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Implementing An Intelligent Auxiliary Vacuum
Brake System with System-on-Chip
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Abstract

The purpose of this project focuses on designing an intelligent,
compact, reliable, and robust auxiliary vacuum brake system
(VBS) with Kalman filter and self-diagnosis scheme. All of
the circuit elements in the designed system are integrated
into one programmable system-on-chip (PSoC) with entire
computational algorithms implemented by software. In this
system, four main goals are achieved:

(a) Kalman filter can get rid of noises and big disturbances.
Experiment proves that along with hysteresis, vacuum
pressure regulation can be assured, there is no switching back
and forth during control change as expected. Noise immunity
has been assured. As a consequence, relay contactor could be
also prolonged as well as the VBS liability.

(b) PWM control provides two advantages over relay control:
(1) Low starting current and operating current. The starting

current has been diminished from 107.8 Amp to 76.4 Amp
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for pressure originating from 0 mm-Hg to -450 mm-Hg. Also,
the starting current has been cut from 90.1 Amp to 69.6
Amp during normal operation. The operating current has
been confined to 43.7 Amp for both cases. Battery life can
be extended as well. (2) Low overshoot. The overshoot is
obviously reduced from -492.3 mm-Hg to -461.5 mm-Hg.

(0) Intelligent self-diagnosis scheme can identify different
types of errors caused by different elements such as: (1)
pressure sensor open, short, or unbalance. (2) compressor
open or short. (3) current sensor failure. (4) relay or MOSFET
open or short.

(d) A prototype has been designed and made with one PSoC
chip. All of the signal conditioning circuits, algorithms, and
self-diagnosis scheme are integrated and implemented inside

the system-on-chip IC.

Structure of Auxiliary Vacuum Brake System (VBS): The purpose of this
project focuses on designing an intelligent auxiliary vacuum brake
system (VBS) with Kalman filter and self-diagnosis scheme. This system
is so compact that most of the circuit elements are integrated into
single programmable system-on-chip (PSoC) with entire computational
algorithms implemented by software. This VBS system gives some
benefits including providing reliable and robust brake function when
the engine is not operating or the engine is under heavy loads.



