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THIET KE VA PHAT TRIEN BAN TAY ROBOT DANH DAN PIANO
DESIGN AND DEVELOPMENT OF BOTH HANDS ROBOT PLAYING PIANO

Trinh Pirc Cwong, Nguyén Truong Thinh
Vién Cong nghé Thong minh va Twong tac, Truong Pai hoc Kinh té
Thanh phé H6 Chi Minh — UEH

TOM TAT

Bai bdo nay mé ta qud trinh thiét ké va phdt trién robot ddanh dan piano. Robot dwoc thiét ké
trén nén tang cia co cau 4 khdu ban 1é dé tao nén cdc ngén tay cé thé hoat déng trén phim dan. Hé
théng robot gom cé 2 ban tay c6 thé truot theo chiéu dai ciia dan va ¢ thé thuwce hién phoi hop hai
ban tay va cdc ngon tay trén phim dan nham tao ra nhitng ban nhac theo yéu cau. Qud trinh thiét
ké, ldp trinh, phan tich va mé phéng kha nang danh dan trén phim dan thdt diea theo mét file midi
da dwoc mo phong mang lai kha nang linh dong hon cho robot danh dan piano, robot danh piano
s€ co kha nang thuc hién nhiéu bai nhac nhat cé thé ma chi can mot nguoi lam mau trén phim dan
mot vai lan. Két qua thue nghiém cho th(f)/, robot ¢6 thé thuc hién biéu dién cdc ban nhac trén dan

piano mot cach linh hoat va chinh xdc cao.
Tir khéa: Robot ddnh piano; Co cdu 4 khdu ban 1é; Robot am nhac; Cdnh tay robot.
ABSTRACT

This paper describes the design and development of a piano-playing robot. The robot is
designed on the basis of a 4-link mechanism to create fingers, which can operate on the keyboard.
The robotic system includes two hands sliding along the length of the piano and cooperating
with these two hands and the fingers on the keyboard to create music as required. The designing,
programming, analyzing, and simulating of the ability to play on the keyboard of a real piano
based on a MIDI file brings more flexibility to the piano-playing robot. The piano-playing robot
can play many songs based on the learning from the player playing on the keyboard several times.
The experimental results show that the robot can perform music on the piano flexibly and with high

accuracy.

Keywords: Piano-playing robot; 4-link mechanism; Musical robot; Manipulator.
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1. TONG QUAN

Hién nay, cing véi toc do ting truong
nhanh ctia nhu cau vé phat trién robot trong moi
truong cong nghiép va dich vu thi trong linh vuc
ngh¢ thuat ciing dang dugc nghién ctru va trién
khai tng dung robot [1]. Ngoai linh vuc cong
nghi¢p va dich vu thi robot trong ngh¢ thuat
chua c¢6 nhiéu két qua boi 1& vi day 1a mot moi
truong dac thu mang tinh cam xuc thi robot kho
c6 kha nang mang lai dugc nhiing hi¢u Ung trén
san khdu nhu mot nguoi nghé si thyuc thu [2]. bé
dap tmg nhu cau vé van dé trén thi viéc tng dung
robot vira c6 kha nang sir dung nhac cu theo cam
xuc thi d6 1a dinh hudng nghién ciru nham trién
khai cac tmg dung ciia robot trong cudc song
[3]. Do do, bai bao nay s& tap trung dé cap dén
nghién ctru va phat trién mot robot choi dan
piano v&i nhitng déc tinh robot nhu sau: Robot
khi d4nh piano thi c6 thé biéu cam bang khudn
mit trong qua trinh biéu dién dé tir 46 tang kha
nang tuong tac dén khan gia; Robot c6 thé thuc
hién biéu dién nhiéu bai nhac da dang [4]. Robot
d& lap ghép va co tinh linh hoat cao, ¢6 thé dé
dang di chuyén va st dung tai nhiéu méi truong
khéc nhau; Robot ¢ thé thuc hién nhiéu thao tac
danh phim dan khac nhau véi do chinh xac va
tdc do cao; Robot mang tinh doc ddo nén co thé
str dung nhiéu trong thuong mai, 1an kinh doanh
cho mot sb doanh nghi¢p dac thu. Bén canh do,
robot van ton tai mot sé nhuge diém nhu: Can
dén khong gian hoat dong rong 16n dé c6 thé bd
tri vi tri tay, anh huong boi tiéng on trong qua
trinh di chuyén cic ngon tay trén b truyeén...
Nhimng khuyét diém ciing di dwoc giam thiéu
boi 1€ robot chot plano co the st dung thém loa
de tang am luong va sip xép mot vi tri rong 16n
dé bd tri robot hoat dong thoai mai. Nghién ctru
nay nham nghién ctru va phat trién robot choi
dan piano 1am cho robot két ndi dén véi moi
truong nghé thuat theo cach gan giii va mang
nhiéu cam xac [5].

