
Micromouse	
Registra/on	and	Timing	System		

David	Hannaford	&	
Ian	Bu<erworth	
MINOS	2018	

	

RATS	



A	two	part	presenta/on	

• David	Hannaford	
• Objec/ves	
• Func/onality	
• Timing	hardware	and	design	

• Ian	Bu<erworth	
• Display	and	registra/on	components	
• PC	Interfacing	protocol	
• Data	model	
• Demos	



Core Functionality Required 
• Measure	the	/me	between	a	mouse	leaving	the	start	cell	
and	arriving	in	the	centre	cell	

•  Store	and	display	/mes	for	all	the	runs	for	a	mouse	
•  Show	leader	board	for	all	mice	in	a	compe//on	

• Minimal	operator	ac/ons	–	so	automa/cally	detect	start	
and	end	of	a	run	and	handle	aborted	runs			

•  To	have	no	wires	going	underneath	the	maze	



Design Requirements 
• Use	solu/on	components	already	familiar	with,	in	our	possession	or	
readily	available	to	both	of	us	

•  Split	between	measuring	part	of	solu/on	and	the	PC	based	storage	and	
display	part	so	that	they	could	be	developed	separately	in	parallel	–	with	
agreed	protocol	between	the	2	parts	

• Centre	gate	sensing	using	ba<ery	power	and	wireless	communica/on	so	
as	to	avoid	wires	under	the	maze	

• Able	to	detect	mouse	being	picked	up	and	put	back	in	start	cell	with	or	
without	reaching	the	centre	to	start	a	new	run	

•  Sensing	components,	ba<eries	and	communica/on	hardware	all	have	to	
fit	within	the	available	plas/c	walls	(8mm	max	width	of	any	part)	
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Why 3 Laser 
beams? • With	just	a	beam	at	the	start	gate	and	at	the	centre	gate	you	can’t	tell	
whether	a	mouse	is	coming	back	to	the	start	cell,	or	leaving	it	a`er	being	
picked	up	and	put	back	at	the	start.	

• By	having	a	start	cell	sensor	as	well	as	the	start	gate	the	so`ware	can	detect	
when	a	mouse	is	ready	to	start	a	new	run	regardless	of	how	it	got	to	the	
start	cell	–	thereby	avoiding	manual	interven/on	between	runs	

• With	3	sensors	a	5	state	machine	can	iden/fy	where	the	mouse	is	in	the	
maze	in	respect	of	the	/ming	needs	–	and	indicate	this	on	the	state	LEDs		

•  1	Mouse	in	start	cell	wai/ng	to	start	a	new	run,	cancel	any	current	/mings	in	progress	
•  2	Broken	the	start	beam,	so	we	should	start	the	/mer	
•  3	Fully	le`	the	start	cell,	mouse	running	in	maze	
•  4	Broken	centre	gate	beam,	so	stop	/mer	and	pass	data	to	PC	
•  5	In	centre	cells,		ignore	gate	sensors	un/l	back	in	start	cell	
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Laser	diode	bought	on	Ebay	with	lens	
for	about	£6.	It	probably	comes	out	of	
blu-ray	DVD	players	–	needs	a	heat	sink	

Blue	laser	chosen	because:	
•  	Less	likely	to	interfere	with	intra-red	sensors	on	mice	than	a	red	or	infra-red	beam	
•  Smaller	beam	than	from	an	LED	so	again	less	likely	to	affect	mouse	sensors	
•  Able	to	see	blue	laser	spot,	so	it	is	easier	to	set	it	up	poin/ng	directly	at	phototransistor	

3.3v	Regulated	
supply	to	laser	
through	15	ohm	
current	limi/ng	
resistor	running	
at	90mA	



The modified posts 

Straight	through	
3mm	hole	for	
laser	beam	to	
shine	through	at	
1cm	from	ground	

Type	1	 Type	2	
Right	angle	reflector	
with	two	3mm	holes		
on	adjacent	sides	
with	foil	reflector	at	
45	degrees	inside	the	
post	for	laser	beam	
to	reflect	90	degrees	
onto	photo-transistor	

By	pujng	the	reflector	posts	in	at	different	orienta/ons	we	can	cope	
with	the	centre	gate	being	in	any	posi/on	in	the	middle	4	cells	
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Coding in timer components 
Block	code	in	micro:bit	 Sketch	code	in	Arduino	

Minimal	code	in	micro:bits	

Full	code	shown	for	sender	micro:bit	 About	500	lines	of	code	in	Arduino	



State machine main logic 
•  0	calibra/on	mode	at	switch	on	or	reset.	Show	gate	trigger	LEDs	

•  When	press	bu<on	hit	go	to	state	1	
•  1	Looking	for	new	mouse	or	mouse	on	way	back	to	start	cell	a`er	a	run	

•  Mouse	seen	in	start	cell	go	to	state	2	
•  2	Mouse	in	start	cell,	start	beam	not	broken	

•  Look	for	start	beam	to	break.	At	break,	send	start	/me	to	PC	and	go	to	state	3	
•  3	Mouse	breaking	start	beam	

•  Wai/ng	to	clear	start	gate.	Update	run	number.	Send	split	/me	to	PC.		
•  When	clear	of	start	gate	go	to	state	4	

•  4	Mouse	clear	of	start	gate	and	running	in	maze	
•  Update	split	/me	and	maze	/me	to	PC	
•  Look	for	centre	beam	to	break.	At	break,	send	run	/me	to	PC	and	go	to	state	5	

•  5	Mouse	breaking	centre	gate	
•  Wai/ng	to	clear	centre	gate.	Send	run	/me	and	maze	/me	to	PC.	When	clear,	go	to	
state	1	



Calibration state 0 
•  At	switch	on	the	Arduino	sends	the	values	of	the	phototransistors	and	
trigger	points	to	the	PC.	

•  This	is	so	we	can	adjust	the	trigger	levels	on	the	poten/ometers	to	account	
for	different	ligh/ng	condi/ons.	

•  Pressing	the	tac/le	switch	nearest	the	BBC	micro:bit	takes	us	out	of	the	
calibra/on	mode	in	to	ready	to	run	state	1	and	stores	the	trigger	values	

•  To	calibrate	the	trigger	points	for	the	gates	at	switch	on	in	state	0	
•  Line	up	lasers	with	holes	in	posts	with	nothing	between	laser	and	sensor	
•  Turn	poten/ometer	an/	clockwise	un/l	LED	just	comes	on	
•  Block	the	beam	and	check	that	LED	goes	out	
•  Repeat	for	next	sensor	



That’s	the	end	of	part	1	

Any	ques/ons?	
	
Hand	over	to	Ian	to	talk	about	the	interface	
and	what	happens	at	the	PC	end	of	things	


