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1. [bookmark: _Toc446409755]Summary
Some vehicles have a separate Tire Pressure Monitor system on the CAN Bus. Each tire stem has a pressure and temperature sensor which transmits wirelessly the air pressure and temperature to a central device. The sensor is typically battery powered. There may be a Tire Pressure Monitoring (TPM) Task in the ECU or in theTransmisssion or TPM may be a separate device on the CAN Bus which receives this wireless data. The TPM device figures out which tire is reporting the data, then transmit the data on the CAN Bus for the display.  

If you are developing a display to process these TPM messages, you may want a TPS Simulator like this one to test your display operation. It beats parking a vehicle in the office. 
[bookmark: _Toc446409756]Tire Pressure Monitor (TPM) Simulator Development 
[bookmark: _Toc446409757]TPM Device
Suffice it to say there is Tire Pressure Monitoring (TPM) device which may be a task on the ECU where it has a wireless receiver to receive the Tire sensor’s data in which case it will send CAN messages with Source Address 0 (i.e. using the ECU’s source address).

The TPM could also be a task in the Transmission Controller at Source Address 3. It would make more sense that the transmission would monitor the tires.

The TPM could also be a stand alone device on the CAN Bus with any unused Source Address. This way a Tire Pressure Monitor feature could be added to any vehicle.
[bookmark: _Toc446409758]CAN Message 
The Tire Pressure Monitor (TPM) Simulator has only one CAN message to manage. This simulator supports multiple tires and tire configurations, so there will be multiple messages; one for each tire.
[bookmark: _Toc446409759]TIRE – Tire Condition (PGN=65268)
The J1939 Standard identifies the TIRE – Tire Condition message using the PGN of 65268 and it should be transmitted every 10 milliseconds. The simulator does not need to transmit it that fast so the set of tire messages can be transmitted every 200 milliseconds. The following SPN information is taken from CAN Specification (J1939-71).  
[bookmark: _Toc446409760]SPN 929 Tire Location
Identifies which tire is associated with the parametric data in this PGN.
The low order 4 bits represent a position number, counting left to right when facing in the direction of normal vehicle travel
(forward).
The high order 4 bits represent a position number, counting front to back on the vehicle.
The value 0xFF indicates not available.
It is recommended that output devices add 1 to the position number (range 1 to 15, not 0 to 14) for use by drivers and
service technicians.
Examples: Tire pressure for location 0x00 would be left front tire.
Tire pressure for location 0x23 would be right outside rear rear on a 3-axle tractor with dual axle per side (3rd axle, 4th tire).
Data Length: 8 bits
Resolution: 256 states/8 bit, 0 offset
Data Range: 0 to 255 Operational Range: same as data range
Type: Measured

On a motor cycle the two wheel configuration would be front = 0x00 and rear = 0x10. On a 4x4 the front left =0x00, front right =0x01, rear left = 0x10 and rear right = 0x11. For other configurations check Figure 2.2.1.1.1 for more information.

[bookmark: _GoBack][image: C:\Users\stalley\Desktop\Untitled.png]
Figure 2.2.1.1.1) Wheel Configuration
[bookmark: _Toc446409761]SPN 241 Tire Pressure
Pressure at which air is contained in cavity formed by tire and rim.
Data Length: 1 byte
Resolution: 4 kPa/bit, 0 offset
Data Range: 0 to 1000 kPa Operational Range: same as data range
Type: Measured

[bookmark: _Toc446409762]SPN 242 Tire Temperature
Temperature at the surface of the tire sidewall.
Data Length: 2 bytes
Resolution: 0.03125 deg C/bit, -273 deg C offset
Data Range: -273 to 1735 deg C Operational Range: same as data range
Type: Measured



[bookmark: _Toc446409763]Building The TPM Simulator
Most simulations are built using the PV780 display because it is the display with the most size and features, but this TPM Simulation can be ported to smaller displays.
[bookmark: _Toc446409764]Programming Tab Variables
We may be dealing with up to eight wheels for the TPM simulator. So create eight Wheel#Pressure and eight Wheel#Temperature variables on the Programming Tab under Programming Items and in its own TPM_Page folder. Create a SelectWheelSel variable to select which wheel the temperature and pressure value can be adjusted. The selected wheel will have a yellow selector box around the tire gauges. Create a TPM_WheelConfigSel variable to select the wheel configuration which will be displayed.

