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This paper mentions solutions for agricultural systems of artificial
lighting and hydroponic harvest. Artificial lighting system will be
regulated by switching blue, red and ultra violet LED lamps on/off
corresponding to growing periods of plants. In this system, water
pumps will be also regulated to change their speed basing on measured
information about environment temperature and soil humidity to
change between drop-by-drop mode and high speed mode. Moreover,
automatic control for some stages of hydroponic harvest, from the stage
of picking up the substrate to the stage of dropping the substrate onto
the conveyor belt, will be also proposed in this paper. Two
experimental models will be introduced and created in the laboratory to
make clear research results. They will show the feasibility of proposes
for agriculture systems. Contributions of this paper will be continued to
develop and complete to apply in real agriculture systems.
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TU KHOA

Diéu khién 4nh sang nhan tao
Tu dong thu hoach cay thiy canh
Nong nghi¢p thong minh

Tu dong hoa nong nghiép

Van hanh theo chu trinh

Bai bao nay dé cap dén giai phap trong cdy dudi 4nh sang nhan tao va
tu dong thu hoach cay thity canh. Anh sang nhén tao s& dugc diéu khién
boi viéc dong cat cac bo dén LED anh sang mau xanh, mau do va tim
tuong thich v6i giai doan sinh truong cua cdy trong. Pong thoi, tée do
hoat dong cua cac may bom ciing dwgc diéu chinh trén co so thong tin
do ludong duoc gui vé cam bién do nhiét do, do am cua dat, tir do gitp
diéu chinh ché d6 bom tir nho giot sang bom tdc d6 cao hoic nguoc lai.
Mot sb cong doan tu dong thu hoach cay thuy canh duoc xay dung, bao
gom chu trinh tir khi gép gia thé dén khi tha gia thé vao bang chuyén.
Céc két qua nghién ctru da dugc cu thé hoa thong qua cac két qua thuc
nghiém trén hai mé hinh thiét bi thuc. Cac két qua nay da cho thiy tinh
kha thi va tinh khoa hoc ctia cac dé xuat. Cac dong gop ciia bai béo s&
con tiép tuc dugc phat trién va hoan thién dé co thé dua vao thyc tién.
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1. Gioi thigu

Theo truyén thong, qué trinh quang hop ctia cay trong duge dap ng boi anh sang ty nhién va
viéc thu hoach cay trong duoc thuc hién thu cong hoan toan. Su bién dong cua thoi tiét da phat
sinh cac van d& nhu anh sang khong duoc cung cap ding va du vao cac giai doan sinh truong cua
ciy. Dong thoi, viéc khai thac ciing gip nhiéu kho khin va ning suét thap Diéu nay da thuc day
cac giai phap trong cay dudi anh sang nhén tao va tw dong thu hoach cay trong.

Vai tro ctia 4nh sang nhan tao ddi véi cdy trong 1a dic biét quan trong bdi xu hudng d6 thi hoa
dang khién cho mé hinh trong cdy trong nha dan tré nén phd bién hon. Trong cdy bang anh sang
nhan tao s& gitp cdy quang hop, tich nudc t6t hon ké ca trong diéu kién thiéu anh sang tu nhién
ddng thoi tranh duge tinh trang sau bénh hay chay 1a nhu khi trong ciy & ngoai troi [1]. Su tién
b clia cong nghé da giup ché tao ra nhitng loai dén LED tiét kiém tur (60+80)% dién nang so voi
cac bong den thong thuong, khong phat tan nhiét qua cao (khong can trang bi h¢ thong 1am mat)
gitip tiét kiém t6i da chi phi. Cac loai dén LED nay giup cay trong phat trlen nhanh hon str dung
den thong thuong tir (2+3) 1an, qua d6 tiét kiém duoc rat nhiéu thoi gian trong trot [1] — [4]. Ngay
nay, dién tich dat nong nghiép duong nhu phai nhuong chd cho nhing tda cao bc¢, chung cur,.
Diéu nay din dén sy phat trién ctia nhitmg mé hinh trong cay trong nha. Tuy nhién di kém theo do
1a diéu kién chiéu sang tu nhién kém, khién cdy chdm phat trién. Chinh vi vdy, nhém sir dung anh
sang tir dén LED dé cung cip 4nh sang nhan tao cho mé hinh trong cdy thuy canh trong nha. Cu
thé trong ciy bang anh sang nhan tao s& giup cdy quang hop, tich nudc tdt hon ké ca trong diéu
kién thiéu anh sang ty nhién.

