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EMBEDDED SYSTEMS DESIGN

ASSIGNMENT 1 – SOFTWARE DESIGN

REQUIREMENTS

Consider yourself a member of an engineering team. You are required to design and implement some input/output, mathematical and storage subroutines to meet the specification below as part of a larger project to develop an Engine Control Unit (ECU), based on a HC12 microprocessor. The ECU will measure engine speed, calculate the required fuel injector pulse width, synchronise to the engine timing and create the timed fuel injector pulse.
The programming language to be used is HC12 assembly language. For technical information on the programming language and CPU programming model, refer to module 4 of the study materials and the HC12 CPU Reference Guide (CPU12RG.pdf) provided on the course CD. More detailed information on the instruction set can be found in S12CPUV2.pdf reference manual also provided on the course CD.

To complete this assessment you will need to combine small sections and modules of program, similar to those provided in program examples in the study materials and tutorial solutions, into a single program. The program must follow a logical sequence of steps using subroutines and good program structure to provide a solution to the proposed task. Examples of Input/Output device initialisation and operation are provided in Module 5 and in tutorial solutions. Relevant details on the Input/Output registers of the HC12 microcontroller can be found in the lecture slides for Module 5 and in the MC68HC912D60A.pdf technical manual provided on the course CD.

You are to use the MiniIDE editor and assembler software provided on the course CD to write and assemble your program. You are to use the HC12Sim simulator software (in default mode) provided on the course CD to test your program. Suggestions on using the simulator to test your program are provided in several parts of the assignment. Your program should start at address $0400 and the data area at address $0200 as in programming examples and you must also set the Stack Pointer to $0800.

To complete this assessment you must submit a software design report documenting your design. The design report shall conform to Sections 1 & 2 only of the Software Documentation Specification provided in module 6 of Study Book 1. The printed report must include a final assembled listing printout of the program. The report must include the following information:

Functional Specification
- Objectives, System Model, User Information

The Software Specification
- Execution Structures,





  Software Module Descriptions (as comments in the listing)

A copy of the report and the program source file (*.ASM) must be provided on a CD, placed it in a CD sleeve and attached by a single staple to the report.
Special Notes
This is an individual assessment. Students must submit their own program and documentation. Students may discuss concepts and methods of implementing the program with others, but sharing of source code is forbidden. Refer to the study materials and tutorials for example implementations. Late assignments will not be accepted unless the examiner has been consulted prior to the due date and granted an extension by the examiner.
SPECIFICATION

To implement the program you must write several subroutines and a main program to operate an Engine Control Unit which uses the Analog To Digital converter (ATD), Input/Output ports and the Timer built into the HC12. The input of ATD channel 4 is connected to a tachometer measuring the engine speed. An active low timing trigger input and the fuel injector pulse output are connected to Port H as shown in Figure 1.

[image: image1]
Figure 1. Engine Control Unit Interface

You are required to take 8 engine speed measurements, take their average value, make a simple calculation and create the timing interval for the fuel injector pulse width (W).

There are several parts/subroutines to be written for this problem and you may create other subroutines to complete your coding and improve the structure of your program.
Part 1.

Write an assembly language subroutine called INITATD to initialise the ATD ready to operate as required in Part 2 below.
Part 2.

Write an assembly language subroutine called SPEED that starts an 8 bit, left justified ATD conversion on channel 4, waits for the conversion to complete, reads the resulting data and returns the data in accumulator A. The data value returned will be a positive number, $00 through to $50 (decimal=80). This number is a measure of Engine Speed (S) in hundreds of revs per minute. For example an ATD value of $20 (decimal=32) equates to 3200 rpm. Although larger numbers can come from the ATD, the maximum range of values you can expect is 0 to 80.

When testing this on the simulator you should switch on the ADC viewer under the View menu. You should set the analog input using the slider for channel 4 (PAD4). A value of 0.0 volts set on the slider equates to 0 rpm and 1.5682 volts set on the slider equates to an engine speed of 8000 rpm. Each click on a slider arrow is 100 rpm up or down on the engine speed.

Part 3.

Write an assembly language subroutine called AVERAGE which takes 8 consecutive measurements of engine speed using the SPEED subroutine, calculates the average engine speed (still in hundreds of rpm) and returns the value in the A accumulator. There is no need to keep fractions in the result. In practice this is done to reduce noise in measurements.

When testing this on the simulator you could set a breakpoint in the loop within this subroutine so you can vary the ATD value between measurements of engine speed, so you can test your averaging function is operating properly.
Part 4.

Write an assembly language subroutine called CALC which will be used to calculate the required fuel injector pulse width (W) in µS, based on the measured engine speed (S). Your subroutine should expect the engine speed (S) to be in accumulator A and should return the pulse width value in accumulator D, in microseconds.

This kind of calculation typically uses many engine variables to determine the fuel injector pulse width, but for this work only the engine speed and a few constants are be used. The equation for W is:


W (µS) = (BasePulseWidth[ S / 5 ] * 100) * TempFactor * OxygenFactor 


Where -
S is in hundreds of Revs per minute.




TempFactor = 0.9375




OxygenFactor = 0.8

The BasePulseWidth values are stored as a lookup table of 17 numbers.

TABLE
0, 10, 10, 15, 21, 28, 36, 45, 53, 60, 66, 71, 75, 78, 80, 81, 81

The first entry in the table corresponds to a Speed S = 0, then increments of 500rpm.


