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1. Project Overview

Chrysler uses micro-controllers throughout the electronic subsystems in their automobiles to monitor and adjust automotive operation, using a variety of Controller Area Network protocols for communication. Because there are various protocols for communication, Chrysler would like a device that can monitor a network for traffic using any of these protocols, as well as providing RS232 connectivity for communication with a charging unit and PCMCIA capability to upload data to a PC for analysis. There is currently no device available that provides these capabilities for use in design and troubleshooting situations for Chrysler automobiles. A device such as this is needed to monitor Controller Area Network traffic, logging up to an hour of network messages, translating the meaning of the messages, and displaying these decoded messages, as well as upload the stored log to a PC. 

1.1. Problem Statement

Our team will design the software for a device that will be used to monitor traffic in a Controller Area Network on a Chrysler automobile. This design will include the user interface to control the device, the handling and decoding of network messages after they have been collected by hardware, and the storage of these messages in a log. We will also provide an API to ease future expansion of the device's capabilities. 

1.2. Solution statement

We intend to design the software for the device mentioned above. We must develop a user interface, the network message decoder, the message storage log, and the display software. We must also provide an API with documentation for the code we generate so future modifications and additions to the software are easily made. We will not design the hardware for this device - it will be provided by Chrysler via Dr. Medidi. However, our code must be designed with the hardware in mind so that it will fit within the memory the device will have and operate properly with the device's micro-controller architecture. 

1.3. Requirements

1. Translate the data received from the network into subsystem messages that can be understood by the engineer. 

2. Display the sequence of messages as they are observed on the network. 

3. Keep a log of the messages capable of storing one hour of data. 

4. Permit configuration of the device from the keypad. 

5. Create an API that facilitates the above requirements. 

6. Provide a user-friendly interface capable of incorporating an LCD panel and a hexadecimal keypad for a user input and output. 

7. Provide a PCMCIA interface for the hookup to a remote PC for performing off-line analysis and diagnosis. 

8. Provide a RS232 interface for interfacing with a vehicle's external charging circuitry. 

9. Must be able to work on top of a simple kernel with minimal system calls and not using memory management. 

10. Must be able to retrieve data using the J1850 protocol. 

11. The system needs to be modular so it is expandable to accommodate the addition of the CAN 2.0 and SCI network protocols at a future date. 

12. Provide an API to allow for easy future expansion and modification of the device software. 

1.4. Constraints

 Hardware Constraints

· This team will not be responsible for the creation of the device hardware - the hardware design will be provided by Chrysler. If there is enough time at the end of the Spring 2000 semester, we will port the software developed with an emulator to the hardware platform. 

· The memory available on the destination hardware is relatively limited, therefore our software must be compact and efficient 

Software Constraints

· User input is restricted to the hex keypad and the four directional keys 

· Output messages must be short enough to be displayed on the 3"x5" LCD screen 

· A menu system will allow the user to modify the various parameters defining system operation without requiring a complex input device 

· The software we develop must be small enough to fit into the available memory in the final device 

· Software must require minimal kernel functionality, and not require dynamic memory management (a smaller kernel reduces the code size) 

· The software must be modular to allow use of multiple network protocols (J1850, SCI, CAN 2.0) without specialized high-level code 

· Software must provide a well-documented API to easily add support for additional network messages in the future. 

1.5. Specifications

Hardware Specifications

(note: these requirements constrain the software that will be run on the final device)

· Handheld device 

· 3"x5" LCD screen for user output 

· Hex keypad and 4-way cursor movement keys for user input 

· PCMCIA connectivity to a PC for data upload 

· RS232 input for interfacing with external charging circuitry 

· Support for J1850, SCI and CAN protocols 

Software Specifications

(note: these are the requirements to which we will design our system software)

· Developed and run on emulator 

· Ported to device-specific hardware platform as time permits 

· Fully configurable with a hex keypad and cursor movement keys 

· Provide an easy-to-understand menu system to operate the device 

· Able to store one hour's worth of network traffic in memory 

· Use modular design for network protocols supported 

· Support for J1850 required 

· Support for SCI and CAN optional as time permits 

· Provide an API for high-level modules 

· Provide documentation for the API 

2. Installation Guide

This part of the project does not include any installation process. The hardware device will have this software installed on it by the time the user gets it and will not need any further configuration. In addition this part of the program is out of the scope of this project since it would require knowledge of how to input this software on a hardware platform that has not been designed yet.

