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Abstract. In this paper, we propose a controller for a carbaxsed Pan-Tilt
device. The approach uses the target image fetisteer the Pan-Tilt device
to the target with random movement. Since thesegysare often mounted on
mobile equipment, energy efficiency should alsaaken into account. In order
to improve the control energy consumption efficiernd the Pan-Tilt system
mounted with cammera, the authors use a dark dgeftinction with optimal
energy components to find controller parametensw&ition results on the Pan-
Tilt system show that the camera can track a motanget quickly and stably
and the control energy can be changed through taradler parameter
according to the purpose of use.

1 Introduction

In recent years, computer vision has become an riiaapioonboard sensor for autonomous
mobile robots. Among the various applications afiam systems, object tracking plays an
important role in vision-based monitoring and iagtion with human computers and mobile
robots [1-3]. Especially when a robot enters annomkn new environment, there is a big hit in
visual detection, object tracking, and visual objecking. However, most robots have a single,
forward-facing camera on board. And this type cfiom system only covers part of the field
and requires a fast moving robot to track the tajdje Even moving targets have the potential
to exit the image view and lead to unsuccessfudkirg and locking of the image. But a
camera-mounted pan-tilt system can remove thistdiion and make the system more
accessible better performance tracking system.dJaigcamera-mounted pan-tilt system is an
option to increase the ability to track and lockeaks. Furthermore, it can make the camera
move freely and track the moving subject, keepirgggdubject in the center of the image.

So far, several research works on camera parystesis have been published. Thilo et al
published work on this system, but the tilting eystwas relatively slow and could not track the
target effectively [5]. In the study [6], a PID alighm was proposed to control the camera with a
closed loop, but the tilt camera system needs aratgr and cannot operate automatically. In the
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study [7] proposed a fuzzy logic control for tifraera on drone. Besides, Zhang et al. presented a
non-PID algorithm for tilting camera control usiongly image feature error, but this approach
cannot guarantee the goal to stay in the centtreoimage [8]. In the study [9], an active noise
cancellation controller (ADRC) is used which is@wmntype of controller that can automatically
detect the real-time effect of the model and thererl noises and then automatically offset it. But
in the above studies, only improving the accuratyhe tracking process does not take into
account the energy efficiency.

In this paper, the camera pan-tilt system is cdiettaby nonlinear control law taking into
account the energy efficiency factor. Control lavwdésigned based on a target function containing
the optimal energy component. Method used to desmmirol laws based on a synergistic
approach. The quality of the proposed control ahown through simulation results.

The rest of this article is organized as followartRl presents a brief description of the
camera pan-tit system and a mathematical modethef system. In Part Ill, Technical
description of design of composite control ruledshen AKAR method for pan-tilt system with
camera attached. Part IV is the simulation regodiformed on some typical cases. Finally,
conclusions and future work are given in Part V.

2 Pan-tilt camera platform description

2.1 Constructing a camera-mounted pan-tilt system

The pan-tilt camera tracking system is composeatiree modules, shown in Fig. 1a.

Fig. 1. a-Pan-Tilt system with camera; b- Kinetic modthe pan-tilt system

+ Processing Center: The camera pan-tilt systecomsrolled by the central computer, the
Raspberry Pl-4. The computer is connected to tle2S00HD camera via USB and controls
the pan-tilt two-axis motor drivers via variableduency pulse 1/0.

+ 2-DOF Pan-Tilt Device: The 2-DOF tilt device ctsts of four parts, including two
stepper motors, an encoder, a reducer and a mot@r drom ORIENTAL MOTOR. Control
the direction of rotation and speed of the motopulgh the driver via IO pins or through
Modbus RTU (RS-485) communication. The Raspberry 4lcentral processor can
communicate with the motor control driver througk direct 10 port or RS_485. In this paper,
the central processor communicates with the drivexdO ports. 2-DOF tilt can pan and tilt
respectively. The model's physical limitations ud#: In the vertical direction, the pitch angle
range is from -60 deg. to 60 deg. According to Zumtal rotation angle range of rotation angle
is from -90 deg. to 90 deg. The maximum angulaelkcation of the inclined device is 167
deg./sec.
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+ Camera: In this paper, we use the ISD-2500HDectarmwith a lens with a fixed focal
length of f = 2.5 cm with a resolution of 1280x720nnect to Raspberry Pl computer by USB
port.

2.2 Mathematical model of the camera pan-tilt system

In order to maintain the image of the target aselto the center of the image plane, we
establish a relative relationship between the ofeskrvariable xc and yc which is the
coordinates of the object on the coordinate sysitached to the image plane ( IP), for two
control variables of the pan-tilt systegrand®6.

In Fig. 1b, we can see thatand6 are rotations around the axes:@ad Oz, respectively,
such that, after moving the center of the movingdg coordinates P(X, Y, Z) will be mapped
onto the center of the image plane.

