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NGHIEN CUU CAI TIEN HE THONG DPIEU KHIEN TU PONG
QUA TRINH LEN MEN TRONG SAN XUAT CHE DEN
UNG DUNG CONG NGHE XU LY ANH SO

Lé Hoang Hi¢p"", Nguyén Lan Oanh’, D6 Dinh Lyc’, Nguyén Thi Bich Nga’
'Truong Dai hoc Cong nghé thong tin & Truyen thong — DH Thai Nguyén
2Truong Cao dang nghé so 1 — Bé Quoc phong

TOM TAT

Hién nay cong doan xur ly mau trong qua trinh ché bién che¢ den tai dia ban Thai Nguyén chu yéu
1a thong qua tryc quan mat nguoi quan sat va dya trén kinh nghiém truyen miéng cua cac thé hé di
trude truyén lai cho thé hé di sau. Nghién ciru nay tap trung thiét ké cai tién day chuyén hién ¢
béng viéc thém bd phan thiét bi nhan dang hinh anh va diéu khién van khi st dung cac cong nghé
xir Iy anh s6, cong nghé truyén théng va tmg dung mang Noron nhan tao dé thu thap cac dir liéu
dau vao va cho két qua dau ra chinh xéac hon, tin cdy hon so vé&i cach lam truyén thong. Két qua
thue nghiém cho thiy thiét bi hoat dong t6t, thoi gian dap ing nhanh va hiéu qua kinh té rd rét.
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ABSTRACT

Currently, the process of color processing in black tea processing in Thai Nguyen is mainly
through visual observer eyes and based on the oral experience of the previous generations to pass
on to the next generation. This research focuses on improving the existing conveyor chain design
by adding an image recognition and air valve control unit using digital image processing
technologies, communication technologies and artificial neural network applications. to collect
inputs and produce outputs with more accurate, reliable results than the traditional way.
Experimental results show that the device works well, the response time is fast and the economic
efficiency is clear.
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1. Gioi thi€u

Ché den 1a mot trong nhitng d6 udng chuc
ning phd bién nhat trén thé gigi. Dua trén
hinh dang, né c6 thé duoc phan thanh hai
loai: ché den v& va che hinh thanh. Che den 1a
mot loai che dugc 1én men hoan toan.

¢

i!m it M 20\

Hinh 1. Mau sdc qua trinh I&n men Ia ché xanh
thanh che den thanh pham

Mau sic va mui 1a sy thay d6i cam quan quan
trong trong qua trinh 1én men che den, sy thay
d6i mau sic duoc thé hién nhu trong hinh
1. Trong qué trinh 1én men, duoc XUc tac bai
Polyphenol ~ Oxyase, Peroxidase  va
Polyphenol trong ché (dic biét la thanh phan
Catechin) s& dan dan tao ra cac san pham oxy
héa mau, trong d6 cac chat sic t6 hoa tan
trong nudc €O anh huong manh dén chat
lugng cam quan cua ché den. La ché den s€
c6 su thay d6i mau sic rd rét trong qua trinh
Ién men, thay doi tir mau ngoc lam sang mau
vang luc, sau d6 chuyén sang mau vang do,
nau vang va cudi cling sang mau nau sam. Su
thay d6i mau sic nay co thé dugc quan sat va
phan biét bai hé thdng thi gidc cia con ngudi,
nhung rat kho dé xac dinh thang do cu thé.
I ENNN

Hinh 2. Thang mau sac nhdn biét qué trinh 1én

N———4
men che den

Céc mo ta cam giac cua con ngudi dé mau sac
1a dinh tinh. Mau séc trung binh trudc va sau
khi 1én men ché den (tr trdi qua phai) dugc
thé hién trong hinh 2 [1]. Tuy nhién, trong
cdng nghiép san xuat ché den quy mé 16n,

