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Instructions: The following are design and discussion type questions and require detailed analysis and critical evaluation 

of the various numerical answers, arguments and discussion points. The emphasis of the answers should therefore 

clearly justify assumptions made, and also discuss the limitations of the solutions to the various applied methodologies 

and/or techniques. 

 

A quarter car model represents a car decelerating from 120km/hr to rest on a dry asphalt road surface 

(λ0=0.2 µ0=0.8). Typical forces applicable to its deceleration are: 

- the aero-dynamic drag proportional to the square of the longitudinal velocity with constant of 

proportionality 0.9. 

- wheel bearing friction slowing down the car together with the aero dynamic drag in 150seconds 

when no braking torque is applied 

Other parameters are: 

- Mass of quarter car may be assumed to be any value between 350-500kg 

- Mass of wheel may be assumed to be any value between 25-50kg  

-  Magnitude of moment of inertia of wheel is a value between 1-2 proportionally increasing 

with wheel mass 

- Radius of the wheel is 0.3m 

Key analysis points should include (classification/s of  model, best performance, worst 

performance, control effort). 

 

You are required to write a paper for presentation in a journal. The Paper should typically be no more 

than 14pages. The typical ABS in [1] [2] without suspension is to be utilised in conjunction with the 

above specifications. You are to motivate and demonstrate the viability of multi-rate quasi-sliding 

mode (MRQSM) control technique for real-time scheduling and slip control of ABS. You may 

assume four independent controllers implemented on one embedded CPU for four separately 

controlled car wheels. Your paper must typically have literature review for embedded control and 

scheduling developments, modelling and results analysis comparing results to typical approaches. In 

addition the superiority of the MRQSM approach must be thoroughly critiqued. Other issues to be 

discussed are the control torques, response times, and schedules for the controls.  [100marks] 
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