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Black tea is one of the most popular drinks with many good values that it
brings to people. In the production of black tea, fermentation is the most
important factor that determines the quality of tea. The technological
parameters that need to be adjusted during the fermentation of black tea
include fermentation time, temperature and humidity. This paper
introduces an automatic line that controls the OTD black tea fermentation
process. The observation and control of technological parameters is done
at 3 times with 3 positions on the conveyor belt, including 2 positions for
humidity control and 1 position for speed control. Observation and
adjustment are made automatically based on computer vision, image
processing and fuzzy logic. The research results, which have been
implemented experimentally in practice, show that the proposed system
works precisely, stably and reliably.
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Cheé den 1a mét trong nhitng d6 udng phé bién nhat véi nhiéu gia tri tot
ma n6 mang lai cho con ngudi. Trong san xuat ché den cong doan 1én
men 1 quan trong nhit quyét dinh dén chit luong ché. Cac thong sb
cong nghé can diéu chinh trong qua trinh 1én men ché den bao gdm thoi
gian 1én men, nhiét do va do6 4m. Bai bao nay dé xuit mot day chuyén
tw dong didu khién qua trinh 1én men ché den OTD. Viéc quan sat va
diéu khién thong s6 cong nghé dugc thuc hién tai 3 thoi diém g véi 3
Vi tri trén bang chuyén gdm 2 vi tri diéu chinh do 4m va 1 vi tri diéu
khién téc do. Viéc quan sat va diéu chinh dwoc thuc hién tu dong dua
trén thi gidc mdy tinh, xir 1y hinh anh va logic mo. Két qua nghién ctu
dugc trién khai thuc nghiém trong thuc té cho thay hé théng dé xuat
hoat dong chac chan, on dinh, tin cay.
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1. Mé diu

Tra 1a mot trong nhiing thirc uéng phd bién nhat va co chi phi thap nhat trén thé gioi [1]. Hién
nay, hon 3 ty tach tra duoc tiéu thu moi ngdy trén toan thé gidi. Su phd bién nay 1a do cac loi ich
sic khoe ciia no, bao gdbm ngin ngira ung thu vu [2], ung thu da [3], ung thu rudt két [4], bién
chimg thodi hoa than kinh [5], ung thu tuyen tién liét [6] va nhiéu bénh khac. Tra ciing dugc cho
1a ngan ngura bénh tiéu duong va thuc day qué trinh trao doi chat [7]. Tuy thude vao k§ thuat san
XUat, c¢6 thé ché bién thanh céc dang san pham tra xanh, den, 0 long, trang, vang va tra ép banh
[8]. Bdi véi san xuat che den, cong doan 1én men 1a mot giai doan cuc ky quan trong, né quyét
dinh cic dic tinh ciia ché bao gdm mau sic, huong vi va hinh dang cia ché. Trong qua trinh 1én
men ché dugc cung cap nhiét do va do am va thoi gian phi hop dé tao ra mot moi trudng hoan
hao cho qua trinh 1én men. Céc sic t6 dic trung cho ché den chii yéu dugc hinh thanh trong qua
trinh 1én men. Mau sic cta ché den 1a su két hop cua nhiéu hop chat mau khac nhau va thay doi
mau sic trong qué trinh 1én men, tir mau xanh hoi nau, dén mau xanh nau va cudi cing 1a mau
ddng do. Mau sac cua ché phu thudc vao ham lugng tuyét ddi cta hai nhom mau la Theaflavin
(mau vang) va Thearubigin (mau do) [9], [10]. Cac nghién ctru da chi ra mau sdc che trong qua
trinh 1én men la mét thugc tinh quan trong quyét dinh chat luong ché den va dugc su dung lam co
s& dé diéu chinh moi truong (cac thong sd cong nghé) 1én men cua ché bao gdm nhiét do, do am,
thoi gian 1én men [11] — [13].

Xuét phat tir nhitng phan tich trén ching t6i da dé xuat xay dung day chuyén diéu khién 1én
men tu dong ché den, trong d6 viéc diéu khién cac thong sé cong nghé trong qua trinh 1én men
dugc thyuc hién hoan toan tw dong dua trén thi gidc may tinh va suy lugn mo. Céac ndi dung tiép
theo cua bai bao bao gom phan 2 gi6i thiéu day chuyén 1én men ty dong ché den va trinh bay giai
phap diéu khlen cac thong so cong ngh¢ qua trinh 1én men, phan 3 trinh bay mot s6 két qua thuc
nghiém, cudi cung 1a két luan va hudng nghién ctu tiép theo.

