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block diagram:
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always @ (*) begin
case(direction)
2'b00: begin
nxt_position = position;
signal = 4'd0;
end
2'b01 @ begin
if(position < (pixel * 5)) begin
nxt position = position + 1'bl;
case{position[1:0])

2'b00 ¢ signal = 4'b1000;
2'b01 & signal = 4'b0100;
2'b10 » signal = 4'b0010;
2'bll @ signal = 4'b000T;

endcase
end
else begin
nxt_position = position;
signal = 4'd0;
end

end

2'b10, 2'bll : begin
if(position > 9'd0)) begin
nxt_position = position - 1'bl;
casc(position[1:0])

2'b00 ¢ signal = 4'b1000;
2'b01 & signal = 4'b0O100;
2'b10 : signal = 4'b0O010;
2'bl1l @ signal = 4'b000T;

endcase
end

elsc begin
nxt_position = position;
signal = 4'd0;
end

end

endcase

end
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® Servo _motor:

block diagram:
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always @ (posedge clk) begin
if (rst = 1'bl Il count = 21"d2000000
count <= 21'hl;

count <= count + 1'bl;

end

always @ (*) begin
if (count < move)
begin
PWM = 1'bl;

end
begin
PWM = 1'bl);

end

end

# count <move F¥ > %7 PMW B F 4 &3 7 = > < *> move & PWM »
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1.(0,0) -> (40,30)

2.(40,30) -> (40, 210)

3. (40,210) -> (120, 210)

4. (120, 210) -> (120, 30)

5. (120, 30) —> (40, 30)

6. (40, 30) -> (40, 120)

7.(40,120) -> (120,120)



8. (120, 120) -> (0, 0)

State Diagram

cur_x==end_x&&cur_y==end_y

cur_xl=end_x || cur_yl=end_y

SETUP: # input x ~ y At RT R EL cur X, cur_y

MOVE: cur x~cur yv# end x ~end y " #& » 4v% cur_x ~ cur_y %
23 i end x ~ end_y - #% % MOVE state - * 2= » /L FINISH
state °

FINISH: % & > output — % done = 1" bl o 4% # &_& FINISH
state > done = 1" b0 °

Coding Detail

Sequential Part

<= SETUP;
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cur x frcur_y f &R iz ¥ H &0V > dirx frdiry 25 B
output signal & %2#H 25 E%r FHBE%F FH - dirx ==

2 b0 A& B3 WnEEERINF LA HH o F 2 BFHTSE

Combinational Part

@)
(state)
SETUP:
next_state = MOVE;

MOVE:
(cur_x == endx && cur_y == endy)next_state = FINISH;

next_state = MOVE;

FINTSH:
next_state = FINISH;

AEH 2 € A2 timing violation® * € F x5 & if else if i >
#1224 glways block 4 B %8 » & - % always block 4 %] &2
e g o Bl E_ & &J? next_state b 4o% A SETUP » 2% i
next_state ® #:& » MOVE - MOVE & 2|%78_Z

cur_x==end_x&&cur_y==end_y 1 ¢ i& » FINISH -

@c*)
(state)
SETUP:
next_cur_x = startx;
next_dirx = 2'bee;

MOVE :
f(cur_x != endx)
f(cur_x < endx)
next_dirx = 2'b@1;
next_cur_x = cur_x + 8'd1;

next_dirx = 2'b11;
next_cur_x = cur_x - 8'dl;

next_dirx = 2'bee;
next_cur_x = cur_x;




1+ BIEE g x b v (next_cur_x frnext_dirx)eralways
block » # SETUP » #* & 4= input signal startx & &k ¥ % B %
next_cur_x o MOVE #%& 5 cur_x &% %3 end_x ' 4% cur_x <
end_x > next_dir = 2" bOI(£& A+ #%) - F 2 > next_dir =

2 bl0(E£& A =#fF) o ¥ 2 & { ATcur_x e

@)
(state)
SETUP:
next_cur_y = starty;
next_diry = 2'bee;

