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Cac phwong phap nang cao an toan cho robot cong tac ngwoi - may
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Tom tit:

Trong thoi gian gin ddy, cic nghién ctru vé robot di din chuyén hwéng tip trung vao nghién ctru cic dic diém cia sw hop
tac giira con ngudi va robot trong cic img dung san xuit cong nghi¢p, nham két hgp d9 chinh xic va sirc manh ciia robot
véi kha ning nhin thire va tinh linh hoat ctia con nguoi. Véi muc dich nay, mot thé hé robot méi, dwoc goi 1a robot cong
tac, hay cobots dwgc ra doi. Pic diém ciia cobots 1 lam viée cdng tic cung con nguoi ma khong c6 rao chin vat 1y, do dé
tinh an toan cda con ngudi luon duge dat 1én hang dau. Trong bai bao nay, cac tac gia trinh bay tong quan cac phuong
phap ning cao an toan cho robot cfng tic ngwoi - may, dong thoi dé xuat mot sb hwéng phat trién trong twong lai, nham

khong nhirng dim bdo sw an toan ma con ning cao hi¢u suit 1am viéc ciia cobots.
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Abstract:

Recently, robotics research has gradually shifted its
focus to studying the characteristics of human-robot
cooperation in industrial production applications in
order to combine the precision and power of robots with
human perception and flexibility. For this purpose, a new
generation of robots, known as collaborative robots, or
cobots, was born. The characteristic of cobots is to work
collaboratively with humans without physical barriers,
so human safety is always a top priority. In the scope of
this research, the authors provide a synthesis of methods
to improve safety for collaborative robots. Then, the
authors suggest some future development directions
in order to not only ensure safety but also improve the
working efficiency of cobots.
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1. Dt van de

Trong nhing nim trudc, robot chu yéu duge hinh thanh
dé 1am viéc mot minh trong moi truong c6 céu trac cao,
thay thé con nguoi thyc hién cac hoat dong lap di lap lai,
nguy hiém hoidc doi héi do chinh xac cao. Trong bdi canh
nhu vy, robot hoat dong tach biét khoi con ngudi bang cac
hang rao an toan. Tuy nhién, mat han ché ctia robot 13 thiéu
tinh linh hoat va kha nang thich ing gidng nhu con nguoi.
Do d6 trong thoi gian gan day, cac nghién ciru vé robot da
dan chuyén hudng tap trung vao nghién ctru cac dic diém
ctia sw hop tac gitra con nguoi va robot trong cac ung dung
san xudt cong nghiép, nham két hop d6 chinh xac va sirc
manh cua robot v&i kha nang nhén thirc va tinh linh hoat
cua con nguoi. Trong moi trudong lam viéc nay, con nguoi
¢6 thé 1am viéc song song vai cac robot trong khoang cach
gan, ma khong bi giam di sy an toan hodc hiéu qua [1]. Vi
muc dich nay, mdt thé hé robot méi, dugc goi la robot cong
tac, hay cobots dugc ra doi. Cobots duoc thiét ké khong
nhét thiét dé nang cao ky nang cua nguoi diéu hanh hay thay
thé con nguoi, ma la dé tap trung vao cac hoat dong lap di
lap lai, nham gitip ngudi diéu hanh co thé tap trung vao cac
nhiém vu kho.

Do dic tinh chia sé¢ khong gian lam viéc chung, khi
nghién ctru va phat trién cobots, su an toan cua con ngudi
phai 1a yéu té dugc xem xét dau tién. Robot phai co phan
ung khi co6 vt thé la, hodc va cham véi vat thé, con nguoi
trong qua trinh lam viéc. Bén canh do, khong gian lam viéc
clia robot phai dwoc giam sat. Phan tng c6 thé & cac mirc
d6 khac nhau tiry vao h¢ théng va yéu cau 1am vige. Ve mat
an toan, can canh bao bang am thanh va anh sang bao dong
va dimg robot. Cac hé thong tién tién hon c6 thé cung cap
tinh ning diéu khién tuan thu - diéu chinh chuyén dong bang
cach day né theo cung hudng voi hudng cua lyc tac dong.
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Hién nay, mot trong nhitng tinh nang dang dugc quan tam
nhiéu nhét d6 14 loai bo toan bd va cham ma van dat hiéu
quéa lam viéc bang cach diéu chinh quy dao chuyén dong.
Trong bai bao nay, chiung t6i dua ra khao sat cac phuong
phap dam bao an toan cho robot cdng tac nguoi - may, tu
d6 dé xuat mot s hudng phat trién nghién ciru trong twong
lai, nhdm khong nhitng dam bao su an toan ma con ning cao
hiéu suét 1am viéc cua cobots [1].