3. User’s Guide

3.1. Starting and Using Diagnostic Tool

3.1.1. The menu system

The menu system is used by scrolling up and down using the five-arrow mouse and then entering that menu by depressing the right arrow. Selections are made in the menu and if presented with value box that can accept input from the Hex-Keypad and pressing the select button in the center of the mouse. Menus can be exited out of by pressing the left arrow, which will move the user to the next higher level. The menu system remembers the last menu you entered by placing the arrow at that last menu when you exit out. This way you can remember the last option you selected before entering a sub-menu. Specific menu functions and uses are located below.

3.1.2. Protocol Select

WHEN YOU FIRST START UP THE SYSTEM YOU WILL NEED TO SELECT A PROTOCOL PRIOR TO MAKING ANY MENU SELECTION. This is done by right selecting the Protocol Select menu and then right selecting the specific protocol. After this protocol is selected you will be set back again at the top level of the Menu System.

3.1.3. The Logger

The Logger is used to create a record of network faults. This logger is capable of recording an hours worth of messages, however this is dependent on the memory size of the diagnostic tool.  This menu system lets the user; start and stop the logger, download the logger through the PCMCIA port to a PC, scan the log for specific messages and filter the log by setting which faults the diagnostic tool records from the network. By entering the View Filter Command menu item you get a set of message types that you can set to see or ignore when you scan through the log file. By right selecting on the faults listed and depressing the select button a check is marked that actively will filter that command from the log file. 

3.1.4. The Battery Circuit

The battery Circuit menu item will allow the user to actively monitor what state the charging and battery circuits of the car are set at. By entering this menu you get the following menu items; Battery charging status, battery charging rate, Battery charge capacity and whether the system is switched to AC power, DC power or both. The Charging status will let the user know if the electric vehicle is hooked up to the charging station. The charging rate menu item will give a numerical value in amps with a set voltage. The battery charge capacity menu item will allow the user at any time to see what state of charge the battery is in a percentage. The last item in the menu system will allow the user to see which systems in the car are active in the car. 

3.1.5. The Sensor Circuit

The sensor circuit allows the user to actively filter and monitor the network messages. This menu system is similar to that of the logger. Item menus include; Current Fault and View Filter Command. The Current fault command allows the user to see the last fault on the network before the menu item was selected. The View Filter Command allows the user to actively manage the specific system messages. By entering this menu the user can scroll up and down the menu items and check each item using the select button of the mouse. Then by exiting this menu and entering the Current Fault menu you will be able to only see the message groups for the particular protocols that have been selected.

3.1.6. Message Interpreter

The message interpreter allows the user to convert Hex network messages to verbal messages for a specific protocol or scan through a library of messages and give the hex translation. By selecting the Message Interpreter you are given 2 options; message ID# and message library. By selecting Message ID# you are given a value box. Here you can input the network message and by selecting the middle mouse button enter it for the translation. By selecting the message library option you can scan through a listing of the messages using the up and down arrows. 

3.1.7. Record Filter Menu

This menu will allow you to set the flags that the logger will record. The logger works in the background and can record at all times. By placing this menu at the top level you can set the recorded message after you have started the logger without going down to that level. The selections in this menu will depend on the protocol selected but will be in the groupings that are located in section 3.3. 

