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MOBILE ROBOT SPEED CONTROL USING FUZZY LOGIC

UNDER VARIABLE LOAD
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Abstract

This project presents the mobile robot speed control using fuzzy logic under variable
load. The fuzzy is designed to use mamdani is fuzzy inference method which is common and
easy. The process is to control the robot is speed at the desired constant when the load is varied
between 0 to 5 kilograms. The input of the fuzzy controller is the load variable measured by load
cell. The oufput is the duty cycle used to control the motor is speed. The results show that it is
capable to use fuzzy logic method to control the robot at the desired speed when the load is

varied.
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1 ar I~ - [ 1 ) ~ B 1 @ = - 3/ 1
T'i'lﬂ'lﬁ5ﬂ'lJﬂ'll131l']_h—lffll'l‘]fﬂ‘Uﬂﬂl%@]ﬂﬁﬂ'ﬂ'm‘u@ﬂ@nuﬂﬁﬂuwﬂ W‘H\‘]ﬂ']‘UENG'I'JH]J'iﬂuwﬂﬂl‘ll'liﬂq
1 oA a ¥ 1 w = ) ) 7
Tuszini vsaglugilvesnFeiuay nawoiuudimszauautuaindnve @ unaamiug

szamnson lanalanduandansvinled

Tuganfn

SERLAIIHL

o o N AL
-3 -0.67 0 ;
AMATHEENATR (°C)

(M

o

dudnan

FEMUATIHL
S o o
B o

o o
o ™

. 0 +1.67 +5 +7
dpsnslasuudasmananfiawan (°C/uf)

|
=

(V)

;; ar 3 = 4 = A ~ P ar
E‘IJ‘H 2.7 () ‘iZﬂ‘]Jﬂ’)'lllLﬂuﬁll']‘]fﬂ‘UB\iﬂ'lﬂ‘)']ilﬂﬂﬂﬂ']ﬂ‘l’l -0.67 9 R E cl.“r’iﬂTi:ﬁﬂ']JﬂTllJ
o = L [y [ = o 1w
Wueun¥nved ‘@i’ iy 0.36 UazszauaMuiluansnued ‘ﬂuﬁl’ WM 0.62 (V)
o = 1 a = =t A 9 o
onsIntsidasuudasvod mauEaRaIAN +1.67 aarraldea/ N clﬂﬂ']'i%ﬂll
o = o 1o ar [ = [ L
amluaynveg ‘ff‘l.!ﬂ’ MINY 0.35 Hagizal ﬂ’J'liJL‘lJuﬁiﬂ‘Hﬂ‘U'éN 1190 11N

0.64



14

or = 5 LT A Y L) ar A Q) r c'! = 1
‘U?NW’JLL']Ji'E)u‘l‘!ﬂ'ﬂgﬂ]uﬂgﬂﬂﬂﬂﬂlﬂﬂﬂ‘]ﬁﬂﬂ’lﬂl‘ﬁuﬂu Luﬂﬁ‘iﬂﬂﬁ’lﬁiﬂﬂuﬂﬂﬂ1ﬂu\1‘] VWUHNAD

'
=4

1 g = s 1 ar o o =
npuosdsdundamniu Avsanmsannumidmssauanuilumndnvesduys 1ingUi

4
e

1 o = 5 roal
2.7 MAInARNA1AT -0.67 odriaren Fuilunhegiusa N (wa ‘a1’) naga Z

]
Lo | e b

W
9 = 1 =y A
(g9 ‘gud”) duedmin MandumnFnvssmnnuianaian

MU A7 -0.67 DIAUFBITA
g o - or o o
fnsnrsluauiazaruilugue Tasfiliszauanuiluguidnveusa N Mieanuiiuaw)
1 =1 a of| = =l o EA 1 a ar 1 =’|’
N 0.36 uaziiszauanuiluain@nvedan Z (M3aanwlugud) 1mny 0.62 Ar08191
<) = [ = st 4 ar )
ugasanululsFvoinnnudanaln -0.67 o iraled  Hesedalou Hufoa1a1l
~ o = 5 of) o o (=1 [ 3] r'a 1
Aanaatiuandnvosmeauihauuararnilugud naliszduanumihigud wnnienuy
o 1 or e -~ [] A o oar s ss'.

Wuay @naseauauiluaan®n 0.36 uay 0.62) WWREINUNUeAT M TIBoun]asveg
| - o = ot o o ~ Aae | da ¥ d
AANURANA AT +1.67 DI aFo e/ Fao1ndantuanBain1vua ANy

o v o4 1 & 1 a
gudnazanuiluun dedluafiogialuma z Cqud) uazir P (1707 drwmszduan
o = 1 @ s & T a I~ - 1 1 o
U Finy 035 uaL 0.64 AINE19Y (A1FSAUANUEIUFNITNLNLUDNTIOAIINT
= ' -~ 4 P o 1 o
wasulasvesmianuianala +1.67 earsadea/Ad Yanuavusnmpnnanmiy
oL w 1 ar v = P Q = = 1 o E
gud) dunandlsmanudanaiaiszauanuiiy audnved ‘v’ MmN 0.0 &9
1 Yy ¥ o A P= I N~ { " ~ s [ [
ey Tl ladauilvuanmeiiosnniauilvan luvhusafonnu dwlisasing
= T -~ =] ar =1 = [ ") & t
WasumasveenanuAanaIalszaua Ui uau@nusd @1’ 1101 0.0 FIHUAIUI
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Lildfiamduauaoiiomniiauilunn agilmszduanuiluaninveanigeduyaly

suvlanduaudn1ddall

p(Error = N)(—0.67)=0.36 @.1)
p(Error = Z)(-0.67)=0.62 (2.2)
p(Error = P)(~0.67)=0.00 (2.3)
u(ErrorRate = N)(1.67)=0.00 (2.4)
p(ErrorRate = Z)(1.67)=0.35 (2.5)

p{ErrorRate = P)(1.67) =0.64 (2.6)
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2. M3YseiuAINgUeIls® (fuzzy rule evaluation) HAININATIUWIAITZAVATIY
o = o - 7 v =Y 1 o 1
Aumnioves Suyeaninualduds duseudehilfomnlszdiusvesdunlshldlungues
=y 1 o’ U 1 & o =y 1 1 4
Wad mydszilumagaenanziiudn F gaddszaediierhmsilsziuinideulynn
= & o ° T v & 4 ar T
dunarusziidngladesnserr Tudau  THEN selil Fsemesiingluideuludindg
oA ) w A an X 2 & oA -
yInnIwmilknguiona iy 1Heanonssuldunmnnndimile  (MufsfInINAANEIAIGY
ar o1 1 o A T = = v 9 o
sammanfaounlawasmmmdanai)  Soulvveuazdunavzgnilszdiuaiaieds
o ' y o e ) { ®
nsziveslafion 1y AND 3o OR iieli Idnadwnigamoilusduaviicnsarily

