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XAC PINH MOT SO PAC TRUNG SINH TRUONG CUA CAY UOM TRONG MOI TRUONG
CO KIEM SOAT BANG XU LY ANH
Determination of some Growth Characteristics of Seedlings in Controlled Environment

by Image Processing

Lé Hong Minh!, Pham Vii Ban'”,

Nguyén Huy Hung', Vii Minh Thoai',

Poan Hong Quang', Nguyén Huy Cong'

Tom tit:

Viéc phan tich sy sinh truong cua cdy wom cho
phép danh gid su thanh cong cua céc phuong phap
nhan gidng va xac dinh tryc tiép cac yéu td anh
huong truc tiép dén qua trinh wom cay. Tuy nhién,
viéc danh gié chinh xac sy sinh trudng cua céy
wom chu yéu bang viéc ghl lai hang ngay bang gidy
dan dén viéc tiéu ton ngudn lyc vé ca con ngudi va
thoi gian. Bai bao trinh bay phuong phap xtr Iy va
két qua dat dugc vé xac dinh mot sb dic trung sinh
truong clia ciy wom trong moi truong ¢ kiém soat
bang xir 1y anh. Cac dic trung ciia cdy wom trong
nha mang dugc xac dinh bao gdm dinh danh cay,
chidu cao cy va s 1a cdy. Aruco marker duoc st
dung dé dinh danh cdy, cdn chinh anh va lam thudce
tham chiéu tinh chidu cao cdy. Cac k¥ thuat phan
tich anh, loc mau dugc st dung dé tach cay khoi
nén. M6 hinh mang no ron nhan tao YOLOVS da
duoc hun luyén tiép véi cac anh 1a cay duge gan
nhin dé dém sd 14 cay.

Tir khéa: Diém danh diu Aruco, Mang no ron,
Dinh danh cay, Tinh chiéu cao cdy, Pém la cay.
Abstract:

Determinate the growth of nursery plants allows
assessing the success of breeding methods and
identifying factors that directly affect the nursery
process. However, accurately assessing the growth
of nursery plants mainly by recording daily by hand
leads to a waste of resources in both man power
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and time. The paper presents the processing
method and results achieved in determining some
growth characteristics of seedlings in a controlled
environment by image  processing. The
characteristics of seedlings in membrane houses
determined include plant identification, plant
height and number of leaves. Aruco marker is used
to identify plants, align images and serve as a
reference to calculate plant height. Image analysis
and color filtering techniques are used to separate
plants from the background. The YOLOVS artificial
neural network model has been further trained with
labeled leaf images to count the number of leaves.
Keywords: Aruco marker, Neural network, Plant

identification, Plant height Calculation, Plant leafs
counting.

I. PAT VANDE

Trong quy trinh nghién ctru nhan glong cac loai
cay trong sir dung cong nghé nudi cdy mo, tiép
sau giai doan nuoi cay trong phong thi nghiém,
cay con thuong dugc wom trong nha mang, noi
cac diéu kién méi trudong, dinh dudng dugc kiém
soat chat ché, dén khi cac chi sd sinh trudong cua
cdy dat dén murc yéu cau thi méi dugc dua ra
trdng ngoai tu nhién.

Dé co thé dua ra quy trinh va céc diéu kién moi
truong sinh truong tot nhat khi wom mdi loai cay,
cac nha nghién ctru cin phai thu thap dic trung
sinh trudng cua cdy wom nhu chiéu cao, s6 14 ...
clia cdy con theo thoi gian. Hé thong nha mang
thong minh thuong di c6 thé ty dong ghi nhan cac
thong s6 moi truong va dinh dudng trong qua
trinh wom. Tuy nhién, cac dac trung sinh truéng
va phét trién cia cdy wom nhu chiéu cao, sb 1a
thuong van phai thu thap tha cong.

Muc tiéu ciia nghién ciru nay nham xay dung
giai phap phan mém c6 chirc ning xac dinh mot
s6 dic trung sinh truéng cua ciy wom trong moi
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truong co kiém soat mot cach ty dong bang xir Iy
anh. Anh ciia mdi bau hodc chau (goi chung la
bau) cdy wom s& dugc phan mém tu dong nhén
biét tén phan biét cua bau cdy, chiéu cao cy va sd
14 ctia cy tai thoi diém chup anh.

II. POI TUONG, PHUONG PHAP NGHIEN
cuu

A. Déi twong nghién ciru

Déi tuong cua nghién ciru 13 anh cia cac ciy
con dang dugc uom trong cac bau trong nha mang
c6 moéi truong duge kiém soat.