3.2. Setting and Managing system messages

3.3. The complete list of Network Messages for the Diagnostic 
Tool

3.3.1. J1850 Protocol

Following is a list of  network messages which have been classified into 8 different categories. These categories relate to the types of messages and allow the user to monitor them in groups without the need to select every individual message. These items include Charging/Battery, Power, Transfer, Vent, Switched, EVSE, Delay Timer and Other which is a conglomerate of messages that cover a wide assortment of network functions. 

Charging/Battery

Base Charging Complete - yes

Base Charging Complete - no

Battery Design Capacity

Battery SOC - 

Power

Max Transfer Power

Power Level

Power out of Range

Max Power Level

Max Power Level Mandate

Stage Power Limited - yes

Stage Power Limited - no

Stage Power Range

Transfer

Transfer Ready - yes

Transfer Ready - no

Transfer Type

Transfer Type Valid - yes

Transfer Type Valid - no

Vent 

Vent Required - yes

Vent Required - no

Vent Fault - yes

Vent Fault - no

Switched

Switched AC Present - Yes

Switched AC Present - No

Switched DC Present - Yes

Switched DC Present - No

Conversion Load

Conversion Power Range

EVSE

EVSE Configuration

EVSE Configuration - indoors

EVSE Configuration - outdoors

EVSE Ready 

Delay Timer

Delay Timer Count

Delay Timer Enabled - Yes

Delay Timer Enabled - No

Delay Timer Period

Delay Timer Expired - Yes

Delay Timer Expired - No

Other

Vehicle Ready 

ETS Sleep - Yes

ETS Sleep - No

Usage Mode

Usage Mode Time

Pulse Mode Enabled

Pulse Period (high/low)

EV Isolation Mode

Requested Stage Index

LMS Preference Override - Yes

LMS Preference Override - No

Recovery Time Out - Yes

Recovery Time Out - No

3.3.2. CAN Protocol

The network messages for this protocol have not been defined to us at this time.

3.3.3. SCI Protocol

The network messages for this protocol have not been defined to us at this time.

4. Architecture/Design

4.1. Function Flow

Function Flow Block Diagram

All the functions in all the modules operate atop the framework provided by the API, and therefore make calls to and are called by the operating system kernel in whatever fashion the kernel needs.


The user interface code, which contains the implementation of the menu system required to operate and configure the device and display the log of messages, directly uses the software API.  Additional high-level capabilities, data analysis screens and menus can be added with minimal effort and use the facilities provided by the software API.  The hardware API is a portal to the hardware-specific code contained in the protocol module.  The protocol level contains the software routines that execute the actual data transfer to and from the hardware surrounding the micro-controller, facilitating the collection of network data and transfer of the interface display to the LCD hardware.

4.2. Data Flow

Data Flow Model

The data flow for this product will be primarily from the automobile network to the LCD screen for user interaction.  There will also be data flowing from the keypad to implement the user interface, and from the device out through the PCMCIA port for data log dumps to an external computer for further analysis.










At the top are the automotive networks, which is the primary source of raw data this device will utilize.  The code in the Protocol Layer will provide the interface to these hardware subsystems.  Additional hardware-specific code will exist in the Protocol Layer for data flow to the LCD and from the keypad.    The Hardware API provides a simple, consistent interface to the code in the Protocol Layer.  The Software API provides higher-level tools such as a menuing facility and storage for data messages that are pulled from the automotive networks.

Additional information about the contents of each of these modules can be found in the Functional Outline section of this document.

4.3. Memory Mapping

Since we are designing this system to go onto a limited memory embedded system the ability to set aside blocks of memory and control it closely. Additionally, memory mapping allows the system to be ported from the computer system to the HC-12 chip with as little changes in setting memory addresses as possible. All the addresses are set with #define statements in the beginning of the .h files and can be changed quickly depending on the system. There are separate memory addresses for mapping menu items and flags as well as where the logger starts and where the kernel and the API are stored. This allows us to control the program as a whole very closely. We are also using memory to set specific address space to flip specific bits on or off and allow monitoring of message groups (see  section 3.3.1). This allows us to selectively monitor types of faults coming off the network. 