(R { 4 o [ | 1 o o3| ) as
dsziliuendau THEN  ffamoudtezgmbhhhlszihefiomaszduanuihiamndnvesda

wdstemiva luduaeude 1d Rursendansssii OR vinnguiwavzlaa

HAVB(X) = max[yA(x), ,uB(x)] 2.7

1 [ o o [ or v L a o 1
ﬂEl'l\i]l'iﬂ?] AN OR ff']ll']'iﬂﬁﬁﬂ']ﬂulﬁ’ﬂﬂ'lﬂﬂﬂ'm gNAIDYTLEU AINTTN OR 1uﬂaﬂ~1

4

A = R ¥ o
wiosilovoamnnaldv¥asdn (MATLAB Fuzzy Logic Toolbox) ziimamsldWaridu

L] -y =y L3 ﬂ’f
max TRAU 1AL TUNATDAIBENIT probor HIBHATINTAT¥ANA (algebraic sum) AANU
pAU B(x) = probor [ pA(x), uB(x)] (2.8)

= pA(x)+ uB(x)— pA(x)x pB(x) 2.9

L] o ar ar a t A =l =y
WUIREITUAUAINTEYT AND  dalundeusseailoveauunuallviasin (MATLAB

-4
ar

»
Fuzzy Logic Toolbox) finama 19Wasidu min uae Werdumagal (prod) aail

HAOB(x) = min| pA(x), uB(x)] (2.10)

1 EL)
HAN B(x) = prod | pA(x), uB(x)] (2.11)
= HA(x) % pB(x) (2.12)

< as Qr o H 1 ar aow ) v @
Tupunsal mslddantuvesdinsziveusaiuand ey o1 inaFaduavhiuana 1y
(-7} -y 1 1 A 2 H 1 ‘i 1

18 ndamnlseiivaweaunaztou luwazsru@euly lunsainduinnn 1 Souleludiu
woq TF uda wadi ldezgmiliilsgdiunadingdelandesgniionsanludoy THEN se'lll
=y o 1 Y ~ ?; 9 A <y @ ci
Avandlednrzuy anqugamgiisiingresilsdiimua 9 do Meulvuosdunndan
' 1 -~ % 1 ar o = { ro1 oo
vila1AUA Error = -0.67 samaidea Faldimszduanuiluaundnves N nag Z #lhimidu
qud Rouluainaniisunnnhgudtazegludiu IF veangdo 1, 2, 4, 5, 7 uaz 8 Tuvwef

é <y ar ! 1 = ~ ' r 4/
[Qowulvussdunndrianaldun ErorRate = +1.67 ssruaBoani Falvmszduanuiiy
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mninued Z uas P A'livhnuguduazegludau IF veangded 4, 5, 6, 7, 8 uaz 9 dievn

o i ¥ A 4 A 1 1 c =] 4
AND (14¥arid min) Souluisaeudies Idanden lanasenition liiluguinde teuly
Tudie 4,5, 7 uay 8 Tavawnsoagal lAasi

(1) IF {(Error =N} AND (ErrorRate=N) THEN Output =C
IF (0.36 AND 0.00)=0.00 THEN Output =C
(2) IF (Error=272Z) AND (ErrorRate=N) THEN Output =H
IF (0.62 AND 0.00)=0.00 THEN OQutput =H
(3) IF (Error=P) AND (ErrorRate=N) THEN Output =H
IF (0.00 AND 0.00)=0.00 THEN QOutput =H
(4) IF (Error=N) AND (ErrorRate=7) THEN Ouiput =C
IF (0.36  AND 0.35)=0.35 THEN Qutput =C
(5) I¥ (Error=2) AND (ErrorRate=7) THEN Output =NC
IF (0.62 AND 0.35)=035 THEN Quiput =NC
(6) IF (Error=P) AND (ErrorRate=7) THEN Output =H
IF (0.00 AND 0.35)=0.00 THEN Qutput =H
(7} IF (Error=N) AND (ErrorRate=P) THEN OQuiput =C
iy (036 AND 0.64)=0.36 THEN Output =C
(8) IF (Error=27Z) AND (ErrorRate=P) THEN Qutput =C
IF (0.62 AND 0.64)=0.62 THEN Qutput =C
(9) IF (Error=P) AND (ErrorRate=P) THEN Qutput =H
IF (0.00 AND 0.64)=0.00 THEN OQutput =H
11Af1 Error = -0.67 B4R USAIROT 1Az ErrorRate = 1.67 oarusadoanil inalddin THEN

A e

& o ¢ Y a ) ' ' v g
Fanfedunlsieniyaveangde 4,5, 7 uaz 8 gnalseliusmrluduaoude il Arszdunnuiy

-}

= A (= 1 o L o J s
anFnnnideulvdunalu dawu 1F willudruenndulsieniyaesigilitwesssaunnu
& 1 o ~ @ . [
dlumndnothals Taedansumngn veaueinaszgnaauen (clipped) 3ogmliuvua

’ o o Py ' A a & Y A
(scaled) musamszaUAUEivmnEnvetdu Roulvduna IF 1uies duaaalugln 2.8

=4 8 o ¢ ar = @ ¢ o 8/~ =gl ! 1
faudnnsdaageadanduaundnvesdiulsomviyase i lnimansgy@edoyauisaiy ua
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oy ar 1 ot A od 1

Faadanar1ndudias wazhwdmdunisanan saulld s ld1ddssuanalu

4 { 1 o al
Tuneuae 1WBndaw 310 2.9 (Beuifeniznindinisdaseauas I nisliuvie

[
=4

3. MIIIUNG (aggregation) MAdTINANAIY gnlsziiua@ nghtlaa Tiiwiiy

o 9 g o @ o o ar - | = 1 &
gudzgnsmddlenu lasmssawwadnivesdinduandniinumsisaiium (grdavon
Ao 4 ¥ ¥ w d o o W s ¥ o
#101/5uU119) MnvarnAsiuusamesdmsuunazdalseyine mssaungez e
nszgiiioy 310 2.10 ugaImssungANaININIZIIRIUgUYMKYliinmAIuRana 1R
MI0Y -0.67 BvAmNsATEY wazdasImTlasuulasmanuRanaIamMIiY +1.67 84A1
) 0 & =] P 4 A o
wandoe Tuvunouds hlwzihwamssungfihhasiluddravfoniionh el 15 ums

ysanawano 1
Z Z dy 1 1]
4. MIMATsaE (defirzzification) MAVUABULIANIIUDITUABUH a19199 TuTT VL

o] 1 =1 e g A T el o Tl g Y 1 ) g
Wuadyd Lidzdludune ngenee) vieeniya uaNdmiuynszuLsveunIMyAIZADa

1 H = L r o o o é L
gulaaliieglusaliannseldanddviagudidynaus i MdyaiunIugy 1a4 Faa

1 4 1 =1 [ 1 = 1 2’; [ 5 T
mart lamnsadlualsd 18 mszaladezidluidn lemeszoudsFminiu dasius