We are using scripts to modify the Wheel Temperature and Pressure for each tire which is selected. The variables need to be read into a local variable. Create a local variable in the script then use the smRead() function to read the variable into the local value. There is an intellisense feature if you use “VariableIDs.” domain scope identifier that will present a list of variables that can be used. They include the variable you created earlier. Next based on which wheel was selected, it is modified by the script then written back using the smWrite() function. The basic code in these scripts is as follows:
	
int pressure = 0;
    	int selWheel = 0;
	smRead(VariableIDs.SelectWheelSel, selWheel); 	// read which tire is selected.
	if (selWheel == 1) 
	{
		smRead(VariableIDs.Wheel1Pressure, pressure);
		pressure = pressure +10;
		smWrite(VariableIDs.Wheel1Pressure, pressure);
	}
Figure 3.1.1) Basic Code Implementation

You need to use the smRead() and smWrite() to access variables with the proper timing, like after they have been updated or written out in a CAN message. 

You have to create an event which calls the scripts to execute when the bezel button is pressed. The event is “IncPressure” and then it uses an “IncPressureScript” with the code from above to modify the pressure value for the wheel. Figure 3.1.2 shows the list of different events and scripts which are used. The “Fast” script changes the parameter faster and is executed when the bezel button is held down over 500 milliseconds. In addition to the IncPressureScript, there is the IncPressureFastScript, DecPressureScript, DecPressureFastScript, IncTemperatureScript, IncTemperatureFastScript, DecTemperatureScript and DecTemperatureFastScript. To select the tire we use the Toggle2WheelScript. Check the configuration for details. 

[image: ]  [image: ]
Figure 3.1.2) Programming Variables, Events and Scripts.

There is a system variable UnitGroup which is used in the Screen Application Folder. The gauges are setup to show US STD (0), Metric (1) and British (2) units. There is a Calculation Event called ChangeUnitGroup which reads the value and it if is greater than 1 it will wrap back around to zero. Check the configuration for more details. 

[bookmark: _Toc446409765]Page Designer Tab
This page is designed for only the Tire Pressure Monitor (TPS) Simulation page. You can switch to other pages to access ABS, Navigation Satellites and other CAN device Simulators. This document explains the construction of a TPM Simulator which could be integrated into whole veliche simulator. You will find that simulators are great when you can’t afford the hardware or it is not available.
[bookmark: _Toc446409766]General Page Design Concepts
We want the left side to select the wheel configuration, which Tire in the configuration is selected and the units which are used. We want the right side of the increment or decrement the temperature and pressure. In the center are our tires for the configuration and they each have a temperature and pressure gauge. The Tire is selected by a yellow box so one can adjust the pressure and temperature values.  Since this TPM Simulator can be implemented into a larger simulator, the “Prev Page” and “Next Page” bezel labels are added, but not implemented. For diagnostic reasons, the two messages which get transmitted for each tire is shown on the page.

The “Overlay Layer” shows up on all of the pages and it may be some watermark page with a logo. The “Popup Layer” supports popup messages such as warnings. The “Menu Layer” supports menus (I guess) and the “Setting Layer” is used changing system values besides using the main operational pages. All of the Simulator Pages will be added to the “Main Layer” and multiple views will be used to show different tire configurations.
[bookmark: _Toc446409767]Two Wheel Configuration Page
The way to build this tool is to get one page working, then copy the page and modify it to support the other desired wheel configuration. Most of the Bezel Labels are just Text Widgets and they are defined on the Page Designer Tab in the Pages pane under the Labels folder. There are some Smart Text Widgets which define the Configuration, the Units used and whether the TIRE message is getting transmitted in the BezelTools folder. The Rectangle Widget is used to create the selection boxes and they are defined under the SelectionBoxes folder. A trick here is to have a Visible Condition so that it shows when the selected wheel is 1  (for the Front) and 3 (for the Rear). The pressure and temperature gauges are “Smart” Text Gauges to support different units and they are in the TireParameters folder. All of the widgets for the CAN messages are stored in the CAN_MessageValues folder. It is helpful to document with good names and to group similar widgets or applications into a group so you can control scope visibility (i.e. find what you are looking for.) Check the configuration for details see Figure 3.2.1.1 for more information.

