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TOM TAT

Nhu cdu trang tri ndi that ngay cang tang cao trong thoi dai ngay nay, dic biét la doi véi
nhitng nguwoi cé niém dam mé nghé thudt, khéng chi don thuan tim kiém nhitng san pham néi that
théng thuong ma con muon sé hitu nhitng mon do doc ddo, hién dai va mang tinh tham my cao.
Tuy nhién, thi trwong hién tai van con thiéu hut nhitng san pham mang tinh dét pha, két hop nhudn
nhuyén giita cdc linh viee khdc nhau. Ngay nay, sw phat trién manh mé cia co khi héa va tir dong
héa trong nhiéu linh viee, bao gom cd trang tri ndi that. Nghién cieu ndy tdp trung vao nghién ciiu
thiét ké va ché tao ban cdt vé tranh nghé nham két hop gitra tinh nghé thudt trong thiét ké néi that
Véi cong nghé co khi tir ddng héa. Nghién civu ndy tdp trung vao cd phan cirng va phan mém, trong
d6 ban cdt dong lyc sé tao ra cdc hoa van nghé thudt dia trén ma G-code do nguoi ding cung cap.
Phan mém dong vai tro la giao dién nguwoi dimg, cung cdp cdc lénh can thiét dé diéu khién ban mét
cach hiéu qua. Mot ban cat nghé thudt co thé vé tranh cat tu dong dwoc dé xuat trong nghién cuu
nay.

Tw khoa: Ban cat nghé thudt; ArtTech; Sand table; Cong nghé nghé thudt, Robot.
ABSTRACT

The demand for interior decoration is increasingly rising in today's era, especially
among those passionate about art. They are not merely looking for ordinary furniture products
but also seeking unique, modern, and aesthetically pleasing items. However, the market still lacks
innovative products that combine different fields seamlessly. There is a significant development in
mechanization and automation across various sectors, including interior decoration. This research
focuses on designing and developing an artistic sand drawing table to blend artistic elements in
interior design with automated mechanical technology. The study addresses both hardware and
software aspects, wherein the kinetic sand table creates artistic patterns based on user-provided
G-code. The software serves as the user interface, providing the commands to efficiently control the
table. An artistic sand table capable of automatic drawing is proposed in this study.

Keywords: Art technology, ArtTech, Sand table; Artistic sand table; Robot.
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1. TONG QUAN

Hién nay, xu hudéng thiét ké ndi that két
hop v6i co khi tyr dong hda dang ngay cang phat
trién, tao ra nhimg san phdm vira théng minh
vira mang tinh thim my cao. D noi that thong
minh duoc tich hop cong nghé diéu khién tu
dong va cam bién, cho phép nguoi dung didu
chinh nhiéu chue nang tién ich. Bén canh do,
xu hudng két hop giira nghé thuat va ky thuat
trong noi that cling dang dugc ua chudng, dién
hinh 1 cac mén do noi that c6 kha ning tu thay
ddi hinh dang, tao ra hoa van phtic tap trén
nén cat. Su ra doi cta ban vé tranh cat tu dong
“Sisyphus 1.0” vao ndam 2015 cua nghé si Bruce
Shapiro 1a mét vi du ti€u biéu, mang lai trai
nghiém doc dédo cho nguoi dung [1]. Sau khi
ra mat ban v& tranh cat tu dong dAu tién, Bruce
Shapiro da thu hut sy quan tdm 16n tir nguoi
tiéu dung. Chiéc ban dugc gidi thidu vao nam
2017 da nhan duoc sy don nhan néng nhiét, voi
cac don dit hang kin truée gan 1 nim. Thanh
cong ctia phién ban dau tién da thic day Bruce
Shapiro tiép tuc ra mat cac phién ban nang cip
v6i nhiéu cai tién vé mau ma va tinh ning. Hién
nay, ban v€ tranh cat tu dong da trd thanh san
pham pho bién trong linh vuc nghé thuat, trang
tri noi that va giai tri, mang dén trai nghiém tha
vi va sang tao cho nguoi dung.

