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LOI CAM ON
Pé tai “Nghién ctu, ché tao va phat trién robot 6 chan tu dong di chuyén trong ban
dd tryc tiép” 1a ndi dung nhém chon dé nghién ctru va lam dd an tét nghiép sau bén
nam theo hoc chuwong trinh dai hoc chuyén nganh Cong nghé k¥ thuat Co dién tu tai
truong Pai hoc Su pham k¥ thuat Thanh phé H6 Chi Minh.

Pé hoan thanh d¢ tai, 161 cam on dau tién ching em xin duoc giri dén gido su Kare
Halvorsen di chia sé code mau va kinh nghiém thuc hién robot Hexapod, d6 1a ngudn
tai liéu quy giup d& ching em rat nhiéu trong qua trinh thuc hién robot Hexapod.

Chiing em xin gui 16i cam on t6i TS. Nguyén Vian Thai, THS. Pham Bach Duong
d3 gop ¥ va huéng dan chung em trong qua trinh hoan thanh d6 an nay. Pong thoi
Xin guri 161 cam on dén tap thé thay c6 cung nha trudng da truyén dat cho ching em
rat nhiéu kién thtrc bd ich trong qué trinh bén nam hoc dé ching em ¢6 duoc hiéu biét
nhu ngay hom nay.

Chung em ciing Xin cam on anh Huynh Vin An - giam ddoc cong ty Goldeneye
Technologies da tao giup d& va tao diéu kién thuan loi cho ching em rat nhiéu trong
sudt qua trinh nghién ciru d6 an.

Cam on anh Tran Son Vii da déng y cho chiing em sir dung code miu va huéng
dan chdng em sir dung LIDAR cho viéc quét map va diéu khién robot.

Do trinh d6 Iy luan ciing nhu kinh nghiém thuc tién con han ché nén du an ciing
nhu bai bao cao khong thé tranh khoi nhiing thiéu sot, chiing em rat mong nhan duoc
y kién dong gop thay, co dé ching em rit kinh nghiém, d6 sé& 1a hanh trang tét cho
chiung em khi ra truong va di lam.

Loi cudi cling, ching con cam on ba me va gia dinh da ludn nudi nang chiing con
nén nguoi va ludn 1a ngudn dong vién cho ching con nhimg lac khé khin nhat dé
chiing con c6 dugc thanh qua ngay hom nay.

Nhdm xin chan thanh cam on!



TOM TAT
Pé tai “Nghién ctu, ché tao va phat trién robot 6 chan tu dong di chuyén trong ban
d6 truc tiép” xay dung mot con robot Hexapod hoan chinh, hoat déng linh hoat va 6n
dinh c6 kha ning diéu khién ca bang tay va tu dong, co kha ning vuot chudng ngai
vat va nhan dang moi truong xung quanh.

Chuaing em thyc hién dé tai ndy nham tao mot cong cu bé ich cho nén gido duc, mot
loai robot ¢6 thé gitp ngudi dung, ngudi hoc ¢d thé co co hdi dé tiép can véi cong
nghé robot. Bdng thai qua d6 kién tao, khoi day niém dam mé cong nghé cua cac ban
tré, ngoai ra con c6 thé trau doi cac kién thuc da hoc va ap dung vao qua trinh nghién
ctru san pham nay.

Nguyén ly hoat dong dugc dua trén nhitng phuong trinh dong hoc thuan, dong hoc
nghich nhu mot canh tay robot ba bac tu do va ap dung vao mdi chan trong robot, 1ap
trinh bang ngén ngir C++, diéu khién bang Bluetooth.

Phan ciing bao gdm RC servo MG5221MG-180, board Arduino Mega 2560,
Raspberry Pi 3, Raspberry Pi Zero, Camera Zero board control servo, mach giam ap,
pin Li-po 5200mAh va 7000mAh, bo diéu khién PS2, LIDAR, cam bién HC-SR04.
M6 phong trén Matlab va thiét ké trén phan mém d6 hoa Solidworks. Ching em tién
hanh gia céng bang céng nghé in 3D vai vat liéu nhua PLA, CNC lazer, chan nhom,
CNC lazer mica (PMMA).

Qua nhiéu phién ban, nhom chung em da ché tao thanh cong robot Hexapod c6
kha nang di chuyén linh hoat, diing nhu dd mé phong trén Matlab. Robot ¢ kha ning
vuot duge chudng ngai vat, cho phép tai nhe, ¢d thé quan sat méi trudng xung quanh
bang camera, quét map bang LIDAR va ty dong di chuyén t6i diém chi dinh.
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CPR: CenterPoint of Rotation.
EEPROM: Electrically Erasable Programmable Read-Only Memory.
FL: Femur Length.
LIDAR: Light Detection And Rangingtl.
MARS: Multi Appendage Robotic System.
PS2: Play Station 2.
PWM: Pulse Width Modulation.
ROS: The Robot Operating System.
SLAM: Simultaneous Localization and Mapping.
SRAM: Static Random Access Memory.
TL: Tibia Length.
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CHUONG 1. TONG QUAN

Robot Hexapod l1a mot phuong tién co hoc di trén sau chan ¢ tinh linh hoat cao
trong viéc di chuyén va duoc lay cam hang tir phan nganh dong vat sau chan. Cung
V6i su phat trién manh mé cua cac hé théng Co-Pién tu, robot vuot dia hinh ngay
mét duoc hoan thién va cang cho thiy loi fch caa né trong quan su, trong nghién ciu,
chung thudong duoc dung dé van chuyén hang héa trén dia hinh khéng biang phing,
can thiép nhiing khu vuc, dia hinh nguy hiém, tim kiém ctu nan, kham phé va lap
ban d6 cac moi trudng chua biét. Nhdm nghién ciru dé tai nay chu yéu tng dung vao
muc dich dan sy, hd trg tim kiém cau nan, thim do dia hinh ma con nguoi kho tiép
can, hd tro trong viéc nghién ctu, hoc tap. Trong dé tai nay tap trung nghién cau vao
robot sau chan (Hexapod).

1.1. Pt van dé

Trong “Chién lugc phét trién khoa hoc va cong nghé Viét Nam”, co dién tir 1a mot
trong nhitng hudng cdng nghé trong diém phuc vu phat trién kinh té, xa hoi. Va khi
nhic dén co dién tir, robot chinh 1a san pham dic trung cta nganh nay. Chidng la
nhitng b may hoat dong ddng nhat dwa trén nhitng bo phan dugce diéu khién mot
cach phirc tap thdng qua nhiing thuat toan duoc dem ma hod vao nhitng vi diéu khién.
C6 nhiéu kiéu robot va chiing em chia chdng thanh nhém robot theo céach thuc di
chuyén:

e Bing canh quat nhu robot méay bay- Flycam

e Robot di bang banh xe

e Robot cd canh nhu con trung hay chim

e Robot khdng chan- di chuyén bang cach trudn nhu giun, ran
e Robot di bang chan nhu dong vat

Tuy c6 that nhiéu loai Robot, nhung dé ¢ng dung vao hoc tap thi nhiing robot di
chuyén bén hay sau chan van con nhiéu thiéu sot, vé bon chan, gan day ta cd robot
Vorbal, mdi chan hai khép, véi ma nguén mé, tuy nhién van chwa du phuc tap dé co
thé thir thach kién thirc vé dong hoc do kha don gian.



1.2. Kha nang #ng dung

Vi sir doi hoi cao vé tri thire trong thiét ké va ché tao, robot 1a mét céng cu cuc tot
dé phuc vu trong viéc hoc tap, nghién ciu, tao méi trudng rong rai dé ap dung céc
kién thirc d3 c6, gop phan dua hé thdng gido duc bt kip vai tién do phat trién céng
nghé, dac biét la trong ky nguyén 4.0 ngay nay.

Ngoai ra, tinh tng dung ctua Hexapod tré nén doc dao boi chinh sy linh hoat trong
hinh thac di chuyén, c6 thé di chuyén trén dia hinh da két ciu. Hexapod 1a mét trong
cac phuong tién Ion trong do tham khong gian.

1.3. Tinh hinh nghién ctru trong va ngoai nwéc

Boston DynamicH

Hinh 1-1. Robot Atlas Hinh 1-2. Tripod Robot
https://www.bostondynamics.com/atl  Evan Ackerman, “Martian-Inspired Tripod
as Walking Robot Generates Its Own Gaits”,
[ xem 10/07/2019] https://spectrum.ieee.org

[xem 10/07/2019]

Hinh 1-3. Quadruple Robot Hinh 1-4. Hexpod Robot
https://www.bostondynamics.com/atl  https:/Aww.trossenrobotics.com/phanto

as mx-ax-hexapod-mkZ1.aspx
[ xem 10/07/2019]


https://www.bostondynamics.com/atlas
https://www.bostondynamics.com/atlas
https://spectrum.ieee.org/
https://www.bostondynamics.com/atlas
https://www.bostondynamics.com/atlas
https://www.trossenrobotics.com/phantomx-ax-hexapod-mk1.aspx
https://www.trossenrobotics.com/phantomx-ax-hexapod-mk1.aspx

Cac robot di chuyén bang chan da dwoc nghién ciru tir 1au, déu duoc lay y tuong
tir thyc té nhu dang di ctia con ngudi, kiéu di chuyén cua dong vat bdn chan, dén kiéu
di chuyén cuia dong vat sau, tim chan va tat ca déu c6 nhiing thanh cdng nhat dinh.

Robot Hexapod 12 mét phuong tién co hoc di trén su chan. Vi n6 ¢6 thé én dinh
tinh trén ba hoac nhiéu chan, mét robot Hexapod c6 tinh linh hoat cao trong viéc di
chuyén. Néu maot chan bi vé hiéu hoa, robot van c6 thé di bo. Hon nita, khéng phai
tat ca chan cua robot déu can thiét cho su 6n dinh, cac chan khac dugc tu do tiép can
cac vi tri chan méi hoic diéu khién tai trong. Nhiéu Hexapod robot duoc ldy cam
hirng tir phan nganh dong vat sau chan. Hién nay trén thé gigi da c6 nhiéu nhém
nghién ctu va phat trién. G Viét Nam, robot di chuyén bing chén ciing 1a dé tai duoc
nhiéu nhém sinh vién thyc hién, 1a dé tai thich hop phuc vu hoc tap.

O Viét Nam, nhitng Robot phuc vu hoc tap di c6 mat trong cac trudng hoc:

‘./\r }
XN\

g W
“e) ;
=¥

4z
“
Hinh 1-5. Robot Lego Hinh 1-6. Robot Alpha 1E
https://ubtrobot.com/pages/alpha
[xem 10/07/2019]
Robot Lego tai 16p hoc Mindstorm nang cao cia Cau lac b Robotics (tam dich
Nganh hoc vé robot) - 10T cua trudng DH Khoa hoc tu nhién TP.HCM, hay Robot
Alpha 1E trong chuong trinh Trai hé Cong nghé 2019 tai Hoc vién Sang tao Cong
nghé TEKY. Robot con cé mat trong cac Lab cua cac trueong dai hoc nhu Robot Nao
cua truong DH Khoa Hoc Ty Nhién.

Hinh 1-7. Robot Nao


http://tuoitre.vn/robotics.html
https://viettimes.vn/tags/IEjhu41jIHZp4buHbiBTw6FuZw==/hoc-vien-sang.html
https://ubtrobot.com/pages/alpha

Khi g0 tir khoa “Hexapod ¢ Viét Nam” hodc “robot 6 chan ¢ Viét Nam” trén
trang tim kiém Google, ¢ rat it két qua lién quan dén dé tai nay, dé tai Hexapod &
Viét Nam, chi yéu dugc cac ban sinh vién nghién ciu cho viéc 1am cac dy an nho,
dd an mdn hoc, dd an tot nghiép hay nhitng ngay hoi khoa hoc sang tao nhu: Robot
do tim bom min cta nhom sinh vién Trudng Dai hoc (PH) Bach khoa Pa Nang,
gom: Ngd Dién Bao Triét, Lé Ty Duy Hoang va Tran Vin Chinh. C6 vai két qua vé
robot thuong mai don gian phuc vu cho hoc tap nhung l1a nhitng mé hinh don gian,
hai DOF hozc ba DOF lip ghép bang mica. Ciing c6 nhitng ca nhan nghién ciru, tim
hiéu vé hexapod va ding 1én cac dién dan hodc dua clip hoat dong lén Youtube.

1.4.Ly do chon dé tai.

Mang robot di chuyén bang chén 1a niém dam mé chung cua cac thanh vién trong
nhom. La mot du &n rat phd hop véi nganh co dién tu, sinh vién dugc ap dung rat tot
cac kién thirc chuyén nganh di hoc duoc trén truong, dong thoi ciing ciing kha it cac
du an twong ty di dugc thuc hién ¢ Viét Nam cho nén c6 rat it tai liéu lién quan khién
du &n nay vira la niém dam mé, vira 1a thach thic ma ching em muén vuot qua.

Hién nay, nhu cau hoc tap va tim hiéu cong nghé cua nudc ta rat cao, rat nhiéu 16p
hoc Vé robot da dugc ma ra dé dap tmg duoc nhu cau nay va phuc vu cho nhu cau d6
thi robot 1a mot cong cu khéng thé thiéu. Nhém ching em nghién ciru va ché tao ra
robot 6 chan nay phuc vu cho nhu cau hoc tap d6 cua cac em, gilp cac em c6 su hing
thi va c6 nhiéu su lya chon hon cho qua trinh hoc tap, nghién ciu robot caa minh.