2. Cac phuong phap nang cao an toan cho cohots

Trong cac ting dung cobots, tinh an toan luén duoc dat
1én hang dau. Do d6, cac cong bd nghién ciru vé tinh an toan
cling chiém s6 luong 16n trong cac cong trinh nghién ctru vé
cobots noi chung. Cac phwong phép chinh dé nang cao tinh
an toan cho cobots bao gdm: phwong phap tranh va cham,
phat hién va cham va hoach dinh chuyén dong.

2.1. Tranh va cham

Céac bién phap an toan dya vao viéc tranh va cham chu
yéu dua trén cac thudt toan dy doan trudc y dinh cia con
ngudi, véi cac phuong phap tiép can: hoc may; st dung cac
cam bién; giam sat toc do va khoang cach; gi6i han cong
sudt va liuc cho phép cobots dirng hoic stra dbi quy dao cua
no trude khi va cham.

2.1.1. Phirong phép hoc mdy: Viéc dy doan cac chuyén
dong cua con ngudi ¢ kha nang dan dén va cham c6 thé
dat duoc bﬁng cac k¥ thuat dya trén hoc tap, vi du st dung
mang no-ron (Neural network - NNs), mang no-ron tun
hoan (Recurrent neural network - RNNs). X. Yu va cs
(2019) [2] d& xuat mot mo hinh hoc may hoan chinh cho an
toan cobots, trong do viéc hoc ctia robot khong chi dugc ap
dung cho nhan biét y dinh chuyén dong cua con ngudi ma
con cho nhén biét tré khang cua con nguoi, dugc udc tinh
theo thoi gian thuc bang phuong phap RBFNNs va phuong
phap binh phuwong nhé nhét, twong tng. Trong nghién ctru
ngay, cac tac gia da gioi thiéu mot phuong phap hoc sir dung
RNNs nhim muc dich du doan chuyén dong cua tat ca cac
tac nhan trong mot khong gian lam vi¢e nhét dinh. Hiéu suét
cia mo hinh hoc da dugc danh gia 1a co thé ngan chin va
cham va 1ap ké hoach hanh dong cho robot mét cach chinh
xac hon so voi cac phuong phap khac [2]. Mot ky thuét khac
dé du doan chuyén dong ciia con ngudi trong day chuyén
san xuat, két hop giita RNNs va mo hinh dong hoc ngugc
duogc gioi thiéu boi R. Liu va cs (2021) [3]. Trong dé xuét
nay, mot mo hinh duoc st dung dé dy doan chuyén dong
cta ¢ tay, trong khi mot mé hinh khac duge mé rong dé
dy doan cho ca canh tay. Trong nghién cuu ctua H. Liu va
cs (2021) [4] da dé xudt mot phuong phap dya trén nhan
thirc ngit canh, két hop gitta mot mo-dun cam bién va cham
va mot thuat toan hiéu chinh cam bién. Mot thuat toan hoc
méy sau d6 dugc trién khai dé xac dinh tu thé cia nguoi van
hanh trong qua trinh lap rap.
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2.1.2. Sir dung cam bién: Trong k§ thuat nay, cac hé thong
diéu khién da cam bién duoc sir dung dé tranh va cham bé'mg
cach phat hién sy hién dién cua con nguoi va danh gia trong
thoi gian thuc khoang cach giita robot va di tuong trong
khong gian lam viéc. S.A. Hovhannisyan va cs (2022) [5]
da dé xuat mot phuong phap diéu khién dé tranh vat can
tinh va dong trong thoi gian thuce sir dung cam bién tiém can
loai kép dugc phat trién dé danh gia khoang cach. Mot so do
hoach dinh quy dao va phuong phap luc 4o ciing dugc cac
tac gia trinh bay dé kiém chimg thyc nghiém. N. Nikolakis
va cs (2019) [6] trinh bay dé xuét tap trung vao hé thong vat
ly mang (Cyber - physical system - CPS). Theo d6, hé thong
diéu khién vong kin, dya trén su gin giii gitra con nguoi va
robot dugc trién khai dé cho phép danh gid do an toan va
dam bao tranh va cham. Cac cam bién quang hoc ciing dwoc
dura vao trong hé thong CPS dé giam sat khong gian lam viéc
va danh gi4 khodng céch giira con ngudi va robot.

