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Bai b4o nghién ciru Robot m6 phong mét s6 chuyén dong thuc té giéng nhu con
ngudi. Trén co s& nghién ciru d6 thiét ké diéu khién Robot hinh nguoi phuc vu
dao tao tai truong DPai hoc Cong nghiép Quang Ninh. Md hinh Robot hinh
ngudi dd mé phong duge cac dong tac nhu di bo, sang tréi, sang phai, tién, IUi,
cac dong tac chao, chong day, truot. ... Két qua nghién ciru c6 tinh wng dung cao
trong phong thuc hanh Robot cua truong Pai hoc Cong nghiép Quang Ninh.

Abstract (Tap san nén co)

Keywords:
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motor; Humanoid robot.

Research paper Robot simulates some real human-like movements. Based on
that research, design and control humanoid robot for training at Quang Ninh
University of Industry. The humanoid robot model has simulated movements
such as walking, left, right, forward, backward, greeting movements, push-ups,
sliding... The research results have high applicability in the practice room.
Robot of Quang Ninh University of Industry.

1. PAT VAN PE

Trong mot vai ndm gan ddy, cung véi sy phét
trién manh mé cua cac cong nghé dién ta, vi mach,
diéu khién, xir ly anh/thi giac may tinh, nganh
Robotics dd ¢6 nhiéu budc phat trién dot phéa va tre
nén ngay cang phd bién hon. Cac Robot hinh ngudi
c6 thé sao chép duoc mot sb cac dong tac cua con
nguoi nhu co dong ban tay, canh tay va tham chi cé
thé chuyén dong gidng nhu con ngudi [1].

Con nguoi ngay cang tao ra nhimng san pham
robot v6i nhiéu tinh ning, kha ning lam thay con
nguoi rat nhiéu cong viéc. Tham chi cac loai robot
cong nghiép con thuc hién nhiing thao tac lam viéc
dé dang ma khong phai ai ciing lam dugc. Nho
nhing loi ich cua robot trong doi sbng ma no giup
mang dén mot cudc song dé dang va chat lwong hon
rat nhiéu. Nhidu truong dai hoc, cao dang va day
nghé vé cong nghé — k§ thuat di co chuong trinh dao
tao vé robot. Nhung hinh thirc dao tao chu yéu la ly
thuyét va mo phong. Sinh vién it c6 diéu kién vé co
& vat chat dé thuc hanh. Mot sd truong co trang bi
canh tay robot thyc hanh nhép tr nudc ngoai. Tuy
nhién viéc sira chita, bao hanh nhiing thiét bi nay
cling gap nhidu kho khin. Nguyén nhan 1a do phu
thudc vao nha cung cip. Vi vay, thiét ké diéu khién
robot md phong mot so chuyén dong thyc té gidng
nhu con nguoi co tinh Umg dung cao trong phong
thuc hanh robot [2].
2.COSO LY THUYET
2.1. Giai phap ky thuit

2.1.1. Nhiém vu

Robot hinh nguoi can thuc hién nhiing nhiém
vu sau:

- M6 phong mét sb chuyén dong thuc té ctia con
nguoi.

- Két nbi robot hinh nguoi va bo diéu khién tir
xa qua mang truyén thong khdng day.

2.1.2. Giai phap

Van dé mo phong chuyén dong thyuc té cia mot
s6 loai vat nhu: Ché, nhén va bo cap: St dung cac
dong co servo, cam bién khoang cach, cam bién
hdng ngoai, cam bién con quay hdi chuyén duoc ban
san trén thi truong, bo diéu khién trung tam nhéan di
liéu phan hoi va thyc hién cac xu ly khéc.

Véan d& mé phong chuyén dong thuc té cua
robot hinh nguoi: St dung cac dong co servo, cam
bién con quay hdi chuyén, cam bién khoang cich
duoc ban san trén thi trudng, bo diéu khién trung
tam nhén di li¢u phan hdi va thuc hién cac xu ly
khac.

