
Chapter 2 

Target Identification and Tracking Techniques 

Any designer is spoilt for choice when it comes to technologies available for 
identifying a target. Prominent among them are; Radar, infrared imaging, 
thermal imaging, vision and ultra sound etc. When it comes to identifying a 
target at long distances most of these choices fail to achieve reliable results, for 
instance, infrared imaging, thermal imaging and vision all ,..require the target to 
be within line of sight from the tracking camerao Furthermore these tracking 
cameras struggle to pick up anything beyond 500 meters. Therefore it only 
leaves one candidate to track long distance targets i.e; Radar. 

Commercial aviation is uses a technology called "secondary surveillance radar" 
or (SSR). This system tracks the target by locking on to a beacon sent out by the 
aircraft being tracked. But it is obvious that we cannot put beacons on an enemy 
aircraft. Therefore military aviation is has to work with primary radar. 

The proposed system uses a remote primary radar unit for target tracking and 
identification; however at this stage of development the author is unable to 
acquire target information from a real radar system. Therefor a computer vision 
system capable of delivering target information similar to that of primary radar 
is used. This computer vision system feeds pan and tilt angle data to the turret 
system. Some kind of intelligent system or a human interface is required 
between the tracking system and the gun turret to identify friend or foe. 
However, design of such a system is not covered within this project In 
summary the complete system consists of l.computer vision system for 
laboratory model, 2. Intelligent friend or foe identification system, 3. Gun 
turret. At this point it is prudent to point out that the system is a closed loop 
system, With any closed loop system, the bandwidth of the system is determined 
by the slowest component in the loop. In this case it is the radar detection 

system. 
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2.1 System overview 

The system is consisted of a tracking system, intelligent friend of foe 
identification system and the pan-tilt anti aircraft gun turret. 
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Fig 2.1 Automated target tracking air defense system 

2.2 Control Technologies 
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There are several ways by which the pan-tilt base can respond to the error 
between the desired angle and the actual angle. It can switch ON or OFF the 
motor in either direction depending on whether the error is positive or negative. 
This is called simple ON/OFF control otherwise it can produce a control signal 
which is proportional to the error this is proportional (P) control. 
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If it produces a control signal proportional to the rate of change of the error it is 
called Derivative (D) control. lt can also produce a control signal which is 
proportional to the integral of the error with time and this is integral (I) controL 
The controller can also use combinations of P, I or D control. However other 
options available to the designer are partitioned PD control, adaptive control, 
computed torque control and inversion based control [6J, [7], [8], all of which 
has demonstrated better control performance over PID controL However 
following section examines advantages and disadvantages of using each type of 
control technology to arrive at the most appropriate type of control technology 
for the system. 
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Fig. 2.2 System Model 
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It is clear that our system is a multi input multi output system (MIMO). to 
simplify the problem each joint( Pan and tilt) is considered separately and 
assumed to be independent. There fore we covert the above MIMO system in to 
two Single input single output systems(SISO). Control schemes considered for 
this system include, PID control or proportional Integral and derivative controL 
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In PID control, all non-linear effects are considered as noise_ PID control 
scheme has the unique capability of overcoming all such noise inputs, given 
adequate bandwidth is available with the system. Therefore the ultimate 
justification for use of PID control scheme is dependent on the final out come of 
the system, i.e, if the system is capable of achieving specified performance 
benchmarks, use of PTD controller is justified. 

The use of linear control schemes is only valid for those systems whose 
behavior can be mathematically modeled by linear differential equations [6]. 
Linear control techniques for manipulator control are essentially an approximate 
method and for this a manipulator joint should be modeled as a linear second
order system. 

