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Introduction - Cartesian Space
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Introduction - Joint Space
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@ Cubic trajectory - 2 points



Definitions &8

» Generalized coordinates
qi(t) = ajo + ant+ a,-2t2 + a,-3t3
» Restrictions

C = {to, t, qi(to), qi(tr), qi(to), Gi(tr) }



Definitions &8

» Generalized coordinates
qi(t) = ajo + apt + apt? + ast®
» Restrictions
C = {lo, tr, qi(l), qi(t), Gi(to), Gi(tr) }

» Solve the system

qi(to) = aio + anto + apty + aity (1)
qi(ty) = ajo + anty + apt? + ajst? (2)
i(to) = ain + 2apty + 3apts (3)
qi(ty) = ay + 2apt; + 3ast? (4)



Example %IB

» Generalized coordinates
qi(t) = ajp + ait + apt? + a;pts
» Restrictions

C = {1, t, qi(fo), qi(tr), i(to), Gi(tr)} — {0, t, gi(0), qi(#7), 0,0}



Example %IB

» Generalized coordinates
qi(t) = aip + aint + apt? + at®
» Restrictions
C = {lo, . qi(l), qi(t), Gi(t), Gi(tr) } — {0, t, qi(0), qi(%), 0,0}

» Solve the system

qi(to) = aio + aito + apts + ast — jo (5)
qi(ty) = aio + ajty + apt? + apty (6)
qi(to) = an + 2apty + 3a;td -0 7)
qi(ty) = ai + 2apt; + 3apt? -0 (8)



Example

» Continuous

ai(t) = Gi(0) + 3a;t;t? — 2a;t®

o — () - qi(0)
I

» Discrete: t; = NT and t = kT
qi(k) = gi(0) + Bi(8N — 2k)k®

_ 9N~ ai0) _ 1,

Bi e
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Definitions &8

» Generalized coordinates

ai(t) = aj + ant+ apt® + apt’ |, teh,t]
I bio + bitt + biot? + bgt®> .t € [ty, 1]

» Restrictions

C = {to, tv, tr, qi(fo), qi(tv), qi(tr), Gi(fo), 9i(tr) }



Definitions &==.B

» Generalized coordinates
Q(T) _ Jaio + ajt+ a,-2t2 + a,-3t3 , te [t07 tv]
I bjo + birt + biat? + bigt® |t € [ty t]

» Restrictions
C= {t07 tV7 tf’ CIi(tO)7 CIi(tv)a qi(tf)a qf(tO)a ql(tf)}
» Solve the system
qi(to) = aio + ainty + apt? + ants Gi(t) = an + 2appty + 3apts
qi(tr) = bio + birts + bipt? + biat? Gi(t) = bjy + 2bjat; + 3bjat?
qi(ty) = aio + ainty, + apt? + ast? gi(t,) = ai + 2apt, + 3ast?
qi(ty) = bio + birty, + bit? + biat? gi(t,) = bjy + 2bipt, + 3bjat2



Definitions &8

» Restrictions
C= {t07 tVa tfa qi(t0)7 qi(tv)7 QI(tf), 07 0}
» Generalized coordinates

a(t) = aio + ai(t — ) + ap(t —b)* +as(t—46)* , telb,t)]
I bio + bjt(tr — 1) + bia(tr — )2 + big(t; — t)3 , te [ty t]



Definitions &8

» Restrictions

C= {t07 tVa tfv qi(t0)7 qi(tv)7 QI(tf),O; 0}

» Generalized coordinates

a(t) = aio + ai(t — ) + ap(t —b)* +as(t—46)* , telb,t)]
I bio + bjt(tr — 1) + bia(tr — )2 + big(t; — t)3 , te [ty t]

» Solve the system

ajo = qi(t)
bio = qi(tr) ai(t) = {q,-(to) +ap(t—th)* +as(t—h)* , telt,t)]
ain =0 qi(ty) + bio(t — t)2 + big(tr — 1), t €[t t]



Cubic GC graphs
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Deliverable D2




Deliverable D2 &8

1. Trajectory planning (45%).

1.1 Cubic trajectory planning of joints with zero velocity in the
initial and final points (40%): g(%) = {0,2.89,—-2.89,0,0};
Q(ty) = (210, 30,150), a(ty) = [0.9899 0.1414 0] " and
s(ty) = [-0.1414 0.9899 0]’

1.2 Cubic trajectory planning of joints with zero velocity in the
initial and final point passing by an intermediate point (60%):
Q(ty) = (210,30, 150), a(ty) = [0.9899 0.1414 0]  and
s(ty) = [-0.1414  0.9899 0] . Q(t) = (20,170, 150),
at)=[0 0 —1]"ands(t)=1[0 1 0]

Q(tv) = (xv, v, 2v), a(tv), s(t,) and n(t,) ?? — Qo = (130,100, 0)

2. Implementation on the real robot (50%).
2.1 Implementation on the real robot of the trajectory defined in
Part 1 with the grasping of an object (40%).
2.2 Implementation on the real robot of the trajectory defined in
Part 2 with the release of an object (60%).
3. Conclusions (5%).
4. References



Deliverable D2
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Laboratory %IB

http://wiki.robolabo.etsit.upm.es/index.php/PhantomX_Reactor_Robot



Computer installation
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» Requisites

» Operating System independency
» 1 USB




Arduino IDE &8

» Download and install last IDE version
» https://www.arduino.cc/en/Main/Software

Download the Arduino IDE

Windows 71 file for non admin ir

ARDUINO 1.8.1 Windows app| Get 22
The open-source Arduino Software (IDE) makes it easy to
virite code and upload it to the board. It runs on
Windows, Mac OS X, and Linux. The environmert i
wiritten inJava and based on Processing and other

Mac 0S X107 Lion or newer

open-source software Linuxs2pi
This software can be used withany Arduine board Linux 64 bits
Refer to the Cetting Started page for Installation Linux ARM
instructions
Release Notes
Source Code
Checksurm
ARDUINO SOF TWARE LAST UPDATE ARDUINO 1.8.6 / 1.5.x / 1.6.x
HOURLY BUILDS 5 Ty ST 7720 G PREVIOUS RELEASES
Dovinload a preview of the incoming release withthe most updated Download the previous version of the aurrent release, the
features and bugfixes. classic Arduino 1.0 x, or the Arduino 1.5 x Beta version.
Windows

Allthe Arcuino 00xx versions are also avallable for download
Mac 05 X (Mac 05X Lion or later) The Arduino IDE can be used on Windovs, Linux (both32 and
Linux 32 bit, Linux 64 bit , Linux ARM 6 bits), and Mac 05 X



Robot libraries %IB

» Download and install arbotix libraries
» Install Hello World example
» Check compilation and study the code
» Install P1 (D2) template



Code libraries 6"_2%';13

» void ROBOT_GripperOpen(void): opens the gripper
» void ROBOT_GripperClose(void): closes the gripper
» void ROBOT_SetSingleTrajectory (double *f_pos,
uint16_t un_time, uint8_t un_trajectory_type))
» f pos = q(k); un_time =1t —t
» un_trajectory_type = LINEAR or CUBIC1
» void ROBOT_SetDoubleTrajectory (double *un_pos1,
double *un_pos2, uint16_t un_time1, uint16_t
un_time2, uint8_t un_trajectory_type)
> f pos1 = q(t); f_pos2 = g(t);
» un_timel =t, — fp;un_time2 =t — 1,
» un_trajectory_type = CUBIC2
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