Véan dé& két ndi robot hinh nguoi va bd diéu
khién tir xa qua mang truyén théng khong day can c6
cac dic diém sau:

- Pham vi truyén thong ngin

- Luong thong tin can truyén tai it

- B¢ tin cay cao

- Téc d¢ truyén tai thong tin nhanh

- Chi phi thap

- Uu tién két ndi khong day

- Dya vio cac dic diém nay nhoém nghién ciru
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chung t6i lwa chon xay dung hé théng truyén thong
trén nén tang mang Zigbee va giao thirc
DYNAMIXEL.
2.1.3. Thiét ké so b

Sau khi lwa chon giai phép t6i dua ra thiét ké so
b nhu sau:

Cam bién

Cac dong co
servo

Hinh 1. M6 hinh tong thé Robot nhiéu hinh dang

Trung tdm diéu khién: tit ca cac qua trinh xur
ly thong tin va dua ra cc 1énh diéu khién dugc thuc
hién boi khéi nay.

Cam bién IR: khéi nay phat hién cac ddi
tugng hodc mau sic gan d6, sau d6 gui dir liéu két
qua vé trung tim diéu khién.

Cam bién DMS: khoi nay phat hién va do
khoang cach tur gan dén kha xa, sau do gui dir lidu
két qua vé trung tim diéu khién.

Cam bién GS: khéi ndy phat hién can bang
thoi diém cua robot, sau d6 gui dir liéu két qua vé
trung tam diéu khién.

Cac dong co servo: thuc hién truyén dong khi
nhan duoc 1énh tuong tmg tir trung tdm diéu khién.
2.2. Phan mém RoboPlus

RoboPlus 1a mdt phan mém Robot chuyén dung
dung dé lap trinh Robot mot cach dé& dang. Ta co thé
tan dung cac tinh ning ctia RoboPlus dé tao ra cac
chuyén dong robot doc déo.

Phan mérn RoboPlus chia ra 1am cac RoboPlus
khéc nhau, mdi loai c¢6 vai trd chirc ning riéng [3]
RoboPlus Task: La giao dién tac vu dung dé tao

cac thuat toan hanh vi cua Robot.
) RoboPlus
Files(B) Edit® Program(®) ToolD He\plm
NEHS % 5 m | & Controller: - | Port COM6 -

(= [ & ] |

Task - Untitled

Ready

Hinh 2. Giao dién cua RoboPlus Task.

RoboPlus Manager: la giao dién quan ly dung
dé quan 1y cac thanh phan thiét bi robot.

Roboplus Motion: la giao dién dé tao ra cac
chuyén dong phuc tap ciia Robot mét cach dé dang.
Cac chuyén dong duoc tao trong Motion co thé nam
trong Task.

2.3. Giao thirc DYNAMIXEL

Giao thic DYNAMIXEL dung dé truyén tai
thdng tin giira c4c thiét bi

Pé kiém soat DYNAMIXEL, giao tiép phai
duoc thiét lap theo giao thic cua
DYNAMIXEL. DYNAMIXEL dugc diéu khién
bang cach nhan dir liéu nhi phan.

Bo diéu khién chinh va DYNAMIXEL giao tiép
v6i nhau bang cach giri va nhan dit lidu duoc goi la
GOi. G6i c6 hai loai: Goi hudng din, ma Bo didu
khién chinh giri dé diéu khién DYNAMIXEL va Go6i
trang thai, ma DYNAMIXEL phan héi cho Bo diéu
khién chinh.

ID 1a mot s cu thé dé phan biét ting
DYNAMIXEL khi mét s6 DYNAMIXEL duoc lién
két v6i mot bus. Bang cach cung cip ID cho cac goi
lénh va trang thai, bo diéu khién chinh chi c6 thé
diéu khién DYNAMIXEL ma ta mudn diéu khién.

