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Abstract—This paper merges path and manipulation planning
techniques to control the PR2 (Personal Robot 2) inthe
environment with and without obstacles. In much preious work
on grasping, the object being grasped is assumed be the only
object in the environment and it is near the robot.In this paper,
the object is surrounded by obstacles. Hence the RPRheeds to
avoid obstacles and navigate to the target objechd grasp it. We
introduce an expansion of the RRT planning algorttm to drive
the PR2 robot which is equipped with 7-DOF torquecontrolled
arms and manipulate each joint of its robotic armplus its end
effector. We present experiments in simulation anen the PR2
robot.
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.. Introduction

This Mobile robots have many application ard@nks to
their high workability. Researchers have exhibigedinterest
in mobile robots. So, it's important to have mohdbots able
to avoid obstacles and grasp the objects. The enmobdf
avoiding barrier and capturing targets using todatile
manipulator is a compound task, [1]. The issue afige a
thing in the existence of holdbacks with an autaenat
manipulator was exposed by a lot of studies. Matugliss
have treated the handling navigation problem for
manipulator to avert accidents with obstacles T2je robots
catching capability of a given object is substdnéind the
motion planning of prevailing the manipulator toizeethe
items without clash is thoughtful for an expandechet
Rapidly-exploring trees (RRTS) is one of the sangpbased
of the planning algorithm [3] and those of the Rioibty
Roadmap (PRM) [4] are public in new years for teason
that of their capability of fast discovering thenocection of
large-dimensional configured spaces. Nevertheletd®
manipulator aspire over the interaction of the hmrabot is
not steady but dynamic. The movable robot had becam
essential research topics. Most published researchntrol of
movable manipulator behold its dynamics and kinéradb].
The object localization is a very complex processaditional
algorithms. Moreover, the employ of the predictalgorithms
may cause different issues in the complexity ofalyorithms
that are based on many calculation and estimatiorthis
effort, we propose an approach allowing to conthel PR2.
The goal of our approach is to evade obstaclesgaasp the
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object. We propose an algorithm, which is a stietghof
RRT-JT, to generate the shortest time path to ek the
target, while avoiding obstacles. Finally, LQR nuathis
employed for tracking purposes.

We present how to clutch a target with a fixeshipulator:
the object is in the sphere which the diameterhis arm’s
length, therefore where the object is far, the tatam'’t grasp
it anymore. To avoid that situation we utilize abie robot
which is an assembly of two main components: a ladiase
and PR2 robot.

The article is ordered as following: The rethtgork has
been detailed in part Il. Then, in part lll, wenfer the system
overview. The part that followed describes the P&ibt. In
Section V, we attend the robot motion control. Tgeat VI
contains the optimal linear control. Finally, incden VII a
several results are given, then the conclusions.

. Related work

Each in previous work, researchers have divitie matter
of moveable manipulation planning into four master
techniques: navigation planning of the robot's bagsath
planning for a robot's arm, grasping and framéwdior
generic manipulation planning. There are many rebeas

4vho are concerned in object discovery and trackising

mobile robot under unknown dynamic environments [[g]
[8], oncoming the problem of the planning of motids
focused on positioning the end effector in the qoafigured
locations, counted utilising the inverse kinemdtkps used to
some primary specimens possessed from the aim rregio
Therefore, these locations are collected as anctigefor a
planner that is randomized as well as RRT and BiRRThe
resulting solution provided by this way is defididrecause of
the miss deem probabilistic aspect, and the plaisnequired
to use the prechosen numbers in the goal regiorenyM
people treat the manipulation of PR2 robot[1(1 2]

n.  System overview

We utilize the OpenRAVE which is mostly used $toring
the environment symbol of the manipulators, sesgaation,
other scene patterns... We utilize the OpenRAVE sariénto
command the PR2 robot with mobile base. Our divjeds
to follow and pinch the object while evading baisién the
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environments. The approach in our paper uses an-JRRD
determinate the target's position and to calculdte
kinematics of the movable robot while avoiding alotgs.

start

find target find obstacle

NO

exist?

Yes

generate trajectory

to the object exist object

Fig 1 Flow chart: local motion planner.

The flow chart is in Fig. 1. Primary, we want ta#be the goal
and the obstacle, if it exist, we command the neohibot to
displace to the goal while avoiding the existingstalle :
trajectory generation and object simulation shdadddone in
parallel. At last, the robot seizes the target.

v. The PR2 robot

The PR2 service robot has seven joints, which adds

redundancy to the kinematics.