4.3.1. Addresses (all values are in Hex)
Below is a listing of the memory addresses as set in the separate .h files. 

MemoryMap.h

These are the starting addresses and the offset values for the parts of the program that need any amount of memory.

#define STARTING_ADDRESS 0x0001 

#define STATUS_FLAG_OFFSET 0x0010

#define KEYBOARD_OFFSET 0x0020

#define JDB_LIST_OFFSET 0x0028 

#define SCREEN_OFFSET 0x0060 

#define PORT_DATA_OFFSET 0x0100 

#define J1850_OFFSET PORT_DATA_OFFSET+0x0000 

#define SCI_OFFSET PORT_DATA_OFFSET+0x0010 

#define CAN_OFFSET PORT_DATA_OFFSET+0x0020 

#define RS232_OFFSET PORT_DATA_OFFSET+0x0030 

#define PCMCIA_OFFSET PORT_DATA_OFFSET+0x0040 

#define DATA_LOG_OFFSET 0x0200 

Protocol.h

#define J1850_ADDRESS 0x2FF22AF0 

(This is the address of the network message buffer in the automobile.)


4.3.2.  Masking

Below is a listing of the masks used in Api.c. These masks are the offset for specific memory values set in the menu system in the logger and in the active sensor menu. When the user sets a flag in the menu system this offset is accessed and the specific byte is or’ed with a 1 to turn that bit on and let message type of that category through to the viewer or recorder. 

.
4.4. Data Format

Data Format
Menus

The Software API contains the menuing facility, while the actual menus are specified in the Interface code.  Each menu will be stored in a data structure containing:

· Title

· Number of menu items

· Current item

· Each item (test strings)

· Which menu to jump to or which routine to run for each item in the menu

This format is used by the menuing engine to present a logical, usable interface to the user.  There also exists a stack of menu IDs, allowing a hierarchy and a history to be maintained, allowing the user to easily return to the previous menu at any time.

Message Log Storage

The messages retrieved from the automotive networks are of varying length, with the length of each message being given as the first byte in the content of the message.  The messages will be stored in the same format, in a continuous stream occupying whatever space is available in the device's memory space after the code has been accounted for.

	Header
	Len
	. . . . .
	Footer
	Header
	Len
	. . . . .
	Footer
	. . . . .


Using this method, traversing the list is a relatively simple task, and displaying the log of message data will be straightforward.

Message Lookup Table

Each message retrieved from the automotive networks contains an 8-bit identifier specifying the meaning of the message.  There will be a 256-element list of string pointers, one for every possible message.  The identifying byte in the message will be used as an index into this array allowing for fast conversion of a hexadecimal ID to an English test message.

	. . .

	6A

	6B

	6C

	. . .


4.5. Functional Outline

Interface.h / Interface.c

This file pair contains the code and data defining the user environment on the system.  The specific content and hierarchical structure of the menus, the display of the user log, and configuration selection routines will be encoded in this module.

API.h / API.c

This file pair contains the libraries of routines that enable easy interface development and provide gateways to hardware-specific code segments.  There are 2 parts to the API – the software-specific routines and the hardware-specific routines.

Data Structures for the API

This struct represents the only user defined data type in these files pairs and in the whole project as far as I know.

typedef struct MenuDefStruct

Title of the menu - top line-

   char * Title       

Number of items in the menu 

   U8 NumItems

Strings for individual menu items 

   char *Items[LCD_MAX_ROWS-1]

Which menu to select for each item 

   int NextMenu[LCD_MAX_ROWS-1] 

Index of current selection (0-indexed) 

   U8 CurrentItem;               

Software-based Routines

These routines provide capability to the interface programmer.