Bén canh d6, viéc ap dung cac cong nghé hién dai vao thu hoach cac loai san phém ndng
nghiép nudc ta van dang 1a mot vin d& phirc tap. Viéc thu hoach thu cong khién chét lugng nong
nghiép khong dugc nang cao. Vi vay viéc ap dung cac cong nghé hién dai vao trong thu hoach
san pham nong nghiép, dic biét 1a cay thuy canh, 13 vin dé thuc sy can thlet [5] - [7]. é thuc
hién quy trinh van hanh ty dong, phuong phap GRAFCET di dugc dé xuit va dugce st dung cho
cac bo diéu khién c6 thé 1ap trinh (PLC — Programmabel Logic Controller) [8], [9]. Trong do, chu
trinh GRAFCET c6 thé duge xdy dung tiy bién theo bai toan duoc dp dung. Viéc ap dung cic
phuong phap GRAFCET vao linh vyc néng nghiép khong chi gitip nang cao chat lugng cta san
phim néng nghiép ma con c6 kha ning thic day ndng nghi¢p s6 ¢ nudc ta hién nay.

Vi vay, bai bdo nay s& hudng toi giai quyét hai vin d& duoc dé cip trén. Van dé thu nhat,
nghién ciru giai phap trong cdy dudi anh sang nhan tao, trong d6 xay dyng mot mo hinh c6 kha
nang diéu khién anh sang va tudi cdy theo yéu cau dé kiém ching tinh kha thi ctua cong nghé diéu
khién. Van dé tht hai, nghién ctru giai phap diéu khién ty dong thu hoach cay thiy canh, trong d6
xdy dung mot mo hinh c¢é kha niang ty dong van hanh mot phan ciia quy trinh tw dong thu hoach
cdy thuy canh dé kiém chtng tinh kha thi ctua cong nghé didu khién. Phan tiép theo cua bai bao s&
gidi thidu giai phap trong cay dudi anh sang nhén tao va tu dong thu hoach ciy thay canh... Phan
111 s& trinh bay mo hinh thyc nghiém va két qua van hanh. Phan cudi cing sé trinh bay mot s6 két
luan vé dong gop cua bai bao.

2. Giai phap dé xuat
2.1. Diéu khién tw dpng hé thong trong cdy dwdi dnh sdng nhén tao

Anh sang 13 nhén t6 quan trong anh huong dén sy ton tai va phat trién clia cay trong. Tuy nhién
cy s& khong hip thu toan bo day anh sang ma chi hép thy mot s6 budc song nhat dinh. Tiy theo timg
loai cdy va giai doan phat trlen Chang ta s& Iwa chon, didu chinh budc séng sao cho phu hop. Pa
phan thyc vat hap thu cha yéu 2 loai budc soéng do va xanh dwong nhu thé hién trén Hinh 1 [2] - [4].

Giai phap trong cdy dudi anh sang nhan tao duoc xay dung dya trén nguyén tac diéu khién bat
tat cic anh sang mau theo chu ky sinh truéng cta cdy va bat tit may bom nude sau khi danh gia
thong tin thu thap dugc tir cac cam bién nhiét d6 nhu thé hién trén Hinh 2.
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Thuét toan van hanh didu khién mé hinh trong cdy dudi anh sang nhan tao dugc thé hién trén
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2.2. Diéu khién ti dong hé thong thu hoach cdy trong thiiy canh