DYNAMIXEL thyc hién Giao tiép ndi tiép
khong ddéng bo véi 8 bit, 1 bit dung. Néu
DYNAMIXEL c¢6 cung ID duge két ndi, goi dir liéu
s& xung dot va sy cd mang s& xay ra. Do d6, hiy dat
ID sao cho khong c6 DYNAMIXEL nao cé cung
ID.

UART 1a mét giao thirc truyén thong nbi tiép
trong d6 ca TxD va RxD khong thé dugc st dung
cung mdt lic. Phuong phap nay thuong duge sur
dung khi nhiéu thiét bi can duoc két ndi Vo1 mot bus
duy nhat. Vi nhidu thiét bi dugc két ndi voi cing
mot bus, nén tat ca cac thiét bi khac can & ché do
dau vao trong khi mot thiét bi dang truyén. Bo diéu
khién Chinh diéu khién cic bo truyén dong
DYNAMIXEL dit huéng giao tiép thanh ché do dau
vao va chi khi n6 dang truyén mét géi dir liéu, no
moi thay d6i huéng sang ché do dau ra [4].

Goi ID cho biét ID cua thiét bi s& nhan dugc
G6i hudng dan va xir Iy n6. Pham vi: 0 ~ 253 (0x00
~ 0xFD), 1a tong s6 254 s c6 thé duoc st dung. ID
254 (0xFE), lam cho tét ca cac thiét bi dugc két ndi
thue thi Goéi 1énh.

Goi [énh dugc sir dung dé kiém tra xem go0i ¢co
bi hong trong qud trinh giao tiép hay
khong. Checksum dugc tinh theo cong thirc sau.

Checksum = ~ (ID + Chiéu dai + Chi dan +
Tham s61 +... Tham s6 N)

Trong d6 “~” 1a toan tir bo sung sd lugng nhi
phan. Khi két qua tinh toan cua diu ngodc trong
cong thtrc trén lon hon 255 (0xFF), chi st dung cac
byte thip hon.

Vi du, khi muébn st dung Géi Iénh:
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ID = 1 (0x01), Chiéu dai = 5 (0x05), Hudng

dan = 3 (0x03), Tham s41 = 12 (0x0C), Tham s62
=100 (0x64), Tham s63 = 170 (0XAA)
Checksum = ~ (ID + D¢ dai + Lénh + Tham sd1
+... Tham s6 3) = ~ [0x01 + 0x05 + 0x03 + 0x0C
+ 0x64 + 0xAA] = ~ [0x123] // Chi byte dudi 0x23
thuc hién thao tac Khong. = 0XDC

Do d6, Goi Iénh phai 1a OxFF, OxFF, 0x01,
0x05, 0x03, 0x0C, 0x64, OxAA, 0xDC.

Goi trang thai duoc st dung dé kiém tra xem
g6i co6 bi hong trong qua trinh giao tiép hay
khong. Kiém tra trang thai dwoc tinh theo cong thirc
sau: Kiém tra trang thai = ~ (ID + Do dai + Ldi +
Thong s61 +... Thong s6 N) (1)

3. THIET KE DPIEU KHIEN ROBOT HINH
NGUOI
3.1. Chitc ning cac khdi ciia Robot hinh ngudi

Khéi DYNAMIXEL: 1a don vi nam giit vai tro
trung gian truyén tai thong tin gitra cac thiét bi.

Khéi Devices: gdm céc thiét bi

Pon vi xtr ly trung tam va truyén thong: thuc
hién céc xir ly chung va giao tiép véi cac thiét bi
khac.

- Cam bién con quay hoi chuyén: phat hién can
bang thoi diém cua robot sau d6 giri két qua vé don
vi xu ly trung tam.

- Cam bién khoang cach: Phat hién va do
khoang cach sau d6 gui két qua vé don vi xir ly
trung tam.

- Céc bd truyén dong Servo: Truyén dong quay
khi nhén Iénh twong ung.

3.2. Chwong trinh diéu khién co ban ciia Robot
hinh nguoi
3.2.1. Robot di b

Tép chuyén dong di b cua Robot dugc thé hién

nhu hinh 3.