Hién nay, khi nhic dén ban cat dong luc
nghé thuat, nguoi ta thuong nghi ngay dén san
pham ban vé& tranh cat ty dong Sisyphus cia
Bruce Shapiro. Py 1a mét sang tao két hop
giita cong nghé diéu khién ty dong va nghé
thuat, mang dén trai nghiém doc dao cho nguoi
dung. Ban Sisyphus sir dung co cau nam cham
dé vé& cac hoa van phuec tap trén bé mit cat, tao
nén nhimg tac phdm nghé thuat séng dong va
c6 thé xo6a di dé tao lai lién tyc. Khong chi 1a
mot ban cat thong thuong, Sisyphus con 1a mot
san phdm mang tinh thAm my cao, tich hop
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cong nghé hi¢n dai nhu diéu khién Raspberry
Pi, dén LED, va co ché diéu khién thong qua
ung dung trén dién thoai. Mac du hién tai chua
c6 nhiéu nghién ctru chuyén siu vé loai ban
cat ty dong nay, nhung su két hop hai hoa giira
nghé thuat va céng nghé da khoi ngudn cam
htrng manh mé€ cho ngudi yéu thich linh vuc
nay. San pham Sisyphus khong chi déng gop
vao viéc phat trién nghé thuat sb ma con mo
ra hudng di méi trong viée két hop giita nghé
thudt va cong nghé, mang dén cic san pham
doc d4o va hap dan. Hay trong nghién ctru cta
Chen va cong su [2] da gidi thi€u mot sy tuong
tac ciia ban cat sir dung camera c6 chiéu sau dé
tuong tac. Ngoai ra ngay nay, cong ngh¢ con
duoc tmg dung nhiéu trong cac san pham nghé
thuat [3-4].

Trong nghién ctru nay, mdt ban cat vé
tranh nghé thuat duoc dé xuat thiét ké. Cac co
so 1y thuyét duoc sir dung cho thiét ké duoc
gidi thiéu trong phan 2. Phan 3 trinh bay cac
thiét ké co khi va céc thuét toan diéu khién cua
ban cat. Cac thyc nghiém va danh gia cho ban
cat v& tranh ty dong dugc trinh bay trong phan
cuoi.

2.COSO LY THUYET

Ban cat dong luc nghé thuat co thé co
nhiéu kiéu dang va két cau khic nhau, nhung
thuong bao gdom céac thanh phan chinh nhu bé
mit v&, hé thong diéu khién, hé thong khung
va dong co. Bé mit v& 13 tim phang phu cat
dong luc, noi cac hinh v€ dugc tao ra thong qua
su di chuyén ciia vién bi. Hé thong diéu khién
chuyén dung s& diéu chinh chuyén dong cia
vién bi trén bé mat, tao nén cac hinh v& doc
dao. Hé théng khung, thuong dugc tao thanh
ttr cac thanh nhom dinh hinh lién két chéc chan
bang cac ke goc vudng, giup cau trac ban cat
vitng chai va d& dang thao lip. Pong co duogc
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su dung dé tao chuyén dong cho vién bi trén
bé mat v& va c6 thé 1a dong co budce, dong co
servo hodc céc loai dong co khéc, tuy vao thiét
ké va yéu cau cta ban v&. Tom lai, du c6 nhiéu
cach céu tao khac nhau, cac ban cat dong luc
nghé thuat déu can nhitng thanh phan co ban
nay hoat dong cting nhau dé tao ra cac tac pham
nghé thuat doc ddo trén cat.

Nghién ctru thiét ké va ché tao ban cat
v€ tranh ngh¢ thudt mang lai nhiéu vu diém
vuot trdi trong ca linh vuc nghé thuat va ky
thuat. Pau tién, hé thong duogc thiét ké véi do
chinh xdc cao nhd vao viéc st dung co cAu
chuyén dong hién dai nhu CoreXY, dam bao
cac nét vé duoc thuc hién muot ma va chinh
x4c trén bé mat cat [5-6]. Th hai, téc do va
tinh 6n dinh ctia hé thdng gitip rat ngan thoi
gian tao ra cac tac pham nghé thuat, dong thoi
giam thiéu 13i trong qua trinh van hanh. Ngoai
ra, kha nang chiu tai cao va kich thudc nho gon
ctia hé théng cho phép linh hoat trién khai &
nhiéu khong gian khac nhau, tir trién 1dm nghé
thuat dén khong gian gido duc. Cudi ciing, hé
thong diéu khién than thién, sir dung cac thiét
bi phd bién nhu Arduino hodc b diéu khién
CNC [7], gitip ngudi dung dé dang lap trinh va
tiy chinh theo nhu cau sang tao riéng biét. Day
1a mot budc tién 1on trong viée két hop cong
nghé vao nghé thuat, tao diéu kién cho su sang
tao va kham pha khong ngimg. So d6 nguyén Iy
hoat dong ctia ban cat duoc thé hién nhu hinh 1,
qua trinh van hanh bat dau tir may tinh, noi phat
tin hiéu diéu khién va gui dir liéu dén vi didu
khién. Vi diéu khién thyc hién xu 1y tin hiéu va
chuyén tiép 1énh dén driver. Driver dong vai tro
nhu bo khuéch dai tin hiéu va cép nguén can
thiét dé diéu khién dong co, tir d6 dong co nhan
tin hiéu va thuc hién chuyén dong theo yéu cau.
So d0 nay thé hién mdi lién két chat ché giira
cac thanh phan, dam bao su chinh xac va on
dinh trong hoat dong ctia hé théng.