2.1.3. Giam sat toc @6 va khoang cach: Z. Liu va cs
(2020) [7] da dé xudt mot phuong phap danh gia rai ro dong
nham giam thiéu n6 bang cach s dung thudt toan suy giam
do déc. F. Ferraguti Va cs (2020a) [8] dé xuit mot thudt toan
dleu khién dua trén t6i wu hoa, trong d6 su khac biét giita gia
toc dau vao va lénh diéu khién dwoc giam thiéu.

2.14. Gioi hgn cong suat va lue: Gia tbe va van toe
con nguoi co thé duogc tinh bang mot ngan hang cac bo loc
Kalman. Trong F. F‘erragqti va cs (2020b) [9] da cung cap
mdt phuong phép dicu khién hoat dong nhu mot b loc, nham
gid1 han cong suat va luc cua robot khi an toan bi de doa.

2.2. Phat hién va cham

Doi khi tiép xtc voi ddi tugng khéc 1a bit bude trong cac
nhiém vu cua cobots. Do do, cac phuong phap phat hién va

cham dya tren hoc mdy, cam blen va toi wu hoa phi tuyén
dugc phat trién dé dap Gmg nhu cau nay.

2.2.1. Phuong phdp hoc mdy: Ciing giéng nhu phwong
phép tranh va cham, trong phat hién va cham, cac ky thuéat
sir dung hoc may ciing dugc su dung nhiéu nhat. Y.J. Heo
vacs (2019) [10] da dé xuat mot phuong phap duya trén cach
tiép can hoc sau, c6 kha ning gidm sat va nhan ra bat ky va
cham nao. Mot mang no-ron phirc hop dugce st dung dé dat
dugc ca do nhay cao ddi véi va cham va do nhay thép ddi
v6i canh béo sai. K.M. Park va cs (2021) [11] thiét ké hai
phuong phap phat hién va cham dya trén may vecto hd trg
(Support vector machine - SVM) va mang no-ron tich chap
(Convolutional neural network - CNNs). Cac phép do dong
dién cua dong co cung véi md hinh dong hoc cua robot va
bd quan sat dong luong bat budc duoc thuc hién dé phat
hién cac ngudng va cham, tir d6 diéu chinh thu cong cho
mbi khép robot.

2.2.2. Swr dung cam bién: E. Mariotti va cs (2019) [12]
da dé xuat sir dung mot cam bien lyc/mo-men xoan (F/T)
6D ¢ bd hi€u tng cuoi cung véi thong tin dong hoc dau vao.
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Tinh nang phat hién luc cta cam bién nay giup ngan ngua
va cham ngiu nhién va tranh céac tiép xtc ngoai y mudn
trong qua trinh chuyén dong cua robot. Bé phat hién cac
diém tiép xtic trén robot va danh gia cac lyuc tiép xuc duge
trao doi, E. Magrini va cs (2017) [13] d4 trién khai mot thuat
toan xur 1y db hoa song song (GPU) theo ddi trong thoi gian
thuc khoang cach dong gitra robot va cac chuong ngai vat di
chuyén trong méi truong.

2.2.3. Toi wu hod phi tuyén: Khic voi céc cach tiép can
trén, phuong phap tiép can phat hién va cham duya trén toi
uu hoa phi tuyén c6 rang budc [14], trong do6 viéc thay d01
tbc do cua robot duge xay dung bang cach sir dung chi s6
nguy hiém va thuat toan di truyén ma hoa téi wu (ERGA)
dugc su dung dé dam bao an toan cho nguoi van hanh.