This issue will be discussed in further detailsolbelbut for
now we assume that the value of the first joinisj@et by the
user

Fig. 2 The labeled joints (black) of the PR2 rabatjht arm.(refe)

Fig.2. displays the full 7-DoF of the PR2 robottght arm in
the first situation.

An affirmative joint movement is on the right hande, for
every one axis. To fix the transformation betwesn axes K
and K-1, we employ the following equation of homogeus
conversion in (1).

(1) D-H generalized transform matrix
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- cosOk -sinbkcosak sin6ksinak akcosOk
Tk| sinok cosdkcosak —cosOksinak aksinOk

0 sinok cosak dk
0 0 0 1

» ak-1 = distance from Zk-1 to Zk measured ovkf1X

« dk = distance from Xk-1 to Xk considered alorig Z

* ak-1 =angle between Zk-1 to Zk was roughly Xk-1

* Ok =angle amidst Xk-1 and Xk was approximately Zk

As with the prior example, we describe accuratiedy/frame
for our particular end effector. By multiplying atif the
transforms up to and enclosing the final frame, sedtle
officially the forward kinematics for any frame ¢ime robot.
The fundamental chain of transformations that camphe
end effector link frame is defined by:

® Troor = ° T, sz 2T3 3T4 4T5 5T66T7 7TT001 )

The conversion equations used to bring up the nodatiqr's
joints pending the interval between the object amal end
effector nearly equivalent to zero. We show howstdve a
subset of the joints of the PR2 for translation. Yé&at the
wrist position where the last three joints intetsas the
translation target. Once the assignment of thetaobnis
accomplished, the grippers grapple the object.

v. Robot motion control
A. Robot dynamics

The Lagrange equations were utilized by the dynamic
simulation to acquire the angular acceleratiomfthe
torque of every joint. Foremost, we computed thdyb
Jacobian of every joinf; corresponding t®1;, where M; is
the ith joint's inertia matrix. So the manipulatoertia

matrix M (6) can be calculated as

M(®) = XiL, Ji (OM; ] (0) (3)
Also calculate potential part,
M(®) = XL, JT (B)M; i (6) (4)
Second, we calculated the torques of all jointagisi
Lagrange equation, which is,

s -E)=u a=1.m7 6
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where represents the torque of the joint and,

L(6,6) = 2 6"M(©)0— P(®) (6)
After expanding the components of the equation, the
equation is as follows:

M(@©)0 + H(6,0) + GO)=U®) (7)

U= M©¥+H(5.8)+6(6) = U ’L» 0

Fig. 3 Block graph of the open loop system

whereH(6,0) = B (6).6%is the Coriolis and centrifugal

force and G (6) is the gravity term and

. . 2
0=1[0,0,050,05066,]and 6 =" ,0="0

dt?

The potential energh; of an element; of massn,; of the
robotic system expressed to the bRAgés written as:
P, = —m;g°r; = —m;g(°T;'r;)
The sum potential enerdyof our arm manipulator:
P=X_,P =3, —mg(°T;'F)

=[x Yi z 17

Where ir;(the location vector of the material poimt;) and

the gravity vector:

g=[0 0 -9.8032 0]
Given that the mobile base is strolling in a honizd plane its
potential energy = 0.
Mappings between the joint coordinates and thetrehd-

effector coordinateX, are given as

X, =W(@®) (8
X, =J(O)0 (9)
XSO0+ (10)

Where"(®) describes the onward kinematic relation fer th
end-effectori®» and is the end-effector Jacobian maBy
substituting (8)—(10) into (7), one can acquireriigot's
dynamic equation in cartesian space
M HX, =X} + H7X, + G=U (11)
By rearranging the terms, one can obtain the relmbthamic

equation of motion as
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M7, +{H-MJ Y} "X, + G=U (12)
B. Using the Jacobian

