
 

 

 

 

 

 

 

SYSTEM DESIGN DOCUMENT 

 

 

 

Basel Fanek   260257894 

Farah Hanani Shamsuddin  260278434 

Molly Yu   260287651 

Nurul Hanim Hashim  260278230 

Oluwadamini Adesegha 260288030 

Sabri Assali   260174054   

Simon Habouri   260283951    

 

 

 

 

WINTER 
2011 

 

 
 
 

[GROUP 5: TRAIN MONITOR SYSTEM] 
      



2 | P a g e  
 

Table of Contents 

 

1. Introduction ............................................................................................ 3 

2. Hardware Description ................................................................................ 4 

2.1. Programming, mapping and implementation of the system ............................... 4 

2.1.1. McGumps Microprocessor Board .......................................................... 4 

2.2. As interface during simulation, testing and a platform for user interaction .............. 5 

2.2.1. INPUT ........................................................................................... 5 

2.2.2. OUTPUTS ....................................................................................... 6 

2.3. Communication and connection between systems ............................................ 7 

2.4. Deployment Diagram .............................................................................. 8 

3. Software Description ................................................................................. 9 

3.1 Dataflow Diagram ................................................................................ 9 

3.2 Class/State-diagram ............................................................................ 10 

3.3 Description of Global Flags/Structure/Class ................................................ 11 

3.3.1 Global Variables: .......................................................................... 11 

3.3.2 Class Functions ............................................................................ 11 

4 Traceability Matrix ................................................................................... 13 

 

 

 

 

 

 

 

 

 

 

 



3 | P a g e  
 

1. Introduction 

 

In this System Design Document (SDD) we will be presenting a more in depth 

description of the train control system, which includes the cart door controls as well as the 

train‟s monitoring system.  The design created was made while having in mind the efficiency 

and reliability of system as well as the safety of the passengers. And so the design has to be 

predictable and reliable for it to have the qualities listed above. On top of those qualities, 

effort has been put in to make the system flexible as well. 

 The SDD will provide an explanation of the different functions, flags and variables 

used to design the system as well as the different pieces of hardware require and used for the 

implementation of the design. The reasoning for each piece of hardware will be explained in 

the hardware section saying for each component why it was chosen to be used in the final 

implementation. Following that will be the software system design description, which will 

explain the different components of the code that has been written to achieve the final 

implementation of our design. At the end of the document will also be shown a data flow 

diagram and traceability matrix which shows where each function is used or explained in both 

the System Requirement Specification and the System Design Document. 
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2.  Hardware Description 
 

Hardware requirements for the train monitoring system mainly rest on three factors:  

1) Programming, mapping and implementation of the system 

2) As interface during simulation, testing and a platform for user interaction 

3) Communication and connection between systems already designed for 1) and 2) 

4) Deployment Diagrams 

 

2.1. Programming, mapping and implementation of the system 
 

2.1.1. McGumps Microprocessor Board 
 

This board is the main controller of the system, whereby all instructions programmed are 

handled, logical functions are performed, signals are converted and inputs are processed.  

Consisting of two main components-- MSP430F149 MCU chip and MAX7128AE PLD, this control 

system receives input from the keypad and the test cases input pre-generated in CrossStudio. 

(Section 2.2 .1 (ii))  

The output of the system is connected to both a simple graphical Character LCD Display 

(CPLD) and the computer that runs an output/communication interface--HyperTerminal 

Private Edition 6.3 (HTPE 6.3)--to inform users the current status of the running system 

(Section 2.2.2 (i) ).  Connection and communication to and fro between the board and 

input/outputs uses the RS-232C serial data cables (Section 3.0) 
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Figure 1: McGumps Logical Block Diagram (Source: McGumps Microprocessor Board User Manual,McGill 

University) 

 

2.2. As interface during simulation, testing and a platform for user interaction 
 

2.2.1. INPUT 
 

i) Keypad 

A numerical keypad is chosen as the external interface interrupt tool to simulate scenarios 

where manual commands from the train conductor are executed. To be precise, the input fed 

to implement FR.2, FR.3, and part of FR.8 (See SRS) where a push button component is 

required to generate signals comes from the keypad.  Table below communicates the 

complete key of the numerical keypad for signal generation: 
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Table 1: Manual Input Key 
 

ii) Computer  

 
 A huge bulk of the inputs comes from the computer CPU itself. This occurs mainly 

during input submission from test cases configured to implement all other functions of the 

train system.  The test cases are created using the CrossStudio program (with the computer 

as the platform) to implement test functions, do error checking and initiate response 

correctness.  HTPE 6.3 (Section 2.1) is then not only used to transfer the preprogrammed 

input serially (Section 3.0) , but also acts as an output  interface to communicate response 

and activity of the train system in a more visual-friendly manner . (More information on HTPE 

output interface mechanism in Section 2.2.2 (i) ) 

2.2.2. OUTPUTS 
 

i) Computer: 
 

Various visual displays of basic printing statements will be implemented to inform user 

of activity of the train- moving, stopping, door closing--within the HTPE 6.3 interface. For 

example:  “The train has arrived at the station” display on the HTPE. 

 
ii) Speaker: 
 

A warning system is needed upon the implementation of FR.10, FR.7 and FR.8 (SRS 

document), this component enables the warning sound system to be simulated and tested 

effectively. A designated sound is played whenever these functions call for an audio trigger. 