May tinh Vi diéu khién Driver Dong co

Hinh 1. So' d6 nguyén 1y ciia ban cat.
3. TINH TOAN VA THIET KE CO KHI

Trong thiét ké ban cat v& tranh ngh¢
thuat, yéu t6 thAm my va kha ning thu hat
ngudi xem dugc dit 1én hang dau. Khong chi
don thuan 1a mot hé thong co khi, ban cat con
duoc xem nhu mot tac phém ngh¢ thuat voi
nhiém vu truyén tai vé dep cia timg duong nét
va su hai hoa trong thiét ké tong thé. Viéc tinh
toan va thiét ké co khi khong chi dam bao do
chinh xac va bén viing, ma con phai hoa quyén
v6i cac yéu té my thuat nhu dudng nét mém
mai, cAu trac tinh t& va sy phdi hop hai hoa
gitra cac vat liu. Bé mit ban cat duge thiét ké
vo6i kich thude phu hop, dam bao moi ngudi ¢
thé quan sat rd rang timg chuyén dong cua cac
nét v&. Pong thoi, mau sic, anh sang va cac chi
tiét trang tri xung quanh cling dugc chu trong
dé lam ndi bat tinh ngh¢ thuat va tao khong
gian truyén cam hing. Thiét ké nay khong chi
nhim tao ra mot san pham co khi, ma con mang
dén trai nghiém tham my doc dao cho nguoi
xem. Cac dong co can duoc tinh toan nham lya
chon cac thiét bi c6 thong sb phu hop voi khong
gian hoat dong va tai trong ctia hé thong, tong
s6 budc quay cua dong co trong qué trinh hoat
dong dugc tinh toan nhu (1). Thoi gian tang
tdc duoc tinh t = t,x 0.25=10.6s va tan s6 hoat
dong cua dong co dugc tinh toan nhu (2).

x360
) (1)
x 360
X
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= 2
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Vi 0, 1a goc bude cua dong co, D 1a
duong kinh cua puly truyén dai. Véan toc cia
dong co dugc tinh nhu cong thic (3).

0
VM = f‘2xy X— (3)
6
Luc gay ra bdi dau cong tac clia ban cat
v¢€ tranh dugc dinh nghia nhu sau (4).

F,=F,+mg(sinf+ ucoso) 4)

Vai F, la ngoai luc tac dung lén dau
cong tac, m 1a khéi luong cua tai va dai. Tong
mo-men quan tinh dugc tinh theo cong thuc

().
2
M, =m, x(%) +2x[%mpD2j

2
M, :mp{%) +2x(%mPD2j

Mé-men can thiét khi dong co hoat
dong duoc tinh toan nham lua chon dong co
phu hop véi cac thong sé duge yéu cau, nd dugc
tinh toan nhu (6). Bén canh do6, viéc tinh toan
lwa chon va kiém tra d6 bén ciia day dai truyén
dong duogc tinh va phan tich theo tai trong riéng
cua day dai dugc tinh nhu cong thic (7).

)

T, =(M +T,)S, ©
T, =(My +Tuy)Sf
F o’
W,=—t+— 7
IRAT )

V6i T, la mé-men gia toc theo truc x,
T,dy la m6-men gia tdc theo truc 2 S.1a h¢ s6 an
toan, F la lyc vong, v 1a van toc cua dai, ¢ 1a
khéi luong 1m day dai.
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Hinh 2. M6 phong chuyén vi cia cdc ga chi tiét
bc%ng vat lieu nhua ABS.

Dé kiém tra lai do bén cta céac chi tiét
g4, cac chi tiét duoc tinh toan va mé phong dé
kiém tra do chuyén vi cling nhu d6 bén cua chi
tiét, ching dugc trinh bay ¢ hinh 2. Dya trén
két qua phan tich tmg sut hién thi trong hinh,
thiét ké str dung vét liéu nhya ABS cho cac bo
phan da chiing minh dugc kha nang chiu duoc
mg suat can thiét. Cac ving c6 ng suit cao
van ndm trong giéi han bén cua nhya ABS,
dam bao rang cau trac khong bi bién dang hoic
hu hong dudi tai trong lam viéc thong thuong.
Ngodi ra, sy phan bd tng suat dong déu trén
cac bé mit quan trong gitp ting do bén va do
on dinh cta thiét ké. Piéu nay cho thay nhwa
ABS 1a vat li¢u phu hop cho cac tng dung yéu
cau nhe, bén va c6 kha nang chiu luc tdt.