Tu dong hoa viée trong va thu hoach cay thily canh c6 vai trd quan trong trong viéc ning cao
nang suit va chat luong san pham nong nghiép [ [5] — [7]. Cong nghé nay dugc mo ta qua nhiing
cong doan sau: Pay bau dat vao day chuyen Day chuyén tra hat vao bau dat; Day chuyen tudi
nuée kich thich nay mam; _Day chuyen gip ciy con va bau dat vao gia thé; Day chuyen van
chuyén gia thé; Hé thong gap gia thé vao moi truong nudce dé trong cay; Hé thong day gia thé vao
khu vie nudi cay sinh truong; Hé thong day gia thé cay da duoc thu hoach vao vi tri thu hoach;
Hé thong gip gia thé rau du diéu kién thu hoach dé tha vao day chuyén; Bing chuyén nhan gia
thé va van chuyén ra ngoai; Cong nhan thu hoach rau tir gia thé.

Mo hinh thu hoach cay thuy canh dugc dé xuat dé thuc hién mot ph?m quy trinh tg dong thu
hoach cdy thuy canh, trong dé tap trung vao co cau di chuyen gip gia thé rau da truong thanh dé
dua vao day chuyén van chuyén ra ngoai. Vi ndi dung dé xuét nay, cac bude di chuyén duoc mo
ta trén Hinh 4.

Bude 1: Co cau ngang di ra
Budc 2: Co cau doc di xuéng
Budc 3: 4 chi tiét gip rau xoe ra

Budc 4: co cau doc di 1én

Budc 5: Co cau ngang di vio

Budc 6: 2 chi tiét d5 khay rau
duoc nang lén

Budc 7: 2 chi tiét d& ha khay
rau xuong bang truyén

Hinh 4. Cdc buéc vian hanh dw kién ciia mé hinh tw dong thu hoach cay tr&ng thity canh

Chi tiét di chuyén cua co cau ngang va co cau doc dugc thé hién trén Hinh 5.

Hanh trinh ra Céng tic hanh
1 trinh lén ——
2 .
Hanh trinh vao - - .
> h -

(a) trinh J— trinh
~ ” ""I 1én t—hr xuong
. y I ] N

\ / LA,z Cong tic hanh |
\ I\ Chi tiet gap b trinh xubng |
_ gia do rau ( )
(c)

Hinh 5. M6 ta su di chuyén cuia co cau ngang va co cau doc

(a) Co cdu ngang (b) Co cdu doc (c) Co cdu gap
3. M hinh thiét bi thwe va két qua van hanh
3.1. Tw djng diéu khién hé théng trong cdiy dwéi dnh sdng nhén tao

M6 hinh tréng cdy dudi anh sang nhan tao dugc thé hién trén Hinh 6. Giao dién phén mém
diéu khién dugc thé hién trén Hinh 7. Két qua thir nghiém mo hinh tréng ciy dudi anh sang nhan
tao dugc thé hién trén Hinh 8.

Ché dj vin hanh tw dong (Auto): May bom thuc hién dong may bom level 1 néu do 4m trén
50%, nhiét d6 dudi 20 d6; dong may bom level 2 néu d6 4m trén 50%, nhiét d6 trén 20 do; dong
méay bom mirc level 3 néu d6 am dudi 50%, nhiét d6 dudi 20 do; dong may bom muc level 4 néu
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d6 4m dudi 50%, nhiét do trén 20 do; cét may bom néu d6 4m trén 70%. Pén xanh, do duoc bat
theo ting giai doan phat trién cta cdy trong nhu thé hién trén Hinh 7.

Ché dj vdn hanh thi cong (Manual): C6 thé dong/cat timg dén, may bom tuy . Trong do, c6 thé
diéu khién may bom chay nhanh, cham tuy y (Level 1: chay cham nhét, level 4: chay nhanh nhat).