Su hinh thanh so khai cta robot choi
dan bat dau tir nhimg nam 1800 dau tién trén
thé gii duoc goi 1a “The Musician” va duoc
phat trién bai nha phat minh Pierre Jaquet-Droz
[6]. The Musician 1a mot loai robot tu dong co
thé choi piano béng cach str dung cac bo phan
co hoc va co ché dic biét. Pay 1a mot sang kién
cong nghé dot pha tai thoi diém do6 va da gay su
chu y 16n trong gidi am nhac. Cung luc d6 The
Maillardet's Automaton dugc tao ra boi Henri
Maillardet 1a mdt robot ty dong c6 kha nang
choi nhac trén dan piano [7]. Automaton nay
c¢6 thé nhan cic phim piano mot cach tw dong
dé tao ra am thanh. No hién dang duoc trung
bay tai mot s6 bao tang noi tiéng nhu Bao tang
Franklin & Philadelphia va Bao tang Quéc gia
ctia Scotland. Nghién ctru lién quan dén robot
choi dan piano cho thiy su phat trién va su
quan tdm dang ké tir cac nude trong viée khai
thac tiém nang ctia cong nghé robot trong linh
vuc am nhac. Cac nghién ctu va dy an trong
linh vuc nay dang tao ra nhimng tién bd dang
ké va dua robot choi dan piano ngay cang gn
hon véi khd nang choi nhac chuyén nghi¢p va
tuong tac voi con nguoi. Hoa Ky 1a mot trong
nhirng qudc gia tién phong trong nghién ctru va
phat trién robot choi dan piano. Arpeggio la san
pham tri tué ctia Nick Morris, chu s¢ hitu cia
Majestic Piano Works ¢ California. Puogc trang
bi mot sb cong nghé tién tién nhat hién c6 va
co hé théng tai tao Live Performance LX cua
Wayne Stahnke. Hop 4m rai c6 thé tai tao man
trinh dién piano ctia con nguoi voi tat ca do
dong va sic thai ciia nghé si piano dang cap thé
gidi. C6 nhiédu trudng dai hoc va td chirc nghién
cuu nhu Pai hoc UC Riverside, Georgia Tech
va cac cong ty cong nghé dang thic day su
phat trién ctia robot choi dan piano & nudc nay.
Robot str dung bo nhd RAM hoat dong bang
khi dé choi dan piano, robot mém van dua phu
thudc vao dién tir cimg dé hoat dong, nhung
mot phat minh méi c6 thé giam bét sy can thiét
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cua viéc su dung chip khong linh hoat. Cac nha
nghién ctru tai Pai hoc UC Riverside da phat
trién bo nhé may tinh khi nén dugc str dung dé
gitip mot robot mém choi dan piano. Thay vi
sur dung cac bo khuéch dai va mach dién thong
thuong, bd nhéd "hoat dong béng khi" dua trén
van microfluidic dé diéu khién ludng khong
khi. Nhat Ban ciing 1a mot qudc gia tién phong
trong linh vyc robot va am nhac. Co nhiéu dy
an va nghién cuu tai cac truong dai hoc nhu
Dai hoc Tokyo va céc cong ty cong nghé Nhat
Ban nhu Yamaha dang phat trién robot choi
dan piano c6 kha nang tuong tac va choi nhac
chuyén nghiép. "RIBA-II: Robot for Interactive
Body Assistance" cua Pai hoc Tokyo (Nhat
Ban): RIBA-II 1a mét robot da nhiém duogc
thiét ké dé hd tro con ngudi trong cac hoat dong
hang ngay, bao gdm choi piano [8]. Robot nay
c6 kha nang cham vao cac phim piano va tao
ra 4m thanh. Chau Au ciing dang c6 su phat
trién dang cha ¥ trong nganh robot choi dan
piano. Cac nudc nhu Anh, Y va Duc ¢o nhiéu
du an nghién ctru va phét trién robot danh dan
piano thong qua su két hop cua cac truong dai
hoc, vién nghién clru va cac cong ty cong nghé.
"RoboPiano" cua Pai hoc Hertfordshire (Anh):
RoboPiano 1a mot robot dan piano ty dong co
thé choi cac ban nhac phirc tap. Robot nay st
dung cac cam bién va thuat toan dé nhan biét
cac ndt nhac va diéu chinh cac dong tac choi
piano.