4. THU'C NGHIEM VA PANH GIA KET
QUA

Robot v& tranh cat duoc thiét ké va dé
xuat phuc vu cho cac tng dung vé trang tri ndi
that, cac thiét bi mang tinh nghé thuat cao, tao
ra cac gia tri tinh than cho ngudi st dung. Ban
cat dong luc nghé thuat co thé tai hién chinh xac
céc hoa tiét ma ngudi dung mong muén thong
qua viéc doc va phan tich dir li¢u tur file G-code
do ngudi dung nhap vao phan mém diéu khién.
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Khi van hanh, dong co ctia hé chuyén dong hoat
dong ém ai, khong tao ra tiéng on 16m, mang
lai trai nghiém dé chiu cho nguoi str dung. Véi
tinh img dung cao, ban cat dong luc khong chi
1a mot san pham cong ning ma con cé gia tri
nghé thuat cao, c6 thé tai hién cac hoa tiét phirc
tap mot cach linh hoat, hinh anh thuc té ctia ban
cat v€ tranh ngh¢ thuat ty dong dugc trinh bay
nhu hinh 3 voi théng sé nhu bang 1.

Hinh 3. Ban cat vé tranh tu dong duoc ché tao
thuc té

Bang 1. Théng soé cia ban cat vé tranh tir déng

thuc té
Kich thuéc tong thé | 600 x 1000 x 340 (mm)
Khoéng gian hoat dong 410 x 770 (mm)
Tbc do dau bi vé 220 (mm/s)

Két qua nghién ctru da thanh cong trong
viéc dat duoc su can béng hoan hao gitra yéu ciu
k¥ thuat va yéu té tham my, mang dén mot thiét
ké ban cat v& tranh nghé thuat khong chi hoat
dong chinh xac ma con ¢6 strc hiit manh mé d6i
v6i ngudi xem. Hé théng van hanh co khi dugc
tdi wu hoa dua trén viéc ap dung co ciu chuyén
dong CoreXY hi¢n dai, giap dam bao do chinh
xac cao trong ting nét vé va do bén vuot trdi
trong qua trinh st dung. Bén canh do, su két
hop thong minh gitra vat liéu nhuya ABS nhe,
bén, va c6 kha ning chiu luc tot d3 gop phan
nang cao hi¢u suét va tinh linh hoat cua thiét

ké, cho phép hé thong hoat dong 6n dinh trong
nhiéu diéu kién khac nhau. Cac thong sé quan
trong nhu van tc, tan sb hoat dong va kha nang
chiu tai déu dugc tinh toan va kiém chimg k¥
ludng dé dap tmg toi wu cac yéu cau van hanh
thuc té. Su phan bd dong déu tmg suat trén cac
chi tiét cling dam bao do an toan va tudi tho cao
cho hé thong, gitp giam thiéu rai ro hu hong
trong qua trinh sir dung. Hon nita, yéu t6 tham
my duoc chi trong thong qua viéc tao ra thiét
ké tinh té, tryc quan, gitip ngudi xem khong chi
cam nhan dugc gia tri nghé thudt trong ting
duong nét ma con dé dang tuong tac véi hé
thong. Nghién ctru nay khong chi mé ra mot
hudong di moi trong linh vyc Gng dung nghé
thuat co khi ma con gop phan thuc day su sang
tao va sy giao thoa hi¢u qua gitra cong nghé va
nghé thuat. Day 1a tién dé dé phat trién thém
nhiéu san pham sang tao, thong minh, dép tmg
nhu ciu ngdy cang cao cua xa hoi, dong thoi
khing dinh vai tro cua céng nghé trong viéc
nang tam gia tri ngh¢ thuat truyén thong.

5. KET LUAN

Nghién ctru thiét ké va ché tao ban cat
dong luc ngh¢ thuat da dat dugc nhiing két qua
ndi bat vé ca ky thuat va thim my. Hé thong co
kha nang v€ chinh xac cac hinh anh phurc tap
theo yéu cau cua ngudi dung théng qua viée
phan tich va thyc thi dir li¢u tur file G-code. V&i
thiét k& van hanh ém &i, hé chuyén dong dam
bao giam thiéu tiéng 6n, mang lai trai nghiém
dé chiu trong qua trinh sir dung. Ban cat khong
chi mang tinh ng dung thyc té cao, phui hop
v6i nhiéu linh vuc nhu nghé thuat, gido duc va
giai tri, ma con vuot xa chiéc ban thong thuong
khi két hop yéu t6 nghé thuat sang tao. Giao
dién than thién gop phan nang cao trai nghiém
ctia nguoi ding, dong thoi cung cap day di cac
thong tin dé t6i wu hoa thao tac va van hanh.
Tong thé, san pham khong chi 13 mot bude tién
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trong viéc Kkét hop cong ngh¢ va ngh¢ thuat, ma
con md ra tiém nang phat trién nhiing giai phap
sang tao moi trong tuong lai.
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