2. Phwong phap nghién ciru
2.1. Gidi thigu ddy chuyén lén men ché den OTD
2.1.1. So d6 khoi hé thong

Bing tai

6m (60 pht) 3m (30 phatf ~ 2m (20 phid)

bong co

Thu thap, xir Iy dir lidu va diéu khién

>
>

Hinh 1. So do6 khéi ddy chuyén 1én men tw dong

So d6 khdi hé théng diéu khién 1én men ty dong cheé den dé xuit dwoc thé hién trén Hinh 1.
Hé thong nay sir dung thi gidc may tinh dé kiém soat chat lugng 1én men va sir dung hoi 4am dé
kiém soat nhiét d6 qua trinh 1én men. Hé thdng bao gdm céc thiét bi chinh nhu sau:

= Bing tai chira ché 1én men chiéu dai 12m, rong 1,7m (tu dong diéu khién toc do).

= 3 camera theo ddi mau sac lap & cac vi tri 1,2 va 3.
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=2 may tao 4m c6 nhiém vu phun suong diéu khién nhiét d6 noi sinh ban thanh pham trong
qué trinh 1én men. Mdi may tao am dugc diéu khién boi 1 hé thong bién tan - dong co co cong
Suét 2,2kW.

= Dong co truyén dong cho bang tai cong suat 2,2kW sir dung hé thong bién tan - dong co.

= M4y tinh va cac thiét bi ngoai vi lam nhiém vu thu thap di liéu, xtr 1y dit liéu va phat tin
hiéu diéu khién hé thong.

= Ngoai ra trong hé thong con mét sb thiét bi khac (khong duoc mé ta trén Hinh 1) nhu co ciu
gat che, hé théng dan va thoi hoi 4m 1én bang tai.
2.1.2. Nguyén Iy hoat dong

Luu d6 thuat todn nhan dang va diéu khién qua trinh 1én men ty dong ché den dugc chi ra trén

Hinh 2.

¥

Chup anh 1én men 1

60 phut

\ 4
Xir 1y anh, so sanh véi mau

) No
Pat chuan 1

Yes

biéu chinh d6 4m 1

A

v
Chup anh 1én men 2

v

Xir Iy anh, so sanh véi
mau

- No
Dat chuan 2
Y

€s *4

90 phit

biéu chinh d6 am 2

Chyp anhlénmen3 |110 phut

v Diéu chinh téc d6 bang tai

So sanh anh so sanhvai mau (thoi gian 1én men)
A

No

Pat chuan 3

Hinh 2. Luu do cua thudt todn nhdn dang va diéu khién qud trinh 1én men
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Cac camera thu thap dir liéu anh timg dong quét theo thoi gian dét (5 phit/1 lan). Pay 1a budc
quan trong hang dau dé ¢am bao nhan dang du tin hiéu cua ting thoi diém che 1én men. Tai cac
vi tri diém anh cuia khdi ché 1én men 1a khong dong deu tai cac vi tri quét, do vay tin hiéu duogc
trung binh hda cac diém anh. Camera duoc chon tan sb quét thich hop, ta s€ thu thap duoc toan
bo tin hiéu hinh anh cua ché 1én men. Sau budc nay, dit liéu anh thu dugc duogc chira trong bo
dém. B xtr ly dix li¢u phén tich, xac dinh bé mit ché 1én men va mau vao nhom can phai thay doi
céc yéu to cong ngh¢ hay khong can ctr vao mau bé mit ché 1én men roi vao dai mau nao: Xanh,
do nau.. Neu sau bé mat ché 1én men dat yéu cau tai tng vi tri quan sat thi toc do clia bang tai
1én men van giit nguyén, truong hop chua dat mau sac tai vi tri quan sat thi hé théng tu dong thay
doi toc do bang tai.