1.5. Muc tiéu va phwong phap nghién ciru.

Vi du an nay chdng em nghién ciru, mé phong trén Mathlab va tao ra mot robot
Hexapod hoan chinh ¢6 kha nang di chuyén, md phong cach di chuyén cua loai con
tring chan khép. St dung cac phuong trinh dong hoc, truyén dong dé, thiét ké duoc
bo khung va chon dugc dong co phu hop, tng dung céng nghé in 3D vai vat liéu
nhya PLA trong viéc ché tao robot. Lap trinh theo céc giai thuat diéu khién da tim
dugc. DBiéu khién robot tir xa bang cac module diéu khién. Robot c6 thé quét duoc
khong gian xung quanh, xac dinh vi tri trong khong gian va vé nén ban d6 gui 1én
Web, nguoi ding c6 thé giao tiép truc tiép trén chinh ban d6 giri vé, truc tiép chon
trén man hinh dé robot ty dong di t&i vi tri duoc chuyén, dua vao tin hiéu digital tir
cong tic hanh trinh duéi mdi chan dé xac dinh diém dat chan, hd tro viéc di chuyén
trén dia hinh da két cau.

Phuong phap nghién ciu 13 tim kiém tai liéu trén cac trang mang trén Internet,
nghién ctu nhirng thiét ké da duoc cac nhdm, cac cd nhan phat trién trong va ngoai
nuéc tir d6 thiét ké ra mot con robot cir dong linh hoat. Tap trung phan tich, tinh toén,



chon lya va thuc nghiém céc module va linh kién d& tim thdy. Nghién ctu va phét
trién thuat toan trong code.

Nhém di thuc hién dé tai nay trong hon 10 thang gém bdn giai doan chinh:

Giai doan 1:

Tim kiém tai liéu

Giai doan 2:

Nghién cau, lva chon va kiém nghiém cac module, linh kién ph hop, xay
dung code diéu khién, lap rap mot mo hinh don gian. M6 phong trén Mathlab
Thiét ké phan khung xuong cho robot dam bao céc chirc ning di chuyén co
ban

Dua trén cac thuat toan diéu khién, dong hoc, va code mau, diéu khién ting
khép, tirng chan va két hop céac chan

Giai doan 3:

DPanh gia kha niang hoat dong, do bén, cua thiét ké cii, thiét ké lai khung cua
robot bang vat liéu nhua

Tinh toan, thiét ké khung bang nhya PLA, mua va gia cong cac chi tiét, lap rap
thanh mot con robot hoan chinh

Hiéu chinh code

Giai doan 4:

Thiét ké lai toan bo phan khung, vo robot, dam bao sy linh hoat cho robot,
giam khéi lugng, dam bao tinh tham mi.

Tinh toan, chon lai cac module, nguén phu hop

Hiéu chinh code, cai thién kha nang di chuyén linh hoat va giéng véi tu nhién
hon

Thiét ké app diéu khién

Tich hop module LIDAR, camera



CHUONG 2. COSO LY THUYET

2.1. Giéi thiéu chung

Dé Hexapod c6 thé di dugc, mot sb thuat toan can phai 1am viéc cung nhau dé tao
thanh bo diéu khién hoan chinh. Két qua cudi cung & moi khoang thoi gian 12 vi tri
set-point cho mdi servo. Mé hinh budc can phai dugc chon, cac quy dao da duogc tinh
toan va cac rang bugc vi tri cac chan duoc cap nhat lién tuc. Tay thudc vao van téc,
cac kiéu dang khac nhau duoc chon bai mot bo diéu khién. Dé thuc thi mdi kiéu dang
s€ cO mot giai doan drng va mot giai doan xoay chan. Trong giai doan duang la khi
chan tiép xtc mat dat & moi thoi diém. Trong giai doan xoay chan quy dao giita hai
vi tri diing phai duogc tinh toan dung bai bo diéu khién. Do kich thuéc phan cing nhu
chiéu dai chan, vi tri servo va chiéu rong co thé, mot sé rang budc nhat dinh sé han
ché vi tri cac chan. Céc vi tri caia mdi chan ciing s& anh hudng dén vi tri cac chan con
lai trong khdng gian. Do su giéng nhau gitra mot robot Hexapod va con tring chan
khop, rat nhiéu cam hirng cd thé dugc lay tir nd va sinh trac hoc cua chang.

Hinh 2-1. Chan loai chan khép trong thyec té

2.2.Bai toan dong hoc nghich trong robot

DPong hoc nghich 1a sir dung cac phuong trinh déng hoc dé xac dinh cac tham sb
g6c cua mdi khép dé co duogc vi tri mong mubn cho mdi bo phan cuaa robot [, Tac 13
tir toa d6 P xac dinh trong khong gian, véi P 12 vi tri cudi cling tai mdi miii chan cua
Hexapod, tir d6 tinh ra duoc cac goc Coxa Femur va Tibia dé diéu khién Servo, roi
diéu khiéu ca mot hé théng. Céc thong sé can tinh dwoc dign ta nhu ciu tric bén dudi,
bao gém: ba khau, ba khép.



TIBIA

Hinh 2-2. Hinh biéu dién cac khau va khép trong khong gian toa dg XYZ.

Cac bién y, @, B lan luot 1a cAc Coxa, Femur va Tibia, 1a cac goc hién tai cia mdi
Servo, muyc tiéu chiing em hudng dén 1a xac dinh gia tri cua cac goc xoay Offset (tic
la g6c ma mdi servo can phai xoay thém dé dat dugc goc xoay mong mubn) va code.

e Goc Coxa

Hinh 2-3. Hinh biéu dién goc Coxa khi nhin doc theo phirong Y tir trén xuong.



e Goc Femur va Tibia

e >

Hinh 2-4. Hinh biéu dién goc Femur va Tibia khi nhin doc theo phirong Z

Goi toa do cua P 1a (x, y, z) trong khéng gian, goi tit Coxa Length, Femur Length
va Tabia Length la CL, FL, TL.

Dua vao kién thirc toan hinh hoc, 1 c6 thé duoc tinh biang cong thuc sau:

| = /x2 + 22 (2-1)

HF = \J/(I-CL)? + y? (2-2)
Al = arctan2(y,l — CL) (2-3)
42 — cog- FI? + HF? — TI? -
- €08 2.FL.HF (2-4)
o FI%2 + TL? — HI? .
- 08 2.FL.TL (2-5)



Két qua dat dugc:
a =90°— (4 + A2) (2-6)
B = 90° — B1 (2-7)
Do ban dau, chiing em set géc sin c6 trong Servo 1a 90. Goi ¥/, ', B’ 1a céc goc

nhém muén huéng dén, cong thic lién hé gitra chling va céc goc Offset duoc thé hién
nhu sau:

a' =a+ Qoffset (2-8)

p'=p- ﬁoffset (2-9)

Vi xu hudng quay cua hai géc a va g ludén nguoc chiéu, xuat hién su trai dau trong
phép tinh. Pac biét d6i véi goc Coxa, do & mdi chan déu nam & phan géc phan tu
trong hé toa do khéac nhau, tir d6 ¢ thé tim duoc su khac nhau vé két qua doi vai moi
chan véi diéu kién sau:

y = arctan2(x,z) (2-10)

Dua vao cac két qua trén, thong sé diéu khién Servo c6 thé duoc tinh théng qua bo
chuyén ddi sang gia tri xung.
2.3. Piéu khién than robot

Khi than xoay hay tinh tién, do than chinh 1a géc toa do cac chan, trong khi cac
chan con lai lai diing yén. Vay nén vi tri ciia cac chan so véi than co su thay doi, toa
d6 d6 c6 thé tinh bang cach &p dung phép tinh ma tran xoay.

Goi diém P ¢ toa d6 (x,y,z) dugc xac dinh trong khéng gian, lay tdm than lam
goc toa do. Cac ma tran biéu dién cac phép quay quanh truc X, y, z mot goc 0 lan luot
laR(x,a),R(y,B),R(z,y):

Ma tran quay quanh tryc x[:

1 0 0
R(x,a) = [0 cosa —sina] (2-11)
0 sina cosa
Ma tran quay quanh truc y!:
cosp 0 sinf
R(y,p) = [ o 1 0 ‘ (2-12)
—sinff 0 cosf



Ma tran quay quanh truc z[:

cosy -—siny 0
‘ (2-13)

R(z,y) = [siny cosy 0

0 0 1

Chding em tién hanh nhan cac ma tran dé c6 thé c6 ma tran téng quét khi than quay

mét goc bat ki trong khéng gian, véi cac goc a, B va y 1a cac gbe duoc tao bai hinh

chiéu duong thing tir goc toa do dén P 18n mat phang Oxy, Oyz, Oxz va céc truc OX,
Oy, Oz, tinh dugc goc toa d6 P’ mai (x',y’, z")

sy.cf cy.ca+sy.sB.sa —cy.sa + sy.sp.ca
—sp cB.sa cf.cy

x' cy.cf —sy.ca+cy.sf.sa sy.sa+cy.sp.ca
ZI

X
H (2-14)
Z

Khi than tinh tién, cac toa do caa chan dong thai di doi 1 khoan twong ¢ng
nguoc lai véi hudng tinh tién ciia than. Vay cd thé don gian tinh P’ (x',y’, z") khi
than tinh tién mot khoan theo cac hudng x, v, z tuan tu 1a x1, y1, z1

x'=x—x1 (2-15)
y'=y-yl (2-16)
z'=z—-1z1 (2-17)

2.4. Piéu khién cach di chuyén cia Robot

2.4.1. Phwong thirc di chuyén

Robot sé& di chuyén bang cach diéu khién tirng cénh tay ba khép (chan robot) theo
mét thir tw mong mudn, thr ty budc khac nhau tao thanh cac kiéu dang khac nhau,
tang thém tinh da dang. Tuy nhién, du c6 tha tu khac nhau ra sao, cac toa do moi chan
ludn di theo mot quy dao nhat dinh, quy dao nay goi 1a Gait!l. Gait c6 hai pha cho
hai truong hop khi nang chan va chan cham dat.

Initial
Position

\GE ) o b
\e- /’ Swing AW
Final !
Position __ |/
Hinh 2-5. Cac pha trong mdi bwéc cia Hexabod !
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Trong giai doan Swing (ndng chan va quat t4i), chan di chuyén tir vi tri ban dau
dén vi tri cudi cung trong khong khi, duoc biéu thi bang dudong nét dut. Mt khéc,
trong giai doan Stance (chan cham dat), bo phan miii chan tiép xdc véi mit dat trong
khi chan di chuyén tir vi tri ban dau, di chuyén robot theo huéng nguoc lai voi mii
tén.

2.4.2. Cac kiéu di chuyén

Phu thudc vao yéu cau vé téc do, tinh 6n dinh, tiét kiém niang lwong hay yéu cau
vé dia hinh thi ta ¢ nhirng su lua chon khac nhau.

e Dichuyén lién tuc: 1a kiéu di chuyén ma than dong thoi tinh tién cing véi cac
chéan

C6 ba kiéu di chuyén phd bién:

Cl 22 12 €22 .« . . CB2

Tripmod Hawe Cslowd BEipppels
L R L = L =
13 1 1 <=2 C32 1 1 CB5> CED 1 1 C=22
2> 2 = <12 2> 2 = 52 C32 2 = B2
c1 = = C22 c1a = = L4 1D 3 = L4
Hinh 2-6.

Hinh biéu dién thi tw cac pha ctia mdi chan trong mot vong buwéctO!

Véi kiéu di Tripod, sau chan cuia robot duoc chia 1am hai bo (1), (2) thay phién
nhau budc.

Véi kiéu wave, chi c6 mot chan & trong pha Swing, con lai & trong pha Stance. Rét
cham nhung lai d& ton nang lwong, hay dung trong do dia hinh go ghé.

Véi kiéu ripple, hai chan trong pha Swing, con lai trong pha Stance, trung hoa hai
cach trén.

11



Mot trong sb ba kiéu dang di chuyén cua nganh chan khép, trong bao cao nay
chung em khéng dé cap dén kiéu Wave(slow) (lan truyén ting chan) va Ripple (hai
chan chéo). Bai vi dé Robot di chuyén nhanh, mém mai, tiét kiém thoi gian di chuyén,
tao dugc mot mat phang tiép xtc ba diém can bang thi kiéu dang Tripod chiém wu
thé ndi troi nhat.

e Kiéu di chuyén khong lién tuc: 1a kiéu ma sau khi tat ca cac chan da thuc hién
hét cac vong budc thi than méi tién 1én, day 1a cach di chuyén thuong thiy khi di trén
cac dia hinh déc, than robot chi tinh tién nguoi vé trude khi co da sdu chan cham dat,
khi d6 cing vitng va tinh bam 1a cao nhat. Pay 1a muc tiéu ma nhém mudn huéng toi
trong twong lai nham phuc vy tng dung vuot dia hinh.

2.4.3. Piéu khién cho Hexapod queo phai tréai

Pé Hexapod co thé xoay, dang di da st dung phai duoc sira lai. C6 mot s phuong
phap dé diéu khién Hexapod xoay kha hitu hiéu. Phuong phap dau tién 1a thay doi
chiéu dai mdi budc ¢ hai bén, 1am cho mét bén chan di chuyén cham hon (buéc di
ngdn hon) s& khién cho Hexapod xoay dan vé phia ddy. Mot phuong phap khéc 1a
giam tan s6 xoay & mot bén than dé mat bot mot bude. Di vai viée diéu khién
Hexapod cua gap hay xoay quanh mét diém, ta thuong két hop ca hai phuong phép.
Ngoai ra ta cho chan budc 10i s& 1am viéc diéu khién d6 dugc dé dang hon. Mot cach
khac dé Hexapod xoay tuwong tu nhu viéc giam chiéu dai budc 1a xoay chan xung
quanh trung tim co thé. Xoay chan trén dat xung quanh trung tdm co thé chinh s&
khién cho co thé c6 dang vé nhu dang xoay. Pé viéc xoay dugc thuc hién, viéc quan
trong phai dam bao van téc goc quay & mdi chan 1a bang nhau va phai quay xung
quanh ciing mét diém (trung tam co thé). Khi mot chan vuot qué xa khoi vi tri, ta c6
thé dem tro vé bang giai doan xoay chan. Ta sir dung phuong tién quay 1a hé ma tran

quay R,
cos@ —sinf O
R,(0) = (sin@ cos6 O) (2-18)
0 0 1

2.5. Tinh 6n dinh caa Hexapod

Do 6n dinh cua Hexapod duoc chia thanh hai loai: 6n dinh tinh va 6n dinh dong.
Pé duoc coi 1a 6n dinh tinh, Hexapod can 6n dinh trong toan bo chu ky di chuyén,
khong can thém bat ky luc nao dé can bang robot. Trong khi robot 6n dinh tinh, hinh
chiéu thang dung tai toan do trong tim (COM) cua nd nam trong da giac dwoc hinh
thanh tir cac chan dang trong giai doan day tién. Trong trudng hgp COM duge dit &
bién hodc bén ngoai da giac, robot s& nga xudng trir khi n6 6n dinh vé mat dong luc,
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tie 1a robot duoc can bang trong khi di bo do lyc quén tinh gay ra boi chuyén dong
va khong 6n dinh tinh khi dirng di chuyén.