& RoboPius Motion

Fles® EdME Robot®) Toold  HelplH)
Q) & | ®  pot come - J S

< | Basic Pose Editor [Pose Utily | Edit Al

Name NextExit Pause Time <Pose of Step>
2 [ (»STEP O ) Value
31 Walk Ready 00 STEP | 0 008 = {1y 2%
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% FSR % B _|| sEpe 0 0.08 LG R
£ % 4 || swps 0 0.08 ) o(s) 462
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£l B @ om 8
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7 Tl Page Parameters oin M2
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« [BSL R | Srecdrt: P B om| 7 o040
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4% BSH a4 o3| 5 ey 37 <,‘:|
ar 8 R Real Play Time o | s ‘?E]f{ 5[3

Hinh 3. Tép chuyén déng di bé ciia Robot
Cac tép chuyén dong di b duoc su dung trong
Robot di bd chira 16 kiéu di bd khic nhau: O ding
trudc, phia sau, ré trai, r€ phai, di by sang hai bén +
trai, di bo trén via hé + phai, ré trai+chuyén tiép, r&
phai+chuyén tiép, 1ui lai+trai, [ui lai+phai, tranh trai,
tranh phai, chuyén tiép+ theo dudng chéo trai,
chuyén tiép+ theo duong chéo phai, lui lai+theo

duong chéo trai, lui lai+theo duong chéo phai.

M3 tac vu ciia Robot di bd bao gdm churc ning
Initialization Walk va chirc nang WalkExecute. Ta
sir dung 2 chirc ning nay dé diéu khién robot tir xa.

e Chirc ning Initialization Walk: Khoi tao cac bién
va di chuyén robot dén vi tri mac dinh cua no.

19 | FUNCTION

120 | 4

121 BalancePage = 224

122 WalkPagestarnt = 31

125 WalkCommand =0

124 @ hotion Page | = WalkPageStart
125 CaLl

126 WalkState =10

127 | ¢

Hinh 4. Khi tao cdc bién va di chuyén Robot
e Churc nang WalkExecute: Thyc thi cac mau di b
va tham gia cac mo hinh di bd.

128 | FUNCTION
130 | 4

13 #/ Using WalkControl Variable

132 /400 Stop, 1% Forward, 2 Backward, 3 Turn Left,
133 /5 Left Side, G Right Side, ERRREA Br1+6
134 S0 2+ B, 11 Avoid Left, 121 Awoid Right, 1301 +3, 141
135 F/15 =243, 16=2+4

136

137 /4 Return if the command is same.(Keep executing the present suto connecting motion,)
138 IF ( WalkCommand == WalkState )

139 RETURMN

120

1

132 Templ =195 + WalkPageStart

13 IF (@Motion Page < WalkPageStart || @Motion Page| > Templ )

184 {

135 caLL

136 IF (@Motion Page = BalancePage )

Hinh 5. Thuec thi cdc mau va tham gia mé hinh di bo
Bit dau chwong trinh: Viét mot mau “Start
Program” don gian bang cach sir dung chic ning
Initialization Walk va chiic ning WalkExecute dé
két ndi tron tru cac mau di bo.Dau tién, hiy goi ham
InitializationWalk dé khdi tao bién va dwa robot vé
vi tri mic dinh cia no.

Chon va nhép kiéu di bo tir 0 dén 16 cho bién
WalkCommand, sau d6 goi ham WalkExecute dé
chay kiéu di bo da chon.

Khi nhip mot s6 khac  vaobién
WalkCommand va goi ham WalkExecute, nd sé
chuyén doi sang kiéu di bd m&i mot cach tu nhién
nhit co thé.