[image: ]
Figure 3.2.1.1) Page Designer for TPM Simulator
[bookmark: _Toc446409768]Four Wheel Configuration View
We want to support Four Wheel Configurations which means we have to add a view for this configuration. Multiple configurations complicates the design, so we are better off skipping the addition of another configuration and getting the CAN messages working.
[bookmark: _Toc446409769]Six Wheel Configuration Page
Again we need to use the Page Designer to build the Six Wheel configuration, but for now just get the two wheel configuration to work and this configuration will be discussed later.
[bookmark: _Toc446409770]Dually Wheel Configuration Page
Again, we need to use the Page Designer to build the Dually Wheel configuration, but for now just get the two wheel configuration to work and this configuration will be discussed later.
[bookmark: _Toc446409771]Libray Tab
Goto the Library Tab and define the TIRE message. It should come as no surprise that the TIRE message is not defined in the Library of J1939 messages since it is not often used. This Library Tab defines the message parameters as well as how fast it is transmitted and at what priority as shown in Figure 3.3.1.  All of the information comes from the CAN Specification introduced earlier.
[image: ]
Figure 3.3.1) Add TIRE Message

Go to the “J1939/NMEA Parameter Groups” and add [(+)] a PGN of 65268 called TIRE – Tire Pressure and Temperature message with a priority of 6 but do not specify a rate in milliseconds. (Note the CAN Specification calls for 10 millisecond update which means you will see every bump in the road.) We plan to send the TIRE messages at a rate we decide which is fast enough to keep the data current. Next go to the Parameter Pane and add the three SPN values from the earlier CAN Specification. It should look like the Parameter Pane in Figure 3.3.1. At this point you have not implemented the CAN message.
[bookmark: _Toc446409772]Connections Tab
Goto the Connections Tab and select the Transmit 1 Device under the CANPort1 module. The Transmit 1 Device is defined by the system so you only need to add the CAN message you want to transmit. Since we previously define the Tire message variables, we can add these variable to the values we want to transmit in the TIRE message as shown in Figure 3.4.1.

[image: ]
Figure 3.4.1) Defining Message Variables to be Transmitted

This Connection Tab is used to setup messages which get sent at a particular rate. You should be able to update the parameter and it will be sent. The issue with the TIRE message is that tire location is related to tire pressure and temperature, so all of the data bytes in the message needs to be changed before the message is sent. So we are not going to use this automatic method.
[bookmark: _Toc446409773] Transmit TIRE Message Script
Since the entire TIRE message needs to be updated, we are now back to the Programming Tab to use a script to transmit the TIRE message based on the wheel configuration. We also need to set up a state machine which controls how fast the message is transmitted. There may be other ways to skin this cat, but this approach is simple and works.

Under the TPM_Page add a “New Script” using the XmitTIREmsg event and rename the script “XmitTIREmsgScript”.  We need to create some local variables which get updated when the parameters are read when the XmitTIREmsg event and script is called. A CAN message buffer and information structure is created, then the buffer is updated and transmitted. Here is the code from the script.

int pressure = 0;
	int temperature = 0;
	int selConfiguration = 0;
int selWheel = 0;
    	int port = 0;
	
	CANMessageInfo info;
    	info.MessageType = CANMessageInfoType.SinglePacket;
    	info.DestinationAddress = 0x18FEF400;
    	info.RtsCtsMaxPackets = 1000;
    
    	CANMessageBuffer buffer;
    	buffer.CanID = 0x18FEF400; 	// PGN=0xFEF4
    	buffer.Size = 4;

	smRead(VariableIDs.TPM_WheelConfigSel, selConfiguration); 	
// read Configuration is used.
	
