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Abstract

To reduce the probability of missing events and achieve efficient functioning
of a non realtime process, it is transformed into realtime using multiple tasks.
In order to manage the various tasks, Priority based Preemptive Task
Scheduling algorithms are required. Realtime approach has shown significant
benefits on nonlinear control applications that need fast execution time and
optimal interrupt response time. It improves the reliability and processing
ability of the system. Existing kernel schemes are less suited to protect the
data. Hence, the Algorithms need to be carefully designed to protect the data
in real time control system. The Proposed Solution is to effectively use
Critical section to protect data in preemptive RTOS systems. When critical
section is executed task preemption and interrupts are disabled. It will protect
the data access from other task.
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Airbag control system

Introduction

This work focuses on the less unexplored area of RTOS based implementation of
nonlinear systems suited to automotive sector. The primary focus is on the intrinsic
integration of preemptive scheduling algorithms, use of multi-processor unit, client-
server architecture etc. The essential focus is to develop RTOS based control system
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with performance metrics of improved speed and ability to process MIMO systems.
There is also the objective to identify non realtime processes in a nonlinear control
system and transform those processes into realtime tasks and Schedule these tasks
using preemptive concepts. Also, there is a need to protect critical data during
execution of multiple tasks and achieve synchronization in a timely and predictable
fashion. In this paper, the realtime monitoring and control system for an air-bag
system is built around a multicore processor in a master slave architecture that reads
data from various sensors, removes artefacts and using realtime processing algorithms
produce a timely output to the various actuators: The realtime systems support
concurrent processing of multiple inputs. This involves correlated processing of
multiple inputs over the same time period in a forked manner. Concurrent tasks are
created and managed in order to fulfill the requirement of a realtime system.

Task scheduling is one of the major aspects of managing concurrency in
realtime system.

Benefits of the work

The nonlinear system can be operated at higher sampling rates using master slave
architecture. Design of partitioned hardware system enables faster response time and
becomes well suited for fast motion system. Data corruption in multi-tasking RTOS
system is protected using critical section implementation by disabling interrupt. Using
uC/OS-II RTOS interrupt disable time is kept minimum.

Problem statement and proposed solution

Problem 1

Modern embedded solutions to problems demand discreteness rather than continuity.
In continuous-time systems a proper choice of sample rate is difficult and this makes
it impossible to observe the system performance properly and with such observed
samples system instability occurs. Speed enhancement in MIMO/cascaded system is
to be achieved with optimum CPU resource utilization. The Proposed Solution
includes (i) Master Slave architecture where Slave module samples the input signal
continuously and transmits to Master module process data and gives command to
slave and the slave drive the output control.

Problem 2

(1) To implement a controller suited for realtime, using an embedded system, a
non realtime process should be transformed to realtime task.

(i) However embedded targets for nonlinear realtime applications are less suited
for multiple inputs and multiple outputs with time constraint, as most of them
are performed sequentially. Hence, the algorithm needs to be redesigned to
exploit concurrency. The Proposed Solution is to transform Non realtime
processes to multiple realtime tasks and use pC/OS-II RTOS programming
and manage the various tasks using priority based preemptive task scheduling
algorithm in RTOS.
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Problem 3
(1) Design partition is a major issue in embedded system with multiprocessing
units.

(i) There is a need to analyse and solve issues like task dependence and
input/output interface in design partition algorithm. The Proposed Solution is
to design partition algorithms with help of Server-client modules both for
wired and wireless enabled embedded system. Server is used to configure and
monitor control system parameters.

Problem 4

(1) Communication protocol between processing units is major issue in embedded
system with multiprocessing units. Also wire line communication is not
preferred in industries like chemical processing and automotive electronics.
The Proposed Solution is to use

(1) ZigBee based embedded solutions provide wireless end-point connectivity to
devices or

(i) Bluetooth

(i)  Wi-Fior

(iv)  IEEE 802. 15. 4 networking protocol for fast point-to multipoint or peer-to-
peer networking.

Problem 5

(1) Inter task communication is a major constraint in multi-tasking RTOS system.