9 a a I~ 1 &r ' o = =y 5
gANINNEINYATDTTVYITADULUAY FalaU (crsp value) MIiadsAovUaoU UM

ad oA 5

T Y 1 toas e o £l a8 oA d
wdasmninnanissiung lved luglvesendany TEmahadsdiuiivaiowuy T5vilehdly

=

Piewidauiuedamivalsfedivigagudn 9 (centroid W30 center of gravity, COG) fin

=he

COG voarla@sa A 1u939 [a, b] Mnsan ldonanudunusaaae 11

J; #a60xax

[RAQLE

COG = (2.13)
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0.36

0.35 [+ / -» AND

. -0.87 - +1.67 )
ARTIHAANATH (°C) arinvitdReuudag % LAY

Y

¥

¥

ATRNHARWRIA (°C/uR)

. . NQ4) ¥ (Error=N) AND (ErrorRare=2) Oupm=C -
'y Fy F'y
0.62 z
. -0.67 ' N . +1.67 . i
RIATIHARAWAIA (°C) SRrTIm s Anuulae % LHIRYA

ATRINARNEIA (PCrunf)

. Quipw =NC-

. 4o o- o /
0.36 le—A\ IINZA N, / p

- u
-0.G7 +1.67

RVRTIHARWRIR (°C) Sl ag % m'lﬁvlﬂ
A1ATIHARNAIR (°C/u8)

¥

3

0.62

A J

, -0.67 ' © f167 j
RIRMHERNATR (°C) aamininlapuudag % \EANA
AIAYTHIRWATA (°Crum)

) 8) IF (Bror = ZY AND (RrroiRate=F) -~ THE '  Oupm=C:

510 2.8 Moyl
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varndnanndn

SRS
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v

S=AUA

L J

(N) )

Y =Y 1 o o = or [
U7 2.9 maszpivadanguamn®n (n) sdasan (1) J5UTUVIA

A
"
[~ C
kS o 0 ¢ 0.62
T
& 0.35 035 0.36 I
§ Al
:

ng 4 ng 5 ng7 njg8a HASIHNY

31 2.10 #aN1559UNG VB4 Brror = -0.67°C 1az ErrorRate = +1.67°C

Qs

b1
Tumal§iid mssuaa coc awnsam ldvindeyanisdndrodiadail

b
X)X
COG = Loy 40X

(2.14)
Zi:a £, (%)

o/

] ¥
ANTUNDNHAVOITT LRGN lug LR 14 A1 COG mansaimam Tddsil

(—100-83.33-66.67—-50-33.33)x0.62+(—-16.67+0+16.67+33.33)x0.35

COG =
0.62+0.62+0.62+0.62+0.62+035+0.35+0.35+0.35

=-43.33

1 ig o o A 1w & o g ' oy 4 3
Ao nah lannmsiiadadininy -43.33 wefisud Ifanumnenszuudsuilamieam

o A o o
AMMBUNTEAY 4333 nlodidud
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1. #8152 119HaNA19MT0FNY (CPU: Central Processing Unit)
1 s 1 =1 X 2 1 o San Yy
2. ¥128AUE1 (Memory)  euITOULNBENLW 2 79U A Wudea Uil 1]

o w o ar =) o oy 'd A 2y s
dmiuny1dsunsundn (Program Memory) 1fssuiaiiouaiadanveaniosnoufiamesag

1Rz fodoyalaniigniiy Bluiles igapmelum?hin lides Sndnmilsfomisennus
3 Y o s df Ao e Y & ° )
Foya (Data Memory) 1 lumsdnnavesdfiguaziluiisindoyadansvasiam udmin
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T Iidee Fayatesvie ldadwdumizeniususy @AM Tustesneuiaunediiag il

Al dg

Yo o ¢ w o o 1 ° :
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& P Y s :
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1 o a ¢ o

3. duAndefuglnIsinouenrIeneiaor) 11 2 dhvwe Ao WoTnduwAdnput

Y )

i L4 EEEY, ar
Porfiininhfudyanduaz nedamina(Output Poriinthnddynseenlidiglngs

My

4, FoamuAnvIT I MHIBNA(BUS) Ap iduntamsuanldeudyanudoya

9

senindiigniiennudmaznefailudnvuzvesmodygraduauuinegaioludn

o 3

luTasneuInsames Tnswiauihuadoyamata Bus) Vaueamsa(Address Bus) uazild

AUAN (Control Bus)

ot

° =Y Y] =y o [of 1 ci © = 1 :'!
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2.2.2 Winsneulnsaeinizga AVR o3 ATmega2560

TuTasnouInsataes aAvR  1iluled'lulnsaeuInsaaosvoaussn Atmel 3

<) A L ¥ o -
ganlaonssunietuilunuy RISC { reduced instruction set computer) Taoly HAUUIWAN
disa 1 gnlumalfidanlu 1 midaTasezdszneudemboanuiilsunsumeluidu

wuauas Tilsunsudeya AUy In-System programmable

s 2.12 luTasneunsamednszga AVR 183 ATmega2560
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AMATNUAVRY ATmega2560

1.

10.

11.

12,

13.

w0 UMDVUHaY(Flash)  dmSutiuiinnuieanuildsunsunan
e o
(Program Memoty) YU19 256 lalun
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=y rFd
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WA WD AU USRAM) v 8 filalun
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BUWNADHA U 54 F0a (5 1IANTTL LOGIC) uaz ouiden $1um 16 ¥ (ilu

an1donilufsaea vuia 10 Oa 16 ¥09)4 Youilu UART (ilu HARDWARE SERIAL

PORT) 1tu1 5 128N TTL LOGIC
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8-bit Atmel Microcontroller with 16/32/64KB In-System Programmable Flash

SUMMARY
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* High Performance, Low Power Atmel® AVR® 8- BH Microconwolier
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1. Pin Configurations

Figure 1-1.  TQFP-pinoul ATmegaB4t/1 28012560
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Flgure 1-2.  CBGA-pinout ATmegaB40/1280/2560

Top view Bottom view
1.2 3 45 6 7 8 9 10 10 8 B 7 6 5 4 3 2 1

rd R
A OCO00000000 |a
B 0000000000 |8
G 0000000000 |c
D o 0000000000 |»o
E O0C000000Q0 |E
F O0O00000000 |F
G OO000000O0O00 |«
H 0000000000 |H
J 0000000000 |
K 0000000000 [k
Table 11,  CBGA-pinout ATmegaG40/T28(0/2560

A G:JD A.:EF P:O P:2 P:S P:O P:(i P:(G G:‘D V:C
B AVCC PG5 PF1 PF3 PFB PK1 PK4 PK7 PAG PA2
c PE2 PEG PE1 PF4 PF7 P2 PKS PJ7 Pal PA3
D PE3 PE4 PES PEG PH2 PA4 PAS PAG PA7 PG2
N L TN N WA I ED ] ST
RGN NI N A Y. - 4% O/ AR

Nole:  The functions for each pin is the same as ©oF the 100 pin packages shown in Figure 1-1 on page 2.