Reset All Control Panel for Planting Indoor System
Select Operating Mode Auta . Manual .
Red light LED 1 Blue light LED 1

On . off _on | off
Select Growing Period  Period 1 ‘ . Perlod2| Q

Red light LED 2 Blue light LED 2
vitual | Virtual parameters .
P II-HI-

Environment
[ wcoc O

temperature %

Real parameters

Environment o ﬂ

Water F'ump T temperature %
i , > Soil humidity s % . OnlLevel 1 . On Level 3 Sail humidity sooc % .
. Onlevel2 . On Level4
Hlllh 6 Mo hmh thlet bl thuc cho B
hé thong trong cdy dwdi anh sing Hinh 7. Giao dién diéu khién mé hinh trong cdy

nhdn tao dwoi anh sang nhan tao

(b) (c)
Hinh 8. Ket qua vdn hanh trén mé hinh trong cdy dudi anh sang nhan tao
(a) Chi dén do bdt, (b) Chi dén xanh bdt, (c) Pén xanh, dé déu bt
3.3. Tw dong thu hoach cdy thiiy canh

Phuong phiap GRAFCET duoc str dung dé thanh 1ap chu trinh hoat dong cta hé thong [8], [9].
So d6 ddu ndi mo hinh va chu trinh GRAFCET thé hién trinh tu hoat dong cta hé thong tu dong
thu hoach cdy trong thiy canh dugc thé hién trén Hinh 9. Céac két qua van hanh mé hinh thu
hoach céy thuy canh duoc thé hién trén cac hinh tir Hinh 10 dén Hinh 16.
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Hinh 9. (a) So' do6 dau néi va (b) GRAFCET chu trinh
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Timer T5 chay 5s
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Hinh 11. Pay tay gdp a
viee chira gida thé

Khu

Déng Y5 (dong co 3 quay 1én)
D20 dong PWM6

CAtYS, cit PWM
Timer T9 chay 5s

Dong co bude 1 vio
Pong Y1,Y2

Pong co 3 xubng, déng Y6
D21 dong PWM7
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Timer T12
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Timer T13

Déng co 2 vao, dong Y10
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Hinh 15. Ddy chi tiét dv gid thé lén

Hinh 13. Nhdc gid thé ra khoi Hinh 14. Ddy gid thé ve khu
khu vuc trong vue bang chuyen

Hinh 16. Ha chi tiét d& gid thé, g& tay gdp dé tha gid thé vio bang chuyén
4. Két luan

Bai bao nay da xdy dung duoc giai phap trdng cay dudi 4nh sang nhan tao va tu dong thu
hoach cay trong thuy canh. Giai phap trong cay dudi anh sang nhén tao st dung thong tin thu
thap duoc ve nhiét do, do a 4m cua dat va giai doan sinh truéng cua ciy dé thuc hién tu dong thay
d6i mau sic ciia dén chiéu sang va toc do bom cta may bom nude. Giai phap ty dong thu hoach
cay thuy canh da thiét 1ap dugc mot phan chu trinh tir giai doan gip gia thé rau dén giai doan tha
gia thé vao day chuyen cho cong nhan rat rau ra khoi gia the.

Bai bao di gidi thiéu hai mo hinh thiét bi thyc bao gdm mé hinh trong cay duéi anh sang nhan
tao va md hinh tu dong thu hoach cay thiy canh. Cac két qua thuc nghiém cho thay cac ndi dung
dé xuat d duoc van hanh thanh céng ca 2 mo hinh. Diéu nay thé hién tinh khoa hoc, sang tao va
mg dung tdt cac tién bo cta k¥ thuat vao linh vuc ndng nghiép. Diéu nay ciing d chimg minh
nhing ndi dung dugce dé cap dén vé linh vuc trdng ciy dudi anh sang nhan tao va tu dong thu
hoach cdy thity canh 14 hoan toan kha thi, c6 kha niang ing dung vao thuc té.

Két qua nghién ctru cua bai bao c6 thé tiép tuc duoc phat trién theo mot sé hudéng khac nhau
dé tang mirc do thuc hién tu dong hoa thu hoach cay thiy canh. Cac hudng nay cé thé bao gém
thiét ké thém h¢ thong day va cat ré cho ciy; phat trién ing dung danh riéng cho hé thong; mg
dung AI dé quét ngoai quan san pham; thiét ké giai phap diéu khién tir xa thong qua web server.
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