We are occupied in reckoning an extension in caméition
space from g Q towards xg X, when the preferred end

effector aim xg and the robot arm configurationrg given,

where X is the positions of the end of the robot & R3. In

spite of that the mapping from Q to X is frequgmobnlinear
and hence expensive to deduct, its derivative dleekian, is a
linear map from the tangent space of Q to that ofhdt can
be calculated easily (=&, where ¥ X is the end effector
location corresponding to q). Ideally, to urge #rel effector

to a wished configuration xg we could compute theore

e(t)=( xg —x) and hurry a controller of the shapver‘le, K
is a positive gain. This uncomplicated controllsrable to
acquire the target with no considering of any ifdasbarriers
or articulation limits. Though this rotate insidecampound
controller, where the converse of the Jacobian lshioet done
at every moment step. To escape this expensiveoagipr we

use alternatively the transpose of the Jacobiartlzdontrol

rule collapse into the form o'f=qKJTe. The controller expels
the spacious overhead of computing the inverseubing the

easy-to-compute Jacobian instead. The instantarsias of

the end effector is given via =Jq = J(KJTe). The inner

creation of this instantaneous motion with the tfasctor is

specified by &x= keladle > 0. As this is forever positive,
under our assumptions with obstacles, we may erthatehe

controller will be clever to make onward progreswsdrds the

target.

C. Robot’s velocity

From the first positioma( x,,y4,2, ) to the second position

b(x3,¥2, 22 ) whichx, =x, + Ay, y, =y; + A, and

Z; =21+ A, and t,p = tgeep + € Which  tge., is the
time to rest en a andis the time from ato b.

Ay Ay

tasp

andV, = so the robot’s velocity

a—b
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Vp=Vii+ Vyj+ V,z (13) The linear system manifested by the over equasianmatrix
representation translates following state:X = AX + BV

- - = ¢ { = ¢
vi. Optimal linear control whereX = [qS] andx = [45]

The synthesized Control U moves the system frommisial
position to an equilibriun®,, (constant characterized by

acceleration and velocity joint equal zelg, = 6,4 = 0). V - ¥

This command is written like this: U&,,+ V
Fig. 4 Block diagram of the linearized System

A. Case study of balance B. Calculation of the optimal control:

The optimality criterion to minimized, put undendar
When the robot reaches its equilibrium was the(6,,) =  quadratic form, is:
U

eq

tf
, _ J(X,0) =f (XTQX + VTRV) dt
WhereU,, is the command required to preserve the robot to ¢
the position of static equilibriuré,, .

Where Q and R matrices are positive definite angl th
optimal control problem is called: problem LQR (kar
Quadratic Regulator).

This linear order, as the name suggests, is bottoome To locate a solution to this problem LQR, suppde the
the linearization of the equations of dynamic of th ~ minimum cost standard is also quadratic form as:

robotic system.

v'  Linearization

* — yT
To do this, the following definitions are provided: J'(X,t) = X"SX

¢ is the variation of relative tog = 6 — 6, The S matrix is symmetric, positive and is a fumatiof

S =S’
- - - U~ xT$x
- Taylor expansion to the first seek of a functio(®¥ near time as 2

6, is as follows 9 (9J7\ _
° 2 (5) =0
_ _ of ; . . .
f(©) = f(Beq + @) = f(6eq) + (5)9 ¢ with|¢| « 1 The aim therefore is to search the optimal cont®lthat
“ reduces the cost criterion:

* -1pT
By applying the development to the robotic system a V' =-RTB'SX

employing the equations defined above, the dynamic N S .
equation of the robot becomes: Where S, positive definite, is the sole solutiontisé next

Riccati algebraic equation:
a] " 0B .
(1(eeq)+(ﬁ)e ¢>¢+<B(eeq)+(ﬁ)9 ¢>>¢>2
eq eq

Q+SA+ATS—SBR™IBTS =0
aG
+( G (6eq) + (@) G| =Ugqg+V 1- move the robot base to targ8etActiveDOFs()and
Oeq MoveActiveJoints()

C. Algorithm:

2- move the arm to the targ&oveToHandPaosition()
After simplification andG(6,,) = U.,. the equation of the
linearized dynamics: 3- close fingers until collisionCloseFingers()

1% =](96q)¢'+(3_g) ) 4- move the arm with the target back to the initial

position:MoveManipulator()
v/ state representation:

5-  move the robot to another location:
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robot.GetTransform()
robot.SetActiveDOFValues(goal)
incollision = env.CheckCollision(robot)
if incollision:
print ‘goal in collision!!"
basemanip.MoveActiveJoints()

6- move the arm to the designated position on another

table to place the target down:
MoveToHandPosition()
taskprob.ReleaseFingers()