(1) Synchronization is necessary for realtime tasks to share mutually exclusive
resources. For multiple threads to communicate among themselves in time,
predictable inter-task communication and synchronization mechanisms are
required.

(i)  Need to redesign the existing communication methodology to improve the
inter task communication. The Proposed Solution is to use message parsing
interfaces schemes such as mailbox communication protocol.

Understanding System behavior using x(-t) and x(+t) for preemptive task
management

To estimate a system behavior either in x(+t) or x(-t) a rotating cosmological model in
which the controller can, in principle, travel to any point in the system’s past as well
as future, is desirable. This requires the states to be visualized as several non-
interacting cubes. In relating the system behavior with the past inputs so as to predict
the future states, paradox due to time travel in the past can occur. This is handled by
splitting the system behavior into two parallel states, each with its own time track.
Thus, if one, suppose go back to the time of a system response in state 1 (called the
past state) and measure it, the system forks. The controller is now in state 1 and if
desired can return to the present of state 2, a state in which the system had been
mysteriously disturbed. The controller has to therefore acquire the knowledge as to

(1) How much would this state differ from the old one?
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(1) Would it find a duplicate of the cause of disturbance there?

The answer is maybe, maybe not. Some reported works assume that the
slightest alteration of the past would introduce new causal chains that would have a
multiplying effect and produce vast historical changes. Other works assume that
system history is dominated by such powerful overall forces that even major
alterations of the past would damp out and the future would soon be very much the
same. The future state of a system is no problem. This just implies that ifthe output is
retimed to the seventh state ahead, it just merely vanish for seven states and reappear
in the future, seven state earlier than it would have been. This many state
interpretations has many counter theories but still, will be very useful in designing a
controller to predict the future states of a system. This is true as long as interactions
do not occur. But when the controller actually travels to the past or the future cube
(with multiple states) of a system, interacts with it and returns, enormous difficulties
arise. Also, this approach restricts a zero memory model, since, if there is no memory
for an ncube, then the behavior cannot be sent back to states of n™ cube from (n+1)"
cube. Similarly, if states from (n+1)™ cube are placed to form the future states of
(n+2) cube, and when the states of (n+1) cube are returned, then care should be taken
to check whether will it affect the states of (n+2) cube if any of the states of (n+1) is
altered. There is infact no destruction of one cube to leave one alone. It is unnecessary
to suppose that all but one are somehow destroyed, since all the separate elements of a
superposition of cubes individually obey the system equation with complete
indifference to the presence or absence ("actuality" or not) of any other elements. This
total lack of effect of one branch on another also implies that no observer will ever be
aware of any "splitting" process. i. e. process created by system forks in parallel are
completely indifferent to the presence or absence of any other elements of other
forked processes.

System behavior astime series models

A system behavior can be understood better if its output can be mapped to a time
series model within the best accuracy limit. If perfect convergence exists, then it is
said to be absolutely convergent and future state values are known exactly. However,
most nonlinear systems exhibit conditional convergent behavior and this requires the
determination of the golden ratio or value around which this convergence oscillates.
For example, the number of states of a discrete system when quantized into
independent sequences each of size ‘N’ bits and when forced with a behavior in which
no two zeros occur consecutively (called satisfying states) varies as a Fibonacci
number with ‘N’. This is given in Table 1.
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Table 1:
N | Possible statesin discrete sequence | No. of satisfying states
1 Oorl 2
2 00orOlorl0orll 3
3 000 or 001 or 010 or 011 5
or 100 or 101 or 110 or 111
4 0000 or 0001 or 0010 or 0011 8

0100 or 0101 or 0110 or 0111
1000 or 1001 or 1010 or 1011
1100 or 1101 or 1110 0r 1111

Airbag control system

The block diagram of a typical airbag control unit in automotive vehicle is shown in
Figure 1. It includes the inflator assembly, the propellant, filters and the valve unit.
The filter serves the purpose of cooling after post fired. The design improvement
includes multiple inflators and modifying the output and making it a variable signal.
Additionally occupancy detection sensors were intrinsically placed to avoid false
alarm or dismissal.