Atmel
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Fgure 1-3.  Pinout ATmegat1281/2561

z
o
s e 8 &
35814
Q w — P T
0O 2 uW g e -
s EEFREEE
131 12] [S] [=] 18] [ 2] (]
{0C08) PGS
{RXDOFCINTB/PD!) PED
(TXDO/PDO) PEY HIDEX CORNER
(XCKO/AING) PE2
(OC3A/AINT) PE3
(OCIRINTA) PE4
{OCACANTS) PES
(TAINTE) PEG

{ICPY/CLKOANTY) PE7
{SSIPCINTO) PBO
(SCK/PCINT{} PB1
(MOSVPCINTZ) PB2
(MISOFPGINTI) PB2
{OG2AIPCINT4) PB4
(OC1APCINTS) PBS
(OC1BPCINTE) PBE

Nota:  Thelarga cenler pad undemealh the QFN/MLF package |s made ol metal and ernaly connecled 1o GND. It should
be soldered or ghued to the board to ensure good mechanical stabdity. H the center pad is left unconnecled, the pack-

aga might loosen 1rom the board.

Atmel

EIEEREEIEEE
Egale

g eE

o

(ADCS/TMS)

PFS

FDO

PD1

{SCL/INTQ
{SDAINTA

{RXDV/INT2

PD2 I3

B

NT3) PD3

{ICP1

{TXD/1

57 PA0 (ADO)
50| PA1 {AD1)

45 Paz (aD2)

S = (e o] [BTTe) [&T (8] (=] (s a] (& 1a] &) sl 4]

PA2 (AD3)
PA4 (AD4)
PAS5 (ADS)
PAG (AD6)
PAT (ADT)
P2 (ALE)
PG (A1S)
PCE (A14)
PC5 (A13)
PC4 (A12)
PCI (A11)
PC2 (A10)
PG (A9)

PCO (A8)

PG1 (RD)
PGO (WR)
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2. Overview

The ATmegab40/1280/1281/2560/2561 Is a low-power CMOS 8-bit microcontrotler based on the AVR anhancad
RISC archilecture. By axeculing powerful Insiructions in a single clock cycle, the
ATmegab40/1280/1281/2560/2561 achieves throughpuls approaching 1 MIPS per MHz allowing the system
designer to oplimize power consumption versus processing speed.

2.1 Biock Diagram

Figure 2-1.  Block Diagram

£

HOTE
I Shared parls only avalable
in lhe Y00-pin verson.

r
| Gompictotuctionatty or I PORTD 8 ] I FORT B} l I:\:ﬁunl

Lo 4] ;=8 ] PDO R7D

The Atmel® AVR® core combinas a rich Inslruclion sat with 32 genaral purpose working registers. All the 32 regis-
ters are directly connected 1o the Arthmetic Logic Unit {ALU), alowing two independent registers lo be accessed in
ona single instruction executed in ohe dock cycle. The resulting architeclure is more code efficlent while achleving
throughpuis up to ten imes faster than conventional CISC microcontrollers.

Atmel ATmegaBat/V-1260/V-1281/V-2560/V-2561/V [SUMMARY] 5
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The ATmegab40/1280/1281/2560/2561 provides the lollowing leaturas: 64K/128K/256K bytes of In-System Pro-
grammable Flash with Read-White-Wiile capabiifies, 4Kbyles EEPROM, SKbyles SRAM, 54/86 general purpose
10 knes, 32 general purpose working registers, Aeal Time Counter (RTC), sk flexible TimerCounters with com-
pare modes and PWM, four USARTS, a byte oriented 2-wire Serial Interface, a 16-channel, 10-bit ADC with
optional differential inpul stage with programmable gain, programmable Watchdog Timer with Internal Osclliator,
an SPI serial port, IEEE® std. 1149.1 compliant JTAG lest Inlerfaca, also used for accassing the On-chip Debug
system and programming and six soltware seleclable power saving modes. Tha Idle mode stops the CPU while
allowing tha SRAM, Timer/Counlers, SPL porl, and Internipt sysiem to continue functioning. The Power-down
mode saves the reglster contents bt freezes the Oscillator, disabling alt other chip tunctions unfil the next interrupt
or Hardware Resel. In Power-save mode, the asynchronous timer continues 1o run, alfowing the user to maintaln a
Emer basa yrhie the rest of the device Is sleeping. The ADC Noise Reduction mode stops the CPU and all O mod-
uvles axcapl Asynichronous Tlmer and ADC, to minimize swilching nolse during ADC convarsions. In Slandby
mode, the Cryslal/Resonator Oscillator IS runining while the rest of the device |s sleeplng. This altows very fasl
slart-up combined with low power consumption. In Extended Standby mode, bolh the maln Osciilator and the
Asynchronous Timer continue o run.

Atmei offers the QTouch® Forary for embedding capacitive touch butions, stiders and wheels funcionatity Into AVA
microconirollers. Tha palented charge-transler slgnal acquisilion ollarsrobust sensing and includas ulty
debounced reporting of louch keys and includes Adjacent Key Suppression® (AKS®) tachnoiogy for unambiguous
delection of key events. The easy-lo-use QTouch Suile toolchain alows you to explore, develop and debug your
own louch applications.

The davice is manufactured using the Atmel high-density nonvolatie memory 1echnology. The On-chip ISP Flash
allows Lha program memory 10 be reprogrammeed in-systerm through an SPI seral inlerface, by a conventional non-
volalile memory programmer, or by an On-chip Boot program ruaning on the AVR core. The boot program can use
any interface 1o download the applicalien program in the epplication Flash memory. Soltware in the Bool Flash
seocltion will continus 1o nun whila the Application Fiash section Is updaled, providing lue Read-Whila-Wrile opera-
tion. By combinlng an 8-bit RISG GPU with In-System Self-Programmable Fiash on a monolithic chip, the Atmal
ATmegaB40/1280/1281/2560/2561 is a powerful microcontroller that provides a highly liexible and cost eflective
solution fo many embedded control applications.

The ATmegat40/1280/1281/2560/2561 AVR is supporled with a full sulle of program and systam devslopment
100ls including: C compilers, macro assemblars, program debuggerfimulalors, in-circuil emulators, and gvaluation
Kils.