+ The geometrical approximation model.

Let OXoYoZo be the real coordinate system of the robot-caragstem and €X,Y,Z, the
coordinate system associated with the camerag, P{Xo) is the coordinates of the object on
the real coordinate system, the coordinates ofoegted on the image plane arg¥y. Fig. 2
shows the geometric relationship of the rotatioglam is the rotation angle of the robot-
camera system so that the center of the object, P§X2o) lies on the plane O,Y,. From Fig.

2, it can be seen that if the difference between ttho planes YO,Y, and X%0Z, is not
significant, we can calculate the angteande' as follows:

tan(<p):% (2)
-_i_izc NY_L 2
tan(p )= VR )

p

where X and Y represent the position of the tacgetter in the real coordinate system, L is the
distance from the origin O to the origin Op , the camera focal length.

Fig 2. Image coordinate system associated with panetiltdinate system

From (1) we realize that in order to calculate wastrknow that X and Y, which are neither
measurable nor observable, when using only acstitiera. Also from (2) we find that, since zp
is an observable variable, and f is a measuraldetijy, we can compute.z
From (1) and (2) we have:
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L

From formula (3), it can be seen that if the dis&afX) of the object to the camera of the
system is large or the structure of the systeniablt can be considered very small, the agle
can be approximated as follows:

o arctar[—%] (4)

For the angle approximatio® is also calculated similarly. The purpose of this
approximation is that we can calculate pan rotatoand tilt angle6 from the observable
variables xc , yc and the measurahble

+ Kinetic model of Pan-Tilt system mounted with Camera.

In order to find a description of the relationsbigtween xand y for ¢ and6, we first find
the homogeneous transformation matrix of the twuoera rotations around O at an angland
0. With the way of choosing the coordinate systerRigure 2, we have a uniform matrix of the
direction that changes from theXQY pZ, coordinate axis to the real coordinate axis ofRhe-
Tilt system mounted with an OXYZ camera mounted eanisR; :

cos(p)cosf ) — cosf )sid( ) sip( )

R = sin(p)cosf ) — sinp )sir{ ) — cog( ) |l (5)
| sin@) cosf ) 0
0 0 0

The identity matrix when converting from the real c@ordinate system to the camera
coordinate system XY ,Z,, by definition we have:

cosfp)cosf ) sinp )cos( ) siA()

R_Rl— —sin(fp)cose) — sinp )sir{ ) cos( ) | (6)
' sin@) —cosf ) 0
0 0 0

Points P(%,Yo,Zo) will be projected on the center of the image pl&y after performing
rotations¢ and 0. Therefore, knowing the directional identity mati', we can write the
following:

p cosfp)cosf ) sing )cod( ) sifi( ) 0
0] |—sinfo)cosf ) — sin )sir{ ) co8( ) |0, )
0 sing) —cosp ) 0 Z,
1 0 0 0 1

where, (p, 0, 0, 1) and (X/0,Z0,1) are identical coordinates of point P when vidwethe Q
and O coordinate systems, respectively.

Solving (7) we have
Xsin(p)—Ycosp = 0
—Xcosfp)sing »Y sing )sir{ ¥ Z co8(=

Solving the above system of equations we get:

(8)
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’{Y
p =arctar|—
X ©)
Z .
0 = arctan— sing }
Y
From the geometric approximation model we have:
p ~ arctar —i]
f (10)

0~ arctar{—% sing ]

+ Equations of Motion
The dynamic model of the camera-mounted pan-tétesy is built on the Lagrange-Euler
formula. Referring to Fig.2 the kinematic relatidos each mass can be written easily:

X, =0 x, =d,cos@)cos§ )L sing
Yy,=0and <y, =d,cos@)sing L cosp (11)
z,=d, 2, =d,sin(@)

The potential and kinetic energy of the systemgaren by the equation:
V =m,g(d,sin(@)+d,)

— 1 .2 -2 22 1 .2 L2 (12)
_EM(XO + Yo + Zo) +Em2(x1+ yit Zf)
By applying Lagrange’s equation [11]
d)o1T | _or ov__ (13)
dt\og, ) dq, oq, '
we get the following system of equations, after sgranipulation
M(a)a+C(a,a)a+g(a)=7 (14)

where the state variabtg ¢ is defined byqg=[ @ 6]7, ==[r1 ©2] T andM represent the inertia

matrix (symmetric positive definite) , C is the @dis and centrifugal matrix, gravity vector
0=[012921] T which is given by:

' md? cog(6) +mL? mzLdzsir(é?)} -md;sin(2)6 -mLd, co$6)&

M = i C=
-myd,sin(6) myd? ;mzdi sin( ) ¢ 0

0
9" _ngdzcos@)}

Finally, ==[r1 75 T is torque exerted by actuators (servo motorspah joint
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3 Synthesis of control law of camera pan-tilt system by ADAR
method taking into account the output energy

Camera pan-tilt systems are often mounted on mabitécles such as robots, drones or where
power supplies are limited. One of the requiremefitdhis equipment is to save energy when
operating in order to prolong the operation timae@f the factors affecting the power problem
is the control signal. The authors present an gnefficient control law synthesis method based
on the ADAR method. The ADAR method is based onidlea of constructing invariant stable
manifolds 4 (x,...,x, ) [10-13].