Muc tiéu cta nghién ctru 1a phat trién giai phap
xu ly anh cdy con noéi chung, dugc wom trong nha
mang dé xac dinh cac thong sb sinh truong cia
cdy, khong chi riéng loai cdy nao. Ciy con dé
chup anh thudng c6 chiéu cao trong khoang tir 10
mm dén 200 mm; s6 14 mdi cdy thuong it hon 10
1a. Cay con dugc uwom trong cac bau chira gia thé
phu hop véi loai cdy; mdi bau c6 thé chi wom 1
cdy, nhung ciing c6 thé nhidu hon. Cac minh hoa
trong bai nay duoc thuc hién v6i cdy Mong toi, xtr
1y theo timg bau nén két qua vé chiéu cao va sb 1a
1a gdp chung cho tat ca cic cay trong bau, chiéu
cao chi chinh xac néu bau chi c¢6 1 cay.

B. Phwong phdp nghién cutu

Nhiéu chi tiéu ctia cdy con trong giai doan trong
vuon wvom thuong can quan tdm nhu: chiéu cao,
sO 1a, dién tich 14, duong kinh gdc....tuy nhién,
chi tidu vé dudng kinh gbc it c6 su sai khac trong
giai doan wom nén bai bao chi tap trung vao cac
chi tiéu nhu chidu cao va s lugng 4.

Nghién ctru trién khai cac ky thuat vé chup anh;
cac phuong phéap xtr ly, phén tich anh va cac giai
thuat vé tri tué nhan tao dé tinh chiéu cao cay va
dém s 14 cay tir cac anh chup mdi bau wom.

So d6 khdi cua quy trinh cta cac cong viée va
két qua clia giai phap xac dinh tén (ID), chiéu cao
va sb 14 cuia cay trong bau c6 trong Hinh 1.

______

r }\
_____ Phannch
'=> (2) Chiéu cao cay
Tién xit K
Mang . ’
Nooron |E== (3)Solwgngli

Iy anh
Hinh 1. So db khéi quy trinh va cac bude xir Iy.

(1) ID bau ciy

So dd khbi trén chi ra quy trinh dé phan tich,
tinh toan cdc muc tiéu: (1) ID bau cay; (2) Chiéu
cao cdy; va (3) S6 luong la; ngoai ra, sd
pixels/mm ciing 1a két qua trung gian, duoc sir

dung dé tinh chiéu cao ciy thanh milimet. Mi
budc xir Iy ctia quy trinh trén stt dung cac phuong
phap, k¥ thuat khac nhau.

C. Chup anh bau cdy

Pay 1a budc lay dir liéu, chit luong anh chup
quyét dinh do chinh xac cua két qua cua cac budc
xu ly, tinh toan sau.

May chup anh: 1a may anh cua dién thoai thong
minh, may anh can phai dugc hiéu chuén
(Calibrating Camera) [1]. D@t liéu nghién ctru st
dung dé cin chinh may anh 1a anh ban co 7x7 nat
giao (Hinh 2). Thong tin can thiét dé thuc hién
can chinh cac anh dwoc chup bang may anh nay
theo phuong phap dugc cung cép trong OpenCV
la Ma trdn mdy anh (Camera matrix), c6 dinh
dang nhu sau:

i ]

Camera matrix = |0 f, ¢

, 0 0 1

va véc to bién dang (Distortion coefficients):
Distortion coefficients = (kLkZpl p2k3)

Giai thich vé phuong phéap hi¢u chuan may anh
va y nghia cac hé sb f,, fy, cx, ¢y, ki, ko, ks, p1, p2
co tai [2].

Ma tran may anh va Vec to bién dang sir dung
trong nghién ctru ctia mdi may anh dugc nghién
ctru tinh todn véi 50 anh chyp ban co (Hinh 2) véi
cac goc chup khac nhau cua may anh d6. Tinh
toan Ma trin may anh va Vec to bién dang sur
dung cong cu trong thu vién nguén md OpenCV

2].

Hinh 2. Anh ban cd st dung dé cin chinh may tinh.

Thé dinh danh cay: nghién ctru st dung cong
nghé arUco Marker [3] lam thé dinh danh, thuéc
do tham chiéu va thudc cin chinh cho anh cay.
Nghién ciru di tao san cac thé aruco loai 5x5 véi
id phan biét (Hinh 3), st dung thu vién aruco
duoc tich hgp trong OpenCV [2].