AT X X - 2E60V-
Atmel megat4aV-1280/V-1281/V-2560/V-2561/V [SUMMARY] 6
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2.2 Comparlson Between ATmega1281/2561 and ATmegab40/1280/2560
Each device in the ATmega640/1260/1261/2560/2561 family dilfers only In memory size and numbar of pins. Table
2-1 summarizes the diflerent contigurations lor the six devices,
Table 2-1, Configuralion Summary
General 16 bits resolution Seriel ADC
Device Flash EEPROM RAM Pwrpose VO pins PWM channels USARATs | Channels
ATmegacd0 54KB 4KB BKB 86 12 4 16
ATmegai2an | 128KB 4KB BKB 86 12 q 16
ATmegal2dl 1268KB 4KB BKB B4 ) 2 8
Almega2560 | 256K 4KB BKB 88 12 4 16
ATmega2t6l Z56KB 4KB BKB 54 6 2 8
23 Pin Descriptions
2241 VGG
Digital supply voltage.
232 GND
Ground.
233 Port A (PA7..PAQ)
Porl A Is an 8-bit bl-directional VO port with intemal pull-up resistors (selected for each bit). The Pod A outpul buf-
fers have symmelrical drive characleristics wilh both high stok and source capability. As Inputs, Porl A pins Lhal are
extemally pulled tow will source curtent il the pull-up resislors arg activated. The Porl A pins are tri-slaled when a
resel condition becomes active, even if the clock Is not running.
Poii A also setves the funclions ol varipus special fealures of the ATmegab40/1280/1281/2560/25G1 as listed on
page 75.
234 Port B (PB7..PBD)
Poil B is an 8-bit bl-directional I/0 port with intemnal pull-up reskstors (selected for each bil). The Porl B output bul-
fers have symmelrical drive characteristics with both high sink and source capabBity. As inpuls, Port B pins that are
extemally pulted lovw will source current if the putl-up resistors are aclivaled. The Port B pins are Lri-slaled when a
resel condition becomes active, even if the clock is not running.
Posl B has betler driving capabitities than the other poris.
Port B also serves the functions of various special features of the ATmegaG40/1260/1281/2560/2561 as lisled on
page 76.
235 Port C (PC7..PCO)
Port C is an 8-bil bi-direclional VO porl wilth intemal pull-up resistors (selecled for each bil). The Port C oulput bul-
fers hava symmetrical drive characteristics with bolh high sink and source capability. As inputs, Pord G pins that are
exiemally pullad low will source current if the pull-up resislors are activated. The Porl C pins are tri-stated when a
reset condition becomes active, even if the clock is not running.
Porl C also sarves the functions of special leatuwres of Lhe ATmegat4(0/1280/1281/26560/2561 as listed on page 79.
ATmegaB40/V-1280/V-1281/V-2560/V-2561/V [SUMMARY] 7
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236

23.7

2.3.8

2310

231

Port D {PD7..PD0}

Port D is an 8-bit bi-directional YO port with intemal pullup resisiors (selacted for each bit). The Port D oulput buf-
fors have symmefrical drive characteristics with both high sink and source capabifity. As Inputs, Post D pins that are
extemally pulled low will source cusrent it the pull-up resisiors are activaied. The Port D pins are ki-siated when a
reset condilion becomes activa, even if the clodk Is not runnlng.

Port D also serves Lha funclions of varous speclal feakures of ihe ATmegaB40/1280/1281/2560/2661 as listed on
page 8O-

Port E (PE?7..PEQ)

Poit E iz an 8-bit bi-directional /O port wilh internal pull-up resistors (selected lor each bit). The Poit E culput bul-
lers have symmelrical drive characlaristics with both high sink and source capability. As inpuig, Port E pins that are
extemally pulled low will sovice cuirent H the putl-up reslsters ara activaled. The Pert E pins are Ui-slaled when a
resel condition bacomes active, even 1f the clock is nol unning.

Port E also sarves thae functions of vanious special lealures of the ATmega640/1280/1281/2560/2561 as lisled on
page B2.

Port F {PF7..PFD)

Porl F serves as analog inputs 1o the AD Converter.

Port F also seives as an B-bit bl-directional 1O port, if the AD Convertar Is not used. Port pins can provide internal
puil-up reslslors (selecled for each bit). The Port F output buffers have symmelical drive characteristics with both
high sink and source capabiiity. As inpuls, Porl F pins that are exiernally pulled low will source current it the pull-up
resistors are activaled, The Port F pins are li-staled when a reset condition becomes aclive, even It the clock is not
nmning. lf Lhe JTAG inferface is enabled, the puli-up resislors on pins PF7{TDI), PFS(TMS), and PF4(TCK) will be
activaied even if a reset occurs,

Ponl F also serves 1he functions of the JTAG Inlerface.
Port G (PGS..PGD)

Pert G is a 6-bit O port with inlemal pull-up rasistors (selected for each bit). The Port G outpul builers have sym-
metrical drive characterislics wilh both high sink and source capability. As inputs, Port G pins that are extermnally
putled low will sovrce current if Lthe pull-up resistors are aclivated. The Poil G pins are tri-stated when a reset con-
dition becomes aclive, even if tha clock is not running.

Port G also serves the funclions of varicus spaclal features of the ATmeaa640/1280/1281/2560/2561 as fisted on
page 86.

Port H (PH7..PHO)

Port H s a 8-bit bi-gicectional QO port with internal pull-up restslors (selecied for each bil). The Porl H oulput buf-
fers have symimelricai drive characieristics wilh both high sink and source capabiiity. As inputs, Porl H pins that are
exlemally puled low will source current if the pull-up resislors are aclivated. The Port H pins are tri-slaled when a
resel condition becomes active, even if the clock is not running.

Port H also sesves the lunclions of various special [eatures of the ATmegagd(/1280/2560 as isled on page 83.
Port J (PJ7..PJ0)

Port J is a 8-bit bi-directional YO port with intemal pull-up resistors (selected for each bit). The Port J output butfers
have symmeirical drive characlerislics with bolh high sink and source capability. As inpuls, Port J pins that ate
extemally pulied low will source cunient it the pull-up res!stors are aclivaled. The Pott J pins are ti-slaled when a
resel condition becomes active, even if the clock is not running. Porl J also serves the functions of various special
features of the ATmega640/1280/2560 as Hsled on page 90.

At mel ATmegas40/V-1280/V-1281/V-2560/V-2561/V [SUMMARY] 8
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23,32

2313

23.14

2.3.15

2.3.16

2317

23.18

Port K (PK7..PKO)

Porl K serves as analog inputs lo the A/D Conventer,

Port K is a B-bit bi-girectional 170 port with internal pult-up resislors {selected lor each bit). The Port K oulput bulfers
have syminetrical drive characteristics with both high sink and source capability. As Inputs, Port K pins that ara
externally pulled low will source current if the pull-up resistors are aclivaled. The Porl K pins ara tri-slated when a
rasel condition becomes active, even i the dock is nol running.

Port K alsa serves the funclions ol various special foatures of tha ATmegaB4alv' 128062560 as histed on page 92,
Port L (PL7..PLO)

Porl L is a 8-bit bi-directional 11O port with intemal pull-up resistors (selected for each bit), The Port L output butfers
have symmetrical drive characteristics with both high sink and source capability. As inputs, Porl L pins that are
exiemaly pulled bow will sourca cumant il the putl-up reskstors are activaled. The Port L pins are Iri-stated when a
resel condilion becomes active, even if the clock is nol running.