I,-"l"x,l Spark Qutput
\ * )
y(t)
» Inflator Assembly F———= Propellant - Nitrogen
| Gas|Airbaginflate)
Sodium Azide t=t,
Metric: Speed of Inflation
[= 200miles/hr]
Role of filter

Post Fired = Cylinders are removed and cooled

Figure: 1 Airbag control system
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Figure: 2 Sensor section

Results and Discussion

RTOS implementation compared with non RTOS

The many state interpretation of system is best implemented using RTOS concepts
and the performance of the nonlinear system is compared for both RTOS and Non-
RTOS implementations. Non RTOS systems usually do not allow user programs to
mask interrupts as the user program could control the CPU for as long as it wishes.
RTOSs allow application itself to run in the kernel mode and permit the application to
have greater control of the OS environment without requiring OS intervention. For
example, if T1 is the time taken to execute taskl and T2 is the time taken to execute
task2, then the total time to execute both tasks is considerably reduced in RTOS
systems comparing with Non RTOS systems as shown in Table 2.

Table 2: Comparison between RTOS and Non RTOS Systems

Task execution Remarks
time
RTOS | > Max [T1, T2] | Task execution time reduced and performance improved
Non | >(T1+T2) Task execution time increased and performance degraded
RTOS

The following metrics are studied in this work as shown in Table 3.
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Table 3: Performance metrics

Interrupt mechanism & Central queue Realtime
synchronization schemes based EDF comparison of RM
scheduling & EDF
Metrics Throughput Packet loss Best case response
included time
Interrupt latency Queuing delay Worst case
response time
Interrupt response Packet arrival rate | Response time jitter
Task execution time Throughput Latency
CPU utilization time

From Table4 and Table 5, it is observed that task execution time is reduced for
RTOS based system comparing to Non RTOS based system considerably and
improves system performance by solving shared resource problem and handling
critical section effectively.

Tabled: Task execution time for RTOS implementation

Task number M acros Task Entity | Execution time (Sec)
1 T T1 (Uctsk Get time) | Realtime clock User dependent
2 T2 (Uctsk Dispdata) Display RTC 1
Interrupt control 1

Table 5: Task execution time for non RTOS implementation

Task number M acros Task Entity | Execution time (sec)
1 T T1 Realtime clock User dependent
(Uctsk Get time)
2 T2 (Uctsk Dispdata) | Display RTC 1
Interrupt control

It is observed from the table shown below that system performance is
improved by concurrent task handling using kernel provided calls with the
enhancement in task execution time.

Table 6:Task execution time for data acquisition system implementation

Task M acros Task Entity Execution
number time (sec)
1 T T1 (Uctsk Get ADC) | Read ADC value 0.5
2 T2 (Uc tsk Disp ADC) | Display ADC value 0.5
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The results are obtained in multicore platform with linux kernel. Single state
implementation of analyzing a nonlinear system is shown in Figure 3.
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2409622704761474697188961226326016.000000
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84051263704235228534325829568134181558231399658579585361244972037018011034185425
113674847321407229986497248591085568.000000
73945927529945354551471831929176698139580629077268308941363838030203168464587818
15739706800847664736629418039791971704676497471151152311743942702631263594636312
85508268510552651002688649761491255296.000000
19999999999999999995512298624175013582086724171580607196250564618774232806481996
44604579477353034997228308317073540589456748112819000997053869488392907304015622
41941930599382486954877937720048006201344.000000
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MULTICORE DISABLED

input char is "3"

LATENCY=1.987353 Milli sec

Figure 3: Single state implementation of analyzing a nonlinear system

Multistate implementation of nonlinear system is shown in Figure 4.
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Figure 4: Multistate implementation of analyzing a nonlinear system

Conclusion

In this work, the single state implementation and the multi state implementation for
correlating the system output with x(-t) and x(+t) is demonstrated. The multi state
implementation offers low latency in returning to the parent state, once recalled from
the superposition of past states. A realtime implementation is applied to the airbag
control system using master-slave architecture. The forking based state space design
enables the prediction of future states by travelling in past time. These forked states
are implemented in individual cores. The results show an improvement in the task
execution time with reduced number of user dependencies in the RTOS
implementation.
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