2.3. Hoach dinh chuyén dong

Trong cac ung dung cong tac, hoach dinh quy dao cho
phép giam thiéu rii ro ¢6 thé xay ra v6i ngudi didu hanh.
Hoach dinh chuyén dong cho cobots c6 thé duoc phét trién
dua trén cac phuong phap tiép can nhu hoc may, téi wu hoa
phi tuyén, hay diéu khién tuan thu.

2.3.1. T6i wu héa phi tuyén: Hau hét cac cong viée lién
quan dén viéc 1ap quy dao déu nhu mot van d& ti wu hoa co
gi6i han, trong khi d6, cac yéu cau vé an toan ISO phai dugc
tuan thii dé dam bao sy an toan trong san xuét. A. Oleinikov
va cs (2021) [15] d& xuat cach tiép can diéu khién du bao
mo hinh phi tuyén dé 1ap ké hoach thoi gian thuc duya trén
cac dic ta giam sat toe d6 va khoang cach cho cac tmg dung
cong nghi¢p. Trong C. Sloth va cs (2018) [16] trinh bay mét
phuong phap tinh toan van tdc quy dao an toan theo cac yéu
cau ISO/TS 15066 dé tranh va cham giita ngucn va robot,
bang cach tdi uu hoa mot da thirc 1ién quan dén vat thé tinh
két hop véi tim kiém theo duong cho cic co thé chuyén
dong.

2.3.2. Hoc may: M. Costanzo va cs (2021) [17] da trinh
bay mot ¥ twong dua trén giam sat toc do va khoang céch.
Cu thé, an toan thong qua du doan dugc Kkét hop v6i an toan
thong qua kiém soat bang cach két hop theo doi khoang
cach va du doan hanh dong ctia con nguoi voi cac khu vuce
an toan va giam sat toc do dé tranh va cham c6 thé xay
ra. Céc tac gia da trién khai mang CNN két hop thong tin
vé khong gian va nhiét dé phat hién con ngudi va phuong
phap tiép can logic md nang cao dé mé rong tdc do robot
bang cach theo ddi khoang cach ngudi - robot trong thoi
gian thuc. Hoach dinh quy dao thoi gian tdi thiéu duoc trinh
bay boi A. Palleschi va cs (2021) [18], trong d6 an toan
duge dam bao bang cach st dung md-dun an toan va mo-
dun danh gi4 an toan. O mdi chu ky hoat dong, cac chuyén
dong tdc do cao duoc khdi phuc ngay sau khi van dé an toan
duoc giai quyét.
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2.3.3. Piéu khién tuan thi: D& thay thé cho céc phuong
phap tlep can toi wu hoa, B. Maric va cs (2020) [19] da dé
xuit mot phuwong phap luan dé chuyén truc tlep kinh nghiém
clia con ngudi sang robot thong qua hé théng didu khién
hop tac dua trén kiém soat tuan thu dong luc hoc chuyén
tiép (FDCC). M6 hinh nay duoc thiét ké dé khai thac kinh
nghiém cta ngudi van hanh, sau d6 ap dung dé lap quy dao
cho robot. Tuong tu, X. Zhao va cs (2021) [20] dé xuat
mot phuong phap dua trén hoc tap cing ¢ (Reinforcement
learning - RL) v6i mot cong cu ude tinh nguy co dé can
bang giira viéc bam quy dao va theo ddi chuyén dong cua
con nguoi.

3. Huéng phat trién trong nghién ciiu nang cao an toan va
hiéu gua cho cohots

Dé tong hop vé xu hudng nghién ctru cobots trong nhiing
nam qua, S. Proia va cs (2022) [1] dua ra biéu d6 phan tich
56 luong cac cong trinh nghién ctru da dugc cong bb lién
quan dén cac linh vuc chinh: an toan, hiéu qua va ndi dung
khac (hinh 1).
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Hinh 1. Xu hwéng cac cong trinh nghién ciru vé cobots tir ndm 2015.

Tir biéu d6 hinh 1 ¢6 thé thiy dugc van dé an toan ngay
tir dau da dugc quan tim dau tién, ting manh trong giai doan
2019-2020 va 6n dinh trong giai doan 2020-2021, diéu nay
cho thay viée tim kiém mot giai phap cobots an toan tiép tuc
1a nhu cau chinh trong nganh cong nghiép sb.