Port L. also seives the functions of various spedal featres of the ATmegaB40/1280/2560 as listed on page 94.
RESET

Resel inpul. A low level on Lhis pin for longer than Lhe minimum pulse fength will generate a reset, even i the clock
Is not running. The minimum pulse length Is given in “Sysiem and Resel Characterislics™ on page 360. Shorter
pulses are not guaianleed to generate a resel.

XTAL1

tnpul to the lnverting Oscillator amplifier and input 1o the intemal dlock operaling circuit.
XTAL2

Output from the inverling Oscillator amplifier.
AVCC

AVCC is the supply voltage pin for Port F and Iha A/D Converter. i should be exiemally connecled to Ve, even if
Lhe ADC is not used. IFthe ADC is used, it should bo connacled to Ve through a low-pass [Mer.

AREF
This is the analog relerence pin for the A/D Converter.

AtmeL ATmegab40/V-1280/V-1281/V-2560/V-2561/V [SUMMARY] 9
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L298

DUAL FULL-BRIDGE DRIVER

= OPERATING SUPPLY VOLTAGE UP TO 48 Y

= TOTAL DC CURRENT UP TO 4 A

= LOW SATLIRATION VOL TAGE

= GVERTEMPERATURE PROTECTION

» LOGICAL “0" INPUT VOLTAGE UP TO 1.5V
(HIGH NOISE IMMUNITY)

DESCRIPTION

The L298 is an integraled monolithic circuitin a 15
lead Multivall and PowerS0O20 packages. Itis a
high voltage, high current dual full-bridge driver de-
signed to accept standard TTL logic levels and drive
Inductive loads such as relays, solenolds, DG and
slepping moltors. Two enable inputs are pravided to
enabie or disable the device independently of the in-
put signals. The emilters of the lower ransistors of
each bridge are connecdled together and the come-
sponding exlemal lerminal can be usad for the con-

BLOCK DIAGRAM

=
Power5020

Multllwatti5s

[PRDEAING NUMBERS : L298N (Multiwalt Vert.}
L288HN (Muliwat! Horiz.)
L208P (PowarS020)

nection of an external sensing resistor. An additional
supply input Is provided so that the logic works at a
lower vollage.

+

UH'I u‘.!Pn "ﬁ wos U UTs
2 3 (Y (L] 'Y

Ao |
s

1 2 k| F
[ ] 'g
oo L o) 3
Ll [ n L)
[+Y
[] | ] ] B
SENSE A—4 ‘l b OSENSE B

113
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L298
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unli
Vs Power Supply 50 Y
Ves Logic Supply Vollage 7 v
Vi Ven Inpuit and Enable Vollage =0.3107 v
lo Peak Qutpst Cuarent (each Channel)
— Non Repetitiva (L = 100us) 3 A
~Aepeiitive (B0% on —203% ofl; 1y = 10ms) 25 A
—OC Operalion 2 A
Voo Sensing Vollage 11023 v
Pa | Tolsl Power Dissipation (Tonse = 75°C) 25 w
Tep Junchion Operating Temperabas 25 Ip 130 C
Teg. 7} | Storage and Juncson Temperature —40 o 150 0
PIN CONNECTIONS (lop view)
/—I‘—"'\.J_"'
[} wem—] CURREMT SENSTNG B
14 m— . T) LT ¥
‘$‘ nEeE—o OUTPUTY
[F} e— 1) )
n Ty pemER
L —— ) ]
| P— : —F— ﬁmvm1msv“
L me—- T T ) ]
B ENARBEA
EY imi— FUT 1
AT SIPPLY VOLTAGE Vg
,$ a3 outrur:
: /0 outAuT
N | [} E——] CURAENT SENSHG A
NN g N
Z TAB COMMECTED KOFHE DuSROw
1 20 ] GhD
2 19 ] SenseB
3 18 1 NC.
4 17 [ oad
5 PowerS020 (g —1 043
& 15 1 byntd
7 15 [ EnabieB
5 13 1 bpta
) 12 1 vss
10 1 1 6ho
Desree
THERMAL DATA
Symbol Parameler PowerS020 Multlwalits Unit
Prjeme | Thermal Resistance Junclion-case Max, — 3
RAajant, | Thermal Resisiance Junction-ambient Max, 13(") 35

{*) Mounted on aluminum substrate
213
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L2938

PIN FUNCTIONS (rofer to the block diagram)

MW.15 PowerS0O Name Fun¢llon
1,15 219 Sense A; Sense 8 | Between this pin and ground is connected Iha sansa resistor o
contiol lhe axtent of the bad
23 45 Outt,Out 2 Ouiputs of It Bridga A; the current thal fows through the load
connecied between these wo pins ks monitored at pin 1.
4 [ Vs Supply VoRage for tha Power Oulput Stages.
A non-inductive 100nF capactior must ba connecled between this
pin and geound.
57 78 Input 1 lput 2 | TTA. Compatible Inputs of the Bridge A
11 814 Enabla A: Enable B [ TTL Compalibls Enable Inpul; the L state diabies the bridge A
(enahla A) and/or the bridge B {enable B).
] 1,10.,11.20 GND Ground.
9 12 vsS Supply Volage for lhe Logic Blocks. A1GOnF capacilor must be
connocted betwoorn this pin and ground,
10; 12 13,15 Inps 3; Input 4 [TTL Comapalible Inpuls of the Bridge B.
13,14 16,17 Ol 3; Ou 4 OCutputs of the Bidge B. The cument thal flows througiy the bad
connacied batwaen these two pins i monitored al pin 15.
— 318 NC. Nol Connecled

ELECTRICAL CHARACTERISTICS (Vs = 42V, Vss = 5V, Tj = 25°C; uness olherwise specified)

Symbol P Test Conditlans Min. | Typ. | Max. j Unit
Vs | Supply Vollage (pin 4) Operative Condition Vi 425 46 Y
Vee  |Logic Supply Yollage (pin 9) 45 5 7 v
ke QOulescend Supply Currenl (pin 4}  [Ven=H; k<=0 Vi=L 13 22 mA

VinH 50 70 mA

Ve =L Vi= X 4 mA

ks Chnesoent Cumenl from Ves (pin 9} [Ve wH; el Vink 24 35 mA

Vi=H 7 12 A

Won =L Vi=X ] mA

Vo |inputtow Voltage -03 15 v
{pns 5. 7, 10, 12)

¥u  |input High Vokage 23 vsS v
{pins 5,7, 10, 12)

R Low Voitaga Input Current ¥i=L -10 A
{pns 5.7, 10, 12}

In High Vollage Input Gurrent ¥i=H< Vs -0.6V 0 100 §A
{pins 5,7, 10, 12)