muc d6 1én men va chat lwong cam quan cd
thé duoc dy doan thong qua kinh nghiém san
Xuat phong phl va quan sat sy thay d6i mau
sac o trén. Vi ly do nay, qua trinh 1én men c6
thé khong du hodc qua muc, va mau sic cua
l& ché c6 thé bi tron 1an va khong dong
déu. Bén canh do, huong vi cua ché cd thé
khong thé doan trudc. Mau sic 1a mot thudc
tinh quan trong va tinh nang nhan thac caa
hinh anh may tinh. Théng tin mau cua 14 che
den c6 thé dugc dinh lwong va mé ta chinh
xé&c bang cach chup anh miu bang hé thong
thu nhan thi gidc may va trich xuit céc tinh
nang mau voi s6 hda. Cac hinh anh anh séng
nhin thiy, phd va cong nghé can hong ngoai
da duoc cac nha nghién ctu sir dung dé xéac
dinh danh muc, chat lugng, hinh dang va noi
Xuat xtr cua ché. Tuy nhién, c6 rat it nghién
ctru vé cong nghé phét hién chat lwong cho
qud trinh I1én men cua che den.

Qua trinh 1én men: ché den c6 thé 1én men
bang phuong phap gian doan va Ién men lién
tuc trén bang tai, trong nghién catu ndy nhom
tdc gia chi trinh bay phuong phap Ién men
lién tuc. L4 ché sau khi pha v& té bao va dinh
hinh duoc rai déu trén bang tai véi do day tur
15 dén 20 cm. Bang tai chuyén dong lién tuc
Véi toc do phu hop, thoi gian 1&n men tir 1 gio
30 phut dén 2 gio di dé hoan thién chét lugng
cho ché den. Phuong phap nay dugc san xuat
phd bién & Nga dé 1én men che lién tuc trong
san xuit ché OTD. Nguyén ly cu tao thiét bi
1én men nhu sau: Bang tai 18n men bao gom
nhiéu tdm vi bang thép khong gi va ghép lai.
Chuyén dong nho hé thdng xich va banh xich.
Céc thiét bi 1én men lién tuc cé nhiéu vu diém,
do 1a co gidi hoa hoan toan quéa trinh 1én men,
nang suit cao, chat luong ché kha n dinh.

Hé théng gdm céc van khi khac nhau (VAN1
-> VANS). Van khi tuyén tinh 1a mét trong
nhitng loai van diéu khién tu dong mot céch
hoan toan bang viéc nhan cac tin hiéu diéu
khién tuyén tinh tir cac thiét bi khac nhu tin
hiéu 4 ~ 20 mA hoic 0 ~ 10 V dé diéu tiét luu
lwong chit (c6 thé 1a nude, khi nén, hoi néng,
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V.V...) V&i mot lwong nhét dinh theo nhu cau
str dung. Sau khi nhan dang vi tri (mirc d6 mo
van) str dung truyén théng ndi tiép RS 232
(md phong trong Matlab) truyén xudng vi
diéu khién va cac mach chuyén d6i dé tao
dugc dién ap hoic dong dién diéu khién theo
yéu cau.

Luong khi tir van 1 d&én van 3 1a nhu nhau, chi
can diéu chinh lwong khi & van 5. Tai van 5
(I van hiéu chinh cua hé théng trong thuc té
tai lang nghé san xuat ché cua Thai Nguyén,
chu yéu luong khi duoc thay ddi thu cong
bang tay & vi tri ndy theo kinh nghiém truyén
lai @& dat mau sic chuan), luong khi vao cang
I6n thi ché cang nhanh Ién mau. Va sy thay
ddi nay dwoc quan sat va theo ddi bang con
ngudi, ding va diéu khién tai van 5. Trong
nghién ctu nay, nhém tac gia thiét ké hé
théng nhan dang mau st dung thiét bi Camera
thay thé cho con ngudi. Thiét bi Camera s& c6
chtre nang nhan biét mau sic cua che di dén,
sau d6 dua vé bo vi xir ly, tai day sé tién hanh
phan tich, so sanh véi mau mau sic duoc thiét
lap san truée d6. Néu mau ché khong dat voi
gia tri dat trudc do, khi do bo vi xu ly trung
tdm s& thuc hién ra lIénh cho van 5 mé hoac
dong cho lugng khi vao phd hop véi yéu cau
ché bién.

