ISSN 1859-1531 - TAP CHi KHOA HOC VA CONG NGHE - DAl HOC DA NANG, VOL. 19, NO. 4.1, 2021 63

THIET KE VA PIEU KHIEN ROBOT THU HOACH KHOM
DESIGNING AND CONTROLLING A PINEAPPLE - HARVESTING ROBOT

Nguyén Pham Thuc Anh®*
Truong Pai hoc Bach khoa Ha ngi

*Tac gia lién hé: anh.nguyenphamthuc@hust.edu.vn
(Nhén bai: 18/2/2021; Chép nhéan dang: 22/4/2021)

Tém tit - Bai bao dé cap dén viéc phat trién mot hé thong Robot
thu hoach trai khom tu dong. Hé thong nay bao gdm khdi thi giac
mdy, hai tay mdy Robot 3DOF dang Gantry duoc lap dat trén
khung cong tac c6 thé di chuyén ctia may v6i co cdu tic dong cudi
duoc thiét ké chuyén dung va b phan diéu khién thu hoach dya
trén anh phan tich. YOLOvV3 (You only look once version 3) -
mdt b nhan dang dua trén co s¢ mang No ron tich chap CNN
duoc sit dung dé phat hién va nhén dang trai khom du didu kién
thu hoach. Cac két qua thir nghiém off -line trén co s¢ dit liéu
168 anh chwa duge huén luyén cho thiy mé hinh huin luyén cé
d6 chinh x4c trung binh 13 90,82%. Hé théng dugc tién hanh thi
nghiém thu hoach tai canh déng khom thudc tinh Tién giang. Do
chinh xac thu hoach dat dugc la 80% véi khoang 25 chu ky cit va
12 gidy la thoi gian ctia mdt chu trinh thu hoach.

Tir khéa - Robot thu hoach; khém; hoc sau; YOLO; thi gidc may

1. Pat vin dé

Khoém 1a loai qua cé vi huong déc biét va giau dinh
dudng, dugc va chudng trén thi truong trong nudc va ngoai
nuée. Tir sy thich nghi voi dic diém sinh thai cua ving dat
phén ciing véi hiéu qua kinh té dwoc khang dinh, cdy khom
da tro thanh cay trong chu lyc tai nhidu ving dat phén
nhiém phén ning va hoang hoa thudc ddng biang séng
Ciru long. Mot trong nhiing dia phuong hang du vé canh
tac khom la huyén Téan phudce - noi dugce coi la trung tdm
phén ciia tinh Tién giang. Nam 2018 san lwong khom cia
huyén dat 260.000 tAn/ nam voi dién tich canh tac khoang
16.000 ha, gép phan giam nghéo va lam giau cho hang
ngan hd néng dan. Tuy nhién, viéc thu hoach khom gap
nhiéu kho khin. Phuong phéap phd bién dé thu hoach khom
hién tai chu yéu 1a thi cong. Day 1a cong viée tiém an nhiéu
nguy hiém cho ngudi cong nhan do 14, qua, chdi va tai
khom déu rat sic va nhiéu gai nhon rit d& gy thuong tich.
Mua khom chin thuong xay ra luc ning nong va thoi gian
chin r6 rat nhanh. Didu nay dan dén phai huy dong mét luc
lugng lao dong mua vu lon trong khi luc lugng lao dong
tré c6 xu hudng chuyén doi sang lam viée & cac khu cong
nghiép 16n. Viéc co khi hoa va tu dong hoa 1a giai phap tat
yéu cho cac kho khan trén.

Viéc co khi hoa cac hé théng thu hoach rau hoac trai
cdy di dugc nghién ctru trong nhiéu nim trén thé gidi. Cac
hé thong nay thudng duoc phat trién dé thu hoach hang loat
céc loai rau cu dugc trong trén dién tich 16n véi toe do cao.
Viée thu hoach dugc tién hanh dong loat, khong lya chon
chat luong va do6 chin ciia qua va thudng pha hay cay sau
khi thu hoach. R& rang hé théng co khi hoa nhim thu hoach
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Abstract - This paper mentions the development of a robotic
system to harvest pineapples autonomously. The system
contains a machine vision unit, two 3DOF Gantry-type robotic
manipulators that mounts on a moveable platform with custom
special end-effectors and an image-based harvesting control
unit. YOLOvV3 (You only look once version 3) detector - that is
based on convolutional neural network is used for detecting and
recognizing pineapple fruits that meet requirements for harvest.
The off-line experiment results on never-trained 168 images
demonstrate the success of pineapple recognition with 90.82%
mAP. The complete system has been tested in a pineapple field
in Tiengiang Province. The success rate of pineapple harvesting
is 80% with 25 harvesting cycles and the average time is
12 seconds for a harvesting cycle.