These functions give us access to global variable that we need to use in this file.


int *GetMenuStack(void);

int GetMenuStackPos(void);

void SetMenuStackPos(int pos);
char *MessageLookup(U8);

Given an unsigned, 16-bit value, this routine returns a pointer to the meaning of that network message.  Further decoding may be necessary to determine the meaning of the parameters provided with that message.

void SetLogFilterFlag(U8, U8);

This routine sets a flag selecting which types of messages will be displayed in the log.  The flags are identified with # define’d 8-bit values.

void ClearLogFilterFlag(U8, U8);

This routine clears a flag, selecting which types of messages will be omitted from the log display.  The flags are identified with # define’d 8-bit values.

int CheckLogFilterFlag(U8, U8);

This routine check the status of a flag, showing which messages will be omitted from the log display.  The flags are identified with # define’d 8-bit values.

void BeginRecordingLog(void);

This routine causes the software to begin saving network messages that come across the system.  The log is not cleared before recording begins.

void StopRecordingLog(void);

This routine causes the software to begin discarding network messages that come across the system.  The saving is suspended the log is not cleared.

int IsRecordingSet(void);

This function will check the flag and return true = 1 or false =0 for weather the flag is activated.

This routine clears the log buffer and initializes the position within the log.

U8 GetLogPosition(void);

This routine returns the current position of the user in the log display.

void SetLogPosition(U8);

This routine sets the current position of the user in the log display.

void SetConfigurationFlag(U8 Offset, U8 Mask);

This routine sets a configuration flag, #define’d like the filter flags discussed above.

void ClearConfigurationFlag(U8 Offset, U8 Mask);

This routine clears a configuration flag, #define’d like the filter flags discussed above.

int CheckConfigurationFlag(U8 Offset, U8 Mask);

This routine check if a configuration flag is set, #define’d like the filter flags discussed above.

void DrawString(char *str, U8 n, U8 R, U8 C);

This routine copies a string to the screen, starting at row R and column C.  The copy continues for n characters or until the string will run off the right edge of the screen, whichever is smaller.

Draw a string on the screen 

str = pointer to the string to display 

n   = number of characters to print 

R   = row to print in (0-indexed) 

C   = column to start at (0-indexed) 

void DrawMenu(void);

This routine draws the menu specified by the system parameters to the LCD.  The menu to be displayed is determined by the global variables specifying current menu selection, menu depth, and current active menu.

void UpdateMenuItem(int MenuID, int ItemNum, char *NewItem, int NewAssoc);

This routine modifies a particular item of a particular menu to allow the system to modify itself at runtime.  Provide a menu ID, #define'd in Interface.h, and an item number to set, the string to set the item to, and the corresponding Function/Menu ID associated

with that menu item, and the item in that menu is updated.

void PrepareLogViewer(void);

void MoveCursor(char KeyPress);

This routine will take the appropriate action based on the current screen (menu, log display, etc.) and the key pressed by the user.

Hardware-based Routines
These routines provide a common interface to lower-level, hardware-specific code.  If the hardware is changed, but capabilities are not increased or decreased, this code will not need to be changed.  However, if data sources or sinks are added or removed from the hardware platform, these data ports must be added or deleted from this library.

void CopyFromBuffer(void *Destination, U8 WhichBuffer, U8 n)

This routine transfers n bytes from the buffer specified by WhichBuffer, a #define’d 8-bit constant, into the memory starting at the location specified by Destination.

void CopyToBuffer(U8 WhichBuffer, void *Source, U8 n)

This routine transfers n bytes starting at the memory location specified by Source into the buffer specified by WhichBuffer, a #define’d 8-bit constant.


int StrLen(char *theStr);

Simple routine to count the number of characters in a string 

System Flags Set/Clear/Check

The naming convention used for the flags in this section of the code is as follows:

· Setting the bit(s) in the flag  to a value of one is done by the naming convention [group name][Set][variable name] example RECORDSetBATTERY.