Trong bai bdo nay nhom tac gia tap trung
nghién ctiu, xay dung bo didu khién qua trinh
1én men che den tng dung ky thuat xtr ly anh
s6, cong nghé truyén thong va mang Noron
nhan tao (mang neural) nhim huéng téi cong
nghiép hoéa qua trinh 1én men ché den ¢ quy
mo Ién, gidp ba con bot di sy Vit va, gidp
hiéu qua kinh té tét hon [2].

2. Co sé ky thuat nghién ciru, thiét ké va
xay dung hé thang [3]

2.1. Ky thugt xi# Iy @nh sé va fng dung: Mot
hinh anh 1a mét mang 2D (2 chiéu) cua cac
gié tri dai dién cho cuong do anh séng. Véi
muc dich xt ly hinh anh, thuat ngir hinh anh
dé cap dén mot hinh anh ky thuat s6. Mot
hinh anh la mét ham cua cudong d6 anh sang:

f(xy)

Trong d6 f1a d6 sang cua diém (x, y) va x, y
dai dién cho khdng gian toa do cua mot yéu té
hinh anh, hoac pixel. Theo quy udc, tham
chiéu khong gian cua pixel voi toa do (0, 0)
nam o trén cling, goc trai ca hinh anh. Luu
trong hinh 3 rdng, gia tri cia x ting khi di
chuyén tir trai sang phai va gia tri cia y ting
tir trén xudng dudi.

{0.0) =
fix.y

Y

Hinh 3. Tham chiéu khéng gian cza Pixel (0, 0)
Trong xir ly hinh anh ky thuat s6, mot cam
bién hinh anh chuyén d6i mét hinh anh thanh
mot s6 lwong pixel rai rac. Cam bién hinh anh
géan cho ting pixel mot vi tri sé va mic mau
xam hoac gia tri mau chi dinh d6 sang hoac
mau cua pixel.
2.2. Thugc tinh cia hinh dnh sé hoéa: Mot
hinh anh sé hoa c6 ba thudc tinh co ban:
- Bo phan giai (Resolution) khdng gian cua
hinh anh duoc x4c dinh boi sb lwong hang caa
no va céc cot pixel.
- Pinh nghia (Definition) cua mét hinh anh
cho biét sé luong sic thai ma ta cd thé thiy
trong hinh anh.
- S lwong mat phang (Number of Planes)
trong mot hinh anh twong Gng véi s lugng
mang pixel tao thanh hinh anh. Mot hinh anh
mau sic that bao gdbm ba mat phing: mot cho
mdi thanh phan mau d6, thanh phan mau xanh
lyc va thanh phan xanh duong. Trong anh
mau trung thuc, cudng d6 thanh phan mau
cua pixel dugc ma hoa thanh ba gia tri khac
nhau. M6t hinh anh mau 13 sy két hop cua ba
mang pixel twong ¢ng véi cac thanh phan
mau do, xanh luc va xanh lam trong hinh anh
RGB. Hinh anh HSL duoc xac dinh bdi mau
sac, o bio hoa va do choi cia ching. Khong
gian mau RGB va HSL dugc mo ta nhu trong
hinh 4.

x)  Khdmg ghave sl RG2

Hinh 4. M6 tad khong gian mau RGB va HSL
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2.3. Cac logi hinh d@nh

- Hinh anh thang d6 xam: Mot hinh anh thang
d6 xam bao gom mot mat phang cac pixel.
MJi pixel 1a dugc ma héa bang mét trong céc
kiéu sau: S6 nguyén khong diu 8 bit biéu thi
cac gia tri thang d6 xam giira 0 va 255 S
nguyén c6 chit ky 16 bit biéu thi cac gié tri
thang d6 xam giira -32.768 va +32.767. S6
dau phay dong dugc ma hda bang bén byte,
dai dién cho céc gia tri thang d6 xam tir pham
Vi -0 dén oo.

- Anh mau: Mat hinh anh mau dugc ma hda
trong bo nhé dudi dang do, luc va lam (RGB)
hodc hinh anh chara mau sic, d6 bdo hoa va
d6 chéi (HSL).