7- move manipulator to initial position:
MoveManipulator() andCloseFingers()

vi. Results and analysis

To demonstrate the effectiveness of our
algorithm on our PR2 robot, we ran several expenits. We
utilize the OpenRAVE simulator to drive the PRDab and
control its arms and its grippers for graspitg tobject. The
objective is to hold and manipulate a model objacthe
environment with and without obstacles. In orderstably
follow and grip the target, the PR2 avoids collisia its way
to attain the object than it closes its fingers.e Tdripper
would budge right or left with the shorter distanThe chore
is to shift an object from some assumed beginnilagepto
another given aim place. The matter can be spédteown
into four sub-problems: 1) move the PR2 to theeobj
2)move the gripper from its beginning configuratitm a
configuration where it is approximate the targets&ige the
object, 4) move the robot (holding the object) toms
configuration which puts the object into its goahfiguration.

A. Grasping Objects in the Environment without @bkgs

As shown in Fig. 5, the OpenRave was used to simtite
robot. These are the default positions used :@PR2 were (-
3.4m, -1.4m, 0.05m) and those of the object weren(3-
1.3m, 0.74m).

o Doyl [Rotx

tx Roty [T T ly| [Rotx Roty IS ua

(B)nal position T=2.01s

(a) Initial position T=0s
Fig.5 As an example of a successful case of cargiah object.

To retrieve the object saved in another table robet has to
find the shortest path as indicated in Fig.5
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TABLE I. ENVIRONMENT WITHOUT OBSTACLES
Tgrasp(s) Tend(s)
Triall 2.00 5.22
Trial2 2.02 5.20
Trial3 2.01 5.25
Trial4 2.01 5.17
Trial5 1.98 4.83
Trial6 1.99 4.90

As presented in the Table |, two variables (tinss)
mentioned :
-Tgrasp : the outcomes of the time provided &ogdtip
-Tend : the time to shift the object to the predd position

RRT base-('ihe major goal of PR2 is to optimize its trajectbyy

searching the shortest path , so it is always iedube time

that ensures an elevated success rate of grasp

B. Tending to graspGrasping Objects in the Environment

with Obstacles

CRARARBF
eRARAG BT

gm

(a) Initial position T=0s (b) intermediate position T=1s

RN el

Il

ly, Rotx Roty IESSETE=ETE
Status gar

(c) intermediate position T=3s ) Kéhal position T=4.02s

Fig. 6 The robot turn away barrier, amdich the object

The PR2 stays away from the obstacles by whichisone
surrounded, and, it grasps the target, then, & pin the
required position, and, opens its fingers. Envirentrwith
obstacles.


Admin
Typewritten Text
Copyright IPCO-2017
ISSN 2356-5608



TABLE II. REPRESENTAN ENVIRONMENT WITH OBSTACLES

Tgrasp(s) Tend(s)
Triall 4.02 6.95
Trial2 4.07 6.90
Trial3 3.99 6.87
Trial4 4.01 6.84
Trial5 3.97 6.82
Trialé 4.00 6.85

The results of the time when the PR2 is avoidingtaties are
illustrated in the table II.

It is noticeable that time is decreasing betweerfitist and the
last test because the robot 's goal is to optimidestance-
based cost function and also the time to seizedsivthe two
configurations.

To reach its goal, the robot spends much time ksecafithe
obstacle which is idling its velocity and complicat the
grasping.

After many trials, PR2 was performing its work witgood
result confirming its competence to successfullgsehthe
object using the tracking information. It shouldrized that
the time spent was very reasonable.

Conclusions

In this manuscript, we studied the grasping capghbdaf an
object in real time while trying to shun the ob$acwith the
PR2. The PR2 is the combination of a 7-DoF robatim
having a gripper and the mobile base in which vepiire the
RRT algorithm. We have performed an empirical eatiin
of grasping objects, while shunning collisions. deity, this
application permits to prevail the difficulty of géhopposite
kinematics using the Jacobian's element as a csiowetool
from a configuration space to workspace. Our atboriis
able to choose the optimal grasp and positionshfermobile
base. We fixed forth the clutching monitor of thigect. The
intended algorithm successfully holding the objeéct a
rational time putting it in the aim station and tobots tries to
optimize the distance between two configuratiords the time
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to seize the object. In the presence of the olestail the
environment the path becomes more complex.
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