Key words - Harvesting robot; pineapple; deep learning; You
Only Look Once (YOLO); computer vision

hang loat trai khom khong phai 1a giai phap phu hop, do
khom thuong duoc trong xen k&, cac qua khém chin khong
déu. Hon nira, mot cay khom s€ ra trai khoang 3 lan, vi vay
can co lya chon trai chin dé thu hoach nhung khong lam
ton hai dén cay 1a mot trong cac yéu cau co ban. Ty dong
hoa va néng nghiép chinh xac 1a xu hudng tit yéu cia ndng
nghiép. Thu hoach ¢6 chon loc yéu cau sy tich hop giira
cong nghé Robot va thi giac may trong hé thng thu hoach
tu dong. bé tiép can chinh xac déi tuong thu hoach, hé
thdng Robot can duoc trang bi dé c6 kha niang phat hién,
nhan biét va udc luong khoang cach t6i dbi twong do. Sy
phat trién cua cong nghé Al di dan dén su phat trién chua
ting c6 cua cac hé théng Robot va may thu hoach chon lgc
tu dong cac loai hoa, qua, rau khac nhau. May thu hoach ty
dong dau tién duoc phat trién boi Schretz va Brown [1].
Trong nhitng nim gan ddy, cic nghién ciru vé cac Robot
thu hoach tu dong dugc cong bd, bao gdm Robot thu hoach
trai chanh [2], Robot thu hoach tao [3], Robot thu hoach
anh dao [4], Robot thu hoach dau [5]. Mdi loai qua cé
nhing déc diém riéng nén cac Robot thu hoach can dap (mg
céc yéu ciu cu thé dé co the thyc hién hi€u qua cong viée
ctia minh. Mic di, c6 rat nhidu cac cong bd trong hang
chuc nim qua nhung cho dén nay trén thé giéi chwa c6
Robot thu hoach trai cdy nao tr& thanh san phim thwong
mai trén thi truong. Moi truong lam viéc khong xéac dinh
trudce trén thuc dia la bai toan kho khan dbi vé&i cac Robot
thu hoach, trong d6 Robot thu hoach khom duong nhu 1a
mot trong nhiing hé théng khé khin nhit va chua nhén
dugc nhiéu sy quan tdm nghién ctru, mdt phan day 14 loai
trai cay nhiét doi, chi hop véi thd nhudng & mot sd lugng
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han ché cac qudc gia trén thé giéi. Rat it nghién ctru lién
quan vé& Robot nay trén thé gidi va hau hét chi quan tim
dén bai toan phat hién va nhan dang trai khom trong pham
vi phong thi nghiém [6, 7]. Mot hé thong Robot thu hoach
khom hoan chinh da duoc thiét ké va chay thir nghiém
trong phong thi nghiém cé két qua tot [8], tuy nhién chua
du diéu kién dé dua ra hoat dong trén canh déng khom.

Bai bao dé cap dén viéc phat trién mot Robot thu hoach
khém hoan chinh trong mdi truong thuc té 1a nhitng canh
ddng khém. Bo phan thi giac may c6 nhiém vu phat hién
cac qua khdm ddng thoi xac dinh vi tri caa chiing va giri vé
bo phan diéu khién dé thyuc hién viéc di chuyén cac co cau
thu hoach tiép can va cit trai khém khoi than cdy. Co céu
thao tac 1a hai Robot dang Gantry gom ba bac ty do dwogc
truyén dong boi ba dong co bude. Bé nhan dang trai khom,
YOLO (You only look once) - mét phan mém nhan dang
duya trén co s& mang No ron tich chap CNN duoc tich hgp
v6i hé thdng co ciu tay cat. Cac két qua thir nghiém cho
thdy sy hiéu qua cia md hinh huan luyén nhan dang thu
duoc ciing nhu d6 chinh xac cta hé thong didu khién trong
thu hoach.