MOVE:
(cur_y != endy)
(cur_y < endy)
next_
next_cur_y = cur_y + 8'dl;

next_diry = 2'b11;
next_cur_y = cur_y - 8'd1l;

next_diry = 2'bee;
next_cur_y = cur_y;

FINISH:
next_diry = 2'bea;

BB X phenfs B BAE- - 5 0 B L A BRI y phemLah

e o
done = (state == FINISH) ? 1'bl :
@ A & output -  done signal % { *t k& émodule » 4 Fif & B
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enable

4
MOVE —»| SETUP
MUX
MGVE >0 next_stat »| DFF » state
MOVE
MUX ——J_*
FINISH A
FINISH —» |1
FINISH
cur_x==endx&8&cur_y==endy
v
starx  ————— | SETUP
MUX
curx=1 —p 0 next_cur_x > DFF »  CUrx
MOVE
wux | ]
FINISH A A
curs-1 —» [ 4
endx
h
2000 ——— | SETUP
MUX
2601 —» | O next_dirx » DFF ¥ dirx
MOVE
MUX ——j_’
FINISH 'y
2010 —» |4
IEII 2'b00
endx
starty
T L seTwe
cury=1 —» | 0 hALX
¥ next_cury »  DFF > cury
MUY L——» MOVE
cury-1 —p | 4 FINISH A A
endy
2000 ———— | SETUP ey
MUX
IPBO1  — 0 next_diry » DFF
MOVE
wux |7
FINISH
2p10 —» | 4 T

IEII 2'b00

endx
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State Diagram

pen_done

count=-27'd600000

Ipen_done

count<27'd600000

step_done &&
l(end_x==8'd0&&end_y!=8'd0)

step_done&&
(end_x==8'd0&&end_y==8'd0)

Istep_done

SETUP: 4= 43 1v & B2 8L
PEN DOWN: & # %3 2 sz 8 F & #5%T

DRAW_RST: % & draw_line.v i&® module reset - 4 % §:E
draw_line.v = module * % FINISH state - i+ & €45 *

draw_line.v iz module =7ff 42 -



MOVE: #3434 - ® 52 » draw_line i:&® module & = - ® R epF iz

output done § %3t 1" bl > #f12 7 & 2% done £.F 21" bl 4rif

»
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(0,0) » =0t 7 & fri # 82 (0, 037 2 3] FINISH state
FINISH: % & #73 £ 4]#iB42 > output done == 1" bl -
Coding Detail

Sequential Part

DRAW_RST = 3'be1e;
MOVE = 3'b@ll;
FINISH = 3'blee;

@( clk)
(rst)
state <= SETUP;
count <= 27'de;
idx <= 4'de;
pen_down = 1'b@;

(enable)
state <= next_state;
count <= next_count;
idx <= next_idx;
pen_down <= next_pen_down;

state <= SETUP;
count <= 27'de;
idx <= 4'de;

pen_down = 1'b@;

next_count € - B counter o ¥]% draw_line i& ® module 7 clock
H_5%10"5 ® fpga clock > m % reset draw_line & trigger

positive edge » #7141 & >=bX]10"5 # fpga clock &+F reset signal



4 i reset draw_line o idx #.3% & srif i& B #cF n ¥ F 1|— B
¢ o @ A% instaniate - 1 module &% & input idx,j&g

output iz i # F iz g (start_x, start_y) ~ % 2 (end_x, end_y) 14

e

2 4 FHALT o

Combinational Part

@c*)

(state)

SETUP:
draw_rst = 1'be;
draw_enable
next_count
next_idx =
next_state = PEN_DOWN;
next_pen_down = pen_down;

PEN_DOWN :
draw_rst = 1'be;
draw_enable = 1'b@;
next_idx = idx;
next_pen_down
(count »>= 27
next_count
next_state = DRAW_| R'iT

next_count = count + 27°d1;
next_state = PEN_DOWN;

24 AS

@ SETUP state > & #=+4>~1 next_idx - :E B F ¥ &R F &S
- B L 3IB 4> o draw_rst f- draw_enable & & ¥ 4| draw_line iz @
module s reset frenable s ¥ 3 % DRAWRST 4 €3k % 1" bl -