· Clearing the bit(s) in the flag to zero is done by the Clear function and uses a similar naming convention as Set [group name][Clear][variable name] as an example RECORDClearBATTERY

· We also made a Boolean test function for each flag to be used to check the state of the bit(s) in the flag and the naming convention is as follows [group name][Is][variable name][Set] as an example RECORDIsBATTERYSet.

· When the variable name is ALL then the whole group of bits can be set, cleared or check by the functions with this name.

Record group is used to choose which sub system that the programmer wants to monitor and log on the car. These flags will be used in the making of the logging data and when the menu needs output data from the subsystems that need to be watched.

void RECORDSetALL (void)

void RECORDClearALL (void)

int RECORDIsALLSet (void)

The view flags are what specify which of the recorded messages we want to show in the log viewer. They dictate what information (from everything we've stored) will be shown in the viewer.
void VIEWSetALL (void);

void VIEWClearALL (void);

int VIEWIsALLSet (void);

When set the system will set the pointer for the log file to the start of the log file memory space and overwrite all the old data.

void ClearLog(void)

The battery sub group set the flags needed to check, record and menu view of the following functions on the car dealing with the battery system - Base Charging Complete, Battery Design Capacity, and Battery SOC.

void RECORDSetBATTERY (void)

void RECORDClearBATTERY (void)

int RECORDIsBATTERYSet (void)

void VIEWSetBATTERY (void)

void VIEWClearBATTERY (void)

int VIEWIsBATTERYSet (void)

The power group of flags will allow the system to monitor, view the menu system and log details about the power of the vehicle being tested. The functions of these flags are as follows Max Transfer Power, Power Level, Power out of Range, Max Power Level, Max Power Level Mandate,  Stage Power Limited, and Stage Power Range. 

void RECORDSetPOWER (void)

void RECORDClearPOWER (void)

int RECORDIsPOWERSet (void)

void VIEWSetPOWER (void)

void VIEWClearPOWER (void)

int VIEWIsPOWERSet (void)

The transfer group will view the menus, monitor and log the data collected for the functions that check if Transfer is Ready, Transfer Type, and Transfer Type Valid 

void RECORDSetTRANSFER (void)

void RECORDClearTRANSFER (void)

int RECORDIsTRANSFERSet (void)

void VIEWSetTRANSFER (void)

void VIEWClearTRANSFER (void)

int VIEWIsTRANSFERSet (void)

The flags for the Vent and Switched monitoring systems are set in this group and the flags will show menu systems, record and log data from the following sub systems on the car being tested. The functions in this section are Vent Required, Vent Fault, Switched, Switched AC Present, Switched DC Present, Conversion Load, and Conversion Power Range.

void RECORDSetVENT (void)

void RECORDClearVENT (void)

int RECORDIsVENTSet (void)

void RECORDSetSWITCHED (void)

void RECORDClearSWITCHED (void)

int RECORDIsSWITCHEDSet (void) 

void VIEWSetVENT (void)

void VIEWClearVENT (void)

int VIEWIsVENTSet (void)

void VIEWSetSWITCHED (void)

void VIEWClearSWITCHED (void)

int VIEWIsSWITCHEDSet (void)

The record EVSE group will contain the flags that will allow the user to view the menu system, log and monitor the functions needed to control this sub-system, which are as follows EVSE Configuration, EVSE Configuration – indoors, EVSE Configuration – outdoors, and EVSE Ready 

void RECORDSetEVSE (void)

void RECORDClearEVSE (void)

int RECORDIsEVSESet (void)

void VIEWSetEVSE (void)

void VIEWClearEVSE (void)

int VIEWIsEVSESet (void)

The Timer group will be used to control or log and view the menu system of the functions that report the state of the delay timer in the car being tested and the flags are defined as Delay Timer Count, Delay Timer Enabled, Delay Timer Period, and Delay Timer Expired.

void RECORDSetTIMER (void)

void RECORDClearTIMER (void)

int RECORDIsTIMERSet (void)

void VIEWSetTIMER (void)

void VIEWClearTIMER (void)

int VIEWIsTIMERSet (void)