- Hinh anh phtrc tap: M6t hinh anh phac tap
chira thdng tin tan s6 cua hinh anh thang do
xam. Ta cd thé tao mot hinh anh phuc tap
bang cach ap dung bién doi Fast Fourier
(FFT) dén mot hinh anh thang d6 xam. Sau
khi ta chuyén d6i hinh anh thang d6 xam
thanh mét hinh anh phuc tap, ta c6 thé thyuc
hién cac hoat dong mién tan sé trén hinh anh.
- File anh: Mét tép hinh anh bao gdm mét tiéu
dé theo sau la cac gia tri pixel. Tuy trén dinh
dang tép, tiéu dé chura théng tin hinh anh vé
d6 phén giai ngang va doc, dinh nghia pixel
va bang mau géc.

3. Ky thuat xir ly mau sic ché khi 1én men
[4], [3], [6]

3.1. Xar Iy mau sdc cia ché khi 1én men

Tuy vao muc dich st dung ma ching ta cé
cach xir Iy mau sic cho cac ddi twong cu thé
khac nhau, thong thuong:

- Pé nhan dang vat thé, nguoi ta thuong su
dung khoéng gian mau HSV hoic HSL hay
bién d6i RGB sang thang d6 xam Gray;

- Pé nhan dang mau sic, néu trong moi
truong c¢6 cudng do anh sang khong thay doi
t6t hon han la sir dung khong gian mau RGB.
3.2. Céc buwéc xir Iy mau sic

- Hinh anh RGB cua khéi ché dugc chup bang
WEBCAM. Nhitng hinh anh dugc chup va
thay doi d¢ phan giai la 320x240 pixel. Trong
nghién ctru ndy, nhiéu yéu t6 phai dugc xem

xét nhu vi tri cia may anh, dé6 nhay sang va
diéu kién nén nhu thé ndo. May anh duoc dat
cao hon 15 cm so v&i mau trén bing tai. Che
duogc chay trén mot nén bang tai den va duoc
chup kin va cung cap anh sang cia bong dén
dé dam bao khdng anh huong bai d6 sang cua
moi trudng.

- So d6 khdi cac budc xir Iy mau sic duoc md
t4 nhu trong hinh 5:

Hinh 5. So d6 cdc budc xir Iy mau sdac

Sau khi chup anh khdi cheé ta s& thay ddi kich
thudc, ¢ day 1a do phan giai cua hinh anh vé
320x240 pixel. Tiép theo ta sé& tach cac thanh
phan mau do (R), xanh luc (G) va xanh lam ra
khoi burc anh va chuyén cac thanh phan nay
sang thang d0 x&m. Tung pixel cua thanh
phan mau cua hinh anh dwoc phan tich va
thay d6i kich thuéc thanh ba nhém theo thang
do6 xam (tir 0-255). Pdi v6i cuong do cua
thanh phan mau nam trong khoang 0 - 85 gia
tri s& dugc thay ddi vé mac 0 véi nhan LO
(thap), thanh phan mau nam trong khoang tur
86-170 gia tri s& duoc thay d6i vé muc 128
v6i nhan MID (trung binh), thanh phan mau
nam trong khoang tir 171-255 s& duoc dinh c&
lai thanh 255 vgi nhan HI (cao).

3.3. Qua trinh bién ddi mau sic trén bing tii:

3
F

1
=
1

]

N4

Hinh 6. Bang tdi 1én men che
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- Pé c6 san pham dau ra, khéi ché s& chay
trén bang tai dai 15 mét trong khoang 2 gio
Véi toe 6 khong doi.

- C6 6 phéu cung cép khi tac dong cho che,
moi pheu duge dieu khién luong khi bang
mot van tuyén tinh nhu trong hinh 6.

- Mau séc cua ché khi bt dau va két thac qué
trinh 1én men va mau séic trung binh cua ché
Ién men tiéu chuan bién d6i theo thoi gian
duoc thé hién nhu trong hinh 7:

”v'v
{ weoiphne)

e .ii....