& PEN_DOWN state > 2.8 B F #RM L 3T S dade » g {7 2
instatiate - B module(number) % /&% 8 7 & 3/ 43T & hde o
TR LD blodedzk 5 17 b0 iz state 45 K- B
counter » £ALKE 241 €8> T - B state - Fl: FRE F & 2

I - g AR T A L QB 2 AR



DRAW_RST:
draw_rst = 1'bl

draw_e
next

next_state =

next_count = count +
next_state = DRAW_RST;

draw_rst = 1'
draw_enabl

DRAW RST state #_& reset draw_line i ® module o %] 5 3%
draw_line iz module #4w% B =% - £4]/¢ - £ = & FINISH
state » T ArSE R EZEF R T - BELLER reset £ FTW I

draw_line 9 SETUP state -

MOVE state ¥_% & draw_line i& % module B 4~i& i¥(enable =

iz £ 3] (step_done) 4 % end x end y &3 388 d0 - (% & &

Wwend x end vy BB LL|cnk g% ) o

FINISH:
draw_rst = 1'b0;
draw_enable = 1'b0;
next_count = 27'de;
next_idx = 5'de;
next_pen_down = pen_down;
next_state = FINISH;

done = (state == FINISH) ? 1'bl : 1'be;

(dclk, draw_rst, draw_enable, start_x, start_y, end_x, end_y, dirx, diry, step_done);
(idx, select, start_x, start_y, end_x, end_y, pen);




FINISH state . & & { *t & comodule i ¢ 5B = - BF 7 o ¥
A - 5L _done § & FINISH ¢ 21" bl 7 & aws &
1" b0 -

Block Diagram



clk

enable rst
PEN_DOWN——x———>
SETUP
PEN_DOWN—{ ¢ * PEN_DOWN
MUX =
DRAW_RST—» 1 DRAW_RST DFF
next_stah »|
MUX
DRAW_RSF—3 0 MOVE t
MUX |
MOVE ——» 1 FINISH
==FINISH
FINISH —»| 0
MUX L
PEN_DOWN —3 1
FINISH 100 N
MUX —»
01—
e
27d0 0 PEN_DOWN
MUX
count+1 1 DRAW_RST
MUX
nexi_count- DFF —
< MOVE
FINISH K
count
27'd199999999
27'd0 0
MUX
count+1 1 27°do
27'd600000
i
540 —>|  sETUP
PEN_DOWN
DRAW_RST
next_idx DFF
MUX
MOVE s y
FINISH
endx!=g'dD || endy!=8'd0
SETUP
PEN_DOWN DFF
DRAW_RST
MUX T
pen > MOVE
J|  FINISH
select tart dirx
number tart_y draw_line diry
| ——end_x——»| ——»step_done
nd_

T

delk

done



® number.v

Block Diagram

10°'b0000000001 —
10°b0000000010 ————
1060000000100 ———
1060000001000 ————
1060000010000 ——— >
10'b0000100000 ——M8M =
10'b0001 000000 ——m8 =
10b001000000) —M8M

10b010000000) —M—»

10'b1000000000 ——m8 ——>

MUX

T

select

num_enable

numo num?

numa2

numa3

num4

nums nume

num7

num§g

numg

Coding Details

startx



num_enable;

tmp_startx [0:9];
tmp_starty [
tmp_endx [

tmp_endy [©:
tmp_pen;

num_enable = 10'de;
(select)
4'de:num_enable
um_enable
um_enable
um_enable
"d4Anumienable
'd5:num_enable
:num_enable
um_enable
um_enable
um_enable

iz module ¥ #*3 instatiate 10 i submodule 4 %] 71 0-9
Bz ehn BB LLlac By B8 > 7§ submodule $%F enable i&