Undefined group is a set of flags for various states that didn’t fit into one particular category. see other group in section 3.3.1 in this document.

void RECORDSetMISC (void)

void RECORDClearMISC (void)

int RECORDIsMISCSet (void)

void VIEWSetMISC (void)

void VIEWClearMISC (void)

int VIEWIsMISCSet (void)

Protocol.h / Protocol.c

This file contains the hardware specific code for data transfer between the microcontroller and the ancillary hardware.  If the hardware environment changes, only this file must be modified (with the exception discusses in the Hardware-based Routines section above) to update the software to talk to the new hardware environment.  These routines are called by the CopyFromBuffer(…) and CopyToBuffer(…) routines in the API file pair.

SendToPCMCIA(void *Source, U16 n)

This routine transfers data from the memory location specified by Source to the PCMCIA port on the device.

GetFromKeypad(void *Destination)

This routine gets the most recent key pressed from the keyboard buffer and stores it in the memory location specified by Destination.

SendCharToLCD(char theChar, U8 R, U8 C)

This routine transfers a single character (at the specified row and column) to the LCD hardware via whatever interface the LCD controller requires.

GetFromCAN(void *Destination)

This routine retrieves the most recent network packet available on the CAN bus and stores it in the memory location specified by Destination.

GetFromSCI(void *Destination)

This routine retrieves the most recent network packet available on the SCI bus and stores it in the memory location specified by Destination.

GetFromJ1850(void *Destination)

This routine retrieves the most recent network packet available on the J1850 bus and stores it in the memory location specified by Destination.

GetFromRS232(void *Destination)

This routine retrieves the most recent message from the RS232 buffer and places it in the memory location specified by Destination.

Kernel.h / Kernel.c

These files contain the core operating system for the device.  These files will be obtained from an outside source and will function as “black boxes” from our point of view.  However, routines for basic event processing are assumed to be present.

4.6. Test Plan

We will test our design in a bottom-up fashion, ensuring the correctness and stability of each level before relying on it for use in higher-level code.  In this sense, we will test each module as a white box first, ensuring proper internal operation.  After white box testing is complete, that module will be exercised as a black box while testing higher-level code as a white box.  Since we have various levels of development, we will employ this strategy at each level to ensure correctness and completeness.

First, we will run our software in our functional simulation environment, using Microsoft Visual C++ v5.0 on the Windows platform.  We will check the functional behavior, logic, and conceptual integrity of all our software modules in this environment in the manner described above.

1. Test simple input/output formatting routines

2. Test compound output screen formatting routines

3. Test menu drawing/operation routines

4. Test configuration/filtering routines

5. Test log storing mechanism

6. Test data display forms/routines

After the software has been verified on the Windows simulator, it will be cross-compiled and the preceding steps will be repeated on the hardware emulator, again verifying correctness and completeness, and to ensure that the completed code will fit and run within the memory space that will be available on the final hardware.  We will run abbreviated module tests within the 2Kb file size constraint until we have a license which will allow us to compile larger files.  At that time, we will be able to compile the entire software project and complete the instruction-level testing.

After the hardware emulator phase has been completed, the software will be ready for cross-compiling and uploading to the physical hardware for final testing and delivery.
5. Maintenance Guide

5.1.  Corrective Maintenance

5.2.  Perfective Maintenance

The software our team is developing will be used as part of a greater environment, therefore there will be many steps required after delivery to perfect this software.  The API we’ve developed provides most of the base functionality that will be required in the final product.  Because we haven’t got full visibility of where this project will eventually be, we are unable to account for every contingency, therefore whoever eventually implements this software may need to add API functionality to support currently-unknown requirements.  Also, the menu system we’ve written is intended primarily for testing and demonstration of our portion of the project.  The people who complete final implementation of this software will likely want to create a new menu system.  However, because we’ve created a menuing engine, the creation of a different menu system will be straightforward.

