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Chapter 6 

Conclusions and further developments 

A vision based target tracking turret base was designed constructed and Laboratory 
tested. Testing revealed very satisfactory performance of the system. Chapter 5 
analyzed the response of the final mechanism to various inputs in detail, As a general 
rule feedback loop bandwidth should be in the order of 3 to 4 larger than the set point 
band""idth. However according to the FFT analysis we consider the set point band 
width to be in the rage of I Hz. -· 

System modeling intentionally disregards non-linear effects such as gravity effects, 
carioles force, coupling effects etc. While this is reasonable when the system is slow 
moving and the accuracy oftarget tracking is less important, they cannot be ignored in a 
high speed, high accuracy system. A more realistic modeling of the system (Lagrange 
modeling) needs to carried out for the larger system. 

Tracking response is extremely satisfactory at very low frequency levels but as the 
frequency increases, tracking response gets degraded both in terms of amplitude and 
delay. Some form of delay is unavoidable as a result of the bandwidth of the system but 
these shortcomings can be minimized by the use of advanced control systems such as 
teed forward loops and partitioned PD controllers, which has a servo based section and 
a model based section in its control architecture. For such systems high speed online 
calculation of inputs to the drive motors is essential, As such, use of high speed DSP's 
are needed. 
Though, this system uses a vision system to replace the radar system, commercial 
prototype will have to make use of real inputs from a primary radar system. This is 
because data from radar system arrive much less frequently and the system will have to 
make predictions of target position. 

By referring to FFT analysis of the target, it can be argued that power at I Hz is 
extremely low, therefore for all practical purposes (except in extreme circumstances) 
the set point bandwidth (or the target bandwidth) is around 0.3Hz, in which case the 
available bandwidth is more than sufficient to track target movemenK But a detailed 
study is needed validate this conclusion. 

The system is inherently stable with a phase margin of 82deg, which means that the 
gain can be further increased (actuators permitting) without compromising the stability 
of the system. Therefore we can design the gun turret so that it is capable of engaging 
the target at much close range. However, use of higher torque actuators may lead to 
lower phase margin or even system instability. In which case Phase margin can be 
adjusted using phase lead compensators. 

Throughout the design process of this mechanism I experienced the paralyzing 
limitations imposed by less than ideal sensors. Therefore any commercialization of the 
ahove unit needs highest quality sensors. High resolution absolute rotary sensors are 
essential for accurate positioning. 
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< )n a commercial version, stress analysis needs to be carried out to counter the impact 
fprces due to artillery tire. 

I )ue to sensor noise, imperfections of PWM driver algorithm and target tracking system 
noise, there is considerable vibration after the target position is achieved. Therefore 
hetter sensor outputs needs to be acquired possibly with the use of digital filter such as 
kalman filtering on both image acquisition systems as well as on the position sensor 
outputs. 

further development of the model will require significant amounts of money. It will 
also require access to real data inputs from radar systems, which requires clearance 
fl·om government agencies such as the ministry of defense. A detailed proposal will be 
made to the ministry of defense with the intention of obtaining funds for developing a 
CIHTimercial version. 
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