 
 

Key Signal 

0 start_move LOW 
1 start_move HIGH 
2 door_open HIGH 
3 door_open LOW 
4 door_close HIGH 
5 door_close LOW 
6 notify_emergency HIGH 
7 temp 
8 CLEAR ALL 
* CANCEL 
# ENTER 
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iii) LED: 

The inbuilt LED on the microprocessor is used mostly for correctness purposes with 

regard to the inputs coming for the keypad. It enables the user to confirm the input entered 

by displaying it on the LED interface. The MSP430 controls 2 digit LED display on the board. 

For instance, if the number “1‟ on the keypad is pressed (“start_move  HIGH), the LED should 

display “01” correspondingly. 

 
iv) CPLD: 

The CPLD is used to simulate control outputs, whereby all actions performed by the 

train subway system send their status feedback here upon execution and completion. It is also 

an imperative platform to monitor transition and setting the timing between signals going 

high and low. For example, a train does not close the doors immediately, but allows for a 

certain time limit as a grace period before physically closing the doors (FR.3, SRS document) 

.Henceforth, in order to demonstrate this; the “all_door_open” has to go LOW and 

“all_door_close will go HIGH. As “all_door_close” signal is set from LOW to HIGH, a certain 

delay in timing simulation needs to be demonstrated before the signals goes on HIGH (to 

represent real life time-frame). 

 

2.3. Communication and connection between systems  
 

i) UART 

This is an inbuilt serial communication facility that follows the RS-322 protocol in the 

MSP430. UART function allows the microprocessor to communicate I/O both ways between 

the microprocessor and the HTPE 6.3  program in the computer via serial ports. 

 

ii) Serial Data Cables 

RS-322C Data Cables to physically transport sequences of data via serial ports. MPS430 

interfaces with the D-Sub9 connector and Serial Port 1 (Figure 1), through a Voltage Level 

Converter, before communicating simultaneously with the computer CPU. 
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2.4. Deployment Diagram 
 

Full interaction between hardware deployment and input/output flow can be summarized 

using the following diagrams: 

 

Figure 2: Communications diagram 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

Figure 3:  Deployment Diagram 
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3. Software Description  
 

3.1 Dataflow Diagram 
 

 

Figure 4: Dataflow of the McGumps Microprocessor Board 

 

To begin, the power supply is turned on. The board will automatically enter standby 

mode, in which it waits to receive any input signals. The signals can be received from either 

one of the parallel or serial port that were provided on the board. When there is no activity 

detected, the board remains in standby mode.  

In this project, the input could come from 2 possible inputs – internal and external 

interrupts. Internal interrupts, which is also software interrupts, are generated from 

processor, such as illegal code exceptions or task scheduling algorithm. Meanwhile the 

external interrupt comes from hardware interrupt, which in this project it will be the 

numerical keypad. 
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Based on the external input received from the keypad, the test case will be selected 

and CrossStudio will be configured such that the correct sequence of instructions is sent to 

the processor on the board. If the input was unable to process or irrelevant input was 

received, the board will reset and return to standby mode. On the other hand, when the 

input as been successfully processed, the output will be updated of displayed either on the 

Hex Display or LEDs. When done, the system goes back on standby mode. This loop continues 

until the power is turned off. 

 

3.2 Class/State-diagram  
 

 

Figure 4: State diagram representation of the train control system 
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3.3 Description of Global Flags/Structure/Class 
 

3.3.1 Global Variables: 
 

Name 
 

Description 

1. Boolean accelerate 
 

Indicates whether the train is accelerating or not. 
 

2. Boolean brake 
 

Indicates whether or not the breaks are active. 
 

3. Boolean leftDoor 
 

Indicates to the system that the left door is either opened 
or closed 
 

4. Boolean rightDoor 
 

Indicates to the system that the right door is either 
opened or closed. 
 

5. Boolean motion 
 

Indicates whether or not the train is in motion. 
 

6. Boolean emergency 
 

Indicates if an emergency state is on, it will disable all 
movement as well as sound an alarm if the value is „1‟. 
 

7. Boolean all_left_open 
 

Indicates that the left doors should be opened at the next 
station. 
 

