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262 Lab 7: Reaction-Time Game Improved

NAME:	POSSIBLE POINTS: 10
STUDENT ID:

OBJECTIVE:
The Lab 6 reaction-time game will be rebuilt using three embedded design techniques: interrupt-driven timing, a state machine in main, and pointer-based string output. The game behaves the same as Lab 6. Timing comes from a Timer 0 interrupt instead of polling, main never blocks waiting for time or a button, and all LCD text is printed through a pointer-based string function. A heartbeat LED that blinks steadily through every part of the game shows that the program never blocks.

Game Sequence:
1. Display "Press to start" on line 1 and "Best: ---- ms" on line 2.
2. While in the start state, increment an unsigned char variable called randseed once on every pass through the main loop. When the player presses the button, the current value of randseed is effectively random.
3. Display "Get ready..." and wait a random time between 1 and 4 seconds. If the button is pressed at any time during "Get ready...", display "Too soon!" for 2 seconds and return to step 1.
4. Display “GO!” and record the start time from millis(). When the button is pressed, the reaction time is millis() minus the start time. If 9999 ms pass without a press, display “Too slow!” and return to step 1.
5. Display the result: Line 1: Time: 0287 ms Line 2: Best: 0213 ms. If the new time is lower than the best time, update the best time. Hold the result for 3 seconds, then return to step 1.

REQUIREMENTS:
· Use the user pushbutton on the dev board.
· Timer 0 interrupt: all timing is done with Timer 0 in 16-bit mode (Mode 1), driven by its interrupt. Do not poll TF0, and do not use software delay loops. The Lab 6 tick_1ms() function is removed. 
· Write the ISR void timer0_isr(void) interrupt 1. It reloads TH0/TL0 for 1 ms and increments a global volatile unsigned int ms_ticks.
· Write a function with the prototype unsigned int millis(void). It returns ms_ticks, and it disables the Timer 0 interrupt (ET0) while reading it.
· Every elapsed-time check must use subtraction, in the form (unsigned int)(millis() - start) >= duration.
· State machine: after initialization, main contains only a while(1) loop with a switch on a state variable. Define the states with an enum or #define. 
· Each case checks its conditions, performs its action, sets the next state if needed, and breaks.
· No case may contain a while or for loop that waits on time or on the button.
· Button debouncing is done with states: press detected → wait-for-release state → 20 ms debounce state → next state.
· State names in the code must match the state diagram.
· Heartbeat LED: toggle an LED every 250 ms (2 Hz) in every state. Put the code after the switch, not inside any case. The blink must stay steady through the whole game.
· LCD pointers: write a function with the prototype void lcd_string(const char *s). It prints a null-terminated string by moving a pointer through it. Array indexing such as s[i] is not allowed. 
· All LCD text output must go through lcd_string(). lcd_data() is called only from inside lcd_string().
· All fixed messages are stored in code memory, for example char code msg_go[] = "GO!";.
· Write a function with the prototype void lcd_number(unsigned int n). It prints n as exactly 4 digits with leading zeros. Split the digits using / and %, add ‘0’ to each digit, write each character into a local char buffer through a pointer, null-terminate the buffer, and print it with lcd_string(). 
· thousands = n / 1000, hundreds = (n / 100) % 10, tens = (n / 10) % 10, ones = n % 10
· Only concepts and techniques taught in class up to this point should be used.
· The oscilloscope will be used to verify timing accuracy: 
· Tick verification: toggle a spare port pin inside the Timer 0 ISR. Capture the waveform and use cursors to measure the HIGH time. Ideally it is exactly 1 ms.
· Reaction-time verification: set a spare port pin HIGH when the program enters the “GO!” state, and set it LOW when the button press is detected. Capture this pin on Channel 1 and the pushbutton pin on Channel 2. Measure the HIGH time with cursors and compare it to the time displayed on the LCD.
· Heartbeat verification: capture the heartbeat LED pin on Channel 1 and the pushbutton on Channel 2 during a complete round. The 250 ms toggle must not stretch or stall during button presses or LCD updates.
· A total of three waveform images must be included in the lab write-up: 
· One capture of the 1 ms tick
· One capture of a reaction-time measurement, with a photo of the LCD showing the displayed time for the same attempt
· One capture of the heartbeat across a full round
QUESTIONS:
1. What HIGH time did you measure for the ISR tick? Why is it not exactly 1 ms? Explain what the timer does between overflowing and your reload of TH0/TL0. Calculate a corrected reload value, apply it, and report the new measurement.
2. Show the calculation of the TH0/TL0 reload value for 1 ms with the 12 MHz crystal.
3. Why must ms_ticks be declared volatile? Describe what the compiler could do to your main loop if it were not.
4. millis() disables the Timer 0 interrupt while it reads ms_ticks. Give an example ms_ticks value, in hex, where reading it without disabling the interrupt returns a wrong value. Show the wrong value and explain why it happens on an 8-bit CPU.
5. How long does it take ms_ticks to wrap from 65535 to 0? Use numbers to show why (millis() - start) >= duration still gives the correct result when the counter wraps between start and now.
6. Lab 6 Q7 asked what happens to a button press during an LCD write. Answer it again for Lab 7. Estimate the worst-case time for one pass of your main loop, and explain how that time affects the accuracy of the reaction-time measurement.
7. In Keil C51, const char * is a 3-byte generic pointer. What do the 3 bytes hold? Why would lcd_string() fail to compile, or fail to work, with lcd_number() if its parameter were declared char code * instead?
8. Could the Lab 6 version of your program blink the heartbeat LED at a steady 2 Hz? Point to the specific parts of your Lab 6 code that would prevent it.


WAVEFORM CAPTURES:

[Include Images along with explanation for each capture/measurement]

SOURCE CODE://Example Documented Source Code in Text Box with Consolas Monospaced Font
// You Replace this with your Code…
void main(void)
{
	P0 |= 0x01; //Init SW P0.1 for Input
	P1 &= 0x01; //Init LED on P1.0 to “ON”
	while(1){
		if(!(P0&0x01)){ //True if P0.1 is Pressed
			P1 ^= 0x01; //Toggle P1.0
		}
	}	
}


SCHEMATIC:
Add the heartbeat led to previous lab6 schematic and include it

[Include Schematic Here]

STATE DIAGRAM:
A state diagram of your main state machine. Every state is a labeled bubble, and every transition arrow is labeled with its condition and its action, for example “BTN==0 / LED on, t0=millis()”. State names must match your code.

[Include State Diagram Here]


DELIVERABLES:
The lab write-up must include the following items in a single document submitted on Canvas

· This document as the cover sheet, with name and student id filled out.
· Any questions answered.
· Picture of Waveform Captures:
· One capture of the 1 ms tick with cursor measurement of the HIGH time, before and after the reload correction
· One reaction-time capture with cursor measurement, plus a photo of the LCD showing the matching displayed time
· One heartbeat capture across a full round, with cursor measurement of the toggle period
· Source code in text box with font: Consolas or other monospaced font, should be indented correctly and contain meaningful comments. Resize the text box to
· A hand-drawn schematic including: MCU Minimum Connections, User Pushbutton, and LCD Parallel Interface.
· A clear photo of the full hardware setup (dev board + breadboard + LCD)

DEMONSTRATION

· A video demonstration must be submitted in the same Canvas assignment folder. The video must clearly show:
· At least three rounds, showing the random delay changing between rounds
· A false start showing “Too soon!”
· A valid reaction time displayed in the correct format
· The best time updating when a faster time is achieved, and not updating for a slower time
· A live demo to the instructor during the lab period on the due date may also be done depending on available lab time.