-' 

2.3 Linear Second Order SISO Model of a 
Manipulator Joint. 
Pan and tilt joints of the mechanism is considered as a manipulator joint and 
linear second order model is given below [6] 
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Fig 2.3 Linear second order SISO model of a manipulator joint 

number of teeth on the gear of link shaft lJ 1 n- --·t- -
number of teeth on the gear of actuator shaft lJ 7 

The gear ration 1J is greater than 1 for a reduction gear. The gear 

T = 'lJT a 

r 

(2.1) 

(2.2) 
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1 e = -ea (2.3) 
TJ 

e = _!_e 
(/ 

(2A) 
TJ 

The link torque r when reflected to the actuator side, is scaled down by a factor 
of TJ , the gear ratio. I a is the inertial of rotor of the actuator and Ba is the viscous 

friction coefficient at actuator bearings, for the rotational mass-damper system, 
the torque required at the actuator shaft is given by 

r 
r a = I" 8" + B" 8" + -

TJ 

1 
r" =Ia8a+Ba8a+-(18+B8) 

1J 

.: 

(2.5) 

(2.6) 

Where I a is the inertia of the load and B is the viscous friction coefficient for the 
load. 

In terms of actuator variables, 

r" +" + ;, )o,+(R, +; )e, (2.7) 

In terms of link variables, 

r = (I + 77 2 I" )e + ( B + 77 
2 
B" )e (2.8) 

The link torque r is obtained from the dynamic model of the joint 

The dynamic equation of a joint I of a manipulator is given by; 

r, = LMu q 1+ L Lhuk q 1 q, +G, (2.9) 
k 

Eq (2.9) equation is rewritten below with the subscript i for joint i dropped for 
convemence. 

r = "LM 1 81 + LLh;k 81 ek+G 
j k 

(2JO) 

Where G is the Gravity term and only comes into effect when motion is against 
gravity. 
Note that the equation does not include the effects of friction, backlash and 
elastic defom1ations. 
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The viscous friction is directly proportional to the velocity and can be included 
in the model. 

r = 'L M I e I+ I I hljk e I e k + Be + G (2_ 11) 
I k 

Where B is the viscous friction coefficient at the link bearings, 
The terms in above equation are split into linear decoupled and non linear 

interacting terms. The two linear decoupled terms are Me from the first 

summation term and the third term Be . The remaining terms are non linear 
interacting terms and are grouped together and denoted as 'd' that is 

17 

d = IM 1 el + I'Lh1k el ek+G (2.12) 
1~1 1 k 

I"' 

Equation 2.11 is written as; 

r=M8 +B8+d (2.13) 

Substituting r from Eq. (2.1 0) in to Eq. (2.5) and rearranging, the actuator 
torque is obtained as; 

r =(I +!i-Je +(B +!!_Je +9_ a u 2 a o 2 a 
ry ry ry 

(2,1 4) 

Since the pan tilt mechanism is highly geared, Tl = 80 for pan mechanism and 

Tl = 66 for tilt mechanism it is reasonable to ignore the contribution of the non 

linear interacting term d and still guarantee a good trajectory-tracking 
performance. 
Neglecting nonlinear terms, the actuator torque reduces to; 

T(/ =Jeff 8(/+ Bef! e(/ (2.15) 

Where Ieff is the effective inertia and Begis the effective damping with ; 

1.1" =I + ~ L_; a 2 ry 
(2.16) 

Beff = B" + ~2 (2, 17) 
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Load torque can be written as; 

T =Jeff 8+ Bcff 8 (2.18) 

Since the configuration dependent term 'M' is reduced by a factor 77 2 
, with 

rJ >> 1, feJJ is almost constant for highly geared manipulators. 

Therefore the inertia term seen by the system is effectively the inertia term of 
the armature Ia . 
And we will have to obtain BeJJ using experimental methods . 
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2.4 Motor model 
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Fig 2.5 motor model 

di 
L-!'_+Ri =v-K8 

(i dt {I (I I! (/ 
(2. 19) 

e=K 8 e a (2.20) 

An inertial load r is connected to the motor armature via a gearbox with ratio 
ry . The configuration is illustrated in fig 2.5 

T =Jeff 8+ Bcjf 8 (From 2.18) 

Ta = K)a 

(2.21) 

(2.22) 

Above equations can be used to construct a signal flow graph of the electric 
motor/load which can be realized in SIMULINK. 
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