] 2 "0 0 e 130

Hlnh 7. Mau sdc trung binh che khi lén men tai
cac thoi diém
3.4. Két qud thue nghiém trén mé phong:
Két qua trich xuat mau dugc thé hién nhu
trong hinh 8:

Hinh 8. Trich xudt RGB
- Cac gia tri thu dugc cua mot hinh anh khi
phan ngudng dugc the h1en nhu trong h1nh 9:

Q150 liomg F plaan by 5o fwemg Plvel phae ) S5 Dapmg Pocet plkdn
AR clver INGaI ngiedag cho thanh pldn  sguieg ok thank plin
RED GREEN BLUE

Hinh 9. Két qua qud trinh phédn nguéng
4. Ap dung véi bai toan xir Iy mau sic ciia
che trong qua trinh 1én men [6], [7]

- Véi phuong phap hoc cé gidm sat s dung
mang Noron (do mdi quan hé mau sic R-G-B
theo thoi gian c6 sy bién thién ngau nhién nén
khé xac dinh, do d6 ap dung mang Noron
trong truong hop nay la phu hgp), nghién ctu
s& chyp hinh anh tai diém y8u cau va dua ra
tap mau voi diu vao 1a gia tri Pixel theo
ngudng cua tung thanh phan, dau ra cho 5
mau tuong tng la -2, -1, 0, 1, 2.

Nhu vay s€ xac dinh dugc mang Noron s€ ¢
9 dau vao va 1 dau ra.

- Chon s6 Noron 16p 4n 1a 15, s6 Noron 16p
daurala 1.

- St dung ham kich hoat Ia Sigmoid cho ca
I6p 4n va 16p ra.

- Céu tric mang xay dung s& duoc thé hién
nhu trong hinh 10:

 wddes  Owpw
nput i e Output
ol fisl 3
15 1
Hinh 10. Cdu tric mgng thiét ké
4.1. Y twéng diéu khién

- Trong nghién ctru nay s& liy mau tai cac vi
tri -2, -1, 0, 1, 2, mdi vi tri ldy 50 mau anh (&
muac dd mdé phong dat mace trung binh, trén
thuc té ¢6 thé st dung it hon).

- Cac gia tri theo mdi mirc ctia ting thanh
phan s& dugc luu tryc tiép vao File Exel dé
lay dir liéu cho cac dau vao mang Noron, tép
dir liéu va mau dir liéu nhu trong hinh 11:

X " = 1 T . .
S DD b AGNETA ) PLETHIEY ey piva
\J & L33
Jews » Yekeirbitay v Sraowih v
i
2 han )
A RS "
vy i
B Cedep EL S I [ -
9 Daarhuss z, VALR- 20 - e
o Bty FINATA -3 - w
- L -
Hoan s . -
3 ltaie ZR0RTA T E - o
> , - -
[+ Bzaammrls FENATA due Y oo =
5 Masi i . ~
o) Wusis Yearazai - = -
o Pl TA0eTa T de I - -
= - » L v
8 b I 0ATA G b e = =
" e .
i - -
o3 H0vp i . w

Hinh 11. Tép va dir liéu mdu
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- Tai vi tri cd gia tri bfmg 0 ta goi la vi tri
chuan, 1a vi tri tai 6 ma sic ché chung ta
mong mudn.

- Ctr mdi 20 phut (dwa trén cin cir vao 6 khay
ma thoi gian chay 1a 120 va vi tri camera dé ovi
tri giita phdu 4 va 5 s& chia déu) ta lai cho chup
anh tai vi tri chuan vi chay déu thi thoi gian trén
mdi phéu 13 120 phit/6 phéu = 20 phiit.

- Gia st tai vi tri chun gia tri doc duogc 1a -1,
nghia 1a mau che chua dat, khi d6 phai ting
géc mo ciia VAN4 (van khi mé/dong tuyén
tinh v6i vi tri phat hién: vi du ¢ vi tri chuan 0
ma phat hién 1a muc -1 nghia la ché chua dat
cin phai ting goc md ctia van 4 va vi du ting
10 d6 (néu 1a -2 thi mau con qua nhat, ting
20 db ....) dé luong khi vao van 4 nhiéu hon,
mau chuyén nhanh hon. O vi tri chuin 0 ma
phat hién la mic +1 nghia l1a ché da qua mau
can phai giam gbc md cia van 4 va vi du
giam 10 d6 dé lugng khi vao van 4 it hon,
mau chuyén chdm hon. Néu dén vi tri 0 sau
khi dd thay d6i goc mo van 4 ma mau van
chua dat thi hiéu chinh van 5) dé lugng khi
tac dong vao khdi ché nhiéu hon 1am mau sic
bién d6i nhanh hon. Tuong ty nhu vay néu tai
vi tri chuén ta doc duoc gia tri lan luot 1a -2, -
3, -4 thi phai tdng goc mo tuong ung.