1 START PROGRAM

z | {

3 0 CaLL

4 EWNDLESS LOOP

5 {

5 IF ( @Remocon Arrived == TRUE )
T 1

8 ReceiveData = &Remocon RXD
] IF { ReceiveData == @ L)

10 1{

R

12 CALL

13 I3

14 ELSE IF { ReceiveData == @ D)
15 {

S

17 CaLL

18 ¥

19 b

20 ¥

21 I

Hinh 6. Bar dau viét chwong trinh cho Robot di bg

C6 16 ma miu kiéu di by khac nhau dé diéu
khién thong qua bo diéu khién tir xa trong tép ma
nhiém vu ciia Ngudi may di bo. Thay ddi chirc ning
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trong cac ma mau cua Start Program dé phu hop véi
nhu cau cia minh muon chon.

Hinh 7. M& hinh Robot hinh nguoi
3.2.2. Hiéu chinh cam bién con quay hdi chuyén
(Gyro)

Muc tiéu 14 ta tim hiéu cach diéu chinh tu thé
ctia robot hinh ngudi bang cam bién con quay hdi
chuyén.

Mot cam bién Gyro dugc st dung dé xac dinh
van tbc goc (bién thién goc trén gidy). Khi ro bdt
nghiéng va van tdc goc ting theo mot hudng cu
thé, gia tri cia dong co servo co thé dugc diéu
chinh theo huéng nguoc lai dé 1am thang ro bét.

Goi chirc nang InitializationGyro dugc thé hién
nhu hinh 8.

& START PROGRAM

701

8 CALL Initialization'alk
:
10

1 ENDLESS LOOP

12 i

13 IF { @Remocon Arrived | == TRLE

Hinh 8. Goi chirc nang InitializationGyro
Thuec thi BalancePage dé ap dung 1énh chung.

M7 IF { @hdaotion Status | == FALSE )
18 1

119 @Motion Page | = BalancePage
1z0 ¥

Hinh 9. Thyc thi BalancePage

Dé thay doi goc quay cua khép thi chuyén
dong phai dugc thyc hién. Khi khong co chuyén
dong nao dang duoc phat, goc quay cua khop s€
khong dugc ap dung ngay ca khi mot gia tri dugc
dua vao boi cam bién con quay hoi
chuyén. Cac BalancePage dugc sir dung dé ap dung
chung khi khong co chuyén dong di duoc thyc
hién.

Hinh 10. Robot mé phong dong tac chao
Céac chtrc nang InitializeGyro doc gia tri cam
bién con quay hdi chuyén 10 lan trong mot khoang
thoi gian 0,128 gidy va tiét kiém gid tri trung binh

nhu mdt con quay hdi chuyén cam bién gia trj tiéu
chuan. (Gia tri tiéu chuan 1a Khoang 250 d¢). Néu
gid tri cam bién con quay hdi chuyén nhé hon 230
hodc 16n hon 270, n6 gia dinh khong c6 cam bién
con quay hdi chuyén va khong sir dung diéu chinh
(khi khong ¢6 cam bién con quay hoi chuyén hoic
16 bbt da di chuyén trong qué trinh khai tao).

345 | FUMCTION InitizlizationGyro

346 | {

347 FBBalCenter =0

346 RlLBalCenter =0

349

350 LOOPFOR (i =1 ~10 1)

351 1

352 FEBalData = «#*PORTI3]

353 FLEalData = ¢®PORT[4]

354

355 FEB=zlCenter = FEEBalCenter + FEBalData
356 RLEzlCenter = RLBalCenter + RLBalData
357

358 @ Timer = 0.128sec

asa WaIT WHILE (@9 Timer| > 0.000sec )

360 i

381

362 FBBalCenter = FEBalCenter / 10

363 RLBalCenter = RLEalCenter / 10

364

365 ExistGyra = TRUE

366 IF { FEBalCerer > 270 || FEBalCenter < 230 )
367 ExistGyro = FALSE

368 IF ( ALEalCenter > 270 || RLBalCenter < 230 )
369 ExistGyro = FALSE

B

371 UseGyro = TRUE

372 |}

Hinh 11. Chic ndng\[nitializationGyro
Tinh toan gia tri diu chinh trong Callback
Function duoc thé hién nhu hinh 12.