Van=L |Enable Low Voltage (pirs 6, 11) -3 1.5 [

Ven= H_|Enatie High Vokage {pins 6, 11) 23 Vss v

lm=L |low Vollage Fnable Current V=L -10 pA

[pins 6, 11}
len=H |High Voltage Enable Current Weon = H < V55 D6V 30 100 A
(pins 6, 11)
Veesa gy | Source Sabwation VoRage L=1A 0.05 L35 1.7 v
L=2A 2 27 ¥
Viesa 1y | Sink Saturation Veliage L=tA (5) 0.85 12 16 v
L=2A (5 1.7 23 \
Ve | Tolal Drop L=1A (5) 1.80 32 v
kL =2A (5) 49 v
Vs | Sensing Voltage (gins 1, 15} ] - (1) 2 v

3

3
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#include <TimerOne.h>
#include "HX711.1"

#inchude <Wire.h>

#include <LCD.h>

#include <LiquidCrystal 12C.h>
#include <FuzzyRule.h>
#include <FuzzyComposition.h>
#include <Fuzzy.h>

#include <FuzzyRuleConsequent.h>
#include <FuzzyOutput.h>
flinclude <FuzzyInput.h>
flinclude <FuzzylO.h>

#include <FuzzySet.h>

#include <FuzzyRuleAntecedent.h>

simuam Tuaunalasy

Fuzzy* fuzzy = new Fuzzy();

FuzzySet* small = new PuzzySet(0.5, 1,2.2 , 2.5);
FuzzySet* medium = new FuzzySet(2.3, 3, 4.2, 4.5);
FuzzySet* large = new FuzzySet(4.3, 5, 5.2, 5.5);

FuzzySet* errorl = new FuzzySet{0.5, 1, 1, 1.5);
FuzzySet* ermor2 = new FuzzySelt(1.5, 2, 2, 2.5);
FuzzySet* errord = new FuzzySet(2.5, 3, 3, 3.5);
FuzzySet* errord = new FuzzySet(3.5, 4, 4, 4.5);
FuzzySet* errorS = new FuzzySet(4.5, 5, 5, 5.5);

#define I2C ADDR  0x3F
#define BACKLIGHT PIN 3



-

LiquidCrystal I2C led(I2C_ADDR, 2, 1,0, 4, 5, 6, 7);

float calibration_factor = 173908.00;
#define zero factor 8482205
#define DOUT A3

#define CLK A2

#define DEC_POINT 2

float offset = 0;

float get_units_kg();

HX711 scale(DOUT, CLK);

unsigned int counter = 0;

int in1Pin =11;
int in2Pin =10;
int in3Pin =9,
int indPin =8;
int in5Pin =7
int in6Pin =6;
int in7Pin =35;
int in8Pin =4,

int buttonPinl = 18;
int buttonPin2 =19;
intinl3Pin = 13;

int buttonStatel = 0;
int buttonState2 = 0;
int rotation =0;

int STATEI = HIGH;

int I=0;

void docount()

{

counfer++;

20



i
void timerlsr()
{
Timerl.detachInterrupt();
Serial. print("Motor Speed: ");
rotation = (counter / 20);
Serial.print(rotation, DEC);
Serial.prinfln(" Rotation per seconds");
counter = 0;
Timerl .attachInterrupt( timerlsr );
}
void START()
{
STATELl =1LOW,;
}
void STOP()
{

STATEI] = HIGH;

digitalWrite(in1Pin, LOW});
digitalWrite(in2Pin, LOW);
digilalWrite(in3Pin, LOW);
digital Write(indPin, LOW);
digital Write(in5Pin, LOW);
digital Write(in6Pin, LOW);
digitalWrite(in7Pin, LOW),
digital Write(in8Pin, LOW);

|



o

void setup(}{
Serial.begin{9600);

led.begin (16, 2);
led.setBacklightPin{BACKLIGHT PIN, POSITIVE);
led.setBacklight(HIGH);

Timerl.initialize(1000000);

attachInterrupt(0, docount, RISING); Timerl.attachInterrupt( timerIsr );

scale.set_scale(calibration_factor);

scale.set_offset(zero_factor);

pinMeode(in1Pin, OUTPUT);

pinMode(in2Pin, QUTPUT),

pinMode(in3Pin, OUTPUT);

pinMode(in4Pin, OUTPUT);

pinMode(in5Pin, OUTPUT);

pinMode(in6Pin, OUTPUT);

pinMode(in7Pin, OUTPUT);

pinMode(in8Pin, OUTPUT);

pinMode(in13Pin, OUTPUT);

pinMode(buttonPinl, INPUT PULLUP);

pinMode(butionPin2, INPUT PULLUP);
attachInterrupt(digitalPinToIlnterrupt(buttonPin1), START, FALLING),
attachInterrupt(digitalPinToInterrupt{buitonPin2), STOP, FALLING);

némuadodunaded

FuzzyInput* weight = new Fuzzylnput(1);
weight->addFuzzySet{small);
weight->addFuzzySct{medium);

weight->addFuzzySei(large);
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93
fuzzy->addFuzzylnput(weight);

Fuzzylnput* errorspeed = new FuzzyInpul(2);
errorspeed->addFuzzySet(errorl);
emrorspeed->addFuzzySet(error2);
errorspeed->addFuzzySet(error3);
errorspeed->addFuzzySet(error4);
errorspeed->addFuzzySet(error5);

fuzzy->addFuzzyInput(errorspeed);

AfMuARTe A/

FuzzyQutput* varyspeed = new FuzzyQutput(1);
FuzzySet* minimum = new FuzzySet(10, 20, 30, 50);
varyspeed->addFuzzySet(minimum);

FuzzySet* middle = new FuzzySet(45, 55, 65, 75);
varyspeed->addFuzzySet{middle);

FuzzySet* maximum = new FuzzySet(70, 80, 80, 90);
varyspeed->addFuzzySet(maximum);
fuzzy->addFuzzyOutput(varyspeed);

FuzzyOutput* outputerror = new FuzzyQutput(2);
FuzzySet* el = new FuzzySet(-12, -12, -12, -12);
outputerror ->addFuzzySei(ei);

FuzzySet* e2 = new FuzzySet(4, 4, 4, 4);
outputerror ->addFuzzySet(e2);

FuzzySet* ¢3 = new FuzzySet(-10, -10, -10, -10);
outputerror ~>addFuzzySet(e3);

FuzzySct* ¢4 = new FuzzySet(3, 3, 3, 3);
ouiputerror ->addFuzzySet{ed);

FuzzySet* e5 = new FuzzySet(4, 4, 4, 4);

outputerror ->addFuzzySet(e5);
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fuzzy->addFuzzyOutput(outputerror );

nivuangueaila iy

/IF weight = small THEN varyspeed = minimum//

FuzzyRuleAntecedent* ifWeightSmall = new FuzzyRuleAntecedent();
ifWeightSmall->joinSingle(small);
FuzzyRuleConsequent* thenVaryspeedMinimum = new FuzzyRuleConsequent();
thenVaryspeedMinimum->addOutput{minimumy);
FuzzyRule* fuzzyRule01 = new FuzzyRule(1, ifWeightSmall,
thenVaryspeedMinimum);
fuzzy->addFuzzyRule(fuzzyRule01);