® input o #7114 3% F & ehicode & A input vR- B #cF 0 78— Bk

\

\

F fhmodule enable § 3% = 17 bl = oo™ /T FEE B0 B HcF

RN T

(idx, num_enable[@], tmp_startx[@], tmp_starty[@], tmp_endx[e@ tmp_endy[@], tmp_pen[@]);
(idx, num_enable[1], tmp_startx[1], tmp_starty[1], tmp_endx[1 !mprendv[l], tmp_pen([1]);
(idx, num_enable[2], tmp_startx[2], tmp_star , tmp_endx[2 tmp_endy[2], tmp_pen[2]);
(idx, num_enable[3], tmp_startx[3], tmp_ tmp_endx[3 2 y tmp_pen[3]);
(idx, num_enable[4], tmp_startx[4], tmp_starty[4], tmp_endx[4 _endy[4], tmp_pen[4]);
(idx, num_enable[5], tmp_startx[5], tmp_star tmp_endx[5], tmp_endy[5], tmp_pen[5]);

1

I

(idx, num_enable[6 tmp_startx[6], tmp_s tmp_endx[6], tmp_endy[6], tmp_pen[6]);

(idx, num_enable[7 tmp_startx[7], tmp_star tmp_endx[7], tmp_endy[7], tmp_pen[7]);
(idx, num_enable[8], tmp_startx[8], tmp_starty tmp_endx[8], tmp_endy tmp_pen([8]);
(idx, num_enable[9], tmp_s 1.ar(x[ ], tmp_start) tmp_endx[9], tmp_endy[ tmpJ!on[‘{]);
start_x = tmp_startx[@] | tmp_startx[1] | tmp_startx[2] | tmp_startx[3] | tmp_startx[4] | t
start_y = tmp_starty[@] | tmp_starty[1] | tmp_starty[2] | tmp_star | tmp_starty[4] | t
end_x = tmp_endx[@] | tmp_endx[1] | tmp_endx[2] | tmp_endx[3] | tmp_endx[4] | tmp_endx[5] |

end_y = tmp_endy[@] | tmp_endy[1] | tmp_endy[2] | tmp_endy[3] | tmp_endy[4] | tmp_endy[5]

pen_down = tmp_pen[@] | tmp_pen[1] | tmp_pen[2] | tmp_pen[3] | tmp_pen[4] | tmp_pen[5] tm

+ Bl code % 7+ 2 instatiate 10 1 submodule 4 %] E_0-9
HEEo FlLiEH- BEF G N BEF henable §X < 17 bl #

# €81 b0e#rr2d 75 0-9 output # or gate € B L
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® numl.v(E#HZ 1 5 5))

(enable)
(idx)
‘de:

start_x = 8'de;
start_y = 8'de;
end_x = 8'd6@;
end_y = 8'd8e;
pen_down = 1'b@;

start_x = 8'd60;
start_y = 8'd8e;
end_x = 8'd18e;
end_y = 8'd8e;

pen_down = 1'b1;

start_x = 8'd180;
start_y = 8'd8e;
end_x = 8'de;
end_y = 8'de;

pen_down = 1'b@;

numl & % module &_input %‘Ji‘%g output i& B & 3] 4= BE ¥ gLy

>

2

2 45 FEACT o

o

|

ek BB Y FF & S 40z module o i?ﬂ&‘%@ﬁ%%&wfj&éﬁ%ﬂii

)

XN
¥

® Top.v

State Diagram

key valid&&key down[last_change]==1'b1
&&last_change==KEY_CODES5[20] count==3

count=3



Block Diagram



SELECT —>» 0

'

MUX * | SELECT
RsT — 3| 1 RST
DRAW —nexi_state—m| DFF —
T MUX
0
last_change==KEYCODES[20] DRAW Iy
MuUX
clk
RST —m 1
rst
DRAW ——»| 0
MUX
SELECT —» 1
v
3d) ————m» SELECT
0
- »
]—r- RST
MLEX ——ngxt_cpuni—a»| DFF —
. MUX
+1 1
340 DRAW [y T
3d3
4d0 —» KEYCODES[0]
4d1 ——»| KEYCODES[] select
4d2  —* KEvCOoDESZ
. * | SELECT
A ™ kEvCODESE]
444 —» »| RST
KEYCODES[4] —neht_sglect—me| DFF
MUX
MUX
» DRAW 'y
495 | KEYCODES[] x
4d6 —»| KEYCODES[E]
447 o KEYCODES[T]
4d8 —» KEYCODES[2]
2d9 » | KEYCODES[9]
T diry-
last_change
draw_rst ——— din——»
draw_line — step_motor step_motor
draw_enable — ¥
r [y - Y 94160 [y
clk
1
delk
v
¥
pen_down »| servo motor >

