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TOM TAT

Bai bdo trinh bay nghién ciru diing mobile robot hit/lau bui két hop véi drone dé vé sinh
dinh ky tam pin mat troi hé gia dinh. Drone givp diwea robot lén tam pin, thuong dwoc ldp ddt trén
mdi nha c6 do nghiéng lam mat kha ndng bdm ciia robot. Vin dé nay dwoc gidi quyét bang dé xudt
dung chinh canh quat cua drone dé tang do bam cho robot. T hiét ké va thuc nghiém dwoc trién khai

chitng minh tinh kha thi ciia gidi phéap dé nghi.
Tir khéa: Drone; Tam pin nang lirong mdt troi; Robot hiit bui.
ABSTRACT

This paper presents a study on the combination of robotic vacuum cleaners and a drone for
the regular cleaning of solar panels. The drone assists in lifting the robot onto the solar panels,
which are installed on inclined rooftops, posing challenges to the robot's mobility. This issue is
addressed by using the drone s propellers to create negative thrust that helps the robot adhere to
the inclined surface. Design and experiments on the robot are implemented to demonstrate the

feasibility of the proposed solution.

Keywords: Drone, solar panel, vacuum robot.
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1. GIOI THIEU

Cac vét ban (bui, ddém nuée, 14 cay,
phan hoa,...) bam trén tim pin mat troi lam
giam hiéu sut chuyén doi dién ctia tim pin. C6
nhiéu bién phap xir Iy nhitng chat byi nay: thoi
khi nén, phun nudc ap luc, lau sach béng tha
cong/robot, tao dao dong,... [1], [2], [3]. CO6 hai
phuong phap vé sinh tim pin trén thuc té 13 lau
uot va lau kho [4]. Lau kho don gian hon lau
udt, tuy nhién khong xur 1y dugc hoan toan khi
vét ban bam chat.

Pé 1am vé sinh cac tAm pin trén mai nha
hé dan dung, can phai dua robot 1én mai nha. Y
tudng s dung drone da duogc dé xuit va thuc
hién boi cac nhom nghién ciru tir nhiéu nude.
Nhom nghién cuu tr Pai hoc SKKU, Han
Qudc di duogc cap bang sang ché cho y tuong
két hop drone voi mobile robot dé lau don tAm
pin. Dé xuét thiét ké 6 model khac nhau cho dé
robot lau don, mot trong s6 do st dung banh dai
va dugc cho 1a c6 kha nang di chuyén trén goc
nghiéng dén 40°.

Hinh 1. SKKU robot

Solar Drone 1a cong ty phat trién drone
phun nudc vé sinh tim pin. Drone thiét ké
mang theo binh nudc riéng, c6 kha nang cho tai
Skg, pin sir dung dugc trong 20min, phun nudce
vé sinh & ap suat 27bar cach bé mat tim pin
0,3m. Hé thdng dinh vi bang cam bién LiDAR
va camera gitp drone thuc hién nhiém vu va
quay vé tram cla cong ty.

Hinh 2. Solar Drone robot

Trong [5], nhom nghién ctru thyc hién
vé sinh tAm pin chi str dung gi6 tir canh quat ciia
drone. Thir nghiém dugc thuc hién véi dudong
bay va luong bui khac nhau, chiing minh dugc
tinh hiéu qua cta phuong phap.

C6 3 két cau lip dat tAm pin trén mai
nha ho dan dung [6]: Lap dat trén mai ngoi,
mai ton va néc nha phang. Do doc cta mai
nha quyét dinh goc nghiéng ciia tim pin. Theo
TCVN 4604 2012, d6 déc cia mai dugc quy
dinh: Mai t6n 6,75° + 9°; Mai ng6i 13,5° = 27°.

Thyuc nghiém tai DCSELab st dung
robot ht bui gin voi drone, ta thiy robot khong
thé di chuyén trén mat phang nghiéng qua 8°.

Hinh 3. M6 hinh thyc nghiém ddu tién

Dé c6 thé cho robot di chuyén trén mit
phing nghiéng, phai c6 thém lyc hd trg robot
bam trén bé mit tim pin. Mot phuong phap tao
lyc bam ma st dung luc déy tor canh quat 1a
“propulsion adhesion”.
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Hinh 4. Robot Pai hoc Tsukuba

Robot cta dai hoc Tsukuba [7] ¢ thé
di chuyén trén mat phang nghiéng 1én dén 90°
v6i luc ép du 16n. Robot gdm khung drone DJT
1at nguge gan voi dé robot 4 banh qua 2 servo
motor dé diéu chinh phuong chiéu cua luc ép.
Hudng cua robot dugc xac dinh thong qua IMU
tich hop trén bo diéu khién bay, trong khi cam
bién cam bién tai trong dugc str dung dé do luc
day 4m ciia may bay khong nguoi lai. Dir liéu
nay, két hop véi thuat toan diéu khién duoc sir
dung dé tinh toan d6 16n va goc can thiét caa
luc bam dinh can thiét.

