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ABSTRACT

This thesis. presents- an. innovative robot manipulator design for a shopping
robot to assist disability shoppers in-supermarkets.  The aimfor this project is to
provide people with disabilities the convenience of shopping in everyday life in order
to increase their living-quality. This -manipulator design-utilizes a metal blade which
acts a human finger to knock products-off display shelves and into a shopping basket
secured on the shopping robot. The manipulator is driven by five servo motors. The
object detection mechanism is accomplished using infrared sensors. The overall
system is designed and controlled using an Arduino microcontroller. The

manipulation path is calculated using the robot’s forward and inverse kinematics.
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sin(@, +6, +6,) cos(6,+6,+6,) 0 [ sing +/,sin(6 +6,)

(cos(6,+6,+6;,) —sin(G+6,+6;) 0 lcosé +1,¢cos(6,+86,)]

Tos= (2.10)
; 0 0 1 0
0 0 0 1
K] s o al a v o ] - a‘
u.mmvls'uﬂﬁmmmaumam{mwuﬁ'm:i‘u'ua:gamtmumazmmwaastu 3 qaf
ABNINTNISULUAY

cOs¢—sing 0 ¥
smeg_cos¢ 0y

Toz=
0 0 -0
0

0 0 1

- -

(2.11)

CRER - &
Wmnsvsusifedama 6;, 0, ward; - Mvhlvavsndnisulanisaesluaunis

~ 5y ] y Tae’ BT 0.8 ¥
(2.10) wagaun1s (2.11) Mnanuwinu faiunasyila

COS @ =cos(6, +6, + ;)
sin ¢ = sin(&, + 6, + &)
x=1 cosG, +1,cos(8 +6,)

y=1Ismg +1sm(6 +6,)

1918NMEIADITRIENNTS (2.14) wazann1s (2.15) udaunnuiniunasldamans
COs(G, +6,) =cos 6, cos d, —sin g, sin'b,
wae sin(é, +6,) = sin6,¢os 6, +cos 6, sin b,

<+ =1} +1} +211, cosé,

¥

cosé, =

(2.12)
(2.13)

(2.14)

(2.15)

(2.16)

(2.17)

(2.18)

(2.19)
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WHUBUIREMIAT 6, landeiloAvaInaineuvesauns (2.19) JAsenine -1
- v o oW 1 1 ] :d 1 n'd' [ e o 1 - -
waz 1 Fadrdenaeguendisiuaniwvunadliaansaludeiunduayfiemiein

Anuala 15 6, 1eann1svnan

sin 62 = i\fl —cos’ @ (2.20)

wazlde sin 6, ?'ﬂﬁ'tuqms
6, = atan2(sin 6,.cos 6, ) (2.21)

o P = =i = ¢ o
Lﬂ'ﬁ'ﬂ\?‘muqﬂu’lﬂLLﬁgﬁUWLaaﬂlmuaUﬂqi (2.20) WARAIDINISUNITIULMDIAINDY
| -t = o [ ] i 2 | v
nnImily Fulaislaar Ay tsinamisoman 6, Weanmsunual 8, Wilsasluaunis

(2.14) uazauns (215) uddasUfpanauanessinuia wafllade

v =k cos6 —k, s, (2.22)

Y=k sin6, +kycos (2.23)

a a I . I |
InenAPIi ky, ky walsiaan ky = ly +1; cos B wax k, = L, sin §,undiNpAuazAIN
v o ad A o 0y
lunisufaunis (2.22) wazaunas (2.23) 15 1WaeuIBiTeN &y, k; lasrmuald r =
ky kiy & & ca
+V ki + k3 uar y = atan(2,-2) faduife
k, =rcosy (2.24)
k, =rsiny (2.25)

LS UTBUANNTS (2.22) waranngs (2.23) Tuulsiu

x/r.=cos ycos 6, —sin ysin g, = cos(y +6,) (2.26)

v/ r=cosysin 6 +sm y cos 6, =sin(y+86,) (2.27)
o | ) I.J - k
Nley+6, = atanZ(f,f) faiunAe 6, = atan2 Gf) — atan2 (Tz';—i) uay

Walsn3An 6, uaz 6, ud 153Awes 8; lianauns (2.12) wazaunis (2.13)
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2.2 Trajectory Planning
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panuUUNTSIAReUNvawYUNa 1neavly Second-order Polynomials for Straight Lines

(Point to Point Motion) wag Interpolating Polynomial for Curvatures

2.2.1 Second-order Polynomials

Second-order Polynomials z‘}ﬂLﬁaﬂm'l‘ﬁumia%'N End-effector Trajectories 494
v ! & o o o < < ! : %
wunseeing lunuinmaisureswuna Fadumsindouiivuugasiogn (Point to Point)
a a w W g &~ 2 ©  Siune el W
auyinsFunuludnuaizues Trajectory - Aelitiesdldnanunsansrdwmiaiuiu uaz
o 1 8 ° ) w = - o a o v
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o v a & 1 4o gy 2 sl U 2 i
End-effector Path #isnisasiietiudedisdulaudnit Aeamisasusy aud7 uazaase
o v A = ' e
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W p(t), p(e) tae p(t) «Ju 3x1 amdn diaus x, y uay z Wududsenauves

o ] 1 1 A J 2/ A!"
ATMLA A2T2 wazAMLSeYes End-effector T Workspace Tutnanafinmuaunle t s
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JUwuUMlUued dumis Anse kavanusves End-effector 1Iudsil

p(t) = aztz o a1t + ay (2.28)
p(t) = 2at (2.30)

dulsednd a; a, Ao 3x1 wesn duUszansdmiu Polynomials lasssrnaunis

=

{ - Vel ) T S el 1 LY ] [
Qeuly Boundary iiteliiiAraudauiudu armidianine uagananss Wuluawaunis

- 1
Wouly Boundary sl

p(0) = Pstart
p(0) =0
p0) =0
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p(T) = Pstop
p(T) =0
p(r) =0

- a - - v >
Pstart WO Dstop A0 3x1 LUATN xUTNIRTUAULALERFUGATDY End-effector
o [ 1 - : v o o &£ \
aMmudIu Straight Line il Tnedunnainaunis dulsednives Polynomials @198
gnAnnnlanail
Ao = Pstart

a; = Pstart =0

Q, = ijstzart =T

as 5 1 (] % 4 4 L i
AadulsiaraIuTeY Straight Line End-effector Path #dasmsanunsagnaing lneldy
1 H A e L) [ . z
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Path Planning Scheme Qﬂﬂnau‘a'lugwaq Curvature Type Path

2.3 Motion Control

2.3.1 Joint-space Control

NM3AUANILY.Joint=space (Jumsaivaulnadiiatusivesdasenequouvuna

L d‘ H‘ L} ] A L3 1 v ! o
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Kinernatics
angle Conmanded Final angle
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Jun 2.7 "lﬂazl.m‘sugmmumsmmwaa Joint-space Control
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