Hinh 2-7. Pa giadc ma toa do trong tam ndm trong do6 sé 6n dinh[t0!

2.6. Giao tiép Bluetooth véi PS2

2.6.1. Giéi thiéu vé chuan giao tiép SPI

SPI (Serial Peripheral Bus) 1a mot chuan truyén thdng néi tiép d¢ong bo toc do cao
(I1én dén 10Mbps) do hang Motorola phét trién. Pay 1a kiéu truyén thong Master-
Slave, trong d6 c6 mot Master diéu phdi tat ca va nhiéu Slaves duoc diéu khién baoi
Master. SPI 13 mét giao thirc song cong (full duplex) nghia 13 tai ciing mot thoi diém
qua trinh truyén va nhan cé thé xay ra dong thoi. SPI d6i khi con duoc goi 1a giao
thirc “bdn day” vi c6 bén dudng giao tiép 13 SCK (Serial Clock), MISO (Master Input
Slave Output), MOSI (Master Ouput Slave Input) va SS (Slave Select ),

SCK: Xung giir nhip cho giao tiép SPI, vi SPI Ia chuan truyén dong bo nén can
mot duong gitr nhip, mdi nhip trén chan SCK bao 1bit dit liéu dén hodc di. Su ton tai
cua chan SCK gilip qué trinh tuyén it bi 15i va vi thé toc do truyén caa SPI c6 thé dat
rat cao. Xung nhip chi duoc tao ra bai chip Master 81,

MISO- Master Input / Slave Output: néu la chip Master thi day 1a dwong Input
con néu la chip Slave thi MISO lai 1a Output P,

MOSI — Master Output / Slave Input: néu 1a chip Master thi day 1a duong
Output con néu I chip Slave thi MOSI la Input [,

SS—Slave Select: SS 1a duong chon Slave can giap tiép, trén cac chip Slave duong
SS s& & muc cao khi khong lam viéc P,

Hoat dong: moi chip Master hay Slave c6 mot thanh ghi dit liéu 8 bits. Ctr mdi
xung nhip do Master tao ra trén duong gitr nhip SCK, mét bit trong thanh ghi dix liéu
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cuia Master dugc truyén qua Slave trén duong MOSI, dong thoi mét bit trong thanh
ghi dir liéu cua chip Slave ciing duoc truyén qua Master trén dudng MISO. Do hai
g6i dit liéu trén hai chip dugc goi qua lai ddng thoi nén qua trinh truyén di liéu nay
duoc goi la “song cong”.

2.6.2. Giao tiép giira can diéu khién PS2 véi Vi diéu khién.

4. black: ground 6. yellow: attention
2. orange: command /
(play station -> controller) \ o
| S.red: / 7. blue:
\\ ‘ |k /  clock
\ 3. grey: 3.3V 4 7/

vibration \ ! ;
motor power |
- ? .
12V < 8. white:
un.known

1. brown: data

acknoledge

(controller -> play station)

WYY

Hinh 2-8. Chiic nang cac day trong module PS2.
O day can diéu khién PS2 déng vai tro 1a Slaves. Vi diéu khién 1a chip Master I,
Céc dau vao dau ra twong ¢ng cua PS2 1a:

e MISO: < day 1. Brown (day Data)

e MOSI: < day 2. Orange (day command)
e SS: < day 6. Yellow (day chon slave)
e SCK: <& day 7. Blue (day xung clock)

Mot g6i dir liéu bao gém 3byte header va thém 2byte command b6 sung hoic dit
ligu diéu khién.
3byte header:

e 0x01: byte khoi dau qué trinh truyén nhan
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0x42: byte main polling command. Lénh thim do chinh, phy thudc vao cau
hinh diéu khién, 1énh nay c6 thé nhan duoc tat ca céc tin hiéu sé hoic analog

cua cac phim

0x00: Iénh chi c6 chirc nang doc di liéu tur PS2

Sau déy 1a bang data nhan duoc khi nhan cac phim PS2, mot go6i Sbyte dix liéu.

Command
STT | Tén phim Header Data
0x01 0x42 0x00 0x00 0x00 0x00
Byte# 1 2 3 4 5 6

1 Lén OxFF 0x41 Ox5A OxF7 OxFF 0x00
2 Phai OxFF 0x41 Ox5A OxFB OxFF 0x00
3 Xubng OxFF 0x41 Ox5A OxFD OxFF 0x00
4 Trai OxFF 0x41 Ox5A OXFE OXFF 0x00
5 | Tamgiac | OxFF 0x41 Ox5A OXFF OxF7 0x00
6 Tron OxFF 0x41 Ox5A OxFF OxFB 0x00
7 Chéo OXFF 0x41 Ox5A OXFF OxFD 0x00
8 Vubng OxFF 0x41 Ox5A OxFF OXFE 0x00
9 L1 OxFF 0x41 Ox5A OxFF OxDF 0x00
10 L2 OXFF 0x41 Ox5A OXFF OX7F 0x00
11 R1 OxFF 0x41 Ox5A OXFF OXEF 0x00
12 R2 OxFF 0x41 Ox5A OXFF OxBF 0x00
13 Select OxFF 0x41 Ox5A OX7F OxFF 0x00
14 Start OxFF 0x41 Ox5A OXEF OxFF 0x00
15 L3 OxFF 0x41 Ox5A OxBF OxFF 0x00
16 R3 OXFF 0x41 Ox5A OxDF OxFF 0x00

Bdng 2-1. Data cia cac phim nhan PS2

O cac bang sau ddy, mdi vi tri trong 8bit c6 mot nat, khi nhan, bit ¢ vi tri d6 vé 0

Hight Byte Low Byte
0 1 2 3 4 5 6 7
Select L3 R3 Start N > J &

Bang 2-2. Gai dir liéu cac nut trong byte thur 4
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Hight Byte Low Byte

7 6 5 4 3 2 1 0

L2 R2 L1 R1 A @) X O

Bang 2-3. Géi dir liéu cac nat trong byte thir 5

e 0x41: Ché do thiét bi: mac cao (4) cho biét ché do (0x4 1a digital, 0x7 1a
analog, OxF 1a cau hinh/ thoat), muc thap (1) 1a c6 bao nhiéu word 16bit theo
sau header, mac du playstation khong phai ltic nao ciing doi tat ca cac byte nay
(trong truong hop cac nat do chi c6 2byte 4 va 5 nén chi c6 1word).

e Ox5A: Lubn 12 0X5A, gia tri ndy xuat hién & mot s6 noi khong cé chirc ning.

Nhan tin hiéu analog tir hai joystick va cac nut nhan.

Dé giri nhan duoc tin hiéu analog, can ciu hinh lai commend 0x44, c6 tac dung
chuyén dbi qua lai gitr hai tin hiéu analog va digital, chi c6 thé hoat dong khi dang
cau hinh 1a F3, tic 1a phai c6 3word sau header (6 byte).

Byte# 1 2 3 4 5 6 7 8 9
Commend | 0x01 | 44 | 00 | o1 | 03 | oo | 00 | 00 | 0O
Data |OxFF| F3 | 5A | 00 | o0 | 00 | 00 | 00 | 00

Bang 2-4. Bang config sang ché dé guri tin hiéu analog

e 01: set analog mode
e 03: khoa diéu khién dé nguoi dung khdng thé chuyén lai digital bang nat

Theo mic dinh, céc gia tri analog caa lec nhan cac nit s& khong duoc tra lai, dé co
thé kich hoat chling, can c6 lénh 0x4F, cling nhu 0x44, chi c6 thé hoat dong khi cau
hinh la F3.

Byte# 1 2 3 4 5 6 7 8 9
Commend | Ox0L | 4F | 00 | FF | FF | 03 | 00 | 00 | 00
Data |OXFF| F3 | 5A | 00 | 00 | 00 | 00 | 00 | 5A

Bang 2-5. Bang cofig sang ché dé guri tin hiéu analog tir lyc nhan
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e FF FF 03: 18bit trong d6 (ng 18byte tra vé 1a 2byte trang thai nat nhan, 4byte
gia tri analog cua hai can gat (mot can gat hai gia tri analog theo hai phuong
X va'Y c6 khoang gié tri 0 — 255, trang thai ding yén ban dau la 125), 12byte
gia tri analog ung véi cac lec nhan ¢ 10 hai nat

Sau khi thoat khoi cau hinh bang ham 0x43, khi ding ham 0x42, ta c6 thé nhan vé
18byte dir liéu va nhan duoc tin hiéu analog.

2.7.LIDAR.[1]

RPLIDAR Al dua trén nguyén ly laser va s dung phan cang xu Iy va thu nhan
tam nhin tdc d6 cao do Hang Slamtec phat trién. Hé thdng do dit liéu khoang cach
trong hon 8000 1an mdi giay.

Hinh 2-9. RPLIDAR Al

LIDAR bin tia laser da huéng 360 do, chay theo chiéu kim dong ho va quét moi
truong xung quanh cua nd va sau do tao ra mot ban dd phac thao trong méi trudng
thuec.

Hinh 2-10. Bdn db trd vé tir LIDAR
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Ty 18 Iy diém mau cua LIDAR truc tiép quyét dinh xem robot c6 thé lap ban db
nhanh va chinh x&c hay khdng. RPLIDAR cai thién hé thong thuat toan va thiét ké
quang hoc bén trong dé 1am cho tdc d6 mau Ién t&i 8000 lan véi tan s6 10Hz.

RPLIDAR c6 chi phi thip phu hop cho @ng dung SLAM robot trong nha.

2.7.1. Congnghéin 3D
2.7.1.1. In3Dlagi?

In 3D la mot céng nghé tién tién cho phép ban tao mot vat thé tir md hinh 3D, 1a
cong nghé tao mau nhanh véi myc dich: tao mau nhanh hon va ré hon. Ngay nay,
cdng nghé in 3D da thay d6i rat nhiéu: viéc ché tao ré hon, dé dang hon, cong cu hd
trg va cong dong rong 1on khién cho viéc tiép can vai cong nghé in 3D khong con
khd, ké ca véi sinh vién.

Hinh 2-11. May in 3D

Hién nay ¢ Viét Nam ching ta dé dang tiép can vai ba cong nghé in 3D chinh:
Cong ngh¢ SLS, Cong ngh¢ SLA, cong ngh¢ FDM.

e (Cong ngh¢ FDM (Fused Deposition Modeling): May in 3D dung cong nghé
FDM xay dyng miu bang cach dun nhya ndng chay roi hoa ran ting 16p tao
nén cau trdc chi tiét dang khoi

e Cura la phan mém xuit Gcode cho may in 3D, 12 phan mém ma ngudn mé cua
Ultimaker, 1a phan mém hd tro rat tét cho may in 3D va c6 cong dong sir dung
rong l6n. chiing em chon thdng sé theo nhitng yéu cau cua chi tiét, luu céac file
lai dudi dang Gcode. May in sé in ra diing chi tét chiing ta mong muébn
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Hinh 2-12. In 3D céng nghé FDM trén phan mém Cura

2.7.1.2. Vatliéuin 3D
Trong du 4n nay, chiing em sir dung vat liéu PLA vi nhitng wu diém cua no:

e Khong doc
o R¢
e Déin
2.7.1.3. Pic diém caa cong nghé in 3D FDM

May in 3D ding cong nghé FDM xay dung mau bang cach din nhya néng chay
roi hoé ran tirng 16p tao nén cau tridc chi tiét dang khoi.

Vi ddc diém cua céng nghé in 3d FDM la theo 16p, nén co tinh cua chi tiét khac
nhau theo phuong tac dong nén can luu y chon huéng in trude khi thiét ké

- Uu diém

D& dang thiét ké, gia cong san pham
e Chi phi thap

- Nhuoc diém

e San pham in ra c6 d6 nham I6n
e Thoi gian in lau
e Kich thudc vat in dugc con nho
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Hinh 2-13. M6 phong qué trinh in theo lop

= Vi nhitng dic diém va wu diém cua cdng nghé in 3D FDM va phan mém
CURA, nhom quyét dinh chon phuong phép gia cong bang céng nghé in 3D
FDM dé tao phan vo cho robot caa nhom.

2.7.2. Lwa chon thiét bi
2.7.2.1. B diéu khién board Arduino Mega 2560

Arduino Mega 2560 1a mot vi diéu khién dya trén nén ATmega 2560. C6 54 dau
vao/dau ra s6 (trong d6 c6 15 dau dugc sir dung nhu dau ra PWM), 16 dau vao analog,
4 chan UARTS (cong ndi tiép phan cang), mot 16 MHz dao dong tinh thé, két ndi
USB, mét jack cim dién, mot dau ICSP, va mot nit reset. Chira tat ca moi thir can
thiét dé hd trg cac vi diéu khién, chi can két ndi véi may tinh bang cap USB hodc str
dung bo chuyén d6i AC — DC hozc pin. Arduino Mega tuong thich véi hau hét cac
shield duoc thiét ké cho Arduino Duemilanove hoic Diecimila.