Hinh 2. Anh ban co st dung d& can chinh may tinh.
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Chup anh bau cay: Mdi bau cay dugc gan thé 02
thé aruco marker: 1 thé cho huéng chup anh cay
theo chiéu dung; 1 thé cho hudng chup anh cay
theo chiéu trén xudng. Thé danh dau aruco dugc
chup cing voi mdi bau ciy sao cho thé ngay ngin
v6i chiéu dung cia cdy, thé khong che khuét cdy,
cay khong che khuat thé; mdi hudng chup thi cay
va thé co do nét tuong déng. Aruco marker con
dong thoi duoc st dung lam vat tham chiéu dé
tinh kich thudc cac ddi tugng khac trong anh, khi
nay can do trudc kich thudc aruco bing mm. Dé
tinh chidu cao cdy, can phai chup it nhit 1 anh
chiéu dtng; khoang cach giita may anh va cay gir
ngay ngan; chup it nhat 1 anh trén xuéng dé dém
la.

pé ap dung thuc té cho mot loai cdy cu thé, tuy
theo dic tinh sinh trudng cia cay, tan sut chup
anh cay dé dwa vao phan tich co thé s& khac nhau.
Cay sinh truéng nhanh c6 thé 3 ngay chup mot
1an; con v6i loai cay phat trién chdm c6 thé 5 ngay
hodc 1 tudn méi can chup anh mét lan.

D. Phan tich anh
Muc tiéu ctiia budc “Phan tich anh” 1a dinh vi
duogc riéng cay trong birc anh. Quy trinh phéan tich,
tinh hinh chir nhét bao riéng phan anh thudc vé
cdy cua nghién ctru duge tién hanh nhu Hinh 4.
Anh

Anh Mit -
bﬁucﬁy=>[ HSV H " ]I:,') Loc |—=) Auhciy

Hinh 4. Quy trinh phan tich anh.

Trong quy trinh trén, anh bau cdy (sau khi da
tién xur 1y) thuong 1a ¢ khoéng gian mau RGB
(Red, Green, Blue) dugc chuyén sang khong gian
mau HSV (Hue, Saturation, Value). Mot mat na
(mask) duoc tao bang cach xac dinh cac diém
trong anh nam trong khoang cic gia tri
min(H,S,V) va max(H,S,V) dugc gan gia tri 1; cac
diém ngoai khoang dugc gan gia tri 0. Ap dung
mat na trén v6i anh bau cdy RGB ban dau ta dugc
anh chi con riéng cay.

M4u chét ciia bude phan tich cay 1a xac dinh
duoc cac gia tri min(H,S,V) va max(H,S,V) dé tao
mit na. Nghién ctru di xdy dung cong cu dé tinh
chinh tryc quan cic anh mau dé xac dinh cic gia
tri nay.

Sau khi da c6 anh riéng cay, xac dinh hinh chi
nhat bao quanh cdy ta c6 chiéu cao cdy theo pixel.
Tir ty 18 pixels/mm tinh duge chiéu cao cdy bang
mm,

Chiéu cao cdy (mm) = Chiéu cao cay (pixels) /
Ty 1€ pixels-mm.

E. Mang no ron

Mang no ron duoc st dung dé dém s 14 coa
cdy trong anh chup hudng tir trén xudng mdi bau
cay.

Nghién cuu da xay dung mang no ron chuyén
dung cho muc dich dém 14 cdy bang cach huén
luyén tiép mé hinh YOLOVS [4].

Dataset vé 14 cdy dé huin luyén s dung thu
vién anh 14 cay tai Roboflow[5] va anh nghién ctu
tu tap hop trong d6 sb lwong danh cho viéc huin
luyén 1a 498 anh (79,04%) va sé luong dé ddi
ching 14 132 anh (chiém 20,96%).

Trong Hinh 5, M6 hinh YOLOvVS du doan mot
dbi trong moi bang cach dy doan do twong dong
cua dbi tuong do dbi véi cac dbi tuong da dugc
hoc va dugc coi la phat hién dédi tuong khong
dung anchor [6]. Viéc huén luyén trén céc bo dir
liéu 16n nhu & COCO va ImageNet cho phép
YOLO c¢6 kha ning cung cap du doan c6 do chinh
xéc cao ddi voi cac 16p da duoc hudn luyén va kha
ning hoc cic 16p méi mot cich dé dang. Viéc
nhén dang, phan doan va phan loai dugc thuc hién
st dung nam mo hinh ciia YOLOv8: YOLOvVSn,
YOLOvV8s, YOLOv8m, YOLOv8] va YOLOv8x
[7]. D4i voi dbi tugng & day 1a 14 cdy nén nhom
nghién ctru da lya chon m6 hinh YOLOv8m.