2. C4c thiét bi chinh ciia Robot thu hoach khém
2.1. Lwa chon cdu hinh Robot

CAu hinh Robot dugc dé xuét thong qua viée tim hiéu
vé canh tic va khao sat tai cac canh dong khom tai xa My
phudc - tinh Tién giang. Khom dugc trong trén liép c6
chiéu rong khoang 2m. Dya trén mét s6 tai liéu vé canh tac
cay khém, dé dam bao ning suit cao nhat, cay khom (loai
Queen) dugc canh tac theo hang rong, mdi hang cach nhau
khoang 40 -50 cm, khoang cach gilra hai qua khom khoang
40 -50 cm. Cay khom truong thanh cé than cao khoang tir
100 -120 cm, duong kinh tan rong tir 30 -50 cm. Khéng
gidng nhu phan 16n cac loai cdy n qua moc trong cac chim
la (nhu cam, tao, dau...), khom dugc moc 1én tir géc nhu
cac loai rau cu trén canh df“)ng. Vi viy, cAu hinh Robot 3
bac tu do dang P& cac (3DOF PPP Gantry Robot) 1 phi
hop nhit dé thyc hién nhiém vu thu hoach khém. Robot
gdm ba khép truot, co thé chuyén dong tinh tién nhd ba
khép truot theo céac truc X -, y -, Z ciia hé truc toa do bé cac.
bé nang cao nang sudt cét, hai Robot duoc le“ip dat trén
khung cong tac, mdi Robot s& dam nhiém cat ' ving thu
hoach va khéng xung dot viing hoat dong nhd cac cong tic
hanh trinh lap dat trén khung cong tac. Hé thong dau tién
dugc thiét ké va thir nghiém trong phong thi nghiém chua
tinh chon dﬁy du dén cac yéu ciu thyc nghiém nén chua dat
duogc thong sé dong hoc phu hop, do cimg vimng cua hé
théng chua cao dan dén han ché vé d0 chinh xac thu hoach
tai thuc nghiém [8]. Viéc tinh toan thiét ké khung cong tac
can phai duya trén kich thude cua thira khém trung binh va
dd cao 16n nhét cua cay khom. Cu thé, hé théng méi duoc
xay dung véi khung cong tac cao 1,5m, chiéu rong 2,6m va
chiéu dai 2,9 m. Khung cong tac dugc lap banh xe dé di
chuyén trén thyuc dia dé dang. Dé phu hop véi didu kién
lam viéc trén canh ddng, cac dong co ciing nhu hé dan dong
can dugc lya chon phtt hop. Hai dong co bude voi hé thong
dan dong dang con lin dugc sir dung dé di chuyen co cau
thu hoach theo phuong x. Mot dong co budc voi dan dong
banh ring - thanh ring truyén dong co cdu chuyén dong

theo phuong y. Chuyén dong di xudng theo tryc z cua tay
cat duoc thuc hién nho dong co khi nén.

Ving 2

Vung 1

o

Hinh 1. Cdu hinh Robot thu hoach khém
2.2. Co ciu tic dpng cudi

(b

Hinh 2. Co cdu tac dong cudi
1. Xylanh khi nén; 2. Long do; 3. Dao cat; 4. Pong co quay dao

Co cu tac dong cudi hay con goi 1a tay cét 1a thiét b
co khi quan trong, 14 b phan tryc tiép lam nhiém vu thu
hoach trai khom. Cac qua khom dugc moc 1én tir géc,
cudng qua khom thong thuong dai 30 -50 cm. Khéi lugng
cua qua khom (dang Queen) khi truong thanh khoang 0,8
— 1,5 kg. Cac qua khém dat tiéu chuan vé kich c¢& va mau
sdc s& duoc thu hoach. Pé cat khom, ngudi nong dan s&
dung dao cét cuéng, khoang tir 5 -10 cm tir ddy qua khom.
Vet cét phai phing va dic biét tranh dap va gay chdi va
cubng. Mdi cay khom s& cho ra trai ba lan, cac qud ra sau
s€ nghiéng voi cac goc 16n hon theo phuong thang ding.
Khoém sau khi thu hoach can duge van chuyén vé kho sém
do day la loai trai nhay cam voi nhiét dg. Cac dac tinh nay
can dugc quan tam trong viéc thiét ké co cdu cit khom cua
Robot cit khom ty dong

Tay cit duoc gin voi thanh n01 cudi cua Robot, thuc
hién chuyen dong di xudng dé tiép can qua khom duoc lya
chon va cét cudng chinh xac ma khong lam hu hong qua
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khom va cay khom. Pay 1a mot cong viéc kho khan do mot
s0 khong nho qua khoém nam thap hon han céac tan 1a va 14
khom rét cimg can tré chuyén dong ciia tay cat. Do vay, tay
cit thu hoach duoc thiét ké chuyén dung, bao gdm hai phan
chinh 12 mot 10ng d& va dao cat. Long cit dugc thiét ké
theo kich thudc qua khom 16n nhat, duge truyén dong dong
mé nho co cau khi nén. Khi thanh ndi cudi cia Robot di
xudng, 10ng cit cling ma ra va ép nhiing chiéc 1a bao quanh
qua khém xudbng, dé 16 cuéng khoém cho dao cit phia dudi
1ong d& dang thuc hién viée cit cudng, khoang 7 -10cm tir
ddy qua khom Ién. Sau khi cét xong, lﬁ)ng dd van duy tri
dong dé gilt qua khom bén trong, tay cit dugc diéu khién
de quay vé vi tri ban dau, 10ng kep mé ra va tha qua khom
vé h¢ théng bang tai.