Ly do dé tai chon vi diéu khién Mega2560 vi bo nhé flash cia MEGA rat 16n gap
4 1an so voi UNO (128kb) véi vi diéu khién ATmegal280, ATmega328p, ... va nhitng
ho vi diéu khién khéc. R& rang, nhitng du &n can diéu khién nhiéu loai dong co va xir
ly nhiéu ludng dix liéu song song (3 timer), nhiéu ngat hon (6 cong interrupt), ... 6
thé dugc phét trién d& dang voi Arduino MEGA, chang han nhu: may in 3d,
Quadcopter, ...

20



Hinh 2-14. Board Arduino Mega 2560

Microcontroller ATmega2560
Operating Voltage 5V

Input Voltage (recommended) 7-12V

Input Voltage (limits) 6-20V

Digital 1/0 Pins

54 (of which 15 provide PWM output)

Analog Input Pins

16

DC Current per 1/0 Pin

40 mA

DC Current for 3.3V Pin

50 mA

Flash Memory

256 KB of which 8 KB used by bootloader

SRAM 8 KB
EEPROM 4 KB
Clock Speed 16 MHz

Bang 2-6. Tom tat théng s Arduino Mega 2560

2.7.2.2. Board 32 servo Controller.

Mach diéu khién 32 RC Servo dugc st dung két hop v6i phan mém trén mdy tinh

qua cong USB, tay cadm khong day PS2 hoic két ndi véi Vi diéu khién qua giao tiép
UART gifip ban c6 thé d& dang diéu khién Mach diéu khién 32 RC Servo c6 cach sir
dung va két ndi dé dang, phan mém cila mach chay trén hau hét cac hé diéu hanh phd
bién hién nay: Windows 7, Linux, MacOS, Android,...

Vi phai diéu khién mot 1an 23 servo, doi hoi mot lugng 16n chdn PWM can phai

str dung. Mach 32 Servo gitp tao thém khong gian két ndi. Vi diéu khién Mega 2560

thi khong du chan PWM
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Hinh 2-15. So dé tinh néing ciia chan trong Board 32 Servo Controller

Dién ap st dung:

5VDC (cap qua 5VDC s& lam chay mach).

Dién 4p ngo ra RC Servo:

SVDC.

CPU:

32bit

HO tro giao tiép

USB (115200), tay cam PS2, UART (4800, 9600,
19200, 38400, 57600, 115200)

Thoi gian tré:

lus

Tan so diéu khién:

50Hz

Bang 2-7. Bang thong s6 mach 32 servo controller

2.7.2.3. Mach giam ap
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Hinh 2-16. Mach giam ap UPEC 8,3V - 6V

Dé tai str dung hai module giam ap Ubec Ternigy vi Robot Kién 25DOF can mot
lugng Ample rat 16n dé cung cap cho tat ca servo digital JX5521. Mach giam ap thong
thuong phai mac nhiéu mach song song lai dé ting ample nhung rat cong kénh va
phuc tap, tang tai trong robot.

Nén ta chon Ubec nhé gon, cong suat cao, cong tic cua Ubec ¢ ché d6 6V vi Servo
hoat dong tot & mirc dién ap 6V.

Pau ra (Khong d6i): 5v / 8A hoic 6v / 8A

DPau vao: 6v-12.6v (2-3cell Li-po)
Dong khéng hoat dong: 60mA

Day hoat dong: 7.8~8.4v/11.7v ~ 12.6v

Bang 2-8. Thong sé UPEC

2.7.2.4. Pin li-po 7000mAh

Pin Li-po 14 loai pin c6 thé sac dwoc nhiéu lan, st dung chat dién phan dang
polymer khé. Pin Li-po véi nhitg wu diém vuot troi vé tinh niang va tudi tho nén
dang dugc dung trén da sé céc thiét bi. Ly do dé tai chon pin Li-po vi:

e Pin RC Li-po nho, nhe va cd thé 1am & moi hinh dang kich thudc

e Pin RC Li-po c6 dung luong cao c¢6 nghia 1a n chira dugc nhiéu nang lugng
trong mot goi pin nho

e Pin RC Li-po c6 dong xa cao dé cung cap ning luong cho dong co RC c6 doi
hoi khat khe nhat
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Hinh 2-18. Pin 5200mAh

Dung lugng 6000 mAh va 7000 mAh
Dong xa 80C

Ngudng dién &p hoat dong 60mA

Ngudng hoat dong 7.8 ~ 8.4v (3cells)

Bdng 2-9. Thong sé Pin Li-po

2.7.2.5. Dong co RC Servo Digital RC JX5521

C6 céc loai dong co thudng dugce dung dé lam cac mo hinh robot 1a dong co DC
RC Servo, dong co buéc (Step motor) va Servo. Bé tai sé sir dung dong co RC Servo
dé diéu khién Robot vi dong co RC Servo ré, cd phan hdi tiép trang thai bang bién
tré duoc tich hop ngay bén trong dong co, viée diéu khién duwoc don gian héa chi can
duy nhat mot chan phét tin hieu PWM va mé hinh nay s& gan gidng vai viéc st dung
nhitng dong co Servo trong cd nghiép, dé dang tng dung thuat toan duoc xay dung
trong d¢é tai dé phaét trién cong nghiép.

Tai sao lai khong st dung dong co DC Servo va Step Servo cho du an nay? Li do
1a qua dat, mudn phat trién md hinh nay Ién thi ca DC Servo va Step Servo lai qué
yéu hozc quéa cham. Pong co RC Servo sir dung bién trg cho nén vi tri Home sé& duoc
dit tai mot muc dién tré cd dinh, didu ndy chi c6 & nhitng loai Servo dit tién voi dia
Encoder dac biét, con Servo thuong thi khong. DC Servo va Step Motor thuong sé
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lay vi tri ngay IGc cap ngudn 1a vi tri Home nhu vay mudn kiém soat dugc toa do cua
canh tay robot noi chung va trong truong hop nay la cac chan cia Robot nhén sau
chan ta phai sir dung thém céc cam bién hoic cong tic hanh trinh,... Nhu vy s& phai
sir dung nhiéu hon cac chan vi diéu khién va gay su cong kénh trong thiét ké.

Servo: phan hdi tiép trang thai thong dung 1 encoder, nhung véi s6 lugng dong co
I6n (25 dong co) doi hoi vi diéu khién phai du manh va yéu cau tée do vi xir 1y cao.
Néu khong dap Gmg du thi d& gy tinh trang treo vi diéu khién.

Cho nén RC Servo la phi hgp nhat vai cac mé hinh robot di chuyén khéng banh
Xe, Cau tao bén trong ctia dong co RC Servo nhu hinh 3-28:

Hinh 2-19. Bén trong mgt RC servo Hinh 2-20. Servo 5521MG

e Motor

e Electronics Board

e Positive Power Wire (Red)

e Signal Wire (Yellow or White)

e Negative or Ground Wire (Black)

e Potentiometer

e Output Shaft/Gear

e Servo Attachment Horn/Wheel/Arm
e Servo Case

e Integrated Control Chip

Trong hé thdng nay, Servo dap ng cua mot cac ddy xung sé on dinh. Cu thé hon,
mach diéu khién 1a dap (ng cia mot tin hiéu sb cac xung bién ddi tir 1ms — 2ms. Cac
xung nay duoc goi di 501an/gidy. Chua y rang khdng phai xung mot giay diéu khién
servo ma la chiéu dai caa cac xung bién d6i tir Ims — 2ms. Cac xung nay duoc goi di
50lan/gidy. Chu y rang khong phai sé xung trong mét gidy diéu khién servo ma 1a
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chiéu dai cua cac xung. Servo doi hoi khoang 30 — 60 xung/gidy. Néu sé nay qué
thip, d6 chinh xac va cong suat dé duy tri servo s& giam. Vi do dai xung 1ms, Servo
duogc diéu khién quay theo mot chiéu (gia st I chiéu kim ddng hd). Véi do dai xung
2ms, Servo quay theo chiéu nguoc lai.

Pong co RC Servo Digital RC JX552114 thich hop nhat cho viéc lam céc loai robot
vi n6 ludn giit lai trang thai xung gan nhat, tranh trudong hop khung robot bi 6 sap bat
ngd & trang thai khong diéu khién, dong co RC Servo Analog (Mg996,995,945,..) s&
bi mat diéu khién khi dung cép xung dot ngot, dan dén viéc khung robot bi sap bat
ngo.

Pong co RC Servo Digital JX5521¢6 ciu tao mo truc xoay gidng nhu Servo truyén
thong gitp ban dé tng dung cho céc thiét ké robot cia minh, ngoai ra chat lugng cua
loai dong co nay rat tot (t5t nhat trong cac thir nghiém hién tai), dong co ¢6 banh ring
kim loai, luc kéo manh, xoay ém, khong rung, gitr vi tri tdt nhét , 14 mét su lua chon
sang gia cho thiét ké robot.

Trong lugng san pham 55.69

Kich thudc san pham 40.5* 20 .2* 44.2mm

Toc do 0.18sec / 60° tai 4.8VDC va 0.16sec / 60°
tai 7.2VDC

Luc kéo 17.25Kg.cm tai 4.8VDC va 20.32kg.cm
tai 7.2VDC

bi¢n 4p hoat dong 4.8VDC dén 7.2VDC

Dong dién tiéu thu >600mA

Chiéu dai cap 32cm

Bang 2-10. Thong sé va khoi liwong RC Servo

2.7.2.1. B diéu khién PS2 va HC06

Hinh 2-21. PS2 Hinh 2-22. HC06
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o PS2

o Pham vi bit song Bluetooth 1én dén 10m, khong can dung day dan. Tay
cam dat d6 nhay cao, nut nhan ém. Khong c6 hién twong switch bounce
clia nit nhan

o Tay cam PS2 Wireless c6 2 joystick kha linh hoat giup nguoi dung diéu
khién cuc ky chuén xac

o Tay cAm PS2 c6 bo chuyén doi tin hiéu két ndi phi hop cho cac ban
giao tiép voi vi diéu khién

bién ap hoat dong 3.3V
Giao tiép Bluetooth
Khoang céch téi da 10m

Bang 2-11. Thong sé PS2

e HCO06
bién ap hoat dong 3.3vDC ~5vDC
Baudrate UART c6 thé chon | 1200, 2400, 4800, 9600, 19200,
dugc 38400, 57600, 115200
Dai tan song hoat dong Bluetooth 2.4GHz
Chip CSR mainstream bluetooth- bluetooth

V2.0 protocol standards.

Dong dién khi hoat dong khi Pairing 30 mA, sau khi pairing hoat
d6ng truyén nhan binh thuong 8 mA

Kich thude cua module chinh | 28 mm x 15 mm X 2.35 mm

Bang 2-12. Thong sé6 HCO6

Pé tai sir dung HCO6 vi robot duoc diéu khién béi phan mém trén dién thoai
Andrioid song song véi viéc diéu khién PS2. Ngudi dung c6 thé cai dit phan mém va
két ndi Bluettooth.

2.7.2.2. Raspberry Pi 3
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Hinh 2-23. Raspberry Pi 3

CPU Broadcom BCM2837B0 quad-core A53 (ARMv8) 64-bit @
1.4GHz

GPU Broadcom Videocore-1VV

RAM 1GB LPDDR2 SDRAM

Networking | Gigabit Ethernet (via USB channel), 2.4GHz va 5GHz, Wi-Fi

Bluetooth | 4.2, Low Energy (BLE)

Thé nhé Micro-SD

GPIO 40-pin GPI10O header, populated

Ports HDMI, 3.5mm analogue audio-video jack, 4x USB 2.0, Ethernet,

Camera Serial Interface (CSl), Display Serial Interface (DSI)

Bdng 2-13. Thong so va khéi lwong RC Servo

Ly do mach Raspberry Pi 3 duoc sir dung trong dé tai nay vi:

Raspberry Pi 3 Model B+ (Made in UK) la board mach may tinh nhiing dugc sur
dung nhiéu nhat hién nay, ngoai viéc st dung dé hé diéu hanh Linux hodc
Windows 10 IoT, may con c6 kha ning xuét tin hiéu ra bon muoi chan GPIO
gitip ban c6 thé giao tiép va diéu khién vo sb cac board mach phan ctng khac dé
thuc hién vo sd cac ung dung khéac nhau, may c6 kich thudc nho gon, gia thanh
phai ching, cach sir dung d& dang, chi can cai hé diéu hanh vao thé nhd va céap
ngudn 1a cé thé sir dung

May tinh Raspberry Pi 3 Model B+ (Made in UK) c6 cong dong sir dung rat 16n
trén thé gioi, day chinh 1a uu diém 16n nhat ciia Raspberry Pi, diéu nay gitp chiung
em c6 thé tim ngudn tai lidu ciing nhu hd trg rat dé dang trén Google hoic trang
cha Raspberry Pi. Dbi véi thuat toan diing Robot ROS, SLAM LIDAR quét map
can thoi gian xur ly tin hi¢u nhanh, chinh xac thi Raspberry Pi 3 1a su lya chon
phu hop

2.7.2.3. RPLIDAR Al
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Hinh 2-24. LIDAR

RPLIDAR Al duoc san xut boi hang Slamtec dugc st dung cho cac ung dung
phat hién vat can, lap ban dd bﬁng tia Laser trong xe, robot tu hanh, h¢ théng chéng
trom, ..., cam bién c6 d6 6n dinh va do chinh xéc cao.

Cam bién Laser Radar (LIDAR) RPLIDAR Al st dung giao tiép UART nén c6
thé dé dang giao tiép véi Vi diéu khién, May tinh nhing hoic két ndi may tinh qua
mach chuyén USB-UART va phan mém di kém, cam bién c6 kha ning quét xa véi
khoang cach 1én dén 12m, tan s6 toi da 10Hz voi 8000 samples per time, phit hop cho
vo s6 cac tmg dung khéc nhau.

bién 4p hoat dong SVDC
Chuan giao tiép UART
Phuong phap phat hién vat can Laser

Khoang cach phat hién vat can téi da | 12m

Goc quay 360°.