Trong nhiing ndm qua, ) lugng cobots trong san Xudt
d3 tang 1én theo cAp sb nhan trén toan thé gioi dé ddi pho
v6i su thay dbi cua thi trudng. Muyc dich co ban ciia nganh
cong nghiép s 1a dat duge ddng thoi chét luong cao va thoi
gian ngin nhét, d chinh xac va tinh linh hoat trong cong
nghiép. Do d6, s6 lwong cong trinh nghién ctru lién quan
dén d6 hiéu qua ciing tang dang ké va dat mirc cao nhit vao
nam 2020.

Pé xac dinh phuong phap tiép can nao phd bién trong
nhung nam qua, S. Pr01a vacs (2022) [1] cling duwa ra mot biéu

d6 khac lién quan dén sé lu’ong cac cong trinh nghién ctru dai
dién cho céc phuong phap tiép can khac nhau (hinh 2).
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Hinh 2. S6 Iwgng cong trinh nghién ciru lién quan dén cac phwong phap
tiép can khac nhau trong giai doan 2015-2021.

Tir biéu dd hinh 2 c6 thé thdy rang, viéc thiét ké cac bo
diéu khién t6i uu chiém wu thé 16n cho ca hai linh vuc an
toan va hiéu qua. Néu chi nhin vao khia canh an toan, cac
van dé t6i vu hoach dinh chuyén dong duoc uu tién dé phan
g v6i nhimg thay d6i dot ngot ciia moi truong va tranh
thuong tich cho nguoi van hanh. Cac k¥ thuat phat hién
va tranh va cham ciing chiém s6 lugng 16n, tuy nhién cac
hudng tiép can nay chi giai quyét dugc van dé an toan ma
khong dat vao bai toan hiéu qua.

Mot van d& can luu y trong cude khao sat cia S. Proia va
cs (2022) [1] 14 chi c6 mot s6 lwong nho cac bai bao nham
muc dich t6i wu hoa nhidu myc tiéu thong qua cac phuong
phép tiép can & trén. Cu thé, chi c6 gan 10 cong trinh nghién
ctru duge xay dung dé dam bao ca hai mat an toan va hiéu
qua. Do do, trong bi canh cong nghiép hién nay, cac nghién
ctru can thiét phai dap ung giai quyét ca hai myc tiéu ciing
mot lac. Céc ky thuat can vira dam bao sy an toan cho nguoi
van hanh, ma van dat hiéu suit lam viéc tot.

Trong xu thé hién nay, dé hop tac cung nhau, con nguoi
va robot cin co chung nhan quan vé moi truong lam viée
ctia ho. Piéu nay yéu cau mot cach thiét yéu rang cobots
can ¢6 mot hé théng kiém soat dua vao cong cu va ky thuat
nhu cam bién, tu téng hop va phéan tich dir liéu, hoc sau,
kha nang ra quyét dinh, thuc thi va tdi uvu hoa cac nhiém vu
chung mét cach an toan, hiéu qua. Vi sy phat trién gan day
vé cong nghé do luong ldy cam hing tir sinh hoc da gitp cac
cam bién co gia thanh thép hon, nhe, cling nhu dé str dung
trén robot. Cac phuong phap dua trén cam bién ciing dugc
sir dung nhiéu trong cic nhiém vu cong tac nhan su. 4 loai
cam bién khac nhau (dya trén am thanh, cam (ng, thi giac
va khoang cach) thuong dugc trién khai trong cac hé thong
robot ma gan ddy chung thudng dugc két hop véi thuc té do
dé giam tinh toan cua diéu khién va lam cho giao dién truc
quan hon, dé doc hon béi nhitng ngudi dung khong phai 1a
chuyén gia.

Duya vao nhitng phan tich ké trén, c6 thé thdy cac phuong
phap tiép can nham gitp cai thién khong chi tinh an toan ma
con lam ting hiéu suat ciia cong tic con ngudi - robot s& con
dugc phat trién trong thoi gian téi. Hon nita, sy phd bién va
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hd trg manh mé tir cac cam bién (am thanh, thi giac, khoang
cach) s€ 1a cong cu dac luc d¢ tim ra cac giai phap mai cho
nganh cong nghiép so.