Tir luu d6 thuat toan trén ta thiy budc xac dinh hinh anh tng voi mdi thoi diém da dat. Tai vi
tri che 1én men dugc 60, 90,110 phut trén bang tai lién tuc, hé théng tu dong chup anh va hinh
anh nay duogc so sanh véi bo dir liéu anh, néu mau sic dat so véi cling thoi diém so véi anh mau
thi hé thong tiép tuc chay va trong truong hop mau sic cia che 1én men chua dat thi hé thong tu
dong thay doi luu lwong khong khi vao cac khoang (thay déi nhiét do va d6 am). Tai vi tri che 1én
men dugc 110 phut hé thdng tu dong cap nhat dit liéu anh qua camera, dit liéu thu duoc lai tiép
tuc dugc so sanh véi bo dir liéu anh gc, néu chat lwong ché 1én men dat thi hé thong van tiép tuc
chay va khong dat thi hé théng ty dong thay d6i tdc do bang tai ¢& dam bao chit lugng ché 1én
men lubn 6n dinh. Qua trinh nay 1am viéc lién tuc va 1ap lai theo luu d6 thuat toan trén.

2.2. Yéu cdu va gidi phdp diéu khién qud trinh lén men tw dopng

Nhu di trinh bay trong luu dd thuat toan, ta thay rang dé diéu khién chinh xac hoat dong cua
day chuyén 1én men tu dong ta can giai quyét 3 bai toan co ban:
o Baitoan 1: Xt 1y anh va thiét 1ap dit liéu cac bo anh mau & 3 vi tri dat camera
o Bai toan 2: Diéu chinh céc thong sd cong nghé trong qué trinh 1én men
o Bai toan 3: Tao tin hiéu diéu khién dya trén thi gidc may tinh

2.2.1. Xir Iy anh va thiét ldp cdc anh mau

Tap dit liéu anh mau cia ché 1én men tai 3 vi tri nhan dugc tir thuc nghiém va thong qua céac
giai thuat nhan dang va xur ly anh, con énh quan sat truc tiép cua cac camera cting can thong qua
giai thuat nhan dang va xtr 1y trudc khi dua dén so sanh voi tap anh mau. Bai toan nay da duoc
chiing t6i gidi thiéu trong cac tai liéu [11] —[13].

2.2.2. biéu khién cdc théng so cong nghé

Chit luong cia ché den trong giai doan 1én men dugc danh gia boi cac thong sé: Ham luong
theaflavin (TF), thearubigin (TR), ty I¢ TF: TR, mau nudc (TLC), cac chét cao phan tir (HPS) va
tong ham lugng phenolic (TPC). Cac thong s6 nay phu thudc vao 3 yéu tb 1a thoi gian 1én men,
nhiét 6 va d6 am twong ddi cua khong khi.

Két qua nghién ciru thyc nghiém tai Vién Khoa hoc ky thuat nong 1am nghiép mién nui phia
Bac va nha may ché den Song Lo - Tuyén Quang cho thay thoi gian 1én men t6i wu ctia ché den
OTD trong khoang 110 - 130 phiit. Trong giai doan 60 phut dau tién nhiét do tir (30-32)°C, d6 am
tuong ddi tir (90-92)%; trong giai doan 30 phut tiép theo nhiét do tir (31-33)°C, d6 4m twong ddi
tir (91-93)%; trong thoi gian con lai nhiét do tir (31,5-33,5)°C d6 am twong ddi tir (92-93,5)%.

Céc thong s6 cong nghé néu trén c6 mbi lién quan dén nhau, dic biét thong sé vé nhiét do va
d6 4m tuong ddi, do vay diéu khién riéng ré ting thong s rat kho. Vi vay ching toi dé xuét giai
phap kiém soat do am trong giai doan 1 va 2 va kiém soat thoi gian trong giai doan 3 cua quéa
trinh 1én men.
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2.2.3. Tao tin hiéu diéu khién dwa trén thi gidc may tinh

Tin hiéu diéu khién duoc tao ra thong qua viéc so sanh anh mau va anh camera quan sat & moi
giai doan cua qua trinh 1én men.

Trong day chuyén 1én men ty dong dé xuat, cac thong sé cong nghé can diéu chinh dé dat hiéu
qué 1én men t5t nhat 1a diéu khién nhiét d6 va o am & giai doan 1 (60 phut) va giai doan 2 (tir 61
- 90 phut); diéu chinh tdc d6 bang chuyén & giai doan 3 (tir phat 91- 120 phut)

Nhiét d¢6 va d6 am ché trong qua trinh 1én men c6 quan hé chat ché voi nhau, chung quyét
dinh d&én mau sic va chit lugng cua che, viéc diéu chinh riéng nhiét d6 va d6 am la rat kho. Vi
vay chiing t6i chon phuong an khéng ché do am theo mau sic ché. Viée thay d6i do am duoc
thuc hién boi 2 may phun 4m sir dung hé thdng bién tan dong co di b (BT-AC). Viéc diéu khién
tdc 6 bang chuyén trong giai doan 3 ciing sir dung hé thong bién tan - dong co khong dong bo.