Téc do 1ay miu tbi da 8000 Samples per time.
Tan s6 quét tdi da 10Hz

Kich thudc 71X 97mm

Bang 2-14. Thong sé LIDAR
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CHUONG 3. NOI DUNG NGHIEN CUU

3.1. M6 phong trén Matlab
3.11. Luudd

Main code Péng hoc Dong hoc Quy dao

l nghich. thuan. X0ay.

Tao vector di chuyén clia
robot theo mat phing XY, dé
cao laZ, budc la “step size”

L J
Cau truc Robot: 6 chan; 3
khau (Coxa, Fermur, Tibia) va
3 khép mbi chén

Y

M6 phong diéu khién than va
cac chan .

!

Tao khong gian md phong XYZ

A
A

Hinh 3-1. Luwru d6 trong viéc md phong hexapod trén Matlab

3.1.2. Két qua mod phéng

s Desktep Window  Help

1B LA-G 08 D

Hinh 3-2. Két qua mé phong sw di chuyén cia Hexabod trén Matlab



3.2. Thiét ké co khi
3.2.1. Lip rap, di ddy va két ndi cac Module
3.2.1.1. So d6 téng quan két ndi co khi

—* . ddv cap nguon
< day tin hiéu tir sensor
— iy giri di liéu dicu khién

—-—*  dudmg di nh nghia

=
i
T

CTH M3 L] M2 H MI

Ml e
3 LIDAR

x3
= MII12

T000mAh

X
- MI3*I13

Md-s

r GO00mAh

x3
|__"‘ MIG-18

M74

Raspberry Pi3

Mega 2560

M ]
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3.2.1.2. So d6 tong quan két ndi dién va tin hiéu

Pin Lipo Pin Lipo
7000mAh 6000mAh
: o+ +
! 7.8V Cg::;‘;"l ) 5
[ Giam ap Upec ] Logic Rasperry Rasperry
6V Ser P13 Pi1 Zero
Vo $ + Control ry ry
Driver 32 data Sensor
data
controller
[ LIDAR ] Camera
l os | 0OV5647
[ 25 Servo ]
(+)
k ¥
Arduino
Mega 2560 '
Control ¥ 5 & Control
data data
[ PlayStation 2 ] [ HCO06 ]
Sensor data Sensor data

[ HCSRO04 sensor ]7 —[ FSR402 sensor ]

Status data

[ Cong tac hanh trinh ]

Hinh 3-4 So do két néi cac module va tin hiéu.



Trong qud trinh gan mot nam nghién ciu va phaét trién du 4n, robot da dugc phat
trién qua bdn phién ban.

Hinh 3-5. Hexapod VS1

O phién ban dau (VS1), nham kiém tra kha niang di chuyén cua Hexapod, ching
em chi ding khdp nhém 1am khung, cé thé dé dang mua ngoai thi truong, diéu nay
gilp tiét kiem thoi gian phai bo ra, robot di lai on, ¢6 thé queo phai trai nhung do co
khdi lwong 16n, thoi gian hoat dong dugc 15 phuit.

Hinh 3-6. Hexapod VS2 khung nhua
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Véi Hexapod VS2 (phién ban 2), ching em chuyén qua sir dung nhya 1am khung,
ding cdng nghé in 3D dé giam tai trong robot chiu phai. Sau d6 chung em tién hanh
kiém tra thir vé dung lwong pin va thoi gian hoat dong va cé dugc két qua rat kha
quan, robot hoat dong dugc 30 phut, tai trong ngoai 1én dén 2kg. Ngoai ra, ching em
con phét trién thém phan code bén trong, thém thuat toan ma tran xoay, robot di c6
thé xoay than tai chd ma chan khong di chuyén khoi dat.

Hinh 3-7. Hexapod VS3 két hop dau va dudi

Nhung nhin chung, ca hai phién ban dau chi mai c6 chuyén dong nhung lai khdng
¢6 nhiing chtrc nang mé rong phuc vu cho nhu cu phat trién mé hinh hoc tap. Mot
phan nguyén do 1a khong du khong gian dé c6 thé thém vao cac module. Mot y tuong
dit ra, ching em thiét ké thém dau va duéi, ldy hinh mau 1a mot con kién dé thiét ké
thay vi chi ¢6 sau chan nhu ban dau, diéu nay gilp ¢ thém khéng gian ma khong
tang kich thudc than, va phién ban 3 (VS3) duogc ra doi. Nhung phién ban nay chi co
chirc nang kiém tra thuat toan trong code, dam bao khi thém hai b phan dau dudi sé
khéng anh huong téi hoat dong cia Hexapod. Ching em sir dung phan thiét ké c6 san
cua Jeroen Janssen dé xay dung theo nham tiét kiém thoi gian, ting luong pin tir
3000mAh 1én 6000mAh dé cai thién thoi gian hoat dong. Sau qua trinh xt ly, két qua
1a robot ¢ thé di chuyén on dinh véi hai bo phan thém vao, robot c6 thé hoat dong
trong 30 pht.

Sau VS3, ching em tién hanh lua chon cac module muén st dung, tir d6 thiét ké
lai cho riéng minh mot AntPot cé thé chira cac module d6, phan chon lya thiét bi xem
phan 3.4.1. V& chi tiét phan thiét ké, s& duoc n6i rd & phan nay.
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Hinh 3-8. AntPot (Hexapod VS4)

3.2.2. Thiét ké md hinh
3.2.2.1. Phan Pau

Nhom mudn tao mét con robot ¢6 kha nang di chuyén dén nhitng khu vuc khuat
tam nhin, hoic can do tham trudc nén can c6 Camera dé quan sét va co thiét bi quét
ban d6.

Dé camera c6 goc nhin rong, ching em thiét ké phan dau robot c6 ba bac tu do
giup cho robot cd kha nang xoay 180° ¢ truc Rotage, 40° ¢ truc Pan, 40° truc Tilt.

Phan dau sir dung bon dong co servo twong (ng vai hai bac ty do & khép Head
Pan, Head Tilt va hai khop ¢ rang, ring c6 goc dong/mé 45° mdi bén. Phan dau dugc
trang bi zero cam tai vi tri chinh gitra hai rau c6 d6 phan giai 5MP quay video 1080
30fps di kém v&i Pi zero. Cam bién lyc tich hop vao cang cho phép do duoc luc kep.
Cam bién siéu 4m duoc gan & vi tri miéng dung dé né vat can dudi tam quét caa Lidar.
Angten duoc st dung dé tang tim st dung PS2.

Phan dau duoc chia thanh 12 chi tiét gdm chi tiét dau, hai chi tiét mét trai- phai,
nam chi tiét ring- banh ring, ba chi tiét co, tit ca duoc lap ghép véi nhau bing ¢ va
dai 4c.
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ANG TEN

CAMERA ROTAGE

CAM BIEN LUC

Hinh 3-9. Thiét ké 3D phdn ddu Hexapod

3.2.2.2. Phan than

Thiét ké than gom Lidar, bo nguon gom hai vién pin 7000mAh, 6000mAh, hai
mach bao pin. Bé dam bao cho tinh linh hoat cia phan dau, dong co truc Rotage cua
phan dau dugc dit trong than va dugc d& bang bac dan 35BD5220. Phan than cho
phép khép y & mdi chan quay 50°, cho phép khép Pan cta phan dudi quay 40°

La noi gan két sau chan, phan dau va dudi, can phai dam bao d6 viing chic, nhung
vi han ché kich thuéc cua ban in cia may in 3D nén ching em phai tch phan than
thanh bén phan va két ndi véi nhau bang mica & chinh gitta. Mica ciing 1am nén cho
khay pin va mach.
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LIDAR
CONG TAC NGUON

KHAY PIN

MACH DRIVER

Hinh 3-10. Thiét ké 3D phan than Hexapod
3.2.2.1. Phan dudi

Phan dudi sir dung 2 dong co servo tuong ng véi 2 bac ty do ¢ dudi Tail Pan cho
phép quay 40°, Tail Tilt cho phép quay 40°, bén trong duoc thiét ké 1a noi chua
Arduino mega 2560 va Raspberry Pi3, phan dudi co kich thudc 16n hon ban in ciing
duoc chia thanh 5 phan va két ndi voi nhau bang mica dam bao phan dubi c6 két cau
virng chic va tinh thim mi cao. Phan dudi trang bi 6 con led twong Gng véi 6 chan,
khi chan cham dit led s& sang.

ARDUINO

RASPBERRY

]
S .\
\4&\

(s 13
>9 D

Hinh 3-11. Thiét ké 3D phan duéi Hexapod

3.2.2.2. Phan chan

37



Thiét ké chan gom ba dong co servo 5521MG twong tng Véi 3 bac tu do véi kich
thugc khau: Coxa 75mm, Femur 113.5mm, Taibia 221.6mm. Chan cé cdng tic hanh
trinh dé 1am thuat toan diéu khién vuot dia hinh. Céc servo duogc gidu kin va day dan
duoc boc trong day ludi dam bao tinh thAm mi. Chan duoc thiét ké voi do day vo
2mm va gan 3m dam bao d6 cing viing va do bén cua chi tiét, phan dinh ngdn chan
c6 16p cao su chdng truot vi vat liéu PLA c6 d6 ma sat kém véi cac mat phang nhin
nhu gach men, ban, ...

TAIBIA FEMUR COXA
! )
‘ . - v
| D
! N -
) L)
|
| L)
iz

‘ } ——a —

! B a v

/
7 CONG TAC HANH TRINH
{

Hinh 3-12. Thiét ké 3D phan chan Hexapod

3.2.3. Giacong
3.2.3.1. Cai @it thong sé may in

Soi nhua sir dung 1a PLA duong kinh 1,75mm, d¢au phun 0,4mm.
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3.2.3.1.1. Quality

Layer height: 0,28mm
Initial layer line width: 120%

3.2.3.1.2. Shell

Wall thickness: 1.2mm
Top/bottom thickness: 0.8m

Optimize wall printing order: t5i vu hoa sb vi tri rit nhya va quing duong

di chuyén
3.2.3.1.3. Infill
Infil density: 15%
3.2.3.1.4. Material

Default printing temperature: 205°C
Flow: 105%
Enable retraction: Chon

Retraction extra prime amount: 0, 06mm?3

3.2.3.1.5. Speed

Print speed: 80mm/s

Wall speed: 40mm/s

Top/bottom speed: 50mm/s
Travel speed: 100mm/s

Print Acceleration: 2000mm/s?

3.2.3.1.6. Cooling

Regular fan speed at height: 0,3mm
3.2.3.1.7. Support

Support overhang angle: 70°
3.2.3.1.8. Build plate adhesion

Build plate adhesion type: Brim

39



3.2.3.2. Chuan bi

Dong co.
25 dong co servo 5521MG.

2@ D o s f0 kel 0 (a s l'e e

Vo

Hinh 3-14. C4c bg phdn sau khi in, chudn bj lap rap

40



Linh Kién dién tu:

STT Tén linh kién S6 luong
1 Ang ten 2
2 Arduino mega 2560 1
3 Cam bién luc FSR402 1
4 Cam bién siéu &m HC-SR04 1
5 Camera Pi 1
6 Led 6
7 Lidar 1
8 Mach diéu khién servo 1
9 Mach do pin 2
10 Mach giam ap 5V-3A 1
11 Mach giam 4p UBEC 2
12 NGt ngudn 1
13 Pin 6000mah 1
14 Pin 7000mah 1
15 Raspberri pi3 1
16 Raspberri zero 1

Linh kién co khi:

STT Tén linh kién S6 luong
1 Bac dan B683zz 1
2 Bac dan B684zz 4
3 Bac dan FL6x12x4 21
4 Cong tac hanh trinh 6
5 Pai 6¢c M3 23
6 Pai 6c M4 4
7 L6t cao su 6
8 Oc M2 lyc giac dau try 15mm 12
9 Oc M2.5 lyc giac dau try 15mm 4
10 | Oc M3 lyc giac dau bang 5mm 65
11 Oc M3 luc giac dau tru 10mm 60
12 Oc M3 luc giac dau try 12mm 1
13 Oc M3 luc giac dau try 20mm 8
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14 Oc M3 luc giac dau try 8mm 100
15 Oc M4 luc giac dau tru 10mm 40
16 Pai 6¢c M3 234
17 Pai 6¢c M4 40

3.2.4.