HIF weight = medium THEN varyspeed = middle//

FuzzyRuleAntecedent* ifWeightMedium = new FuzzyRuleAntecedent();
ifWeightMedium->joinSingle{mediumy};

FuzzyRuleConsequent* thenVaryspeedMiddle = new FuzzyRuleConsequent();
thenVaryspeedMiddle->addOutput(middle);

FuzzyRule* fuzzyRule02 = new FuzzyRule(1, ifWeightMedium,
thenVaryspeedMiddle);

fuzzy->addFuzzyRule(fuzzyRule02);

/IF weight = large THEN varyspeed = maximum//

FuzzyRuleAntecedent* ifWeightLarge = new FuzzyRuleAntecedent();
ifWeightLarge->joinSingle(large);

FuzzyRuleConsequent* thenVaryspeedMaximum= new FuzzyRuleConsequent();
thenVaryspeedMaximum->addQutput(maximum);

FuzzyRule* fuzzyRule03 = new FuzzyRule(l,

ifWeightLarge,then VaryspeedMaximum);
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fuzzy->addFuzzyRule(fuzzyRule03);

/AiF emrorspeed = error! THEN outputerror = el//

FuzzyRuleAntecedent* ifErrorspeedError] = new FuzzyRuleAntecedent();
ifErrorspeedErrorl->joinSingle(error1);

FuzzyRuleConsequent® thenOutputspeedEl= new FuzzyRuleConsequent();
thenOutputspeedE1->addOutput(el);

FuzzyRule* fuzzyRule04 = new FuzzyRule(l, ifErrorspeedErmori, thenQOutputspeedEl);
fuzzy->addFuzzyRule(fuzzyRule04);

HMF errorspeed = error2 THEN outputerror = e2//

FuzzyRuleAntecedent* ifErrorspeedError2 = new FuzzyRuleAntecedent();
ifErrorspeedErmor2->joinSingle(error2);

FuzzyRuleConsequent* thenOutputspeedE2= new FuzzyRuleConsequent();
thenOutputspeedE2->addOutput(e2);

FuzzyRule* fuzzyRule05 = new FuzzyRule(l, ifErrorspecdError2, thenOutputspeedE2);
fuzzy->addFuzzyRule(fuzzyRule05);

HIF errorspeed = error3 THEN outputerror = ¢3//

FuzzyRuleAniecedent* ifErrorspeedError3 = new FuzzyRuleAniecedeni();
ifErrorspeedError3->joinSingle(error3);

FuzzyRuleConsequent® thenOutputspeedE3= new FuzzyRuleConsequent(};
thenOutputspeed E3->addOutput(e3);

FuzzyRule* fuzzyRule06 = new FuzzyRule(1, ifErrorspeedError3, thenOutputspeedE3);
fuzzy->addFuzzyRule(fuzzyRule06);
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/IF errorspeed = error4 THEN outputerror = e4//

FuzzyRuleAntecedent* FrrorspeedErrord = new FuzzyRuleAntecedent();
ifErrorspeedErrord—>joinSingle(errord);

FuzzyRuleConsequent* thenOutputspeedE4= new FuzzyRuleConsequent();
thenOutputspecdE4->addOutput(cd);

FuzzyRule* fuzzyRule07 = new FuzzyRule(1, ifEmorspeedError4, thenOutputspeedE4);
fuzzy->addFuzzyRule(fuzzyRule(7);

//F errorspeed = error5 THEN outputerror = e5//

FuzzyRuleAntecedent* ifErrorspeedError5 = new FuzzyRuleAntecedent();
ifErrorspeedError5->joinSingle(error5);

FuzzyRuleConsequent™ thenOutputspeedES= new FuzzyRuleConsequent();
thenOutputspeedES->addOutput(e5);

FuzzyRule* fuzzyRule08 = new FuzzyRule(1, ifErrorspeedError5, thenOutputspeedES);
fuzzy->addFuzzyRule(fuzzyRule08);
}

void loop(
buttonState] = digitalRead(18);
buttonState2 = digitalRead(19);

Siring data = Siring{get units_kg() + ofiset, DEC_POINT);
float x = data.toFloat();

J g o J
//uﬁmmm'ﬁummzmmmﬁ 10 LCDY

led.setCursor(0, 0);
led print("Weight");
led.setCursor(8, 0);
led.print(data);



led.setCursor(14, 0);
led.print{"kg");
if (data==0)

led.setCursor(11, 0);
led.print("0");
led.setCursor(12, 0);
led.print("0");
led.setCursor(13, 0);
led.print("0");

led.setCursor(0, 1);
lcd.print("speed");
led.setCursor(8, 1);
led.print(rotation);
led.setCursor(11, 1);
led.print("Rps");
if (rotation==0)
{
lcd.setCursor(9, 1);
led.print("0™);
}
int A=x-0;
fuzzy->setlnput(1, A);
fuzzy->setlnput(2, I);

fuzzy->fuzzify();

float outputl = fuzzy->defuzzify(1);
float cutput2 = fuzzy->defuzzify(2);
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float y =165+outputl-+output?;
if (rotation 1=14)
{

if (x<1H
I=0;

}

if (x>0.58&8x<1.5){
I=1;

}

if (> 1.58&x<2.5){
I=2;

}
if (>2.5&8x<3.5{
I=3;

H

if (x>3.5&&x<4.5){
I=4;

}

if (x>4.5& & x<5.5){
I=5;

}

o LA w o & o o
//ﬂ']ﬂ'uﬂﬂ'liﬁ'lxﬂ'll‘llBdﬂﬂlﬂﬂilﬁﬂi'lJﬂ'lﬁ\'Ii]'lﬂ’d’m‘H//

if (STATE1 = LOW) {
digitalWrite(in1Pin, LOW);
digital Write(in2Pin, HIGH);
analogWrite (in2Pin , v},
digitalWrite(in3Pin, LOW);
digital Write(in4Pin, HIGH),



else {

analogWrite (indPin , y);
digitalWrite(in5Pin, LOW);
digital Write(in6Pin, HIGH);
analogWrite (in6Pin , y);
digital Write(in7P'in, LOW);
digital Write(in8Pin, HIGH);

analogWrite (in8Pin , y);

digital Write(in1Pin, LOW);
digital Write(in2Pin, LOW);
digital Write(in3Pin, LOW);
digitalWrite(indPin, LOW);
digitalWrite(in5Pin, LOW);
digitalWrite(in6Pin, LOWY);
digital Write(in7Pin, LOW);
digital Write(in8Pin, LOW);

Aiusnsiaed W LED/

{

}

if (rotation =14 )

digitalWrite(in13Pin, HIGH);

else if (rotation 1=14)

{

}
}

digitalWrite(in13Pin,LOW);

float get_units_kg()

99



return (scale.get_units() * 0.453592);
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