Hinh 5. Disney VertiGo robot

Mot ung dung khac cling st dung luc
day 4m dé bam dinh 1a robot VertiGo cua
Disney. Ca 4 banh cua VertiGo khong dugc
dan dong, robot di chuyén nho phan lyc tir 2
canh quat. C6 thé diéu chinh chiéu cta phan lyc

quanh 2 truc roll va pitch, dic diém nay giup
robot di chuyén tr mdt dat Ién tudng duogc.

Céc nghién ctru trén chua quan tam
dung muc dén viéc hat/lau bé mat pin. Viéc
hut/lau bui hién nay da dugc trién khai hau nhu
hoan thién qua cac robot hut/lau bui thuong
mai. Trén co s& ndy, bai bio dé xuat giai phap
lam vé sinh tAm pin mat troi dinh ky dung robot
hut/lau bui két hop véi drone. Drone gitp dua
robot 1én tAm pin, canh quat cua drone dung dé
tang do bam chéng truot robot. Thiét ké va thuc
nghiém dugc trién khai chimg minh cho tinh
kha thi ctia giai phap dé nghi.

2. BAI TOAN THIET KE

2.1. Co sé Iy thuyét

b)
Hinh 6. Phan tich luc trén robot truoc (a) va sau
(b) khi co luc ép cua canh quat
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Xét truong hop robot chay ngang trén
mit phang nghleng v6i: g 1a gia toc trong
truong; p 1a hé sb ma sat gitra banh va tdm
pin; 0 1a goc nghiéng tdm pin; m 1a khoi lugng
robot; L 1a khoang cach hai banh xe.

Khi khong c6 luc ép hd tro, diéu kién dé
robot khong truot la:

umgcosd > mgsind (1)

Khi 0 tang, P _tang nhung phan luc P
giam, lam cho phan luc 1én banh giam, dan den
luc ma sat gidm lam cho robot bi truot.

Xét phuong trinh momen quanh diém
tiép xuc ciia banh dudi robot va mit nghiéng,
chiéu duong cung chiéu kim déng hd, diéu kién
dé robot khong bj lat 1a:

ImgcosO - hmgsind - LN >0 (2)

Tur (1) va (2): Néu tang khdi lugng cta
robot thi s& ¢6 phan lyc 16n hon nhung dong
thoi lyc kéo xubng P_cling tang; Néu chi ting
hé s6 ma sat ctia banh thi c6 thé giup robot giam
truot nhung khong gitp chong 1t robot.

Khi ¢6 luc ép F, hd tro voi ¢ la goc
nghiéng gitta drone va de robot. Diéu kién dé
robot khong trugt tr¢ thanh:

u(mgcosO + F_cosp) > mgsind - F, sing 3)

Luc F_ khong chi gitip 1am tang lyc ma
sat ctia robot & vé trai ma con lam giam di luc
kéo truot vé phai néu duoc diéu chinh phuong
tac dung mot goc ¢. Lic nay, diéu kién chong
lat cua robot la:

Imgcos0 - hmgsin0 - LN '+1F, cos¢ +hF, sing >0 (4)

So véi diéu kién chéng lat trude, bat
dang thirc (4) d& thoa hon.

Tt thuc nghiém, hé s6 ma sat ctia banh
xe trén bé mat tim pin p = 0,4. Do thém bac tu
do dé thay d6i goc ¢ s& lam phurc tap thiét ké, &
day str dung (3) v6i khéi lugng robot m = 2,1kg
trong truong hop khong c¢6 goc ¢. Didu kién
chéng truot cua robot la F_ > 5,02N.

2.2. Robot hut bui
Hai ciu hinh robot hit bui két hop lau

dugc xem xét dé sir dung trong thiét ké 1a robot
BowAlI va Bissell Spinwave.

Hinh 7. Robot hut bui dung trong nghién cuu

Robot BowAI dan dong duy nhét bang
banh trudc, 141 mu hoan toan. Robot s€ chay
ngau nhién va khi dung trang vat can s& do6i
sang hudng di khac. Robot c¢6 2 chdi canh va
gié lau c6 thé thao roi, khong c6 chdi giira. Ca
2 chdi canh cta robot dugc 14i bang 1 motor va
bo truyén dai.