Bang dia chi két ndi

Arduino Mega 2560

Raspberry Pi 3

35 29
37 31
39 33
41 37
43 36
45 32
GND GND

Bang 3-1. Két nai Arduino Mega 2560 véi Raspberry Pi 3

Aruino Mega2560 Cong tac hanh trinh Led
34 SW1 D1
36 SW2 D2
38 SW3 D3
40 SW4 D4
42 SW5 D5
44 SW6 D6

Bang 3-2. Két nai cdng tac hanh trinh vao Arduino Mega2560

Arduino Mega2560 HCRS-04 FSR402
VCC VCC VCC
GND GND GND
20 TRIGGER
21 ECHO
A2 Analog

Bang 3-3. Két néi HCRS-04 va FSR402 vao Arduino Mega2560

Arduino Mega 2560

PlayStation 2

HCO06

VCC

VCC

VCC
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GND GND GND
10 SEL
11 CMD
12 CLK
13 DAT
0 RX
1 TX

Bang 3-4. Két noi PS2 va HC06 vao Arduino Mega2560

Mega2560 32 Servo Torobot
VIN VCC
GND GND
19 RX
18 TX

Bang 3-5. Két nai 32 Servo Controller vao Arduino Mega2560

Raspberry Pi 3

Raspberry Pi Zero

LIDAR Al

Port 1

Camera OV5647

Jack Camera

Bang 3-6. Két nai LIDAR vao Pi 3, Camera OV5647 vao Pi Zero

Pin

Driver32 Torobot Raspberry Pi 3 Raspberry Pi Zero

Li-po 6000mah

Cong USB Cong USB

Li-po 7000mah

2 x Ubec15A

Bang 3-7. Nguon nudi Driver 32 Servo, Pi 3, Pi Zero va cach két néi
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Chan phai sau

Coxa 0
Femur 1
Tabia 2
Chan phai gitra
Coxa 4
Femur 5
Tabia 6
Chan phai trudc
Coxa 8
Femur 9
Tabia 10
Chan trai sau
Coxa 31
Femur 30
Tabia 29
Chan trai gitra
Coxa 27
Femur 26
Tabia 25
Chan trai trudc
Coxa 23
Femur 16
Tabia 21
HeadRotate 17
HeadPan 12
Pau va dudi
HeadTilt 11
MandibleLeft 22
MandibleRight 13
AbdomenPan 3
AbbdomenTile 28

Bang 3-8. Két nai cac Servo vao Controller
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3.3. Thi cdng
3.3.1. Lipchan

Hinh 3-15. Buoc 1

Wi
I

AP
Hinh 3-17. Buoc 3

-
4

Hinh 3-18. Burdc 4
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3.3.2. Lapthan

Hinh 3-19. Buoc 1

Hinh 3-21. Buoc 3

.
N
{ 3

2

Hinh 3-22. Buodc 4
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3.3.3. Lip dau

Hinh 3-23. Buoc 1

3.3.4. Lip dudi

S

Hinh 3-25. Buoc

Hinh 3-24. Buoc 2

Hinh 3-26. Buoc 2
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3.3.5. Hoan thién

Hinh 3-27. AntPot

3.4. Lwu d va giai thuat diéu khién cho di chuyén ciaa Hexabod

3.4.1. Thuat toan danh cho dang di

O Chuong II phan 4.1 c6 ndi qua, Hexapod sé& duoc lap trinh dé c6 thé thuc mot
dang di (Gait) chu dao, tir d6 thyc hién cac chirc nang di chuyén tién 10i trai phai,
xoay than. Diéu dic biét phai lwu y 46 la hwéng ciia ddng di nay phdi cing huwéng
véi hwong di chuyén cia than va di chuyén nguoc chiéu khi cham dat, didu nay gidp
robot cd thé tién vé trudc.

sl |
Budc tuong dai: |
Stepleg *
Stepleg =0 : Stepleg = 1
|
Stepleg=0
khi bét dau
di
Stepleg=-1 Stepleg = 2
|
(x,2,y) 1|= (0,0,0)
I
\J
¥

Hinh 3-28. Hinh dang cua Gait trong giai thudt
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Pé c6 thé thuc hién duoc kiéu dang di do, ta phai cho toa do chan thyuc hién mot to
hop cé4c toa do hinh thanh nén Gait, cang nhiéu toa do, budc di cang min, nhung bu
lai thoi gian xu 1y hét lai 1au, trong béo co nay s& ldy mot dang di c6 tam toa d6 gom
nin toa do cham dét, ba toa do niang chan dé giai thich vé giai thuat

Khi thuc hién Gait, dé trong nhu cac chan hoat dong cuing Ilc, ta phai cho tirng chan
thuc hién di doi mot khoan toa do theo hinh dang Gait nhu trén, mdi lan di doi vay la
mét budce trong Gait, khi thuce hién xong hét sdu chan méi bit dau qua budc tiép theo

Budc tuyét doi: & mdi Gait nay, do cac chan ciia Hexapod hoat dong nang chan tuan
tu, nén mdi chan déu co so tha ty nang chan cua minh, dé goi 1a budc tuyét ddi (hay
con cd thé goi 1a budc co s6), thir tw nay dwoc tinh tir vi tri dau tién cua chan khi khai
bao trong code va dém ting dan theo hudéng di chuyén cia Gait (hudng mii tén trong
Hinh 3-33). Va budc tuong dbi s& bang sé budc ldc bay gio cua Gait trir cho budc
tuyét d6i. Ta cho khi budc twong d6i bang 0 (StepLeg=0) Ia tai ltic chan dang duoc
nang cao nhat trong Gait, tir ddy ta c6 thé tién hanh code bang cach dit toa do cho
chan ng véi timg truong hop StepLeg, goi d6 lam ham Gait, c6 luu ¢ nhu Hinh 3-
35.

Bén canh d6 phai cho ham Gait trén chay xuyén xudt 8 budc cua Gait va tra vé 1
khi di hét s6 budc dé Hexapod di chuyén lién tuc. Deadzone 1a khoan ma ¢ d6 toa
d6 ko thay d6i, do diéu khién bang PS2, joystick xuat ra tin hiéu analog trong khoan
0-255, dung deadzone dé giam bét o nhay, tranh viéc va cham ngoai y muédn. Ta
c6 luu @6 & Hinh 3-36.

Tir ddy c6 thé cho ham chay vong lap dé c6 thé diéu khién Hexpod di chuyén theo
hudng ta can, c6 lwu ¢4 nhu Hinh 3-37.

Truéc khi xem phan code, chling ta can phai xac dinh trudc hé toa do trong toan
than robot dé dé dang déi chiéu:
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Goc toa dd chan
trong Gait

Go6c toa do dong
hoc méi chan

Goc toa do clha
toan than khi di
chuyén

Hinh 3-29

. Y y
Fa Z
X g o X
a Sy
ANy - - T
z
=,"{
Hudng
v di chuyén
rAd z

. Cac hé toa do trén trén Hexapod
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S6 budc tuong doi =
budc hién tai - budc co so

Buoc twong doi = 0 => chin do
hudng toi vi tri cao nhat cua trang
thai niang

(Cho di chuyén, budc tuong doi = 0)|| True
(Khéng di chuyén va vi tri trong Gait

virot qua deadzone)

Gitr vi tri ning.
cdc huong khiac =0,

False tinh theo vi tri trong
Gait
Cho di chuyén, True
budc twong doi = -1 v
Nang chan.
ciac hwdng khac =
False o A .
- do di chuyén cua
Cho di chuyén, True than/2
budc twong d6i = 1 4
Gitr vi tri nang,
Falsc cac huong khac =
+ do di chuyén cua
Cho di chuyén, True than/2
budc twong doi =2 v
Ha chén,
False cac hudng khac =
Gitr vi tri cham dét, +do di cl.m}'zjen fma
cac luréng khac = than/2 (gitr vi tri X,
do di chuyén cua Z trude dd)

than/4 (dua than vé
phia truoc)

End

Hinh 3-30. Luu do gidi thudr 1 buéc trong Gait
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Kiem tra
xem than
co dang di
chuyén
khong.
NEu
khong,
quay chan
vE vi tri
dau de
bat dau
gait

Thuc hién
1 budc
trong Gait
cho tuan
wrmdi
chan, tra
vé 1 néu
da dat s6
buéc cla
Gait

[ Chay trinh tu Gait ]

False True
Cho di chuyén = true
hoac dém bude trong
Cﬂho-dn chlfyen’khn C? Cho di
d 6 di chuyén cua than gy
theo hudng X Y Z vugt
gua deadzone
False
Cho di
chuvén ?
Reset vé vj tri dau
! Y
Chay vong for 6 [an Next
(rng v&i mbi chan
Thure hiégn
1 budc
trong Gait
|
Done
SO buwdc +1
True False
S8 budc = 56
budc trong Gait
S budc=1
False

PEm budc
trong Gait I=0

I}d

Hinh 3-31. Luu do trinh ti chay cua Gait
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B

Y
Khai bao bién
Timewait

v

Bat dau dém thai gian chay,
TimeStart = millis()

» ‘L — X0 ly va xuat ra cai data
eI vé dé tinh tién va d
module ifé” khién nghiéng cla than theo 3
Chay trinh Thuc hién 1 budre trong

tr Gait Gait véi tat cachan

Tinh téng dd tinh
ti€n va xoay theo
cac hudng xy z cua
Tinh todn can 1 chén khi thyue hién
bing 1 chan 1 budc trong Gait

Dang & ché
dd can bang

Dung ma tran xoay dé
tinh dotinh tiénx vy z

ctia chan khi than xoay

= F af - 5 T
hay nghiéng Kbody h 4 Lay téng /6 va gidi

¢ Can bang han cdc gdc nghiéng

Dung déng hoc nghich i than trong (-180) toi 180
. .. Tinh IK
tinh cac goc Servo dya
vao toa dé chan v

Pam bao ko tring | 3p data gilra cac budc.
C6 thé diéu khién nhanh cham tir module
diéu khién bing cach thém vao 1 lugng thei

Tinh téng thoi gian servo
di chuyén (TimeWait)

Y

) n Lay cdc goc tinh dugc, dat diéu kién chan
Cap nhat B g . o 4
trai phai dé mirro, thong qua 1 bd chia dé
Servo - e .
doi sang gia tri xung diéu khién Servo
/ Cac goc Servo /
¥
Delay= TimeStart + TimeWait
Wait <= Delay

Hinh 3-32. Luu dé giai thugt vong lgp chinh
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3.5. Viét app diéu khién bang Bluetooth két néi dén HC06

3.5.1. Giéi thiéu cong cu thuc hién: MIT App Inventor

Diy 1a mot trang Web cung cap cbng cu gilp ich cho viéc tao mot app cd thé s
dung trén dién thoai, thuc hién cac chirc nang don gian. Vi la mét trang Web, nguoi
ding khéng phai tai vé dé sir dung, thay vao d6 1a mot tai khoan Gmail. Nhém chon
sir dung céng cu nay bai tinh don gian trong qué trinh tao app, cac cau lénh co thé
tao ra chi véi nhirng thao tac keo tha cac block.

3.5.2. Qua trinh thuc hién

Muc tiéu ban dau chiing em dé ra d6i véi app nay la phai giri duoc tin hiéu diéu
khién thong qua duong truyén bluetooth, dam bao viéc thuc hién khéng bi gian doan.
Vay nén ching em tién hanh thir nghiém két ndi va giri dir liéu cac nat va 1 joystick
bang phién ban dau. O phién ban nay, app c6 thé két noi véi HCO6 va gui duoc tin
hiéu dudi dang ky tu tng véi mdi nut nhan va tin hiéu analog tir joy trong khoan tir
0-255 thdng qua cong Serial.

e Két ndi bluetooth bang ListPicker va Button, diéu kién ban dau la dién thoai
phai bat két néi bluetooth, méay chua cac dia chi ghép ddi va kha dung xung
quanh, ListPicker BeforePicking gilp hién ra man hinh danh sach cac dia chi
day ra man hinh giao dién, sau d6 AfterPicking giup két ndi vao dia chi duoc
chon. Sau cuing 1a Button gitip ngat két ndi khi khong can dung nira. Hai nat
nay s& luan phién xuat hién trén giao dién nat nhan con lai duoc kich hoat
thanh céng.
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.Connect

address Bluetooth_connect * =

" AddressesAndNames *

'® | IBiuetoothClient? - M IsConnected -
L ST Notifier] » Bei

notice

!

Hinh 3-33. MIT két nsi bluetooth

e Gui dit liéu qua duong truyén bluetooth, khi két néi bluetooth thanh cong, néu
nhan vao mot nat chirc ning (ngoai trir joystick), app s& guri mot ky tu duoc
thiét 1ap, khi nha nat ciing s& guri mot ky tuw khac, dung trong diéu khién khi

nhan giir. Sau day 1a vi du ctia nat nhan tién:

when 7GRS -TouchDown
do (o) if BluetoothClient1 - 1 IsConnected - |

Hinh 3-34. MIT g thong tin nat khi nhan nha
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Xt ly dix liéu khi kéo joystick: dé co thé sir dung chirc niang nhu mot joystick,
chung em str dung man hinh Canvas va thao tac kéo tha mot hinh tron thay
cho nat quay. Mat khac, c6 hai van dé can phai giai quyét, vi tri trén Canvas
va dix liéu. V& vj tri, khi kéo thi hinh tron d6 sé& theo tay minh, tha ra thi hinh
tron quay vé vi tri dau va kéo Joystick s& khong vuot qua khoi ban kich duong
tron ngoai, vin dé nay ching em chi yéu ding lénh Move to dé di t6i toa do
em can. Vé dit liéu, can phai xt Iy toa d6 cua Joystick dé chuyén thanh gia tri
0-255 roi gui tra dit liéu cho HCO6.
o Dé cd thé theo vi tri hién tai cua ngon tay, tai diéu kién Dragged ching
em dung lIénh Move to curent, current la toa ¢ ma ngon tay cham vao
man hinh Canvas

when .Dragged
do call LS MoveTo

£ 1[4 currentX - BRI Joy - B Radius -
y (L8 current - BRI Joy - B Radius -

Hinh 3-35. MIT Joystick huwong theo tay kéo

o Dé co thé khi tha tay, hinh tron quay vé vi tri ban dau, diéu kién
TouchUp danh cho viéc khi tha tay ra khoi Canvas gitp ching em xur
ly van dé nay

when TouchUp
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do call MoveTo

X "4 global Bac_Grou_CenterX - & :
y "1 global Bac_Grou_CenterY - JE :

Hinh 3-36. MIT tha Joystick

o Dé Joystick khong vuot ra khoi khung hinh tron & nén (Background
Joystick), chung em da phai tim mét céng thirc chung dé c6 thé di doi
toa d6 dang v6i khung gidi han. Hinh 3-29 sau thé hién toa do thuc cua
Joystick bén trong Canvas:

56



L J

}-" v

Hinh 3-37. Hé toa dé bén trong m¢t khung Canvas

Goi toa do Background Joystick trong Canvas la (Xo, Yo), Vi tri ngon tay hién tai la
(xi, Yi) va vi tri Joystick chiing em mudn 1a (i, yi’), ban kinh Background 1a R, ban
kinh Joystick lar.