2.3. Bj diéu khién thu hoach
2.3.1. Phdn cieng ciia bé diéu khién thu hoach

Hinh 3. Khéi diéu khién thu hoach sir dung cdc PLC

Céu tric phan ctng ciia khdi diéu khién dugc minh hoa
trén Hinh 3. Phan tir cot 16i ctia khdi diéu khién 1a mot méay
tinh cong nghiép c6 nhiém vy tich hop cac ngoai vi didu
khién va cac phan mém tGng dung dé diéu khién va giam
sat toan b hoat dong thu hoach khom. Nhiém vu chinh cta
khéi 1a didu khién hai tay cit chuyén dong dé tiép can qua
khom dugc nhén dang va dén luot theo tho tu cit. Vi tri
clia qua khom trong mit phang anh va cac do sau anh dé
tinh toan dugc bién doi va tinh toan thanh sO Xung cua cac
dong co bude dé di chuyén tay cit trong mat phang oXY
song song voi bé mat rudng va do tinh tlen cua tay cit di
xudng tiép can qua khom. Cac thong tin vé chuyén dong
nay s¢ dugc may tinh chuyén xudng hai PLC qua giao thire
truyén thong RS -485, hoat dong cua mdi tay cit s& do mot
PLC dam nhiém. Dau ra ciia PLC ndi véi cac drivers truyén
dong cho cac dong co bude di chuyén tay cit trong mit
phing ngang, cic van khi nén truyén dong co cdu 16ng kep
va dong co cat cudng khom.
2.3.2. Thudt todn diéu khién cia qud trinh cdt

Hoat dong ctia may thu hoach dugc thyc hién qua cac
bude nhu sau: Bit dau chu trinh, cac modul cia may s&
dugc kich hoat. May tinh khéi tao truyén théng véi cac
PLC va kich hoat mo hinh nhén dang trai khom dugc huén
luyén tir trude. Khi céc tay cét dugc kiém tra dé dam bao
da vé vi tri goc va san sang cho viéc thu hoach, cac PLC s¢€
gui tin hiéu yéu cau chup anh vung khém téi may tinh aé
phat 1énh cho camera. Anh chup s€ duogc gui v€ may tinh
va hién thi trén % ctra s man hinh. Khéi xir ly anh s& tu
dong phat hién va nhan dang cac qua khém xuét hién trong
anh. Cac qua khom dugc nhan dang ra s€ dugc bao quanh

boi hinh chit nhét va dugc hién trén ' ctra s man hinh con
lai. Toa do cta cac qua khom trong anh sé dugc tinh toan
va quy dbi thanh toa do trong hé truc toa do géc ga"m trén
khung céng tac va dugc luu lai trong by nhd may tinh.
Thuat todn xac dinh thir tu thu hoach cac qua khom dugc
nhén dang s& duoc thuc hién va tai mét thoi diém s& chi c6
toa d§ cua mot qua khdém duoc gui téi PLC khi c6 tin hi¢u
tay cit & vi tri géc san sang cho thu hoach. Viéc gt toa do
nay sé tuan tu va dién ra cho dén khi toan bd cac toa do
duge hét xuéng cac PLC. May tinh s& ty dong phat 1énh
chyp anh 14n hai dé dam bao c6 thé thu hoach duoc nhitng
qua bi che khuit boi cac qua dugce thu hoach trude. Sau khi
thuc hién xong hai lan, xe dau kéo s& duoc di chuyén tGi
ving khom tiép theo. My tinh sé lai tiép tuc cho tin higu
san sang tir PLC guri dén dé tiép tuc chu trinh méi.
2.4. Khoi thi giac may