374 | CALLBACK

375 | 4

376 IF { UseGyro == THUE && ExistGyro == TRUE 3
377 i

aTe FEBalDats = @®PORTL3]

378 FLEalData = «®PORTL4]

380

S8 FEBalError = FEB=lData - FEBalCenter
382 FLEalError = RLEalData - RLBalCenter
383

384 FEBalErrorScaled = FEBalError - 4

385 RLEBalErrorScaled = ALBalErrar » 4

386

387 FinslFEB=I1 = FEBalErrorScaled / 54
i) FinalFBB=IZ = FEBalErrorScaled / 18
3839

340 FinslALE=I0 = RLBalErrorScaled / 20
391 FinalRLEall = RLBalErrorScaled / 40

Hinh 12. Tinh todn gid tri diéu chinh trong Callback
Function
Trong cac khoang thoi gian déu dan, chic ning
doc gi tri cam bién con quay hdi chuyén hién tai va
so sanh v6i gid tri tiéu chudn dé tinh toan gia tri diéu
chinh. Néu bién UseGyro sai, r6 bbt s& khong tu
diéu chinh. Do do, hay dat bién UseGyro thanh
false khi ban khong muén st dung diéu chinh con
quay hoi chuyen

Hinh 13. Robot mé phong dong tic chong day
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Ap dung gi4 tri diéu chinh da tinh toan cho goc
quay cua khép va diéu chinh tu thé cua ro bdt. Dé
diéu chinh do nghiéng trudc / sau, ta phai st dung
céc khop ¢ dau goi va mat ca chan, 13 co cau truyén
dong 13-16. B¢ diéu chinh d6 nghiéng trai / phai, ta
phai str dung cac khép & mit ca chan va thit lung,
d6 1a céc co ciu truyén dong 9-10 va 17-18.

393 &:ID[13]:Joint offset | =0 + FinalFEBal
504 &:I0[15] . Joint affset | =0 + FinalFBBal2
395 &:D[14]:Joint offset | =0 - FinalFBEaN
396 &:|0[16] Joint offset | = 0 - FinalFEBal2
387

398 & ID[9]:Jaint offset | = 0 + FinalRLBall
399 &:D[10] Joint offset | =0 + FinalRLBal
400 §:10[17] Joint offset | = 0 - FinalRLBalO
401 &:I0[18]:Joint offset | =0 - FinalRLEald

Hinh 14. Piéu chinh do nghiéng

Hinh 15. Robot mé phong dong tac chong day Ion nguwoe
4. THAO LUAN

Nghién ctru thiét ké diéu khién Robot hinh
ngudi €0 tinh tng dung cao trong phong thuc hanh
Robot cua truong Pai hoc Cong nghiép Quang Ninh.
Nhing két qua nghién ctru ctia bai bao s& la budc

d4u mé ra nén tang cho nganh nghién ctru, thiét ké
ché tao robot ctia nha truong, lam tai liéu tham khao
cho viéc giang day nghién clru cliia giang vién, sinh
vién. Ngoai ra, két qua ciia bai bao ciing sé& 1a budc
dém dé tiép tuc phat trién cho cac nghién ciru
chuyén sau, tich hop cic cong nghé tién tién nhu
IOT, Al vao tmg dung, diéu khién robot, 1a co s dé
giang vién, sinh vién ciia nha trudng tiép cin véi
nhiing cong ngh¢ tién tién.
5. KET LUAN

Bai bao da thiét ké diéu khién Robot hinh ngudi
mé phong dugc mot sb dong tac giéng nhu con
nguoi nhu di bo, sang trai, sang phai, tién, IUi, cac
dong tac chao, chong day, truot. .

Mo hinh Robot hinh ngu:ol Iam moé hinh thi
nghiém cho phong thuc hanh Robot, gitp cho sinh
vién hiéu r6 hon vé Robot hinh nguoi.
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