Néu ctr ding toa do nay tinh, chiing em phai phan truong hop phu thudc vao ting
g6c phan tu toa d6 goc O, diéu nay qua mat thoi gian xir ly. Vay nén em dua ra mot
¥ tuong, tinh tién hé toa do vé vi tri toa do cuia Background Joystick, diwa vao d6 tinh
toa d6 i’. Em tinh dugc céc toa do sau khi tinh tién 12 i(Xi-Xo, Yi-Yo), i’ (Xi’-Xo; Yi’-Yo)

O vén d& nay diéu kién ban dau dua ra 1a néu Joystick bi kéo ra khoi gigi han cua
Background, tic 12 khoan cach dén tam Background phai 16n hon khoan cach toa do
gidi han, dat A 1a khoan cach tir diém nhan dén tdim Background, diéu kién d6 duoc
dé ra nhu sau:

A= = %)%+ (y; = ¥o)? (3-1)
A>R-—r1 3-2
Néu khong thoa diéu kién nay, Joystick chi can di chuyén téi vi tri cham tay trén

Canvas. Néu thoa, phai thyuc hién thuat toan di doi toa do. Su lién hé gitta hai toa do
trén, chung em dung dén dinh Iy Talet trong tam giac dé tinh:
Xi — Xp Yi = Yo A

[ = ; = (3-3)
Xi =X Yi = Yo R—r
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Tir phuong trinh trén, toa d6 i” c6 thé duogc tinh bang cong thic sau:

,_ i =%x)(R—1)

x| = 1 + %, (3-4)
yl, _ (Yi - yojl(R - 1") +y, (3_5)

Chuing em tién hanh chuyén thuat toan trén vao lap trinh app:

when Initialize

- TN display_setting ~ |
-4 global JoyLeft Rad_Coor_in * BG)

_Base_joy_left - I Height - Al

2  Joy_left - B Height - IR

-4 global JoyRight Rad_Coor_in * &)

S

when @LAE(EE Dragged

startX | startY | prevX | prevY | currentX | currentY

CLIELE global Rel_coor_X - U 4 global Base_joy_left_center X - MERER: 11 currentX - |
-4 global Rel_coor Y - AU 14 global Base_joy_left_center Y - BRIV currentY - |
=18 global Jo Rad_Coor - kG

| Base_joy_right - I Height - BRI 2 SESSSNEL Joy_right - B¥ Height - NIVAIE 2 |

'24 global Rel_coor X + JEEEN 2 Sl 24 global Rel_coor Y - Ml

&L 28 global JoyLeft_Rad_Coor * Ml 5 * JBY global JoyLeft Rad_Coor_in *
then call EEAEES MoveTo

X

-4 currentX - NSRBI 1oy et - I Width - MRS 2

L curent IR Joy et W Heignt - AN >

U global ratio_to_max - R0 21 global JoyLeft Rad_Coor_in - AL -{ global JoyLeft_Rad_Coor *
L global Rel_new_coor X » L BSRCINERT giobal Rel_coor_X - JEMER'TY global ratio_to_max ~ |

£7-8 global Rel_new_coor X * §&) ) "2 global Rel_coor Y * M "T21 global ratio_to_max - |
call @A .MoveTo

X

-4 global Base_joy _left_center X « MEEEEN:-4 global Rel_new_coor X * | Joy left ~ B Width - NEVANM 2 |

2 [\ 24 global Base_joy left center Y - MEEMENT¥ giobal Rel_new_coor Y * [ Joy left -~ B Height - NI 2 |

Hinh 3-38. Code gidi thudt gigi han Joystick

- Van dé cudi cung 1a doi gia tri toa d6 sang gia trj trong khoan 0-255, chiing
em dua toa d6 Joystick so vai vi tri Background Joystick qua mot bo
chuyén doi, goi gia tri dir liéu cua Joystick theo 2 hudng X, y 1a dx,dy bo
chuyén d6i nay duoc tinh theo cong thuc sau:

dx = (x; — xy) % (3-6)
Do dir liéu theo truc y nguoc vai hé toa do trong Canvas, nén cong thuec tinh dy co
su thay d6i so véi cong thuc tinh dy:
255

_ N S 3-7
dy = 255- (i —Yo) 5o 3-7)
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3.5.3. Kétqua

MANUAL AUTO

X: 128
EXIT v

ByteX 111111110000000

ByteY 10000000
Result 111111110000000
AUTO

Hinh 3-39. App VS1

Muyc tiéu thi hai, ching em mudn phan mém nay phai két néi dugc véi mang nham
¢ duoc thdng tin tra vé tir trang html ma nhom ding, ngoai ra ngay trong phién ban
nay, ching em bat dau thiét ké b cuc cho giao dién phan mém. Ching em muén app
c6 day du nhitng chirc ning giéng nhu mot PS2 dé tao cam giac diéu khién tuwong tu
ma trude d6 nhom ting 1am, nén em thiét ké bd cuc cai nat, hinh anh ban dau nhu
mot PS2, bén canh d6 thém vao hai man hinh c6 thé két néi mang. Em tién hanh thu
nghiém hai man hinh bang céch cho két ndi véi link Youtube, mét trang phé bién, va
mot nat change dé c6 thé chuyén duong link giira hai man hinh. Chdng em sir dung
thudc tinh WebViewer dé c6 thé hién ra dugc trang Web muén hudng dén, dung Iénh
GoToUrl dé két ndi:

initialize global {51y ¢ <ii==1y

when JInitialize
<L TN displaysetting -
||l WebViewer2 ~ Meloalel8)(]

U B (28 global Link_Lidar ~

Hinh 3-40. MIT két nai WebViewer vao mgt link

Chung em thiét ké ntit Change dé c6 thé thay doi duong link gitra hai man hinh:
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initialize global (SN Gt ) to | )
when .Click

do | (%) if 1 global status_change - L=~ It 0 I

then cali WebViewer1 » Belis10];!
url | global Link_Lidar ~

W1 WebViewer2 - Rean v

url #[21¢ global Link_Stream

‘ =-1¢ global status change * [

else call AWENETEEFRA GoToUrl
url s[=2¢ global Link Stream -~
(o-| |l WebViewer2 v Beley[e8];!

url |

. ==1¢ global status change * [}

global Link_Lidar -

Hinh 3-41. MIT niit Change thay déi dwong link hai man hinh

Nt két ni Man hinh web 1 Man hinh web 2

Hinh 3-42. App VS2 véi man hinh va bé cuc duwoc xdc dinh so bo

Cudi cuing, véi app VS3, ching em hoan thién giao dién, tién hanh chinh sira anh
nén, thay d6i mau sac, cai thién do thuan mat. Loai bo céc chirc ning khong can thiét
vi du nhu khung thé hién khoan cach siéu am, cac nit dinh hudng. Tang kich c&
khung luét Web dé d& dang thao tac qua mang, bd sung khung Test dé dit vao duong
Link dén html.
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2307 2 3 =@

p://192.168.20.12:6080/vnc_lite.html?host=192.168.20.12&port=60 K OK

0 o
-l

Hinh 3-43. App VS3 hoan thi¢n

3.6. Két hop chirc ning quét map cia LIDAR

3.6.1. Gidi thiéu cbng cu thuc hién: ROS va SLAM

Pay 1a mot moi truong linh hoat cho viéc viét cac phan mém robot. N6 tap hop cac
cong cu, thu vién va tiéu chuan chung dé gitp nguoi ding cd thé dé dang van hanh 1
chie ning, thuc hién mot hanh vi phuc tap nao d6 trén nhiéu loai nén tang robot khac
nhau.

SLAM la hé théng sir dung thong tin anh thu dwoc tir camera dé tai tao moi trueong
bén ngoai, bang cach dua thong tin moi trudng vao mot map (2D hoic 3D). Tir do,
thiét bi (robot, camera, xe) cd thé dinh vi (localization) dang & dau, trang thai, tu thé
clia nd trong map dé ty dong thiét lap dudng di (path planning) trong méi trudng hién
tai. O dé tai ndy, chiing em khdng diing camera ma thay vao d6 1a dung thiét bi ngoai
vi 12 LIDAR, ban tia lazer dé quét va tao map 2D.

Diéu khién tu dong thiét bi robot chia 1am 3 véan dé chinh: dinh vi (localization),
tai tao moi truong (mapping) va hoach dinh duong di (path planning). Trong d6
SLAM giulp viéc dinh vi va tai tao moi treong dugc xay ra cung mot ldc.

3.6.2. Nhirng can chinh phu hop véi kich thwéc Ant-Pod
e Footprint: toa d6 cua 4 goc quanh tdm LIDAR, tao thanh khoan tréng biéu
thi kich thudc Ant-Pod
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_common_params.yaml (~/catkin_ws/src/robot_slam/config) - gedit

prin 0.45, 0.3]
|map_topic: /map

Hinh 3-44 Footprint

e Max_vel x, min_vel_x: tc do max va toc 6 min cia Ant-Pod
ry_planneryaml (~/catkin_ws/src/robot_slam/config) - gedit

|
Trajector PlanngrROS:

min vel 0
max_vel_theta: 0.1
min_vel_theta: -0.1
min_1in_place_vel_theta: 0.25

acc_lim_theta: 0.15
acc_lim_x: 0.2
acc_lim_Y: 0.2

Hinh 3-45 Max_vel_x, min_vel_x

e Yaw goal tolerance: phuong sai khi xoay

_planneryaml (~/catkin_ws/src/robot_slam/config) -

Open ¥ [+

TrajectoryPlannerROS:
max_vel_x: 0.03
min_vel_x: 0.01
max_vel_theta: 0.1
min_vel_theta: -0.1
min_1in_place_vel_theta: 0.25

acc_lim_theta: 0.15
acc_lim_x: 0.2
acc_lim_Y: 0.2

holonomic_robot: false

meter_scoring: true

Xy _goal_tolerance: 0.15
yaw_goal tolerance: 0.25

Hinh 3-46 Yaw_goal_tolerance

e Arg: chta chudi cai kich thudce trong d6i cua LIDAR trén ban do:
o 000,2: vitri cua x y z theo don vi met, do dé LIDAR cao 0,2 met so
Véi dat
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o 3,14 0 0: @ xoay yaw pitch roll: do dit LIDAR trong thiét ké nguoc
chiéu trugc sau

<launch>
’ <param name="robot_description" textfile="$(finc¢

| _<node pkg="tf" type="static transform publisher’

ATl /> <!
' <node pkg="robot_slam" type="drive_controller" i

<node pkg="hector_mapping" type="hector_mapping'

Hinh 3-47 Arg

3.6.3. Nguyén ly giao tiép giira arduino va Raspberry Pi 3:

RPLIDAR Al sau khi chay tat ca cac thuat toan dé phét hién vat can va xay dung
Ién ban do thi Raspberry Pi 3 s& tao ra 2 bién lién tuc thay d6i , d6 chinh 1a Goc (don
vi d0) va Huéng di. Sau d6 Raspberry Pi 3 sé& giao tiép gui dir liéu 2 bién do dén
Arduino mega 2560 . Sau d6 Arduino mega s& quyét dinh dén muc tiéu di chuyén cua
robot theo 9 hudng co ban.

e Huéng 1 : di thang

e Hudng 2 : dilui

e Huéng 3 : Xoay trai tai chd

e Hudng 4 : Xoay Phai tai chd

e Hudng 5 : di thang két hop xoay trai
e Hudng 6 : di thang két hop xoay phai
e Hudng 7 : di lui két hop xoay trai

e Hudng 8: di lui két hop xoay phai

e Hudng 9: Bang yén

Khi robot di chuyén dén vi tri méi so véi vi tri cii. Goc robot s& bi thay doi, ta s&
nhan duoc bién cua Géc.

e Raspberry Pi 3 s& giao tiép véi arduino mega qua cac day tin hiéu.
e Giao thuc truyén tir Raspberry Pi 3 dén mega la song song (parallel). Cac
chan vat 1y duoc két néi voi nhau théng qua ban sau:
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Raspberry Pi 3 Arduino Mega Tén bién
Chan 29 Chan 35 PosAngle
Chan 31 Chan 37 NegAngle
Chén 33 Chan 39 PosLinear
Chéan 37 Chan 41 NegLinear
Chan 36 Chéan 43 ComWrite
Chan 32 Chan 45 ComRead

Chan GND Chan GND

Cac tin hiéu tir raspberry pi3 s& la tin hiéu dau vao input cho mega. Ta s& c6 cac

qui dinh cho cac huéng nhu sau :

e Budc 1: Chan 45 dugc Kich 1én muc cao 5v. sé cho phép doc cac théng tin tir

Raspberry Pi3

e Budc 2: Chan 43 caa mega s& ma dau nhan goi data bang cach kich muc thap

Ov
digitalWrite(ComWrite,0);

e Bud6c 3: Hudng va goc duoc lya chon theo data bang cach kich muc cao céc

chan mega
ViDu:

e Huéng 1: Pi thang
digitalRead(PosAngle,1);
digitalRead(NegAngle,1);
digitalRead(PosLinear,1);
digitalRead(NegL.inear,0);
RobotMoveForward(); // robot di thang

e Hudng 2: Di lui
digitalRead(PosAngle,1);
digitalRead(NegAngle,1);
digitalRead(PosLinear,0);
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digitalRead(NegLinear,1);

RobotMoveBackward(); // robot di lui

Céc huéng con lai s& thay d6i theo cach kich mirc cao hoic thap cua chan digital
theo ma nhi phén

e Budc 4: Xé4c nhan Robot di két thic di chuyén theo huéng da chon
Ta s& két thdc 1 1an nhan data bang cach kich mic cao chan 43 cua mega
digitalWrite(ComWrite,1);

3.6.4. Ciac buéc dé khéi chay Rviz trong nén Ubuntu :
ifconfig

T dung 1am share screen, caa NoVNC

Tab 1

x11vnc -forever -display :0

Tab 2
cd ~/Desktop/noVNC-1.1.0/ && ./utils/launch.sh

//sua host trong page tu ubuntu thanh IP

M

Tab 3

ssh ros@IP //két ndi ip

password: 12345678

cd catkin_ws/ dén khong gian 1am viéc

source devel/setup.bash chay setup bén trong devel

roslaunch robot_slam rplidar.launch  khoi chay chuong trinh robot slam
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Tab 4

ssh ros@IP // két ndi ip

password: 12345678

sudo -s /lcap quyén chay chuong trinh

password: 12345678

cd catkin ws/ // dén khdng gian lam viéc

source devel/setup.bash //chay setup bén trong devel

rosrun robot_slam driver // hién Ién théng tin guri va tra gitra raspberry va arduino

Tab 5

cd ~/catkin_ws/ // khéng gian lam viéc

source devel/setup.bash //chay setup bén trong devel
cd src/robot_slam/scripts // chay dén script

Jclient.sh /Ichay dén client

Click 2D Nav Goal

Fullscreen (F11)
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CHUONG 4. THUC NGHIEM

4.1. Két qua vé mit hoat dong phan cieng

Chdng em thuc hién cho HexaPod chay thir ngoai thuc té va tién hanh do dac, thir
nghiém nay duoc dién ra trong méi truong bang phang, nhiét dd phong, cac chudng
ngai khéng qua thap dé LIDAR cd thé phat hién nhu tuong, cac thing Carton.