2. THIET KE BAN TAY ROBOT CHOI
PIANO

Co so dé thiét ké robot choi dan piano
can phai dam bao thoa min cac yéu cau dé ra,
d6 1a: DO chinh xé4c; Linh hoat; Tinh 6n dinh;
Tinh tuong tac va kha nang hoc. Do do, cAu tao
ctia robot choi dan piano phu thudc vao thiét ké
cu thé va cong nghé str dung [9]. Trong nghién
curu nay, robot choi dan piano thuong c6 mot

khung chic chin dé giit co cdu chuyén dong
va cac thanh phan khac. Co ciu chuyén dong
bao gom ban tay, ngon tay va cac khép dé cho
phép robot di chuyén va cham vao cic phim
piano [10]. Co cdu chuyén dong nay co thé
duoc diéu khién béng cac dong co, bd truyén
dong hoac hé théng khi nén. Robot duoc diéu
khién bang phin mém va cac thuat toan diéu
khién dé thuc hién cac dong tac choi nhac. Hé
théng diéu khién nay co6 thé duoc lap trinh dé
tao ra cac ndt nhac, dong tac va céc yéu t6 khac
ctia mot ban nhac [11]. N6 ¢6 thé xu 1y dit liéu
tir cac cam bién va diéu chinh cac dong tac choi
piano tuong ung. Trong nghién cru nay, mat
thiét ké ban tay robot choi dan piano di chuyén
va choi dan bang Solenoid (nhu hinh 1). Véi
thiét ké nay dam bao viéc danh dwoc hau hét
cac phim dan & trén dan piano tai nhiéu thoi
diém khac nhau, ciing nhu han ché dugc phan
nao man trinh dién ctia robot choi dan piano trg
nén qué ctng trong sudt qua trinh biéu dién va
dé dang str dung trén nhiéu loai dan khac nhau,
6 thé danh duoc ca vi tri ndt den va ndt tréng
& hau hét cac vi tri ¢ trén phim dan. Néu robot
sir dung thiét ké nay sé da dang trong viéc trinh
dién nhiéu bai nhac khac nhau ma khong bi han
ché boi vi tri ¢6 dinh ban tay choi piano. Tuy
nhién, thiét ké nay c6 mot sé nhuoc diém nhu
sau: DO phirc tap trong qué trinh 1ap trinh dé
thue hién di chuyén cao; sai so tich lay dan dén
sai s vi tri ¢ nhiig yéu cau sau; yéu cau gia
cong phirc tap va mat nhiéu thoi gian dé thiét
ké, tinh toan, ché tao, thir nghiém; Solenoid
dem lai tiéng on 16n trong qua trinh hoat dong.
Dua vao cac kich thudc tidu chuan phim dan
ctia nha san xuét, ta c6 thé cho trudc duoc mot
s6 kich thudc dé thiét ké ngon tay dua vao co
cdu 4 khau ban 1&. Vi co céu 4 khau ban 1¢ kho
tim dugc kich thudc phu hop trén tirng khau,
vay nén dua vao kich thuéc phim dan tiéu
chuan va ta chon dugc mot sb kich thude nhat
dinh.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 309, thang 11 nim 2023 141
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CUU - TRAO DOI

Hinh 1. M6 hinh hoa hai ban tay (a) va ngon tay
(b) cuia robot danh dan piano dwoc thiét ke.

Hinh 2. Kich thudc tiéu chudn cia phim dan.

Tur céc kich thude cua phim dan (Hinh
2) va kich thuéc cia ca dan, chung ta co thé
thiét ké voi nguyén 1y 4 khau ban 1&. Co cau
thanh phang toan khép thap 1a co cdu phing,
trong d6 khép dong nbi giira cac khau 1a khép
thap (khop tinh tién loai 5 hay khop ban 18)
[2]. Tir d6 c6 thé mo phong dong hoc trén phan
mém Geogebra, tim ra duoc khong gian hoat
dong va tir d6 suy ra dugc quy dao di chuyén
ctia dau cong tac.

Dagna= B LA

@ ®)
Hinh 3. Khong gian hoat dong cua dau ngon tay
mé phong (a) ciing nhw hanh trinh danh not trdng
(b) trén phan mém Geogebra.