Robot Bissel Spinwave dan dong va
diéu hudng bang 2 banh 2 bén. Gidng véi cac
robot hut bui thong dung trén thi truong, hai
module banh xe gdm motor truyén dong qua
mot hé thong banh ring ra banh xe. Robot c6 2
banh dat & giita, 2 chdi canh 1ai doc 1ap bang 2
motor, chdi chinh hé trg dénh bui 1én cho motor
hut va 2 gié lau.
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Thyc nghiém véi hai cAu hinh robot trén
cho thiy vi tri 2 banh dan dong anh hudng 16n
dén kha ning bam cua robot trén tim pin. Ciu
hinh dung dé thuc nghiém st dung 2 module
banh dat ¢ giita robot va 2 chéi canh 1ai bang 1
motor qua bo truyén dai.

2.3. Co cu lit canh

Dé robot c6 thé bay dugc va dong thoi
tao luc déy am dé bam lén tAm pin mat troi,
robot can phai thay ddi chiéu tac dung cia luc
gi0 tir canh quat.

Hinh 8. So d6 nguyén Iy co cau lat canh

Co cAu 14t canh su dung bd banh rang
con vo1 mot motor truyén dong duoc dé xut.
bong co servo dugc sir dung dé 14t canh, ngoai
ra con dung dé giir cac banh ring khong quay
khi bay.

2.4. Quy dao cua robot
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Hinh 9. Flow chart quy dao hinh chit S

Theo [8], khi robot hut bui hoat dong,
chung duoc 1ap trinh dé di chuyén theo nhiéu
quy dao két hop bao gdm: Quy dao ngau nhién,
quy dao hinh xoan 6c, quy dao chit S va quy
dao bam tuong. Cling theo tai li¢u [10], qu¥y
dao chir S 1a quy dao ngan nhat dé robot hoan
thanh mot di¢n tich, do do ta chon quy dao nay
dé thuc nghiém robot.
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Hinh 10. Flow chart quy dao robot lau pin

Trong trudng hop robot khong thé di
chuyén theo quy dao chit S, ta thuc nghiém
robot bang quy dao di chuyén giéng véi robot
lau pin mat troi.

3. KET QUA THUC NGHIEM

M6 hinh thuc nghiém cho ¢ Hinh 11
c6 cac thong sb: Puong kinh banh xe 58mm;
khoang cach banh xe 160mm; khdi luong robot
2,12kg.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 309, thang 11 nim 2023 197
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU'U - TRAO PO

Hinh 11. M6 hinh thuc nghiém

Mo hinh thuc nghiém cua robot c6 thé
bay va hoan thanh dugc quy dao robot lau pin
trén tdm pin nghiéng 27° nhung khong hoan
thanh dugc quy dao chir S, thuong bi truot,
rot khi quay. Kha ndng bam cuia robot bi anh
huong khi xudt hién cac cht bam thir nghiém
nhu phén, bot mi,...

St dung camera dé ghi lai quy dao di
chuyén cua robot trén tam pin bam bui & goéc
nghiéng 22° cho két qua sau:

Unassisted robot’s trajectory
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Hinh 12. Quy dao robot trudc (a) va sau (b) khi co
liee bé sung ciia canh quat

Khi khong c6 luc hd tro tir canh quat,
robot lién tuc trugt va di chuyén léch khoi quy
dao thing mong mudn. Khi ¢6 luc hd tro tir
canh quat, robot khong con truot va di chuyén
theo quy dao thang mong mudn. Robot dugc 1ai
bang tay va sai s6 ctia robot trén quy dao duogc
cho trong Hinh 13.
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Hinh 13. Sai s6 ciia robot trén quy dao

Robot 1éch khoi qui dao vé bén trai xa
nhat 3,82mm va vé bén phai 5,23mm. Pé robot
bam quy dao tdt hon, co thé st dung bd diéu
khién dé 1ai robot tu dong theo quy dao mong
mudn.

4. KET LUAN

Nghién ctru dé xuét két hop robot hut
bui va drone cho bai todn v¢ sinh dinh ky cac
tam pin ning luong mat troi trong ho gia dinh.
Mo hinh thyc nghiém c6 thé hoan thanh quy
dao trén tAm pin nghiéng 27° khi banh xe sach
va 22° khi banh xe do. Co ciu lat canh c6 thé
thay doi phuong chiéu tac dung cua luyc gid va
khong 1am anh hudng dén kha ning bay cua
robot. M6 hinh con nhiéu khuyét diém, can
thiét ké lai bo banh ring cho co cdu lat canh,
b truyén dai dé 1ai chdi, dong co hat con yéu,
va kha ning bam cua robot khi ¢6 chit do can
duoc cai thién.
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