8. Boolean all_right_open 
 

Indicates that the right door should be opened at the next 
station 
 

9. Boolean door_lock 
 

Indicates whether or not the doors are locked. 
 

 

3.3.2 Class Functions 
 

 

1. boolean doorOpenClose (String side) 
 

String 'side' determines the side of the train the function will affect.  

If the doors are open (boolean is true), the function closes them, otherwise 

it checks to make sure the train isn't in motion and we are not in an 

emergency situation, then it opens the doors. If the function changes the 

state of the doors it returns true, otherwise it returns false.  

 

2. boolean move() 
 

If emergency signal is high, train in motion signal is set to false (not 

accelerating), otherwise train in motion signal is set to true to reflect the 

fact that the train is accelerating. 

 

3. boolean station() 
 

When the train driver gets to a station, the 'station' button is pushed. This 

resets the accelerate signal and sets the brake signal (train begins to slow) 

down, and resets the motion signal in preparation for a stop. 
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4. boolean autoOpenCloseDoor (String cmdFromControl) 
 

This method will auto determine which sides of the doors to open/close 

depending on the station and the direction of the train. cmdFromControl is 

the signal from the control station. It’s either “right_side” or “left_side”. 

The method will process the signal and open/close the doors accordingly. 

Returns true if the doors were successfully opened/closed. 

 

5. boolean CheckSyncOpenClose(String cmd) 
 

The method will receive a signal input and return a boolean corresponding to 

the state of ALL the doors on each sides whether they’re all open or all 

closed. 

 

6. boolean checkDoorLock (boolean train_in_motion, door_open, door_close) 
 

Insures that doors are locked while train is moving. An automatic signal 

called “door_lock” is enforced to enable door locking each time the 

train_in_motion signal is set to HIGH. Also as default, the “door_lock” is 

set to HIGH when there is no signal coming from “door_open” or “door_close”. 

 

7. boolean checkStuckDoor(boolean door_stuck) 
 

If a door is stuck and won’t close, the door_stuck signal is high. If 

door_stuck signal is high, a warning is released (FR.10) and the doors 

attempt to open and close again. 

 

8. boolean error_handling(boolean notify_emergency) 
 

If notify_emergency is on, an emergency signal is sent out to another 

function 

 

9. boolean emergency (){ 
 

During emergency situation, all movement is disabled. The alarm will sound 

and control center will be notified. 

 

10.   boolean warningSound (boolean warningOn) 
 

If the warning signal is turn on (boolean is true), the alarm will sound. 

 

11.  boolean temperature (double temp) 
 

String 'temp' is the measured value of train temperature.  
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4 Traceability Matrix 
 

Functional 
Requirements 

Description SRS Document SDD Document 

 
FR.1 

System is able to send status 
feedback of the train‟s current 

activity at all times 
 

 
2.1 

 
3.3.2 No. 2,3 

FR.2 
 

Speed and Motion System 
 

2.2 2.2.1 

 
FR.3 

Open and closing of doors is done 
at command with safe priority 

system established 
 

 
2.3 

 
2.2.1, 2.2.2 

 
FR.4 

Determining and dictating the 
sides of the doors to be 

opened/closed upon arrival at a 
station 

 

 
2.4 

 
3.3.2 No. 4 

FR.5 Doors are synchronized when 
closed/opened 

 

2.5  
3.3.2 No. 5 

 
FR.6 

Doors are locked at all times 
when the train is moving 

 

 
2.6 

 
3.3.2 No. 6 

 
FR.7 

The system is able to detect and 
react safely towards abnormal 

behavior of doors 
 

 
2.7 

 
2.2.2, 3.3.2 No. 7 

FR.8 Emergency system/error 
handling 

 

2.8 2.2.1, 2.2.2,  
3.3.2 No. 8 

 
FR.9 

Brakes are applied when the 
train is stationary as default, 

during the event of unusual door 
behavior,and during emergencies 

 

 
2.9 

 
3.3.2 No. 9 

 
FR.10 

PA system to announce station 
arrival and send 

warnings/alerts/door closing 
warning sound 

 

 
2.10 

 
2.2.2, 3.3.2 No. 10 

FR.11 Temperature regulator system 
 

2.11 3.3.2 No. 11 
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Last Editted by: Hanim, Tuesday, March 14th, 9: pm 

 

Changes made: 

1. The keypad assignment number. “Notify emergency HIGH and LOW” for 2 different 

keys is a bit redundant. We don’t have enough keys for AC temp  

2. Filled in the missing referral numbers in the trace matrix 

3. Added Class Functions. I believe it is imperative to include the class functions for 2 

reasons – 

1. He said “All global variables/structures/classes”. 

2. We need to refer the FRs in the traceability matrix to them 


