  
235. #  
236. # GUI thread  
237. #  
238. ################################################################################  
239. class guiThread(threading.Thread):  
240.     def __init__(self, threadID, name):  
241.         threading.Thread.__init__(self)  
242.         self.threadID = threadID  
243.         self.name = name  
244.     def run (self):  
245.         print ("Starting GUI")  
246.         gui()  
247.         print ("Exiting GUI")  
248.     #end class guiThread  
249.   
250. def gui():  
251.     global root  
252.   
253.     # Root Frame  
254.     root = Tk()  
255.     root.columnconfigure(0, weight=1)  
256.     root.rowconfigure(0, weight=1)  
257.      
258.     # Styles  
259.     ttk.Style().configure("change.TLabel", padding = 5, background=changeColor)  
260.     ttk.Style().configure("select.TLabel", padding = 5, background=selectColor)  
261.   
262.     # Frames  
263.     content = ttk.Frame(root, padding=(6, 6, 12, 12))  
264.     frame1 = ttk.Frame(content, borderwidth=3, relief="ridge", width=1065, \  
265.     height=200, padding=(2, 2, 4, 4))  
266.     frame2 = ttk.Frame(content, borderwidth=3, relief="ridge", width=1065, \  
267.     height=200, padding=(2, 2, 4, 4))  
268.     frame3 = ttk.Frame(content, borderwidth=3, relief="ridge", width=1065, \  
269.     height=200, padding=(2, 2, 4, 4))  
270.     frame4 = ttk.Frame(content, borderwidth=3, relief="ridge", width=213, \  
271.     height=100, padding=(2, 2, 4, 4))  
272.     frame5 = ttk.Frame(content, borderwidth=3, relief="ridge", width=213, \  
273.     height=400, padding=(2, 2, 4, 4))  
274.     frame6 = ttk.Frame(content, borderwidth=3, relief="ridge", width=213, \  
275.     height=100, padding=(2, 2, 4, 4))  
276.     frame7 = ttk.Frame(content, borderwidth=3, relief="ridge", width=213, \  
277.     height=200, padding=(2, 2, 4, 4))  
278.     frame8 = ttk.Frame(content, borderwidth=3, relief="ridge", width=213, \  
279.     height=200, padding=(2, 2, 4, 4))  
280.     frame9 = ttk.Frame(content, borderwidth=3, relief="ridge", width=213, \  
281.     height=200, padding=(2, 2, 4, 4))  
282.     frame10 = ttk.Frame(content, borderwidth=3, relief="ridge", width=213, \  
283.     height=200, padding=(2, 2, 4, 4))  
284.     frame11 = ttk.Frame(content, borderwidth=3, relief="ridge", width=213, \  
285.     height=200, padding=(2, 2, 4, 4))  
286.     frame12 = ttk.Frame(content, borderwidth=3, relief="ridge", width=213, \  
287.     height=200, padding=(2, 2, 4, 4))  
288.       
289.     # Cell labels  
290.     l1 = ttk.Label(frame1, font=("Arial", 20, "bold"), text = 'HR')  
291.     l2 = ttk.Label(frame2, font=("Arial", 20, "bold"), text = 'awRR')  
292.     l3 = ttk.Label(frame3, font=("Arial", 20, "bold"), text = 'o2sp')  
293.     l4 = ttk.Label(frame4, font=("Arial", 20, "bold"), text = "Cancel")  
294.     l5 = ttk.Label(frame5, font=("Arial", 20, "bold"), text = 'BP')  
295.     l6 = ttk.Label(frame6, font=("Arial", 20, "bold"), text = 'Delay')  
296.   
297.     # Cell contents  
298.     cellContents = {}  
299.     cellContents['01'] = ttk.Label(frame1, justify="left", padding=4, \  
300.     font=("Arial", 30))  
301.     cellContents['02'] = ttk.Label(frame2, justify="left", padding=4, \  
302.     font=("Arial", 30))  
303.     cellContents['03'] = ttk.Label(frame3, justify="left", padding=4, \  
304.     font=("Arial", 30))  
305.     cellContents['04'] = ttk.Label(frame5, justify="left", padding=4, \  
306.     font=("Arial", 30))  
307.     cellContents['05'] = ttk.Label(frame5, justify="left", padding=4, \  
308.     font=("Arial", 30))  
309.     cellContents['06'] = ttk.Label(frame6, justify="left", padding=4, \  
310.     font=("Arial", 30))  
311.     cellContents['07'] = ttk.Label(frame7, justify="left", padding=4, \  
312.     font=("Arial", 20))  
313.     cellContents['08'] = ttk.Label(frame8, justify="left", padding=4, \  
314.     font=("Arial", 20))  
315.     cellContents['09'] = ttk.Label(frame9, justify="left", padding=4, \  
316.     font=("Arial", 20))  
317.     cellContents['10'] = ttk.Label(frame10, justify="left", padding=4, \  
318.     font=("Arial", 20))  
319.     cellContents['11'] = ttk.Label(frame11, justify="left", padding=4, \  
320.     font=("Arial", 20))  
321.     cellContents['12'] = ttk.Label(frame12, justify="left", padding=4, \  
322.     font=("Arial", 20))  
323.       