clock_div

Seno



Coding Detail

Top module #J £ #73 2 % fmodule #7H = Frmodule - &% ¥ ¥
WAL s - BT EF L BT Enter é}éij‘ug B ey o
Flet 3k 3+ 3 1 state » SELECT ~ RST 4= DRAW - SELECT state TI%{
FTEHFIEHEF P LR BNF I L T ENTER > ’é‘%:’t»%}‘s?fjkgfrlg

peBE g £ H AT - RST state fjﬁj‘r@fhﬁ B £ -

#* o ¥ & reset module Jei A1 * & B module(draw_1) s it
# T HF o DRAV state #38i& B draw_1 module B 4538 iF » 4%

draw 1 module B =% 7 » » f]&%'—\i'] FINISH state > draw_1 module

¢ output done = 1" bl s signal % Top module » iztk € ® ¥

SELECT state

Sequential Part

count iz B EL A& & RST state 4% 3 B clock cycle 4 ¢ i& »

T - i# state o select T BFMFLAFET 42 P e F 4212 select J’I}u



R A LT aus kT P AT (ex. 87 1 select € A
1)

Combinational Part

(state)
SELECT:
next_count =

draw_enable = 1'

draw_rst = 1'b0;
next_select = select;
(key_valid && key_down[last_change] == 1'b1l)
next_state = SELECT;
(last_change == KEY_CODES[@] || last_change == KEY_CODES[1@])

next_select = 4'de;

(last_change == KEY_CODES[1] || last_change == KEY_CODES[11])
next_select = 4'd1;

(last_change == KEY_CODES[2] || last_change == KEY_CODES[12])

next_select = 4'd2;

(last_change KEY_CODES[3] || last_change == KEY_CODES[13])
next_select = 4

(last_change == KEY_CODES[4] || last_change == KEY_CODES[14])
next_select = 4'd4;

(last_change == KEY_CODES[5] || last_change == KEY_CODES[15])

next_select = 4'dS;

SELECT state s slffije €46 0-9 E 4 4% £ 5% ENTER § i »

RST state o

RST:
draw_enable = 1'b1;
draw_rst = 1'b1;
next_select = select;
(count <= 3'd3)
next_count = count + 3'd1;
next_state = RST;

next_count = count;
next_state = DRAW;

RST state ¥ & #-draw_1 i&® module reset(draw_enable =
1" bl ~draw_rst = 1" bl) i £4 1 * = module » V&K 2§

# 3 1 clock cycle 4 ¢ i&» T - i state -



next_count = 3'de;
draw_enable = 1'bi;
draw_rst = 1'be;
next_select = select;
if(done)

next_state = SELECT;

next_state = DRAW;

DRAW state kg & 2. %f]*u”—«uﬁ #® draw_1 & T8 F (draw_rst =
I’ b0 ~draw enable = 1" bl) > ¥ &8 %% {5(done = 1" bl)w® 3|
SELECT state o

4, =18

AL gt final project A SR GRE ¥ o HF H i > £ H
4_finite state machine 384 o j€FH — ¥ 2 MI|= 75 RIEF &

AFAET £ BB EEcarry - APP L EEEAL
koo EAN B AL o e i B project » F E_{XE
Flo Fla i - X RRIRBOFEGERPIREZRG fdek > A

Eri AN code Bar o L BEEAe k] FRE EE P A AR

i

I

/%

—\

S B A

OM

bie—dz o B s iy B Y - B FREE > 3 R

o

H 28 oo B fS BiEes 302 it m«ﬂa "o
)4 v A= final project 2 F AP A K B & e _B5Ek » 2

ot &L coding ? A BE > @ 2R HA R RSP
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