Khéi thi giac may 1a phan tir c6t yéu cua céc robot thu
hoach. Khéi nay bao gom Camera va phan mém xt ly anh.
Chuc ning chinh caa khéi nay 1a lay anh viing khém va xir
Iy anh, cu thé 1a phat hién va nhan dang cac qua khém trong
anh nhan duoc tir camera, sau do tinh khoang cach tir
camera ti qua khom va thong qua céc bién dbi tinh chinh
Xac toa d6 cua cdc qua khém nhan dang trong hé truc toa
d6 gbc dé chi dan cho tay ct ciia Robot ¢ thé tiép can va
thu hoach chdng. C6 thé néi bai toan phat hién va nhan
dang qua khom rat quan trong, doi hoi su hd tro ctia cac
cong ngh¢ xu Iy anh. Trudce khi cong nghé hoc sau (deep -
learning) ra doi, cac phuong phap xtr ly anh truyén thng
sir dung cac dic trung nhu mau sic, hinh dang, kich thudc,
gdc canh, két cau va cac cong nghé phan loai dugc sir dung
cho nhan dang mot sb loai qua [9 -11]. Tuy nhién, cac cong
nghé dua trén cac dac trung nay khong thuc su hiéu qua
v6i mdi trudng ndng nghiép nhiéu bién ddi, diéu kién anh
sang khong 6n dinh, cac qua bi che I4p bai 14, cac qua moc
theo chim... P& vuot qua cac han ché nay, doi hoi nhitng
cdng nghé téng quét hiéu qua c6 kha niang bén virng va linh
hoat v&i cac diéu kién bién d6i cua méi truong va biéu dién
céc dic trung vaoi do chuan xéc cao. Trong nhirng nam gan
day, cong nghé deep -learning 1a mot giai phap tién tién
cho viéc hoc céac dac trung anh. Cac mang No -ron tich
chap (CNN) dugc phét trién va tng dung cho nhan dang
céc ddi twgng. Cac mang dién hinh ¢6 thé ké dén bao gdm
YOLO (You Only Look Once) [12], SSD (Single Shot
Detector) [13], va Faster R -CNN [14]. Cac mang No -ron
nay déu cho cac két qua tét khi duge timg dung nhan dang
céac loai rau va qua [15, 16]. Trong nghién ctru nay, nhém
tac gia st dung YOLO phién ban 3 cho vi¢c phat hi¢n, nhan
dang va phén loai trai khom. YOLO la mang no -ron tich
chép théng minh nhan dang vat thé véi tbe do cao va co
kha nang nhan dang trong thoi gian thuc véi do chinh xac
cao. YOLO dugc huan luyén trén co cé ham ton that lién
quan tryc tiép dén dic tinh huan luyén. Thuat toan “You
only look once” trén anh can nhan dang doi hoi chi mot lan
lan truyén thuan trén toan bd mang dé du doan. Két qua
dua ra sé& 1a vat thé dugc nhan dang voi bounding boxes.
Thuat toan ap dung mdt mang no -ron cho anh toan bg, va
sau d6 chia anh thanh tung vung va du doan céc bounding
boxes va xac suit cho mdi ving. Cac bounding boxes nay
duogc danh gia trong s6 boi xac suat du doan. Nhom tac gia
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huén luyén dir lidu v6i YOLO phién bin s6 3 (YOLOV3)
str dung k¥ thuat chuyén giao tri thitc (transfer learning).
2.4.1. Phan cimg

Trong | khdi thi giac may, cic camera 1a thiét bi cam bién
dé cung cap thong tin vé d6i tuong va moi truong lam viée.
Trong hé théng nay, camera cong nghiép D415i dugc gin
¢d dinh trén khung cong tic ciia méay thu hoach va c6 nhiém
vu chup anh ving lam viéc. Cac anh chup nay s¢ duoc
chuyén t6i may tinh chu thong qua cong USB type C dé
thuc hién cac qua trinh xu 1y tiép theo.

2.4.2. Phan tich anh va nhdn dang trdi khom

Khi anh chup ving khom can thu hoach tir camera giri
vé may tinh chu, khéi thi giac may s& tién hanh phat hién
chc qua dira xuét hién trong khung anh, tao cac duong bao
hinh chit nhat xung quanh cac qua khom dugc phat hién va
thuc hién viéc tinh toa d§ cta ching trong hé truc toa dd
Robot. Nhu da dé cap 0 trén, YOLOvV3 dugc st dung dé
phat hién trai khoém. Cau hinh cia YOLOV3 dugc trinh bay
chi tiét trong [12]. Qua trinh huén luyén duogc thuc hién qua
cac budc nhu sau:

Buéc 1. Thu thap dit liéu cho huén luyén

Mot trong nhitng cong doan quan trong cua deep -
learning @6 1a thu thap co s¢ dir liéu cho huén luyén. biéu
kién ¢t yéu dé nhan duwoc mé hinh huin luyén t6t do 1a co
s& dir liéu du 16n va chat lugng cao. Trong nghién ciru nay,
nhém tac gia da thu thap rat nhiéu miu khom trén canh
ddng trong nhidu khoang thoi gian khac nhau tir 9 gio sang
dén 5 gio chiéu. Tong cong s6 lugng anh thu dugc khoang
840 anh chia thanh 12 tap con theo diéu kién sang khac
nhau, mdi anh trung binh c6 16 trai khom véi cac loai khac
nhau: qua xanh, qua chinh va qua non. Dé dam bao tinh
chinh xac cao cho thtr nghi€m trén hé théng thuc, camera
trong qua trinh thu thap anh ciing chinh 1a camera lap trén
mach thyc nghiém véi vi tri va d¢ nghiéng déng nhét vai
mach thyc nghiém. Cac anh chup duogc chuyén vé luu tai
méy tinh gdm mot anh IPEG vé6i do phan giai 1280x720 va
mot anh d6 sau.

Buéce 2. Gan nhéan.

Khi co s6 dir lidu d sn sang, budc tiép theo do 1a gan
nhan cho céc trai khom cé mat trong anh. Cac 6 chit nhat sé
duoc vé bao quanh nhimg trai khom c6 mat trong anh cung
v6i phén loai cua no6. Trén co sé quan sat bang mat thuong
va dua trén kinh nghiém cta nhém tac gia vé mau sic va
kich thudc ctia qua khom. Vé co ban, qua khom chin 1a khi
v6 khom chuyén tir mau xanh sang mau vang, khoang 1/3
d6 dai qua ké tir dudi 1én. Cu thé, ¢ ddy trai khom dugc phan
loai thanh ba loai: Trai chin, trai xanh va trai non duoc gan
theo c&c nhan ripe pineapple, green pineapple va baby
pineapple twong tmg. Cong cu st dung dé gan nhan la
labellmg (http://github.com/tzutalin/labellmg). Sau khi gan
nhin xong, chiing ta s& thu dwoc bo co so dit liéu gdm anh
chira cac trai khom da duge gan nhan, di kém véi mdi anh
l1a mot file.xml chira thong tin cua nhiing trai khom trong
anh bao gdm tén 16p gan cho trai khom, toa do theo truc x -
va y - (theo pixel) tuong Umg cia tdm hinh bao chir nhét,
chiéu rong va chiéu cao (theo pixel) twong ng cta hinh bao
chir nhat, chidu cao va chiéu rong (theo pixel) twong tng
cua toan bo anh. Cac file.xml sau do can duoc chuyén vé

dang file.txt dé phii hop vai viéc huén luyén mang.

Budc 3. Tién xir 1y

Dir liél{ sau d6 dugc dua vao Google Drive. Célc anh
dugc chuyén ve kich thude 416x416 pixels nhung van gt
nguyén ty 1¢ bang cach dua thém cac vién den. Thuét toan
K -means dugc st dung dé lya chon s6 anchor -boxes.
Thuat toan K -means hoat dong theo vong lap:

Budc 1: Chon ngau nhién k diém lam tim cta k cum.
Budce 2: Cép nhat cum cho timg bounding box: Mobi
bounding box thudc vé cum c6 tim gan nd nhat.

Budc 3: Kiém tra khoang cach trung binh tir bounding
box dén tim cum cuia n6. Néu gia tri < ngudng, chuyén dén
budce 5.

Budc 4: Cap nhat tim cum: Tam mdi cum = trung binh
toa d6 (w, h) cua cac diém trong cum. Quay lai 2.

Budc 5: Anchor boxes 1a tAm cac cum.

Nhom tac gia sir dung Google Colaboratory dé huin
luyén co s¢ dir liéu trén cdu hinh GPU Tesla K80. Co s&
dir liéu dugc tai 1én Google Drive va duong dan chi thu
muc co s¢ dir liéu vai Google Colaboratory dugc thiét lap.
Céc anh trong co s dit li€u dugc phén chia thanh hai tap
v6i ty 16 75:25: (1) training set (train.txt) ding cho huin
luyén mé hinh va (2) validating set (valid.txt) dé kiém tra
md hinh.