- Gia sir tai vi tri chudn gia tri doc dugc la 1,
nghia la ché da bi qua mau, ta phai giam goc
mo cua vand dé lugng khi tac dong vao khdi
ché it hon lam mau sic bién d6i chdm hon.
Tuwong ty nhu vay néu tai vi tri chuén ta doc
duogc gia tri 1an luot 13 2, 3, 4 thi ta phai giam
gbc mo tuong Ung.

4.2. Chuwong trinh trén Matlab

Tuy theo dbi tugng can nhan dang ma ta xay
dung mang Noron cho phu hop. Ddi véi yéu
cau xir Iy mau séc ta chi can xay dung mang
nhu sau:

- Mang Noron c¢6 9 dau vao, mot 16p an va
mot 16p dau ra, trong 16p 4n c6 15 Noron.

- Chon mang hoc véi thudt toan diéu khién
Levenberg — Marquardt cho mang MLP, ham
kich hoat la Sigmoid.

- Chp mang Noron hoc Pﬁng cach dua cac gia
tr‘i dau vao/ra clﬁa tap mélu V:EIO mang. Vi mot
dau ra va 50 mau cho moi dau ra.

- ghuO’ng trinh hoc (trai~n): Véi cac dau vao
mau la INPUT, dau ra mau la TARGET:

net = feedforwardnet(15);

net = configure(net,INPUT, TARGET);

net = train(net,INPUT, TARGET);

Qué trinh nay dugc thé hién nhu mo phong
hinh 12:

Hinh 12. Qua trink hoc ciia mang
- Sai s6 khi hoc cho cac thanh phﬁn “Hoc” ,
“Tham dinh” va “Kiém tra”, két qua duogc thé
hién nhu hinh 13:

Trawsing Meo onnnn

Vbt ntinen . a0 anwas

& =
« -+
s i
= = »
1 1
i E
=1 o
. \
Spe—
Al Foed 00092 .
‘ ‘ =
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Hinh 13. Két qua dap umg d&uNVa cua cdc thanh
phan so voi mau
5. Thiét ké va xay dung hé thong thue té
5.1. Muc dich xdy dwng mo hinh
- MG hinh dugc xdy dung Vc:ri muc dich diéu
khién goc m¢ cua van khi so 5 tac dong vao
khéi ché tai phéu s 5.
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- Van khi tuyén tinh dugc md phong bang dong
co RC-SERVO véi gia lap géc quay cua van.
- May anh s€ thu thép hinh &nh trong mot
khung chit nhat boc kin, cé dén chicu.
5.2. Cic thanh phén trén mé hinh
- Khung md hinh: Véi vat liéu bang dng inox
va c0 kich thudc:

Dai x Rong x Cao = 120 x 20 x 60 cm.
- Camera: st dung loai C720 HD WEBCAM
nhu hinh 14:

Hinh 14. C720 HD WEBCAM
- Vi diéu khién: st dung loai Arduino Mega
2560 R3 nhu hinh 15:

Hinh 15. Vi diéu khién Arduino Mega 2560 R3

Arduino Mega2560 la mot trong nhiing bo
mach Arduino 16n hon. N6 dua trén kién tric
AVR ciia Atmel va thé thao MCU
ATmega2560. N6 gidng nhu nhiéu Arduinos
mo rong bang cach sir dung dé.