To synthesize the control law for the camera plrsyistem, it is necessary to transform the
system of equations (14) into an equation of statth the state variable as follows

e ¢ 00 =[x % x x]

Xl = X2
Xz =X, taX,t a23+ a,r,ta 2k (15)
X3 = X,
XS = a'41X2 + a'42X4+ a'43+ a 41 1+ a 4€ 2
where :
am:}dzsin(ng) i 2d,x, + Lx;sin(x?) L a,= d,Lx,sink;)
2 d? cosf, f +L°+L sink, ¥ d? cos(, J+L%*+L sm(gﬁ
o =lg Sne)eost) . 1 .
dZ cosx,  + L+ L sink, J m, @7 cost, J+L+L sin(; )
a, = —Lsm()2<3) i
m, (d? cos(x,)® + L + Lsin(x,)*)’
a, —1$|n(2x3, 2d,x, sin(x, )+ dx, cos(.<3§+L2x2; _ Lx, sink,?
2 d? cos, ¥+ L*+L sink, 27 d2 cos(, §+L +L sing 2)
__gcosf; )d; cosg, J+L* ), _ Sirnk; )

43

. a
dZcosf, ¥ +L2+L sing, ¥ mgd(dZcosf, ¥+ L2+L sing, ¥ )
d? cosfx, ¥ +L°
m,d,(dZcos,f +L°+L st(g)z)

s =

Let g (i=1,3) be the difference between the actual eargubsition x = ¢ xz =6 and the desired
trajectory Xs=o s, X3s=0s as follows:

& =%-¢,

Q,):X3—95
We define the macro manifold variabl(€) according to the position error and the
convergence speed as follows:

(16)

¢(8)=¢+58 (17)
There,f is the scalar association parameter of the conttel
Taking the derivative of equation (17) we get:

g(e)=6+LB8=(% %)+ LB (X —X,) (18)
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To ensure stability and ensure the convergenchefstate trajectories to their respective
desired manifolds and remain there for the nexetitme dynamic evolution of the macro
variable with respect to the The manifold is defiies:

Ty (8)+¢(g)=0 (19)
where T > 0 represents the convergence rate of the mamiable to the manifold domaipn
(e)=0.

Solving the system of equations (18) we get thdrobtaw t1,12, because the control law is
too long, so we do not introduce it in this paper.

The ADAR objective function has the form (18). Wheanalyzing specifically each
component in this functional, it is easy to seet tihacontains components?, %, with
reasonable selection ofi &nd i parameters, which will ensure control quality arahtrol
energy.

3=% [ PO +TA0)t (20)

3
i=1

4 Simulation results of tracking control for Pan-Tilt system with
camera

The parameters of the system model are determimpdrienentally on the real model as
follows: m=30(kg), m=20(kg), d=0.3(m), d=0.4(m), L= 0.05, g=9.81(m/s2};=0.1, f5=0.1.
Controller parameters1 I Ts are changed in a solution to observe system regpand control
signal value. The set values are taken in diffeferhs to demonstrate the effectiveness of the
control law. Fig. 3.4 is the angular response, rmbrgignal of pan and Tilt in the system when
the set value is step function. And in Fig. 5,8his angular response, control signal of pan and
Tilt in the system when the set value is a sinetion. From the above results, it can be seen
that the proposed control law always makes theegystable asymptotically, the quality of the
control system depends on the accuracy of the naukthe controller parameters. The control
signal depends largely on the parametarsd.6,0.3,0.1}, :=={0.6,0.3,0.1} of the controller,
with appropriate selection will ensure the systeas how energy consumption while still

ensuring control quality
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Fig. 3. Pan stitch response: a- Angle response ; b- Clasigoal
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Fig.6. Tilt response : a-Angle response
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controller parameters can ensure that the systsnamaffective control law in terms of energy
consumption but still ensure the quality of systemtrol. To ensure that the limit value of the
control signal can change the change of the mahi&thbility guarantee parameter. The
proposed control rule also works well with manyfatiént types of set values. Since the camera-
mounted pan tilt system is characterized by a tgpilanging unpredicted set signal, this is
also an advantage of this method. However, in shigly, the controller parameter selection
method has not been given. Therefore, in futureist, the authors will study methods to

choose the optimal parameter of the controller
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