B3 anh tir Roboflow
Xir 1y, loc nhidu, gdn nhin
Anh thu thip tir qué 5
trinh thir nghiém Cop {

Kénh 83U véo

[
| !

Train Set

Valiadate Set

l |

Thir nghiém lai véi
trained model

Nhdn dién 14 cly

Hinh 5. Quy trinh huin luyén mé hinh sir dung YOLOVS.

[II. KET QUA
Muc nay s§ trinh bay cac két qua dat duqc cua
nghién C}Vl’u th: xac dinh ID cua cay, tinh chiéu cao
cay va dém so la cua cay
A. Xdc dinh ID va tinh chiéu cao cdy
Dé danh gia kha niang, d¢ tin ciy cua giai phap
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vé chtic ning xac dinh ID va tinh chiéu cao ciy tir
anh, nghién ctru chuén bi 1 bau cay con va 1 thé
aruco voi thong tin nhu sau:

- Chiéu cao cdy con (tinh tir mat dat dén duoi
ctia 14 cao nhét theo phuong thang ding): 89 mm

- ArucoId 1a 12

- Kich thudc cua aruco 1a 28 mm

- Chiéu cao cdy con va kich thu6c thé aruco
dugc do bang thudc ké ¢ chia milimet

- Chup 4 anh bau cay vé6i goc chup gidng nhau
(may anh dé vuoéng goc v6i mat dat; hudng
camera vudng goc voi mat phing gan aruco, chiéu
cao camera tuong duong voi tdm buc anh);
khoang cach tir may anh dén bau cay thay doi.

- Anh dugc chup 1a anh mau RGB vé6i d6 phan
giai (WxH) 1a 1920 x 2560 (pixels), dugc luu
dang file jpg

Quy trinh tinh chiéu cao cdy trong thir nghiém
la:

- Can chinh anh gbc theo ma tran va véc to bién
dang cua camera

- Boc aruco trén anh da can chinh, nhan duogc
ID, kich thudc bang pixel cua aruco. - Phan tich
anh dé xac dinh cay

- Tinh chiéu cao cdy theo ty 18 kich thuéc cua
aruco

S6 liéu két qua ciia thir nghiém trinh bay trong
Béang 1

Bang 1. Két qua tinh chiéu cao cay

Lan chup Lan 1 Lan2 Lan3 Lan 4
Khoangedch | 1150 | 130 mm | 150 mm 175 mm
chup
Anh gbc

bau cdy v6i khoang cach khac nhau nhung chiéu
cao cy tinh toan kha chinh xdc. Sai sb cua cac
anh chup & khoang cach xa la do budc phan tich
anh dé tach cdy, phan dudi ctia 14 cao nhét hoi bi
mo va ciling 1a do phép lam tron sd. Day sé la
diém can quan tdm cai thién dé ting do chinh xac
khi 4p dung thuc té.

B. Dém sé ld cdy

Viéc hudn luyén mé hinh dém s 1a cay bét dau
voi viée chay bd dataset (d0 phan gidi (WxH) la
640 x 640 (pixels)) str dung mo hinh yolov8m sau
d6 st dung mo6 hinh may tim dugc & day sé dugc
lwu vao file best.pt @& lam mé hinh huin luyén
cho 14n huan luyén tiép theo va ldp lai chu trinh

cho dén khi céc chi s6 danh gia dat yéu cau.
Bang 2. Huén lyén md hinh

S6 lan o
hudn | 1|23 |4|5|6|7]|8]9]|10]|Téngsd
luyén
Sovong 1335 | g5 1154|103 182 [182 125 [101 [101 [405| 1775
Epoch

Cac trong s6 khi chay YOLOvVS bao gom:
Ir=0,01; momentum = 0,937; scale=0,05.

Hinh 6. Két qua huén luyén sau 1in tht nhat va 1an tha mudi

Quy trinh tinh s} 1a cdy trong thir nghiém bao
gom:
- Thu thap mau dit liéu dé bd sung cho mdi lan
huén luyén
- Tién hanh huin luyén st dung mé hinh
- Tinh s 14 cay
Béng 3. Két qua tinh so 1a

Anh cin chiah Mau Cay2la Ciy 3 I Cay4la
q ) 4
Anh -‘
goc =
Anh két qua
Anh
can
chinh
D
Kich thute 628 553 492 428 Sola
aruco (pixels) dém
Chiéu cao cy tha 2 3 4 4
89 89 88 88
(mm) cong
Bang thong ké trén cho thay, mac du chup anh 361;13 2 3 4 3
tin
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bang
mang
no ron

Bang 3 thong ké két qua trén cho thay, véi cac
bau cdy co sb la khac nhau, mang no ron da
khoanh ving phan 14 kha chinh xac. Tuy nhién,
d6i voi trudong hop bau ciy c6 1a non hoi nhé nhu
cdy 4 14 cudi trén thi mang no ron b6 sét 14 nho -
day la diém can luu ¥ dé chuén bi dit liéu va tiép
tuc huin luyén k¥ hon.