Buwéc 4. Xay dung mo hinh nhin dang trai khém st
dung céng nghé¢ hoc chuyén giao qua tinh chinh
(transfer learning via fine-tuning)

Vi tit ca cac anh da gan nhan va cac file yéu cau,
chung ta co thé tién hanh x4y dung mo hinh nhan dang
bang YOLOV3 st dung cong nghé hoc chuyén giao théng
qua tinh chinh. Dé khoi tao base network cho mé hinh,
Darknet53.cov.74 dugc sir dung lam pretrained -model.
Trudc tién, cac 16p tich chap CNN dau duoc dong bang dé
céc trong sb cua nd khong ddi va chi huin luyén trén hai
16p két ndi hoan toan (fully-connected layers). Muc dich
cua viéc dong bang cac 16p CNN la dam bao khong pha
huy cac dac trung bac cao da dugc hoc tir pretrained -model
trén co ¢& dir liéu 16n va ¢6 dd chinh xac cao hon so v6i
khéi tao hé sb ngau nhién. Pha huén luyén déu tién duogc
thuc hién qua 30 epochs vdi tdc d6 hoc (learning rate) 1a
le-3 vai kich thudc mé (batch size) 1a 32. Muc dich cua
pha huén luyén dau 1a dat dugc 6n dinh cua ham ton that,
giup mo hinh hoi tu vé ti wu toan cuc. Sau khi mé hinh dat
ngudng t6i wu trén cac fully-connected layers, rat kho dé
chung ta ting d6 chinh x4c cao hon nira. Vi pha huén
luyén dau tién, ching ta co thé nhan dang ra cac trai khom.
Tuy nhién, dé phan loai cac trai khom, tiép d6 chung ta can
thuc hién qué trinh huan luyén tht 2 - finetuning. Trong
qué trinh nay, cac 16p tich chap CNN cua base network
dugc pha bang va qua trinh huin luyén duogc thyc hién trén
toan b cac layers ciia mang qua 60 epochs véi toc dd hoc
la le-4 véi kich thu6e mé 1a 8. Qua trinh huén luyén két
thic khi ham ton that hoi tu vé ngudng sau khoang 20
epochs. Két thuc qua trinh huan luyén, trong sb ctia md
hinh s& dugc ghi vao file.h5 trén may tinh chu va ching ta
c6 thé st dung mo hinh hudn luyén trén dé nhan dang va
phan loai trai khom.


http://github.com/tzutalin/labelImg
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Hinh 4. D6 thi ham loss sau khi hudn luyén trén toan mang

Budrc 5. Kiém tra

Vi mod hinh hudn luyén vira nhan duoc, ching ta co
thé thuc hién cong viéc nhan dang trai khom trén cac tam
anh hodc cac video. O ddy nhom tac gia s dung 168 anh
chup trai khom, cac anh nay déu khong dung trong qua
trinh huin luyén. M6 hinh nhan dang s€ du doan cac trai
khém, v vung bao hinh chit nhat (bounding -box) quanh
cac trai khom, phan loai cac trai khom va xac dinh d6 tu tin
vé dy doan (predicted confidence score).

I BN

Hinh 5. A’nh‘nhén dang khém trén anh véi cac qua khém duoc
khoanh bang cac hinh chi nhdt voi phan logi va do tu tin
Hinh 4 chi ra rang, cic qua khom trong anh da dugc

nhan dang va bao boi hinh chir nhat, gan nhén theo phan
loai xanh hodc chin véi d tu tin trong ing. R6 rang mo
hinh huan luyén c6 kha ning nhan dang tot ngay ca khi cac
qué dira bi che khuat boi 14 hodc trai khom khac. Két qua
nhan dang off -line trén 168 anh dugc théng ké trén Bang
1 cho théy d6 chinh xac nhan dang trung binh mAP 1én t&i
90.82%. Céc két qua nay da tao tién dé cho viéc thuc
nghiém nhén dang va cét trai khom tu dong trong phong thi
nghiém va trén thuc dia dugc trinh bay trong Muc 3.

Bing 1. Két qua nhin dang
(| Sotrdi | SOtrdi SO trdi du|qe i gyl g chinh
Lép trén anh | dugcdu | doan . . .
! , . doan sai xac
kiémtra | doan ding
Trai xanh| 554 569 501 68 88,39%
Traichin| 880 951 853 98 93,26%
Do chinh xac trung binh (mAP) 90,82%

3. Thuc nghiém

Khdi thi gic mdy dugc nghién clru trong muc trén dugce
tich hgp véi hé thong Robot cat khom dé thuc hién cac thir

nghiém cét khom tu dong trong phong thi nghiém va thyc
nghiém trén canh dong khom. Hinh 7 mé ta toan bg hé thong
tich hop va dugc tién hanh thir nghiém trén canh dong khom
thuoc xd My Phudc - huyén Tan Phudc - tinh Tién Giang.
Camera dugc gin trén khung cong tac cua hé thong, cach
mit dat khoang 2,5m, thich hop dé chup dwoc cac anh tir trén
xudng trong khoang dién tich 1,8 m x 1,8m ciia vuon khom.
Qua trinh thyc nghiém dugc tién hanh trong nhidu diéu kién
sang khac nhau. Dé dam bao qua trinh thu hoach c6 thé dugc
thyuc hién ngay ci vao budi dém, hé thong dén LED chiéu
sang dugc bo tri trén khung cong tac.