- bong co RC Servo (nhu hinh 16): 1a mot
loai dong co dién dac biét c6 kha ning quay
co cdu chdp hanh toéi mot vi tri chinh xéac va
giit climg tai vi tri d6 ngay ca khi co ciu chip
hanh bi diy tré lai. Dai goc quay chuén cua
dau truc ra thuong 1 90 va 180 do.

-,

Hinh 16. Dgng co RC Servo

5.3. Chwong trinh diéu khién trén Adruino
Mega 2560

#include <Neurona.h>
#include <LiquidCrystal.h>
#include<Servo.h>

#define BACKLIGHT 7
#define BTN_PIN 6
#define LDR_PIN O
#define THRESHOLD 2000
#define LED_DELAY 500

#define RECOGNIZE 1
#define CALIBRATE 2
#define CALIBRATE B 3
#define CALIBRATE_W 4

#define NET_INPUTS 3
#define NET_OUTPUTS 5
#define NET_LAYERS 2

LiquidCrystal lcd(12, 11, 5, 4, 3, 2);

int lastState=0, op=0;

unsigned long pressTime = 0;

int rgb[] = {8, 9, 10}; //led pins

int input[] = {0, 0, 0}; //RGB values

double netlnput[] = {-1.0, 0.0, 0.0, 0.0};

int calib[3][2] = {{329, 778}, {166, 569}, {140, 528}};

char *level[] = {"-1", "-2", "-3", "-4", "-5"};

int layerSizes[] = {5, NET_OUTPUTS, -1};

int offset=0, iOffset=0, yOffset=0;

double PROGMEM const initW[] = {2.753086, -11.472257,-3.311738,
16.481226, 19.507006, 20.831778, 7.113330, -6.423491, 1.907215, 6.495393,
-27.712126, 26.228203, -0.206367, -5.724560, -22.278070, 30.065610,
6.139262, -10.814282, 28.513130, -9.784946, 6.467021, 0.055005,

3.730361,  4.145092, 2.479019, 0.013003, -3.582416, -16.364391,
14.133357, -5.089288, 1.637492, 5.894826, 1.415764,-3.315533,
14.814289, -20.906571, -1.568656,  1.917658, 4.910184,4.039419, -
10.848469, -5.641680, -4.132432, 10.711442, 3.759935, 19.507702,
17.728724, -3.210244, -2.476992, 8.988450};

MLP mIp(NET_INPUTS,NET_OUTPUTS, layerSizes,MLP::LOGISTIC,
initW,true);

void setup(

Icd.begin(16, 2);
pinMode(BACKLIGHT, OUTPUT);
pinMode(BTN_PIN, INPUT);

for(int i=0;i<3;i++){
pinMode(rgb[i], OUTPUT);
digitalWrite(rgb[i], HIGH);
}

digitalWrite(BACKLIGHT, HIGH);
Icd.setCursor(0, 0);

Icd.print(**- Color Sensor -");
Icd.setCursor(0, 1);
Icd.print("Caio B. Moretti");
delay(2000);

void loop(){
checkListeners();
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5.4. Mt s6 hinh anh mé hinh thuc té

Hinh 18. M6 hinh thuc té

w1

Hinh 19. Xz Iy va diéu khién trén mdy tinh

Két qua mo6 phdng trén thuc nghiém thé hién
trong hinh 17, va san phdm hoan thién trén
thuc té duge thé hién nhu hinh 18 va hinh 19.
6. Két luan

Qua qua trinh nghién ctru, thiét ké va trién
khai thyc nghiém vé6i 56 mau khac nhau, Kkét

quéa cho thdy hé théng nhan dang chinh xéac
54 mau (bang 96,4%). Két qua thir nghiém
trén thuc té cho thdy may van hanh 6n dinh,
thay thé con nguoi mot cach tich cuc, hi¢u
qud, dat ning xuét cao hon, thoi gian ngin
hon so v&i binh thudng ba con van nhin bang
mit va diéu chinh cac van thii cong bang tay.
San pham dang duoc trién khai tai mot s6 gia
dinh trén dia ban lang nghé che tai xa Phu Do,
huyén Pha Luong, tinh Thai Nguyén va dugc
ba con danh gia dem lai hiéu qua kinh té tot
hon so véi cach 1am truyén thong.
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