IV. BANLUAN

St dung xtr 1y anh va tri tué nhan tao dé xac
dinh mot s6 tham s6 sinh trudng cua cdy uwom tir
anh 1a giai phap tot dé tu dong hoa viéc giam sat
su sinh trudng cia cdy wom. Bai viét di trinh bay
két qua nghién ciru, xay dung giai phap dé xac
dinh ID cAy, tinh chidu cao cay, dém sb 14 cay.
Qué trinh thir nghiém nhén thay: xac dinh ID cdy
béng aruco marker dat d6 chinh xac cao; trong khi
tinh chiéu cao cdy va dém sé 14 cay van con sai
s.

Sai s6 khi tinh chiéu cao hay dém 14 cdy sé& can
c6 phuong an cai thién khac nhau, van dé thach
thire 1a tim phuong phap phu hop dé ting d6 chinh
xac khi xir 1y, tinh toan cac chi sé nay voi déi
tugng trong bai:

+ V¢ tinh chiéu cao cay, van d¢ 1a phuong an
chup anh bau cdy bang dién thoai thong minh luén
gdy ra rat nhidu van d& anh huong dén su chinh
xac cia quy trinh xtr 1y, tinh todn. Ban chat gay
nén sy khong chinh xac 1a bau cdy von la doi
tuong 3D, nhung anh chup cta n6 la 2D. Khoéng
cach camera va cay khac nhau, goc chup khac
nhau, anh sang khac nhau, d6 phan giai anh khac
nhau... déu c6 thé giy ra cac sai sd ciia qué trinh
tinh toan. Pé khic phuc nguyén nhén, ting do
chinh x4c tinh toan thi ¢6 thé c6 nhiéu hudng:

- Chup anh cay bang hé thng chup anh 3D, xiy
dung giai phap xu ly anh 3D: phuong &4n nay sé co
két qua tin cdy, tuy nhién s& can dau tu hé thong
chuyén dung vdi chi phi cao.

- Chuyp nhiéu anh 2D & céc goc do khac nhau,
tim kiém cac diém chung trén cac anh dé tinh toan
cac hé sb méo, sai 1énh dé higu chinh két qua tinh
toan. Nghién ciru dang tiép tuc theo hudng nay.

« V& d&m l4 ciy bang mang no ron, dd chinh
xac két qua s& ting 1én khi dir liéu huin luyén
mang no ron dugc thu thap phong phu hon. Tuy

chua thé dat duoc 100%. Ngoai ra, ciing c6 thé sir
dung mang no ron dé tach cay tir anh chung thay
cho k¥ thuat phan tich anh dang st dung, nghién
ctru dang trién khai theo hudng nay.

V. KET LUAN

Dé ty dong giam sit sy sinh truéng cia ciy
wom trong mdi truong co kiém soat co thé ding
xtr ly anh va tri tué nhan tao dé xac dinh dinh
danh cua cay, tinh chidu cao cdy va dém sb 14 tir
cac anh chup bau cay.

Aruco marker ¢ thé sir dung dé 1am thé dinh
danh cdy, thuéc chudn dé cin chinh anh va tinh
chiéu cao cay.

Mb hinh mang no ron YOLOVS khi huén luyén
tiép v6i by dir lidu 14 cdy, co kha ning xac dinh
cac 14 cay tur anh, la can ctr dé dém duoc sb 14 cua
cdy. Xac dinh cdy trong anh c6 thé sir dung cac k§
thuat phan tich, loc anh. Tuy nhién, sit dung mang
no ron dé xac dinh cay c6 thé s& 1a giai phap phu
hop hon.

LOI CAM ON

Bai bao dua trén cac s liéu nghién ciru cia dé
tai cAp B 2023-2024: “Nghién ctru, thiét ké, ché
tao hé théng giam sat, diéu khién va xay dung quy
trinh wom cay Nghé tring trong nha mang st dung
cong nghé IoT, BigData”, do B Khoa hoc va
Cong nghé quan ly; don vi chud tri thuc hién Ia
Trung tam Coéng nghé Vi dién t& va Tin hoc —
Vién Ung dung cong nghé. Céc tac gia xin trin
trong cam on.
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