	if (selConfiguration == 0) // using 2 wheel configuration
	{
	    smRead(VariableIDs.Wheel1Pressure, pressure);
	    smRead(VariableIDs.Wheel1Temperature, temperature);
	    buffer.WriteInt8(0, 0x00);
	    buffer.WriteInt8(1, pressure);
	    buffer.WriteInt16(2, temperature);
	    SendCANMessage(0, buffer, info);
		
	    smRead(VariableIDs.Wheel3Pressure, pressure);
	    smRead(VariableIDs.Wheel3Temperature, temperature);
	    buffer.WriteInt8(0, 0x10);
	    buffer.WriteInt8(1, pressure);
	    buffer.WriteInt16(2, temperature);
	    SendCANMessage(0, buffer, info);
	}

We are using a State Transition diagram to control when the TIRE  message is transmitted and to do the periodic messages as shown in Figure 3.5.1. We have two states, “Not Transmitting” and “Transmitting”. We toggle between the state using the Event to switch the display page smart text label. There is “Transmitting to Transmitting” transition or recurring event timer set for about 500 milliseconds.

[image: ]
Figure 3.5.1) TIRE_Msg State Machine
[bookmark: _Toc446409774]Verify TIRE Message 
To check the TIRE message is sent correctly to other devices, connect the ECOM device and monitor the CAN bus traffic. When you are transmitting you should get something like the log in Figure 3.6.1. Both the Front and Rear tire message are sent at one time about as quickly as can be done. The frame rate for these messages appears to be 500 milliseconds. The first data byte is the Tire Location, the second byte is the Tire Pressure and the next two bytes show the temperature. 
[image: ]
Figure 3.6.1) ECOM CAN Log

These values match the values found in the frame capture shown in Figure.3.6.2.
[image: ]
Figure 3.6.2) Display Values

At this point the two wheel configuration works and we can add the other configuration to support other wheel configurations. At this point in development you are using the “TirePresMonitorSim_Phase1.murphyConfig” configuration. Check it for details.
[bookmark: _Toc446409775]Modifications For Four Wheel Configuration View
We have a choice to use either another View or copy and develop another page. If you copy and create a view, then items on each view are linked, so Tires 1, 2, 3, etc. are the same on all views and have the same pressure and temperature values. You can control the visibility of object like tires on a view, but if you move Tire 3 in one view, it will move in the other view. 

When you copy a page, new objects are created and linked to the page. We have a wonderful working page for the two wheel configuration, so it would very easy to copy the page, create a four wheel configuration page and add the additional Tire objects needed.  

Go to the Page Designer Tab, click on the TPM_Page and right click to copy then paste the page. Right click on the page and rename the page “TPM_4W_Page” to make it unique. 
[bookmark: _Toc446409776]Modify Labels
The advantage of copying a page is that when create the “TPM_4W_Page” you copied all of the widgets on the page to this new page. You only have to add the new wheels and gauges.  

You only need to change the TW-2Wheel label to TW-4Wheel and change the Text String to “4 Wheels”.
[bookmark: _Toc446409777]Copy Wheels And Gauges
Copy the Tires and Tire Parameter gauges to make a “right” set of tires. Relabel all the tires to LeftFront, RightFront, LeftRear and RightRear. 

Relabel the right wheel pressure gauges to Wheel2Pressure and Wheel4Pressure. Relabel the temperature gauges the same way. Next edit the Smart Data Items to use these pressure and temperature parameters. Be careful because the copy does not copy the limits and you need to re-enter them. You should use the limit for Fahrenheit and Celisus. There upper limits is 1735 for Celisus degrees and I used the same values for the Fahrenheit degrees (i.e. short cut).

The Selection Boxes were not visible when the tires and gauges were copied, so it has to be done manually. Go to the SelectionBoxes folder and copy the RW-Wheel1Box, move it to the second tire position and rename it RW-Wheel2Box. Change the visibility to 2 for the visible condition. Repeat this process for the RW-Wheel3Box and change the visibity condition to 4. 

