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This thesis describes a few of the numerical models which estimate the velocity
of vehicle motion. Such numerical models enumerate the backward Euler model, the
trapezoidal rule model, and the Taylor expansion model. The pondered ground
vehicle characterizes a first-order nonlinear dynamic model of longitudinal motion in
continuous time. The vehicle holds propulsion and braking forces as its one input-
quantity and retains velocity as its one state-variable and output-quantity. Thus, the
construction of a state observer that estimates the velocity is unable to replace the
velocity sensor. Because the state observer needs the monitored velocity and employs
the input quantity to estimate the vehicle velocity, the velocity estimation becomes
redundant with the velocity signal and goes useless in view of engineering. When the
vehicle travels and its wheels rotate without slip between tires and road surface, some
numerical methods which determine the solution of the first-order ordinary differential
equations, listing the backward Euler method, the trapezoidal rule method, and the
Taylor expansion method, all convert the continuous-time dynamic model of motion
into relevant numerical models in discrete-time that iteratively compute the velocity.
These numerical models use only the input quantity and do not require the measured
velocity. Whenever the closed-loop cruise control system of vehicle loses its velocity-
feedback signal or the velocity sensor fails, the above numerical models play a role in
availability and give the substitution of the velocity-sensor, and then the closed-loop
control system receives the estimated velocity as its feedback signal, and therefore
the control system still handles precisely the velocity and further maintains motion.
When the numerical models are associated with their correct parameters and either
the vehicle moves forward and reverses, or even the electric vehicle maneuvers
repetitively under acceleration, constant velocity, as well as deceleration that may

bring to a standstill respectively, the computer simulation and hardware-in-loop



simulation results yield the high performance of the velocity estimation tracking
velocity response and confirm the opportunity and feasibility of the replacement of

the physical velocity sensor by the proposed numerical models.
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