Phan mau den nhu trén hinh 3(a) la
khong gian hoat dong cta dau cong tac khi ca
hai Solenoid cung hoat dong ngau nhién, khac
thoi diém dé tao ra, sau d6 ta sé mo phong lai
dung trinh ty hoat dong ctia Solenoid dé tim
ra hanh trinh cta dau cong tac, theo phan mau
den thi mdi hanh trinh di cta dau cong tac la
khoang 20mm, ddy la diéu kién du dé nhan

duoc phim dan. Pan piano c6 thé ¢ ciu tric
va thiét ké khac nhau, lyc nhan ciia phim dan
piano thudng nam trong khoang 45-60gram tuy
vao cac loai dan khac nhau, do d6 luc can thiét
dé nhan mot phim c6 thé co su khéac biét. Dua
vao thong sb bé rong ciia mdi phim dan 1a 22
(mm), ta nén thiét ké bé rong to nhét ctia ngén
tay 1a 20 (mm) dé dam bao khoang cach an toan
t6i thiéu giira hai ngon lién ké 2 (mm) khong
cham vao nhau, tranh gip su ¢6 hodc hu hong
khi ching hoat dong. Pong thoi, ta phai tinh
toan, bd tri tat ca cac ngdn trén ban tay tdi uu
nhat dé choi diy du cac hop am, tao ra dugc
nhiéu bai nhac hay hon. Viéc tinh toan va thiét
ké vi tri ddt ngon tay dua trén hop 4m trudng va
hop dm thtr trong hop dm choi dan piano, lam
sao cho cac vi tri dat ngon tay c¢6 hanh trinh di
chuyén it nhit va co thé thoa man duogc tit ca
cac hop am truong va hop am thir xuat hién
trong mot bai choi dan piano.

3. KET QUA VA THUC NGHIEM

Mo hinh da dugc tao thanh sau qua
trinh thiét ké va thuc nghiém:

Hinh 4. Hai ban tay robot danh dan piano.
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Quad trinh thuc nghiém cho phép robot
choi dan piano dua trén thuat todn gidi ma tap
tin midi, thuat toan da duogc ap dung thanh cong
dua trén tép tin midi don gian d cho trudc dé
tim ra dugc cac ndt can nhan, thoi gian nhén va
thoi gian tha cac nbt do [12]. Dong thoi, thuat
todn cling tim ra dugc gia tri cia cac phim dan
tiép theo can phai nhan va sau d6 dua tit ca cac
dir liéu trén vao thuét toan di chuyén canh tay
trén timg ban tay choi dan piano. Cac ndt can
nhén, thoi gian nhan va thoi gian tha dugc thuc
hién sau qua trinh loc dir li¢u, tir d6 thuat toan
da tim ra duoc tay phai can nhan ndt ciing nhu
thoi gian gitr. Vi két qua nay, thuat toan da
cung cap chi tiét cac thong tin can c6, cho phép
robot dua vao thudt todn tim quang duong di
chuyén cho ban tay robot dé c6 thé danh dung
ndt nhac theo tép tin midi cung cép. Cac két
qua nay co thé duoc ap dung cho moi bo dau
vao tuong ty va dam bao tinh chinh xac va hi¢u
suét trong viéc diéu khién robot dé choi nhac
trén dan piano mot cach tu dong. Sau khi chay
thir nghiém thuat toan tur cac t&€p tin midi don
gian, ta co thé danh gia dugc hiéu suit va tinh
dung dan, va két qua cho thiy thuat toan cia
chung ta hoat dong tot trong viéc phan tich
va loc ra cac dit liéu can thiét tir tép tin midi
don gian dé cung cap cho thuat toan tim quing
duong di chuyén cho ban tay robot. Tuy nhién,
viéc ap dung thuat toan trén cac bd dir liu 16n
hodc cac tinh hubng phirc tap khac can duogc
tiép tuc nghién ctru va danh gid dé xay dung
hoan thién tinh tng dung va hi¢u qua cua thuat
toan nay. Trong phan két qua duoc in ra sau
khi chay thuat todn, thudt toan ctua chung ta
da duoc ap dung thanh cong dé tim ra quing
duong di chuyén ngin nhit va vi tri cac ngon
tay can nhan trén dan piano dva trén cac not
nhac da dugc danh va cac ndt nhac tiép theo
can danh. Véi két qua nay, thuat toan di cho
phép chiing ta tim ra quing duong di chuyén
ngan nhat va vi tri cac ngén tay can nhin dé