Mot hudng tiép can nghién ciu phd bién trong nhimng
nam tro lai day 1a hoach dinh quy dao chuyén dong cua
robot trong méi truong cé thé thay ddi. Hai vin dé phd
bién trong hudng tiép can nay d6 la kha ning nhan biét
moi truong va dap ung cua robot. Mot mat, can phai nhan
biét day du chudng ngai vat c6 thé co cia mdi trudong xung
quanh va nguy co va cham cua chung. Néu khong cé su
nhin nhan dung din vé cac vat thé rii ro c6 thé xay ra hodc ¥
dinh di chuyén cua ching, robot s& khé c¢6 thé phan ung day
du voi nhitng thay ddi ciia méi truong. Hai 13, viée tinh toan
dung thoi gian va chinh xac cac vi tri chudng ngai vat phu
thudc vao kha ning tinh toan ctia hé thong ghi nhan sy thay
d6i moi trudng. Cac hé thdng nay thuong dua trén may anh
3D hogc cam bién pham vi phai chup va xu Iy cang nhanh
cang tét. Do do, strc manh tinh toan cua cac hé thdng nhan
dang la mot yeu t6 quan trong cuia cac nd luc phan g tranh
va cham. Bét ky that bai hodc cham tré nao déu c6 thé dan
dén mot tinh hudng rui ro. Viée biét chinh xac moi truong
va nhing thay ddi clia ching déu tré nén vo nghia trir khi
hé thdng phan hdi diing luc. Tuy thudc vao rai ro cho phép,
tinh hu6ng va cau hinh cua robot, cac phan mg nhanh hon
s& duoc yéu ciu.

Dé cho phép cac thuat toan diéu khién tranh va cham cho
cac hé thong san xudt cong nghiép, thoi gian xir 1y dir lidu
theo y€u cau cua img dung va do chinh xac yéu cdu cua ting
dung phai duoc can bang. Néu khong, hé thong s& khong
thé phan tng trong thodi gian thuc véi nhiing thay ddi bat
ngd trong mdi trudong xung quanh ctia robot, dan dén cac
tinh huéng ma sy an toan cua nguoi van hanh bi xam pham.
Do d6, mot nghién ciru vé phuong phéap hoach dinh chuyén
dong tranh va cham dap tng thoi gian thyuc 1a rat quan trong
trong thoi diém nay. Két qua ciia nghién ctru khong chi nang
cao kha ning an toan, ma con lam ting hiéu suit lam viéc
cua moi truong cong tac.

Trong nghién ciru sép t6i, ndi dung nghién ctru vé ning
cao tinh hi€u qua va an toan cho robot cdng tac su dung
phuong phap hoach dinh quy dao dong dap tmg thoi gian
thuc dua trén thi gidc may hoc s€ duoc trién khai. Muc tiéu
clia nghién ciru nay 1a nang cao dong thoi ca tinh hi¢u qua
va an toan cho cobots, str dung phuong phéap hoach dinh quy
dao dong vdi sy trg gitp cua cac cam bién thi giac. Véi kha
nang dap ng thay d6i ciia moi trudng trong thoi gian thyc,
két qua nghién ctu du klen s€ mang lai mot giai phap phu
hop cho céc cobots thuc té trong san xuat hién nay.

4. Két luan

Trong sén xuat cong nghé cao ngay nay, cong tac ngudi
- may dugc sir dung dé ting nang suét, tinh linh hoat va kha
nang sinh 1oi. Thoi gian san xuét c6 thé dugc giam gan mot
ntra khi su dung cobots thay vi chi st dung cong nhan. Do



do, can thiét dé phat trién nhitng nghién ctru nham khong
chi dam bao sy an toan ma con nang cao hi¢u suit lam viéc
cho robot. N6i dung nghién ctru nay trinh bay tong quan cac
phuong phép nang cao an toan cho robot cong tac nguoi -
may, tir d6 dua ra huéng nghién ciru phat trién tiém ning
trong thoi gian tdi.

LO1 CAM ON

Nghién ctru nay duogc ho trg mot phan boi de tai nghlen
ciru img dung va phét trién cong nghé¢ cap qudc gia giai
doan 2021-2024: “Nghién ctru, thiét ké, ché tao, tich hop
thiét bi robot cit kim loai st dung btrc xa fiber laser”. Nhom
tac gia xin tran trong cam on.
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