4.1.1. Thoi gian hoat dong
4.1.1.1. Raspberry Pi 3 va Raspberry Pi Zero

Raspberry dong vai tro quan trong khi phai truyén tai théng tin vi tri cuia Hexapod
trong ban d6, gilp ta nhan biét moi trudng xung quanh nén thai gian hoat dong thuc
té cuia cua Raspberry rat quan trong.

e Tiéu chi danh gia:
o So sanh thoi gian hoat dong lién tuc thyc té cua hai Raspi vai thoi gian
tinh toan
o Sac xa 5 lan trong thoi gian 2 gio 25 phat

Ching em tién hanh do dong st dung trong Raspberry Pi bing USB Tester V3
dugc cam tryc tiép vao cong USB, dau ra ndi ra LIDAR. Tur két qua do duoc, do
ching em chon ngudn cap cho Pi 13 5200mAnh, thoi gian Raspberry hoat dong dugc
dwa trén ly thuyét duogc tinh bang cong thuc sau:

6000
~0,61.1000

~ 10(h) (4-1)

Hinh 4-1. Ding USB Tester V3 dé do dong trong Raspberry Pi
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Trong thuc té, do khong thé xa hét lugng pin nham dam bao vé mit tudi tho pin,
mét vién pin khi sac day c6 ap 1a 8.15V va ngudng hoat dong tir 7.6-8.15V nén thoi
gian tinh toan ra dat 2 gior 25 phat thi phai sac lai, gia tri dién &p bi giam theo sé lan
sac- khoang 300 lan (8.15V la gié tri da giam qua nhiéu 1an sir dyng), néu 13 pin chua
qua su dung, ngudng trén s¢ 1a 8.4 trng vai 2 cell.

4.1.1.2. CAac Servo

Do LIDAR va mach diéu khién 25 servo duoc cap ngudn vai hai ngudn pin khac
nhau, nén thoi gian hoat dong cua cac servo so vai Raspberry c6 sy khac nhau, chung
em cho Hexapod duoc bat nguon lién tuc, chia cac trudng hop hoat dong nhu: khong
cho di chuyén, di chuyén lién tuc va di chuyén vai tai tai cang, bam thoi gian tir khi
bat ngudn cho t&i khi mach bao pin bao yéu pin

e Tiéu chi danh gia:

o Sac, xa5lan

o Do thoi gian ma robot con hoat dong on dinh tir lic xac day pin
e Chung em thu duogc thoi gian hoat dong sau:

o Khi khong hoat dong: sau khoan 45 phdt thi c6 dau hiéu robot bi do,
cac servo tai chan mat dién

o Khi di chuyén lién tuc: sau 18 phut thi chan di chuyén khéng con 6n
dinh, budc di khong con déu nhu ban dau, mot vai goc tai cac khép bi
Iéch so vai cac chan con lai

o Khi cé tai: tai [a mot vién ta nang 200g duoc kep bai cang cua Hexapod,
chi di chuyén dugc 14 phit. Sau d6 than c6 xu hudng db vé trudc.

4.1.1.3. Toc d di chuyén va sw 6n dinh caa robot khi di chuyén
e Toc do tdi thiéu
Pé do duoc toe do téi thiéu cua Hexapod, chiing em cho robot giam téc hét mirc
tir bo didu khién rdi tang dan cho tai khi Hexapod c6 thé di chuyén véi dang di 6n

dinh, cho di trong khoan céch 60cm, thu duoc két qua Hexapod di chuyén trong 1
phut 10s, vay téc doc tdi thiéu cua Hexapod duoc tinh:

Vmin — m = 0.85 (cm/s) (4-2)
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e Téc d9 toi da ma robot hoat dgng on dinh

Tuong tu nhu tbe do t6i thiéu, voi toe do ti da, chiung em day tdc do 1én cao nhat
tir bo diéu khién (trong lap trinh, gié tri van toc cao nhat 12 12 cm/s khi di thang), roi
giam dan cho dén khi buéc di chuyén duoc 6n dinh. Robot di dugc trong vong 8 giay,
tdc d6 cao nhat cd thé duoc tinh:

Viax = % = 7.5 (cm/s) (4-3)

Tuy nhién, khuyén cao khong sir dung robot cao hon téc do téi da cho phép vi
Hexabod s& dam chan quéa manh, diéu nay s& anh huéng rat 1on téi két cau co khi.

e Toéc df higu qua (v,,: required speed)

Pay 1a toc do cao nhat khi Hexapod thuc hién chic nang quét map, khi vuot qua
muc téc do ndy, hinh anh map thu dugc sé giat, viéc nay khong anh huong dén qua
trinh quét map, nhung khi di chuyén tu dong, viéc nay sé& khién Hexapod ding gitra
doan dudng thay vi di vé huéng chi dinh. Khong nhu cach do trén, nhung 1an nay
chiing em cho robot di ty dong truéc, giam toc dan cho téi khi viéc di chuyén khong
bi ding lai dot ngot, ching em giir toc d6 d6 va bat dau tinh van téc nhu cach trén,
két qua thu duogc 1a robot di duoc 60cm trong 26 gidy, van toc hiéu qua c6 thé duoc
tinh bang phép tinh:
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Vrq = 5¢ = 2,3 (ecm/s) (4-4)

4.1.1.4. Tam quét caa LIDAR
4.1.1.4.1. Tam quét hiéu qua

Theo tong tin cua nha san xuit, LIDAR c6 dé khoan céch tbi da quét duoc 1a 12m,
ching em tién hanh thir nghiém xem & khoan cach bao nhiéu thi trén map ma LIDAR
quét, ngudi dung cé thé nhan biét rang ¢ d6 co nguoi- tam quét hiéu qua. Dé giai
quyét yéu cau nay, chliing em tién hanh dat Hexapod trong mét hanh lang dai, dt cho
LIDAR quét map va theo ddi qua man hinh, cho mét thanh vién di lui dan cho dén
khi diém nhan biét khong con 6n dinh

e Tiéu chi danh gia
o Khoi dong lai LIDAR 5 lan
o Mai truong khéng c6 vat trong sudt
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e Sau khi do thi tim quét hiéu qua dugc xac dinh: 340cm

Vi tringudi
duing dugc
nhan dién
trén map

Hinh 4-2. Po tam quét hiéu qud
4.1.1.4.2. Tam quét téi thiéu

LIDAR s& c6 mot khoan cach nao d6 du gan dé khi gui thdng tin 18n map, dit liéu
s& bo qua vat can nay, tac nam trong khoan nay thi map khéng hién thi dugc. Céch
xéc dinh ciing twong tu nhu trén, chi tién gan va dwa vat can vé phia bo phan quét cua
LIDAR (tang chtra Lazer) cho dén khi map khong hién thi duoc vat thi nging.
e Tiéu chi danh gia
o Sitr dung vat khéng trong sudt nhu sach, bia cartong lam vat chan
o Khoi dong lai LIDAR 5 lan
e S6 liéu cua tim quét tdi thiéu duoc do va cho két qua 1a: 15cm
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4.1.1.5. Taitrong
Robot khong thiét ké dé tai vat trén than, nén chiing em chi kiém nghiém kha niang
nang vat tai cang.

Pé xac dinh duoc tai trong, chiing em cho Hexapod Kep vat va giit trong 5 giay,
sau d6 tang dan tai trong 1&n, két qua thu duoc, robot c6 thé kep mét vat niang 500q,
vuot tai trong nay, dau caa robot khdng con giir duoc vi tri.

Hinh 4-3. Tdi trong téi da ma Hexapod cé thé giir

4.1.1.6. D9 hiéu qua caa cac chirc ning
e Hoat dong cac Servo

Hexapod c6 thé di chuyén 6n dinh trong nhitng diéu kién néu trén. Robot c6 thé
tién, 10i, xoay trai, phai, co thé tu xoay quanh cac hé truc toa do, tinh tién than trong
khong gian. Nhung con kha dn trong di chuyén, tiéng on tir khi cac servo quay va khi
chan cham dét, do khi thuc hién cho chan di t&i mot toa o, chan chi di thang dén day
ma khong hé giam téc khi dén gan.

e Diéu khién bang PS2

Viéc diéu khién khong bi gian doan, robot hoat dong tron tru. Nhung vi chua xir
ly hoan toan duoc vin dé Deadzone trong tin hiéu analog, nén Hexapod rat d& bi léch
phuong ditng néu vo tinh cham phai hai Joystick. Chtrc ning kha nhiéu, doi hoi ngudi
sir dung phai bo nhiéu thoi gian dé co thé 1am quen véi viéc diéu khién.

e Diéu khién bang phan mém Android qua Bluetooth
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Do phan mém tao app con don gian, cac chirc ning cau 1énh con han ché khién cac
thanh phan trong giao dién phan mém khéng thé dit d¢ chdng 1én nhau dugc, 1am cho
man hinh két néi mang bé, khé nhin. V& diéu khién, phan mém gtii khéng nhanh bing
PS2, cac Joystick khi kéo con giat do doi hoi phai qua mot quéa trinh xu Iy, gay mat
thoi gian, 1am robot bi delay hon so véi PS2.

e LIDAR quét map

Chtic nang nay hoat dong 6n dinh, luén tra vé cac thong tin vé moi truong xung
quanh mat cach nhanh chong, gitp nguoi ding nhan biét duoc ca vi tri Hexabod va
moi truong chi thdng qua mot man hinh may tinh.

e Ditudong

Chtrc ning nay Hexapod thuc hién van con chua duoc 6n dinh. Han ché 16n nhat
trong trudong hop Hexapod di dwoc 1a mdi khi chon lai mot diém khac, ta bat budc
phai nhan lai nGt 2D trong phan mém méi cé thé chon tiép.
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CHUONG 5. KET LUAN VA HUONG PHAT TRIEN

5.1. KET LUAN

Sau mét thoi gian nghién ciu va tim hiéu, nhom chung da rat ra duoc:

Nghién ctru li thuyét va tinh toan bai toan cho robot sau chan. Pay 1a co sé quan
trong nhét cho viéc diéu khién chuyén dong cho robot

Rt ra dugc nhitng khé khin ma con ngudi 14y cam hung tir thién nhién dé xay
dung mot con robot c6 kha nang hoat dong nhu mot loai con trung

Nghién ctru cac loai dang di cua robot va dua ra mo hinh hinh hoc cho cac loai
dang di. Dya vao dong hoc thuan cua than va dong hoc nghich cua chéan, tinh toan
duoc vi tri dit chan cho robot dé c6 budce di muot va tranh budc nhay

Thiét ké thanh cong phan co khi robot sau chan c6 phan dau va bung nhu loai
kién

Robot hoat dong dung béi tac 1énh tir tay game Play Station, Phan Mém diéu
khién qua dién thoai android, tw dong di chuyén trong ban do tir LIDAR, gap mot
vat thé c6 trong luong nhé hon 500g, co thé truc tiép xem moi truong bén ngoai
théng qua camera

Robot chua c6 thiét ké toi uu

5.2. HUONG PHAT TRIEN DE TAI

Tao méi truong 1ap trinh than thién hon vai hoc sinh, sinh vién. Ngudi dung co
thé tly chinh d& dang cac dong tac, dang di, nhitng module duoc tich hop tiy
thuoc vao nhu cau dé ra

Tao mét giao dién md phong tng véi hoat dong mdi chan gitip ngudi nghién ciru
dé dang nam bat duoc thuat toan

Hudng téi thiét ké khudn nham giam khdi lugng ban dau, ting tai trong

Viéc diéu khién bang app con gan do sir dung duong truyén Bluetooth, phat trién
1én diéu khién bang wifi hoic song LORA, gitp ta ¢6 thé diéu khién Hexapod &
nhiéu noi hon

Tich hop Ai, chuyén ddi ngon ngir C thanh ngdn ngit python dé robot thong minh
hon. C6 kha nang giao tiép trd chuyén véi con ngudi, day tré em hoc chir. Phat
hién nguoi la trong nha va phat ra &m thanh canh béo.

Nghién ctru nhiing loai dong co brushless gitip robot c¢6 tinh bat nhay cao. Lya
chon ngudn ning luong cao, gitp robot hoat dong lau hon. Trong hoat dong tim
kiém ctru nan dong dat, phan dau va bung robot s& sir dung nhitng dong co khoe
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hon, gitp robot gap nhitng vat ning nhu da dat, robot ludn lach trong khdng gian
hep hon, phﬁn bung s€ mang nudc, lvong thuc cho nan nhan bi ket.
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