Hinh 7. Ké't‘qud nhdn dang va thu hoach tir thuc dia dugc dua
fir camera vé mdy tinh chi (Anh phai: Cac trdi khom dwgc nhan
dang; Anh trdi: Hai tay cat tiép cdn hai trdi khom)

Toan bo hé thdng s& dugc di chuyén trén canh dong nho
xe dau kéo do nguoi van hanh l4i. Khi hé thong khaoi dong,
cac tay cét s& duoc kiém tra dé dam bao da vé vi tri xuét phat.
Camera chup va giri anh v& may tinh chii. M6 hinh giam sat
dugc tao 1ap va man hinh may tinh chu s€ g@)m hai ctra 6,
mot ctra s6 hién thi anh chup tir camera, mot cira s6 hién thi
két qua nhan dang 13 anh tuong img véi cac qua khom duoc
khoanh hinh bao hinh chit nhat véi phan loai chin, non, hoac
xanh cling véi do tu tin dy doan (Hinh 7 - anh phai). Bé dam
bao viéc nhan dang online, cac cira s6 duoc cap nhat sau mdi
0.005 gidy. Hai ché do cat duoc Iya chon tiy theo yéu cau:
chi cat qua khom chin hodc cit tat ca khom xanh va chin.
Trong lan thir nghiém dAu tién vao thang 8/2020, h¢ thong
da thyc hién khoang 50 chu ky cit khom ty dong. Voi
385 qua khom duoc nhan dang thanh cong boi mé hinh huin
luyén, c6 308 qua khom duoc thu hoach thanh cong. Théng
ké trung binh hiéu suat hé thong dat mtrc 80%. Trung binh
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mdt chu ky cit mot trai khom khoang 12 gidy ké tir khi tay
cit tir vi tri ban dau di dén thu hoach trai khom va két thuc
bang viéc tha trai khom toi bang tai.

Hinh 7 (4nh trai) minh hoa hinh anh hai tay cat dugc
didu khién di chuyén tiép can hai qiia khom. C6 thé thay,
hai qua khom dugc chon nam gon trong 16ng dd dé chuan
bi cho hoat dong cit cuéng. Vi két qua thyc nghiém nhu
vay, cO thé danh gia h¢ théng nhén dang va diéu khién da
dat dwoc d6 tin cdy & muc twong ddi cao.

4. Két luan va phwong huéng phat trién

Trong nghién ctru nay, nhom tac gia da thiét ké va diéu
khién hé théng Robot cit khom ty dong. Hé théng bao gdm
hai tay cit dat trén khung cong tic duoc thiét ké chuyén
dung dé phu hop véi viéc thu hoach khom. Cong nghé
deeplearning dugc tmg dung huin luyén mang No-ron
nhan dang trai khom nho cong cy YOLOv3 vé6i @6 chinh
xéc trung binh 1én d&én 90,82%, dam bao viéc nhan dang
duogc thyc hién online trong cac diéu kién moi truong thay
d6i. Tinh hiéu qua va do chinh xac ctia hé théng néi chung
da dugc kiém nghiém nhd két qua khi hé théng tac nghiép
trén thuc dia tai canh ddng khom thude Tién giang. Trong
cac nghién ctru sap td1, nhom tac gia s€ tip trung nang cap
phan co khi va diéu khién cua hé thong dé dat duoc do
chinh xac va ning suat cao hon.

Loi cam on: Nghién ctru nay duoc tai tro boi Chuong trinh
Khoa hoc va Cong ngh¢ Phyc vu phat trién bén viing Tay
Nam bo trong dé tai “Nghién cizu thiét ke ché tao mét so
thiét bi co gidi héa, tw dong hda mgt so khau trong thu
hoach mét s6 logi cdy dn qua tai ving Tay Nam bg” ma s6
KHCN -TNB/14 -19/C30.

Téc gia trin trong cam on cac k¥ su Nguyén Minh Huy,
Pang Xuan Vuong va nhém Xir Iy anh da tro giup k¥ thuat
cho nghién ciru nay.
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