Each table value is in hundreds of µS, hence the factor of 100 in the equation to 
convert to µS. For example: a table value of 45 represents 4500 µS.

Assume that the range of values for S is 0 to 80 inclusive. Your subroutine is to check the range of value S, returning $FFFF in accumulator D if it is out of range. For correct S values perform the calculation for W and return the pulse width value in accumulator D.

Hint: careful selection of the order of the calculation will simplify the mathematics.

Part 5.

Write an assembly language subroutine called INITTMR to initialise the Timer to operate as required in Part 6 below.
Part 6.

Write an assembly language subroutine called PULSE to wait for the active low trigger input on Port H bit 1, then generate the logic ‘1’ fuel injector pulse output on Port H bit 0 equal to the required pulse width W given in accumulator D, accurate to ± 10µS. Assume that the HC12 runs on a 8 MHz system clock.
NOTE that the execution speed of the simulator is not accurate to real time, but you can use the ‘Time’ box in the middle of the simulator screen to test the timing. Click the ‘0’ (zero) button beside it to reset the time count to zero as required. DO NOT rely on the execution speed of the simulator to determine the timing.

When testing this on the simulator you may wish to lower the count values you use for the pulse period to shorten time you are waiting during testing. You could alternately use a break point at the end of the pulse subroutine and run the program at full speed. Note that stepping through the delay subroutine in its full form will take a very long time.

Part 7.

Write a MAIN assembly language program that controls the fuel injector pulse generation, using the following sequence. The rate at which the timing pulses arrive from the engine is not a factor in this design. You may assume they occur at intervals longer than it takes your main program to loop. (Start your program at $0400)
call the initialisation routines once at the top,

do any other initialisation of ports or variables,

then run repetitively in a loop:

read the average engine speed using AVERAGE, (which uses the SPEED routine)

calculate the required pulse width using CALC,

check if the calculated pulse width was in range (is D = $FFFF ?)

if it was out of range use the last pulse width value 

generate the synchronised injector pulse using PULSE,

save the pulse width as the last pulse width value.
repeat the loop

Note that the trigger input and pulse output are on Port H. When running this on the simulator you should switch on the Parallel Port viewer under the View menu. When pins of Port H are programmed as inputs you can click on the check box labelled PH1 to change the state of the trigger input Port H bit1. PH1 should be initially set to a ‘1’ manually. The fuel injector pulse output will simply show as PH0 (Port H bit 0) changing to a logic ‘1’ for the duration of the pulse.
End of Specification

ELE2303 Assignment 1 marking criteria
Each attribute below relates to a key element of the assignment and is marked on a scale of 25, 50, 75 or 100% for that attribute. Zero marks will be awarded for no attempt. 
	Attribute
	Novice
	Apprentice
	Practitioner
	Master
	Mark

	Documentation

Format
	Documentation meets few format requirements.
	Documentation meets some format requirements.
	Documentation meets most format requirements.
	Documentation meets all format requirements.
	/ 12

	Functional Specification

(FS)
	FS uses few of the required elements and the purpose is not defined.
	FS uses some of the required elements, but the purpose is poorly defined.
	FS correctly uses most of the required elements and the purpose is defined.
	FS correctly uses all of the required elements and the purpose is clearly defined.
	/ 20

	Software Specification

(SS)
	SS uses few of the required elements and the program is not described.
	SS uses some of the required elements, but the program is poorly described.
	SS correctly uses most of the required elements and the program is described.
	SS correctly uses all of the required elements and  the program is clearly described.
	/ 20


	Attribute
	Novice
	Apprentice
	Practitioner
	Master
	Mark

	Source

File
	Program assembles with many syntax errors and cannot be tested.
	Program assembles with some syntax errors, but with correction is testable.
	Program assembles without error, but testing reveals some execution errors.
	Program assembles without error and testing reveals no execution errors.
	/ 12

	Program

Design
	The program incorporates limited structure and modularity.
	The program incorporates some structure and modularity.
	The program incorporates adequate structure and modularity.
	The program incorporates good structure and modularity.
	/ 20

	Program

Implementation
	The program is implemented with limited use of accepted programming techniques.
	The program is implemented with some use of accepted programming techniques.
	The program is implemented with adequate use of accepted programming techniques.
	The program is implemented with good use of accepted programming techniques.
	/ 20


	Attribute
	Novice
	Apprentice
	Practitioner
	Master
	Mark

	Input/Output

Initialisation
	IO devices are not initialised correctly.
	IO devices are partially initialised correctly.
	IO devices are mostly initialised correctly.
	IO devices are consistently initialised correctly.
	 / 20

	Input/Output

Function
	IO subroutines do not meet the functional requirements of the specification.
	IO subroutines partially meet the functional requirements of the specification.
	IO subroutines mostly meet the functional requirements of the specification.
	IO subroutines consistently
meet the functional requirements of the specification.
	/ 24

	Mathematical

Calculation
	Calculation routines do not use appropriate registers and maths operations.
	Calculation routines partially use appropriate registers and maths operations.
	Calculation routines mostly use appropriate registers and maths operations.
	Calculation routines consistently use appropriate registers and maths operations.
	/ 24

	Main Program Sequence
	The main program does not sequence the required program’s functions.
	The main program partially sequences the required program’s functions.
	The main program mostly sequences the required program’s functions.
	The main program consistently sequences the required program’s functions.
	/ 28


	TOTAL MARK
	/ 200
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