Select the CAN messges Front Tire and Rear Tire fields collective and move them higher on the page, then copy that group and put it below. Rename the tire labels to Left Front Tire, Right Front Tire, Left Rear Tire, Right Rear Tire. The second field is TG_TIRE29bitHeader* which has to be rename to right position but they all use the TIRE29bitHeader value. The header stays the same for all messages, but the data changes.  The third column or fields are hard coded positions which should be 0x00, 0x01, 0x10 and 0x11. Relabel the objects for the correct position. For the fourth column or fields relabel and switch to the right parameters for the pressure. Likewise for the fifth column or fields relabel and switch to the right parameters for the temperature.

[bookmark: _Toc446409778]Add Bezel Fire Events
You need to go to the Programming Tab and create a script called Toggle4WheelScript with aToggle4WheelEvent. It is basically the same as the Toggle2WheelScript only you are support 2 more wheels. 

Come back to the Page Designer Tab and on the TWM_4W_Page set the Select Wheel bezel button to make a call to the Toggle4WheelEvent. 

On the Wheel Config bezel button on the TPM_2_WheelView, select the bezel button and make it “Go To View (This Layer).TPM_4_WheelView. 

On the Wheel Config bezel button on the TPM_4_WheelView, select the bezel button and make it “Go To View (This Layer).TPM_2_WheelView. This is temporary and will change when we add more configuration. You should be able to compile and check for any errors. Check the final configuration for any errors.  

[bookmark: _Toc446409779]Modifications For Six Wheel Configuration View
Again we are going to copy the page and create a new 6 Wheel Configuration Page. Go to the Page Designer Tab, click on the TPM_4W_Page and right click to copy then paste the page. Right click on the new page and rename the page to “TPM_6W_Page” so as to make it unique. 
[bookmark: _Toc446409780]Modify Labels
The advantage of copying a page is that when create the “TPM_6W_Page” you copied all of the widgets on the page. You only have to add the new stuff.  

All of the labels have stayed in the correct position. You only need to change the TW-4Wheel label to TW-6Wheel and change the Text String to “6 Wheels”.
[bookmark: _Toc446409781]Copy Wheels And Gauges
Shrink down the tires to make they smaller. Use the Rectange Wiget properties to get  the tires the same size. Move the rear tires up then copy the tires to create another set. The rear tires become the mid tires and the new set of tires becomes the rear tires. Relabel all the tires to LeftFront, RightFront, LeftMid, RightMid, LeftRear and RightRear. 

Relabel the rear wheel pressure gauges to Wheel5Pressure and Wheel6Pressure. Relabel the temperature gauges the same way. Next edit the Smart Data Items to use these pressure and temperature parameters. Be careful because the copy does not copy the limits and you need to re-enter them. You should use the limit for Fahrenheit and Celisus gauges. The upper limits is 1735 degrees for Celisus degrees and I used the same values for the Fahrenheit degrees (i.e. short cut).

The Selection Boxes were not visible when the tires and gauges were copied, so it has to be done manually. Go to the SelectionBoxes folder and copy the RW-Wheel3Box, move it to the fifth tire position and rename it RW-Wheel5Box. Change the visibility to 5 for the visible condition. Repeat this process for the RW-Wheel4Box and change the visibity condition to 6. 

Select the CAN messges Rear Tires and copy that group and put it below. Rename the tire labels to Left Front Tire, Right Front Tire, Left Mid Tire, Right Mid Tire, Left Rear Tire and Right Rear Tire. The second field or column is TG_TIRE29bitHeader* which has to be rename to right position but they all use the TIRE29bitHeader parameter value. The header stays the same for all messages, but the data changes.  The third column or fields are hard coded positions which should be 0x00, 0x01, 0x10, 0x11 0x20 and 0x21. Relabel the objects for the correct position. For the fourth column or fields, relabel and switch to the right parameters for the pressure. Likewise for the fifth column or fields, relabel and switch to the right parameters for the temperature.
[bookmark: _Toc446409782]Add Bezel Fire Events
You need to go to the Programming Tab and create a script called Toggle6WheelScript with aToggle6WheelEvent. It is basically the same as the Toggle2WheelScript only you are supporting 6 wheels. 

Come back to the Page Designer Tab and on the TWM_6W_Page set the Select Wheel bezel button to make a call to the Toggle6WheelEvent. 