5.3.  Adaptive Maintenance

As the requirements for the device on which our software will run increase, additional functionality will probably be required.  Most tasks will be small and atomic in nature, so implementation will require very little additional code be written, so long as they stay within the framework of the API we’ve created.

6. Postmortem Report

6.1. What went right

After we got a solid understanding of what our project was and what the intended use was, development went smoothly.  We were able to visit our sponsor and get a firsthand look at the environment our project is intended for and what is required for the users to do their job effectively.

Also, the cross-platform development of our code worked surprisingly well, considering we were combining platform independent C code with a Microsoft Windows-based Visual C++ functional simulator.  At every checkpoint in the code’s development, we tested the added functionality at a UNIX command line using a C compiler, then integrated that code almost seamlessly into the Visual C++ simulator.

Because we ended up using an appropriate development process, code generation went fairly smoothly.  There were relatively few obstacles that baffled the team, and progress was solid the whole semester.  We achieved our objectives and deliverables for the customer with enough time to spare that we could polish the documentation and content.

6.2. What went wrong

Our initial project ideas were, unfortunately, rather off-track.  We were unsure of what our goals were, who our target audience was, and why we were developing this product.  We corrected this at the beginning of the spring semester and got back on track.

The cross-compiling and hardware emulation environment hassled us for several months, largely because we didn’t have any available manpower to put on that part of the project.  This was corrected in the second half of the semester when we were able to dedicate a team member to learning the environment to test out some of the code on the emulated micro-controller architecture.

Also, the time lost in our grand aspiration phase, where we wanted to do hardware, was largely wasted.  We spent time on problems that should’ve been beyond the scope of this class

6.3. Lessons learned

We learned a great deal about customer relations and how to determine what the customer really wants and needs.  Visiting the Chrysler Proving Grounds in Wickenburg was a great experience, both to help our project along and to teach us the value of meeting our target audience.

We also learned that scoping a problem properly is critical to success. If we’d attempted the project we originally wanted to, including the hardware development and implementation, there’s no way we would’ve finished in the time we had.  Scaling the problem back to encompass only the embedded software that would operate the system gave us a chance to succeed.

Furthermore, we learned that engineers are indeed often too optimistic.  We thought that we could finish the hardware and software for this project, which was obviously too big a chunk for such a compressed timeframe.

Even though our project scope was refined, it was still a sizable project.  Because this was the largest project any of us had done to date, it required the most planning of any project we’d done.  The scheduling effort, which none of us thought would be particularly useful, helped greatly to keep us on track and keep the final goal in focus.  Also, breaking the project up into one-week portions really made it more approachable.

We knew that communication was imperative, but we were amazed at the pivotal role it played.  Communication with the sponsor and the eventual users of this device was instrumental in helping us gain a strong understanding of the details of the project and helped us get comfortable with the concepts needed.  Also, intra-team communication helped keep us on track and on schedule for prompt completion of the project.

Choosing an appropriate design and development processes also helped a great deal.  Our original plan, prototyping development, would not have worked well in this type of project.  However, the approach we adopted after we refined the project, top-down design with incremental development, worked quite well.

Finally, allowing team members to choose from the available work helped to keep everyone interested in their portion.  If we had assigned all the portions of the project, then the team members would have been less inclined to do their part because it wasn’t what they wanted to do.  There’s a certain amount of buy-in required for someone to do a job completely and well, and near the end of the semester we managed to have everyone working fairly well together and individually.
Operating System Kernel (Black Box)





Hardware Related








Software Related








Protocol





PCMCIA





RS232





LCD





Keypad





SCI





J1850





CAN





User I/O and Interface





API





Interface Code





Software API





Hardware API





Protocol Layer





PCMCIA





Keypad





LCD Screen





J1850





RS232





SCI





CAN





Automotive Network





"Battery Fully Charged - Yes"





"Battery Overheat"








