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Abstract

The traditional methods of tracking depend on image processing and control
algorithms, and they seek to keep the target in the center of the image in order to
give equal safety margins in all directions, thus the ability to follow the target in
case of random maneuvering. We aim in our work to expand the safety margins by
interfering with the structure of the system carrying the camera. In this work, we
propose to build a platform -robotic arm- that has additional degree of freedom,
which helps to expand the working space of the platform. Therefore, expand the
scope of tracking, and we work on building controlling algorithms for the platform,
which is independent from the traditional operational tracking, which in its turn
increases the safety margins of the platform itself in order to reduce the load on
traditional tracking and controlling algorithms.

The level of control in this thesis will be in the mathematical field, to
calculate the values of joints and joint velocities, not in the field of image
processing and controlling. The continuous tracking targets by robotic arms faces
many obstacles such as reaching a singular configuration or reaching the joint
limits. Therefore, they lose the ability to continue the tracking. In this work,
therefore, we work on optimizing the movement of the robotic arm while tracking
a moving ball in order to avoid reaching the joint limits or reaching a singular
configuration that reduces its mobility. Accordingly, this increases tracking
continuity and ensures that the target is within the field of view of the camera.

In this work, a robotic arm with four degrees of freedom proposed to hold
the camera in order to track a spherical target (3DOF). The additional degree of
freedom utilizes to expand the safety margins of the arm joints.
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ATACE i)l &t 55 11 22 JQJJ\

Gaal) LT il sda T e gl mosag Jule )l 3 tles BiLo) Sleshes Bas (56F Bl (3 Bis S
Slaitons 2 3nidl (3 e d) L of aa=Y o osdie o ) Ly osie G gllea)l L
B2gmsbl Blpall T elldg Bl o) o SIS 055G 0f 59,0l d S

Josd gl 3 ekl ol Ty il slisly oo ¢ pmg ( Jlpte ol slinl (S5 (S0t anjylghl o555
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ATACE_Plan(g,, p,)

ps = Flge):

T — Initialize_Tree(q.. ps):

REPEAT
qd — Random_Config(): pg — F(q4):
N, «— Nearest_Node( pg ):
(s, Ni.) «— Extend_With_Constraint(N,, pg. FALSE):
IF (s # Trapped)

IF (Connect_To_Goal(Ny )=Reached)
RETURN success;
UNTIL (time out)
RETURN failure:

[3].30all ATACE awjls= :1 32 Jﬁ.&i\
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input : The camera initial, v;, and desired, 4, poses.
output: The cameta path v or NULL in case of failure.
1 begin
2| T+« Initialize_Tree(qi 7i):
3| repeat
4 q- +— Random Config(); v+ Fwd Kin(qr);
5 N +— Nearest_Node (7, v,);
6 (s, N) — Extend With VS_Constraints (N,
v~ FALSE):
7 if s + Trapped then
] T —T U Nk',
9 (ss,N;g) —
Extend With VS_Constraints (Ngva TRUE);
10 if ss == Reached then
11 T —T U _Nd',
12 74 +— Retrieve Path (7T, Ng):
13 return -;
14 end
15 end
16 | until timeour ;
17 | return NULL:
18 end

Al ATACE &)l :1 52 el

U5 (ol sLadll e gamidl s Cdnn paiiy (Blhedl) sladl) o Ll cliad 3 St Gmd sl oo o
& Gos ) w3 20 e N =(00,00) st Llgsls Q"}L‘ o3 0 pop A ol Bl (3 suie
G A b 2 il B U5 ol Sl aedl e By g SF(0) s o) GES ol

. L"SE"\JJ‘) @W\ L4l

FU e S Al fasdl des Sy oYl asldl @ s Led a0 LD )
.Extend_ With VS Constiat (§ zwl & «Extend_ With  Constrint()

33:35 \ﬂ»\ﬁb FOV S9d> oleos & gr OL;:: NC :(qcvgc) 5 il RN PN L“S)‘Ji; Jg“:“ cw\ i rﬂ Co~
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Algorithm I: Twist-Decomposition Algorithm

1 @ <« initial joint position;

(=]

{pd, Qa} «—— desired EE pose;

{p.Q} < DK(6)

AQ = Q"Qq

Ap<=pi—p

Qvect(AQ)
Ap

s W

6 Aee|

7 DK(9) = f = M,,
[I\L, 0
[ 0 M,
9 A8« JITAt+Ji(1—T)Jh

10 if |[AB|| < e then stop;

e= M,,

8 T«

else

11 6 <« 6+ A6, and go to 3.

Twist-Decompositioniwsj,ls- :1 62 Kzl
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