324.     # Grid layout  
325.     content.grid(column=0, row=0)  
326.     frame1.grid(column=1, row=1, columnspan=5, rowspan=2)  
327.     frame2.grid(column=1, row=3, columnspan=5, rowspan=2)  
328.     frame3.grid(column=1, row=5, columnspan=5, rowspan=2)  
329.     frame4.grid(column=6, row=1, columnspan=1, rowspan=1)  
330.     frame5.grid(column=6, row=2, columnspan=1, rowspan=4)  
331.     frame6.grid(column=6, row=6, columnspan=1, rowspan=1)  
332.     frame7.grid(column=1, row=7, columnspan=1, rowspan=2)  
333.     frame8.grid(column=2, row=7, columnspan=1, rowspan=2)  
334.     frame9.grid(column=3, row=7, columnspan=1, rowspan=2)  
335.     frame10.grid(column=4, row=7, columnspan=1, rowspan=2)  
336.     frame11.grid(column=5, row=7, columnspan=1, rowspan=2)  
337.     frame12.grid(column=6, row=7, columnspan=1, rowspan=2)  
338.     frame1.grid_propagate(0)  
339.     frame2.grid_propagate(0)  
340.     frame3.grid_propagate(0)  
341.     frame4.grid_propagate(0)  
342.     frame5.grid_propagate(0)   
343.     frame6.grid_propagate(0)  
344.     frame7.grid_propagate(0)  
345.     frame8.grid_propagate(0)  
346.     frame9.grid_propagate(0)  
347.     frame10.grid_propagate(0)  
348.     frame11.grid_propagate(0)  
349.     frame12.grid_propagate(0)  
350.   
351.   
352.     # Label placement  
353.     l1.grid(column=0, row=0)  
354.     l2.grid(column=0, row=0)  
355.     l3.grid(column=0, row=0)  
356.     l4.place(x=50, y=30)  
357.     l5.grid(column=0, row=0)  
358.     l6.grid(column=0, row=0)  
359.   
360.     # Content placement  
361.     cellContents['01'].place(x=50, y=60)  
362.     cellContents['02'].place(x=50, y=60)  
363.     cellContents['03'].place(x=50, y=60)  
364.     cellContents['04'].place(x=70, y=65)  
365.     cellContents['05'].place(x=100, y=230)  
366.     cellContents['06'].place(x=80, y=30)  
367.     cellContents['07'].place(x=40, y=70)  
368.     cellContents['08'].place(x=40, y=70)  
369.     cellContents['09'].place(x=40, y=70)  
370.     cellContents['10'].place(x=40, y=70)  
371.     cellContents['11'].place(x=40, y=70)  
372.     cellContents['12'].place(x=40, y=70)  
373.       
374.     # Update Content  
375.     def contentUpdate(cellContents):  
376.         global changeStates  
377.         global displayContents  
378.   
379.         # Update Values and States  
380.         for parameter in ['01', '02', '03', '04', '05']:  
381.             # If in change state, update cell style  
382.             if changeStates[parameter]:  
383.                 cellContents[parameter]['style'] = 'change.TLabel'  
384.             else:  
385.                 cellContents[parameter]['style'] = 'TLabel'  
386.             cellContents[parameter].config(text = displayContents[parameter])  
387.         cellContents['06'].config(text = displayContents['06'])  
388.         for trend in ['07', '08', '09', '10', '11', '12']:  
389.             # Update cell contents  
390.             if changeStates[trend]:  
391.                 cellContents[trend]['style'] = 'select.TLabel'  
392.             else:  
393.                 cellContents[trend]['style'] = 'TLabel'  
394.             cellContents[trend].config(text = displayContents[trend])  
395.         # Update every 5ms  
396.         if not exitFlag:  
397.             root.after(5, contentUpdate, cellContents)  
398.     #end def contentUpdate  
399.   
400.     contentUpdate(cellContents)  
401.     root.mainloop()  
402.     #end def gui  
403.   
404. ################################################################################  
405. #  
406. # Main  
407. #  
408. ################################################################################  
409.   
410. # Define threads  
411. thread1 = applicationThread(1, "applicationThread", 1)  
412. thread2 = inputThread(2, "inputThread")  
413. thread3 = guiThread(3, "GUIThread")  
414. # Start threads  
415. thread1.start()  
416. thread2.start()  
417. thread3.start()  
418.   
419. time.sleep(800)  
420.   
421. exitFlag = True  
422. root.quit()  
423.   