choi dung ndt nhac trén dan piano [13]. Cac
Kkét qua nay co thé duoc ap dung cho moi bo
dau vao twong tu va dam bao tinh chinh xac va
hiéu suit trong vi¢c diéu khién robot dé choi
nhac trén dan piano mot cach ty dong. Sau khi
chay thtr nghiém thuat toan tur cac tép tin midi
don gian, ta c¢6 thé danh gia dugc hiéu suat va
tinh dung dan, va két qua cho thiy thuit toan
ctia chiing ta hoat dong tét trong viéc tim quang
duong di chuyén ngan nhat va vi tri cac ngon
tay can nhan. Tuy nhién, viéc 4p dung thuat
toan trén cac bd dir liéu 16n hodc cac tinh huéng
phirc tap khac can dugc tiép tuc nghién ctru va
danh gia dé xay dung hoan thién tinh tng dung
va hiéu qua cua thuét toan. Sau khi cap dién,
do va ghi lai cac gia tri dong dién va dién ap
tai cac diém quan trong trong mach, bao gém
dong dién base, dién 4p base-emitter, dong dién
collector va di¢n &p collector-emitter, ta co thé
dam bao réng chét lugng in mach thyuc sy tdt va
mach hoat dong binh thuong, sau d6 mdi han
cac linh kién dién tu va dua vao su dung. Dién
tr& phu nam gitra chan Base (B) va chan tin hiéu
cua PCF8574 c6 vai tro gidi han dong dién vao
Transistor TIP120. Vi mach thiét ké nhu trén,
chung ta c6 thé kich hoat Solenoid 24V bang
cach cung cap tin hiéu tir mach PCF8574. Sau
khi chay thir nghiém mach d¢ kich cac Solenoid
trén ban tay, két qua thu dugc cho thay tin hiéu
mach dién nhanh, ¢6 tinh én dinh cao, nhiét do
hoat dong on dinh.

- - 'F'!"FHHT'11‘I- - w e

i i L g I

Hinh 5. Mach dién duwoc Zcfp vao diéu khién cac
ngon tay trén moé hinh thuc te.
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Béng 1 trinh bay thong ké cac thong sb
sau khi cho robot chay thuc nghi¢m trén phim
dan that. Banh gia két qua thyc nghiém, ta nhan
thiy két qua cho ra thong so t6t, ti 1¢ danh tring

cac vi tri phim dan cao, chiém ti 1& > 97%. Déi
v6i cac bai nhac dé dang, cham va thong dung
thi két qua cho ra c6 phan t6t hon khi ti 1¢ danh
tring cua phim dan 1a = 100%.

Bdng 1. Théng ké két qua choi dan chay thic nghiém

So liéu thu dwge | _x ., .. A3 e
Bai nhac 9 ' ' S;;:lll‘l“‘;‘“i"c“ S0 dl:il:l‘l‘l“l(%a“ Ti 1¢ hoan thanh
Lan thir :
1 136 3 97.84%
2 137 2 98.56%
Let it go 3 137 2 98.56%
4 138 1 99.28 %
5 138 1 99.28%
1 126 4 96.92%
2 126 4 96.92%
See you again 3 127 3 97.69%
4 127 3 97.69%
5 128 2 98.46%
1 69 1 98.57%
2 70 0 100%
Happy birthday 3 70 0 100%
4 70 0 100%
5 70 0 100%
4. KET LUAN Loi cim on:

Nghién ctru da hoan thanh va ché tao
thanh cong hai ban tay robot danh dan piano
thong qua qua trinh thiét k&, 1ap trinh, phan tich
va mo phong kha nang choi dan trén phim that.
Robot choi dan piano dat dugc hig¢u suét cao
va chinh x4c, ngoai ra robot con c6 kha nang
biéu dién cam xic va tuong tac véi khan gia.
Hé thdng robot duoc thiét ké va phat trién cung
cap kha ning thong minh va linh hoat cho phép
n6 choi duge nhiéu bai nhac khac nhau va thich
nghi véi yéu cau cta khan gia.

Nghién ctru nay duoc su hd tro vé tai
chinh cua Truong Pai hoc Kinh té Thanh phé
Ho6 Chi Minh — UEH. Bai bao nay 1a san pham
ctia d& tai nghién ciru khoa hoc cong nghé cép
truong c6 ma s6 CTD-2023-07 duoc tai trg boi
Trudong Pai hoc Kinh t& Thanh phd Ho Chi
Minh. ¢
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