2.2.4. Tin hiéu tham chiéu diéu khién cdc thong sé cong nghé

Tin hiéu tham chiéu la duong cong dién ap mong muon dua t61 ngd vao cua cac by BT- AC
dé c6 duoc tin hiéu ngd ra mong muon, dap tmg yéu cau cong nghé. Trong ddy chuyén 1én men
tu dong ché den dé xuét co 3 hé théng BT-AC do vay can xiy dung 3 tin hiéu tham chiéu, 2 tin
hiéu tham chiéu st dung cho may tao 4m & giai doan 1 va 2 ctia qué trinh 1én men, tin hiéu con
lai dung cho viéc diéu khién toc do bang tai & giai doan 3.

M®i tin hiéu tham chiéu bao gom 2 thanh phan (Hinh 3): Thanh phan khong d6i U0i> 0 (i =
2, 3) c6 nhiém vy duy tri thong s cong nghé (46 4m & cac giai doan ciing nhu tbc do bing tai &
giai doan cudi) ¢ 1 gia tri xac dinh; thanh phan thay ddi Aui (i = 1, 2, 3) c6 thé co gia tri am,
duong hoic bang 0 tuy theo két qua so sanh anh miu véi anh quan sat bai camera, két hop véi
U0i dé thay doi thong sé cong nghé phi hop véi thuc té quan sat ctia cac camera.

u A
Au;
H”u I |H i |"| o]

UOi

W+

Hinh 3. Tin hiéu tham chiéu diéu khién théng sé cong nghé
Nguyén tic tao ra thanh phan bién thién cua tin hiéu tham chiéu (Au;) dwoc trinh bay trén
Hinh 4. Trong mdi giai doan clia qué trinh 1én men dit liéu dnh thu dugc tir camera quan sat dugc
so sanh véi dit lidu anh chuén, sai léch dir liéu tir phép so sanh (Ae;) duoc dua téi bo tao ham dé
tao ra (Au;).

Dir liéu anh chuan 1 R A
> Us
sanh Aey
[ Dir ligu anh tir cam 1 |—— 1 > Tao ham
Dir liéu anh chuan 2 »| S0 F() Au,
sanh Ae, -
—

[ Dir ligu anh tir cam 2 f——>{ 2
[ Dit liguanhchuan3 || So

- sanh Ae Au
[ Dt ligu anh tir cam 3 | —f 5 N I

Hinh 4. So' do6 khéi tao ra thanh phan bién thién ciia tin hiéu tham chiéu

http://jst.tnu.edu.vn 46 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 228(10): 42 - 50

2.2.5. Xdy dung tin hiéu tham chiéu tir suy lugn mo

Nhu da phan tich ¢ trén cac sai léch thu duoc théng qua thi gidc may tinh va phan mém x 1y
anh Ae; can dua qua b tao ham dé thu duogc cac tin hiéu Au;. Thuc té cho thdy quan hé giita Au;
va Ae; (Au; = fi(Ae)) 1a mot quan hé phi tuyén phic tap.Trong nghién ciru nay sir dung phuong
phap thuc nghiém va suy luan mo dé xay dung quan hé fi(.)i=1, 2, 3.

B6 suy luan mo ¢6 2 chuc nang chinh 1a khuéch dai tin hiéu sai so tir phép so sanh anh va tao
ra quan h¢ phi tuyén phu hop giira cac tin hiéu vao/ra Ae= f(Au;) i = 1, 2, 3 chung gém c6 3 dau
vao va 3 dau ra, mdi cip vao/ra xtr Iy mot bo dir liéu thu duoc tir thuc nghiém, twong ung véi
muc dudi dat/dat/trén dat. Ham lién thudc caa dit liéu vao/ra thir i nhue Hinh 5(a va b). Luét suy
didn md 6 dang tong quat sau:

if input; is Am then output; is Am (or)

if input; is Zero then output; is Zero (or)

if input; is Duong then output; is Duong

Membership function plots =°t %M 181
A Zero duong Membership function plats ! 2ot 181
Zero Duong
inp‘Jt variable "inpu‘t_1" . : : output varable "output!”