On the Wheel Config bezel button on the TPM_4_WheelView, select the bezel button and make it “Go To View (This Layer).TPM_6_WheelView. 

On the Wheel Config bezel button on the TPM_6_WheelView, select the bezel button and make it “Go To View (This Layer).TPM_2_WheelView. This is temporary and will change when we add more configuration. You should be able to compile and check for any errors. Check the final configuration for any errors.

[bookmark: _Toc446409783]Modifications For Dually Wheel Configuration View
Lastly we are going to copy the page and create a new Dually Configuration Page. Go to the Page Designer Tab, click on the TPM_4W_Page and right click to copy then paste the page. Right click on the new page and rename the page to “TPM_Dually_Page” so as to make it unique. 
[bookmark: _Toc446409784]Modify Labels
The advantage of copying a page is that when create the “TPM_Dually_Page” you copied all of the widgets on the page. You only have to add the new stuff.  

All of the labels have stayed in the correct position. You only need to change the TW-4Wheel label to TW-DuallyWheel and change the Text String to “Dually Wheels”.
[bookmark: _Toc446409785]Copy Wheels And Gauges
Shrink down the tires to make they smaller. Use the Rectange Wiget properties to get  the tires the same size. Move the rear tires up then copy the tires to create another set. The rear tires become the mid tires and the new set of tires becomes the rear tires. Relabel all the tires to LeftFront, RightFront, LeftMid, RightMid, LeftRear and RightRear. 

Relabel the rear wheel pressure gauges to Wheel5Pressure and Wheel6Pressure. Relabel the temperature gauges the same way. Next edit the Smart Data Items to use these pressure and temperature parameters. Be careful because the copy does not copy the limits and you need to re-enter them. You should use the limit for Fahrenheit and Celisus gauges. The upper limits is 1735 degrees for Celisus degrees and I used the same values for the Fahrenheit degrees (i.e. short cut).

The Selection Boxes were not visible when the tires and gauges were copied, so it has to be done manually. Go to the SelectionBoxes folder and copy the RW-Wheel3Box, move it to the fifth tire position and rename it RW-Wheel5Box. Change the visibility to 5 for the visible condition. Repeat this process for the RW-Wheel4Box and change the visibity condition to 6. 

Select the CAN messges Rear Tires and copy that group and put it below. Rename the tire labels to Left Front Tire, Right Front Tire, Left Out Rear Tire, Left In Rear Tire, Right In Rear Tire and Right Out Rear Tire. The second field or column is TG_TIRE29bitHeader* which has to be rename to right position but they all use the TIRE29bitHeader parameter value. The header stays the same for all messages, but the data changes.  The third column or fields are hard coded positions which should be 0x00, 0x01, 0x10, 0x11 0x12 and 0x13. Relabel the objects for the correct position. For the fourth column or fields, relabel and switch to the right parameters for the pressure. Likewise for the fifth column or fields, relabel and switch to the right parameters for the temperature.
[bookmark: _Toc446409786]Add Bezel Fire Events
You need to go to the Programming Tab and create a script called ToggleDuallyWheelScript with aToggleDuallyWheelEvent. It is basically the same as the Toggle6WheelScript only you are supporting a different set of wheels. 

Come back to the Page Designer Tab and on the TWM_Dually_Page set the Select Wheel bezel button to make a call to the ToggleDuallyWheelEvent. 

On the Wheel Config bezel button on the TPM_6_WheelView, select the bezel button and make it “Go To View (This Layer).TPM_Dually_WheelView. 

On the Wheel Config bezel button on the TPM_Dually_WheelView, select the bezel button and make it “Go To View (This Layer).TPM_2_WheelView. This is temporary and will change when we add more configuration. You should be able to compile and check for any errors. Check the final configuration for any errors.

As you test the configuration you will find things that don’t work as clean as you would like. For example, if you are using the 6 Wheel page you could leave the SelectWheelSel variable set to 6 which is not available on the  2 Wheel page. So in the scripts, we had to add checks to prevent values out of range. Also on each Wheel Config bezel button release we added a Calculation Event to SetSelectWheelSel to one. Now when you change pages for the different wheel configurations you will go to the first tire in the configuration. 
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