424. print ("Exiting Main Thread")  
425. sys.exit()  

[bookmark: _Toc229020469]Appendix D: Laerdal Software Controller Code
1. public static void SerialRead()  
2. {  
3.     StringComparer stringComparer = StringComparer.OrdinalIgnoreCase;  
4.     while (_continue)  
5.     {  
6.         try  
7.         {  
8.             string message = _serialPort.ReadLine();  
9.             //System.Diagnostics.Debug.WriteLine(message);  
10.             //Console.WriteLine(message);  
11.             if (stringComparer.Equals("update HR", message) && ApplicationInitialized)  
12.             {  
13.                 _serialPort.WriteLine(String.Format("HR: {0}", manikin.GetParameter("heartRate").ObjectValue));  
14.             }  
15.             else if (stringComparer.Equals("update awRR", message) && ApplicationInitialized)  
16.             {  
17.                 _serialPort.WriteLine(String.Format("awRR: {0}", manikin.GetParameter("RespiratoryRate").ObjectValue));  
18.             }  
19.             else if (stringComparer.Equals("update sp02", message) && ApplicationInitialized)  
20.             {  
21.                 _serialPort.WriteLine(String.Format("sp02: {0}", manikin.GetParameter("SaO2").ObjectValue));  
22.             }  
23.             else if (stringComparer.Equals("update BPsy", message) && ApplicationInitialized)  
24.             {  
25.                 _serialPort.WriteLine(String.Format("BPsy: {0}", manikin.GetParameter("SAP").ObjectValue));  
26.             }  
27.             else if (stringComparer.Equals("update BPdy", message) && ApplicationInitialized)  
28.             {  
29.                 _serialPort.WriteLine(String.Format("BPdy: {0}", manikin.GetParameter("DAP").ObjectValue));  
30.             }  
31.             else if (stringComparer.Equals("set Delay", message) && ApplicationInitialized)  
32.             {  
33.                 string value = _serialPort.ReadLine();  
34.                 // Set Delay  
35.                 System.Diagnostics.Debug.WriteLine(message);  
36.                 System.Diagnostics.Debug.WriteLine(value);  
37.             }  
38.             else if (stringComparer.Equals("set HR", message) && ApplicationInitialized)  
39.             {  
40.                 string value = _serialPort.ReadLine();  
41.                 manikin.GetParameter("override HeartRate").ObjectValue = Convert.ChangeType(value, typeof(double));  
42.                 System.Diagnostics.Debug.WriteLine(message);  
43.                 System.Diagnostics.Debug.WriteLine(value);  
44.             }  
45.             else if (stringComparer.Equals("set awRR", message) && ApplicationInitialized)  
46.             {  
47.                 string value = _serialPort.ReadLine();  
48.                 manikin.GetParameter("override RespiratoryRate").ObjectValue = Convert.ChangeType(value, typeof(double));  
49.                 System.Diagnostics.Debug.WriteLine(message);  
50.                 System.Diagnostics.Debug.WriteLine(value);  
51.             }  
52.             else if (stringComparer.Equals("set spO2", message) && ApplicationInitialized)  
53.             {  
54.                 string value = _serialPort.ReadLine();  
55.                 manikin.GetParameter("override SaO2").ObjectValue = Convert.ChangeType(value, typeof(double));  
56.                 System.Diagnostics.Debug.WriteLine(message);  
57.                 System.Diagnostics.Debug.WriteLine(value);  
58.             }  
59.             else if (stringComparer.Equals("set BPsy", message) && ApplicationInitialized)  
60.             {  
61.                 string value = _serialPort.ReadLine();  
62.                 manikin.GetParameter("override SAP").ObjectValue = Convert.ChangeType(value, typeof(double));  
63.                 System.Diagnostics.Debug.WriteLine(message);  
64.                 System.Diagnostics.Debug.WriteLine(value);  
65.             }  
66.             else if (stringComparer.Equals("set BPdy", message) && ApplicationInitialized)  
67.             {  
68.                 string value = _serialPort.ReadLine();  
69.                 manikin.GetParameter("override DAP").ObjectValue = Convert.ChangeType(value, typeof(double));  
70.                 System.Diagnostics.Debug.WriteLine(message);  
71.                 System.Diagnostics.Debug.WriteLine(value);  
72.             }  
73.             else if (stringComparer.Equals("PLAY", message) && ApplicationInitialized)  
74.             {  
75.                 manikin.GetParameter("Start Simulation").ObjectValue = true;  
76.                 //manikin.GetParameter("Start").ObjectValue = true;  
77.                 manikin.GetParameter("Pause Simulation").ObjectValue = false;  
78.                 System.Diagnostics.Debug.WriteLine(message);  
79.             }  
80.             else if (stringComparer.Equals("PAUSE", message) && ApplicationInitialized)  
81.             {  
82.                 manikin.GetParameter("Pause Simulation").ObjectValue = true;  
83.                 manikin.GetParameter("Start Simulation").ObjectValue = false;  
84.                 //manikin.GetParameter("Start").ObjectValue = false;  
85.                 System.Diagnostics.Debug.WriteLine(message);  
86.             }  
87.   
88.         }  
89.         catch (TimeoutException) { }  
90.     }  
91. }  
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