Hinh 5. a)Ham lién thuéc dau vao; b) Ham lién thuée dau ra cia bg suy dién mo
Quan hé vao ra ctiia bo suy dién mo nhu Hinh 6, quan hé nay dugc so sanh va hiéu chinh theo
so liéu thyc nghiém. Uu diém co ban cua viéc st dung suy dién mo dé tao ham f(.) 1a ta c6 thé dé
dang dieu chinh quan hé vao ra thong qua diéu chinh hinh dang va vi tri cac ham lién thudc phu
hop vai so liéu thu duoc tir thuc nghiém.

15

1

05

1]

output!

0.5

-1 0.5 0 05 1
input1

Hinh 6. Quan hé vdo - ra cia bg suy dién mo

Hé thong diéu khién tu dong thong sb cong nghé ddy chuyén 1én men ché den gdm 3 kénh, 2
kénh diéu khién d6 am va 1 kénh diéu khién téc do bang tai. Cau truc cua cac b diéu khién
gidng nhau, chi khac nhau vé cong suat cua hé thong bién tan dong co. So dd cau tric cta 1 kénh
diéu khién duoc chi ra trén Hinh 7.
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A B C

Anh miu N i - ] T T T

lonh quan £€n Inverter
sat
hes Fuzzy Auy Invertar 1
—] ——
e fia
—_— m—
11

B

Hinh 7. So' d6 Cdu triic 1 kénh diéu khién trong ddy chuyeén t dong

3. Két qua mé phong va thue nghiém

[lig

o [ e T e f—ne]
g Tin hiéu ra
B e I N ETEYEEET tin hiéu vao
[}

AN L L
b L |

2 4 6 8 10
Time (seconds)

Hinh 8. So d6 mé phéng 1 kénh Hinh 9. Tin hiéu ra 1 kénh doi Vi tin hiéu vao la ham ngau nhién

— I Nguyén liéu
‘ PC ciiks dau vao

o — A

S e T 4
Mbéc 110°

Budng tbi l | Dén chibu sing

Nguyén liéu dau ra

Hinh 10. So do bé tri thiét bj hé théng 1én men tw dong ché den

So 6 mo phong trén phan mém Matlab - Simulink nhu Hinh 8. Két qua mo phong cho 1 kénh
V6i tin hiéu vao 1a ham ngiu nhién, dién ap mot chiéu Uy = 8V duoc chi ra trén Hinh 9. Ta thay
rang tin hiéu sai sb tir thuat toan so sanh anh thuc té voi anh miu da duoc khuéch dai 1én va két
hop véi tin hiéu mot chiéu dé thu dugc tin hiéu tham chiéu diéu khién mot cach linh hoat.

Day chuyén diéu khién qua trinh 1én men tu dong ché den dwoc lip dit chay thir nghiém va
hoan thién tai nha may ché den Song Lo - Tuyén Quang. So do b tri thiét bi nhu Hinh 10, hinh
anh hé thdng sau khi lp dit duoc chi ra trén Hinh 11.
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MAY LEN MEN 4

Hinh 11. M@t vai hinh anh hé thong hoan thién

Két qua thuc nghiém cho thay hé théng 1én men che den lam vi¢e ding qui trinh cong nghé,
hé thong lam viéc hoan toan ty dong, nang sudt cao, chat lugng ché den on dinh. Hé thong da
duogc nghiém thu, ban giao cho Cong ty c6 phan ché Song Lo dua vao san suat.

4, Két luan va Kién nghi

Tir phan tich yéu cau cong nghé qua trinh 1én men ché den OTD, bai bao nay dé xuat mot day
chuyén diéu khién tw dong qua trinh 1én men ché den, trong do6 cac théng sb cong nghé duogc diéu
chinh ty dong dua trén thi giac mdy tinh, xir Iy hinh anh va logic mo. Két qua nghién ctru duoc
trién khai thuc nghiém trong thuc té cho thay hé thong dé xuat hoat dong chic chan, 6n dinh, tin
cdy. Nghién ctru ciing cho thay chit lwong qua trinh 1én men phu thudc vao nguyén lidu dau vao
theo mua thu hoach va theo diéu kién thoi tiét, vi vy can tiép tuc nghién ctu dé hiéu chinh hé
thng phu hop voi cac dang nguyén liéu khac nhau.
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