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Introduction: what is the OS?  

• The Operating System OS is a program that acts as an 
intermediary between the user of a computer and the 
computer hardware. 

 

• The purpose of the OS is to provide an environment in which a 
user can execute programs in a convenient and efficient 
manner. 

 

2 



Introduction: what is RTOS?  

• Real-time Operating System RTOS is a special purpose OS. 

 

1. Operating systems operate the digital processor with peripherals. 

 

2. The system has certain time constraints. 

 

If both conditions 1 & 2 are applied then we will have RTOS. 
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Examples of RTOS?  
• Any OS that controls: 

 

1. Medical imaging systems. 

2. Flight control systems 

3. Automobile-engine fuel injection. 

4. Home-appliance controllers 

5. Virtual reality. 
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Hard RTOS specifications  

• Critical (or Real-time) tasks (processes) must 
be completed on time. 

• Secondary storage are limited or missing.  

• Short-term memories are used instead. 
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Soft RTOS Specifications  

• A critical (or Real-time) tasks (processes) gets 
priority over other tasks and retain that priority 
until it completes. 

 

• Kernel delays must be bounded because the RT 
task cannot wait indefinitely for the kernel to run 
it. 
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RTOS Constraints 

The following types of constraints are considered: 

1.    Timing constraints: meet your deadline. 

2.    Resource constraints: access only available resources. 
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1. Timing Constraints 

• Real-time systems are characterized mostly by timing 

constraints 

• Typical timing constraint: deadline 

       deadline = time before which task has to be performed 

• Deadline missing separates two classes of RT systems: 

–  Hard : missing of deadline can cause catastrophic consequences 

–  Soft : missing of deadline decreases performance of system 
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Parameters to Characterize RT-task Ji 
• Arrival time ai :   the time Ji becomes ready for execution 

    also called request time or release time, denoted by ri 

•  Computation time Ci:  time necessary for execution 
without interruption 

•  Deadline di: time before which task has to be completed 
its      execution 

•  Start time Si:   time at which Ji start its execution 

•  Finishing time fi:   time at which Ji finishes its execution 
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2. Resource Constraints 
• Process‘s view: 

   Resource is any SW structure to be used by process 

   Examples: data structure, set of variables, memory area, file 
or a device driver (Hardware). So, resources might be: 

• Private resource : dedicated to a particular process 

• Shared resource : to be used by more than any process 

• Exclusive resource : shared resource where simultaneous 
access from different processes is not allowed. 
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Main Components of RTOS 

• Timing Services: Clocks, Timers, etc. 
• Scheduler: Choose the next process to run 
• Communication Mechanism: Semaphores, Message 

Queues, Queues, etc. 
• Power Management: For low power devices, power 

management is generally part of the RTOS since it 
knows the state of the device. 

• Resource Management: Allocates memory and 
processor resources. 

• Peripheral Drivers: UART, SPI, I2C, etc. 
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Scheduler 

19 

Scheduling disciplines are algorithms used for distributing 

resources among parties which simultaneously and 

asynchronously request them.  

 

Scheduling disciplines are used in routers (to handle 

packet traffic) as well as in operating systems (to share 

CPU time among both threads and processes), disk 

drives (I/O scheduling), printers (print spooler), most 

embedded systems, etc. 
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Outline  

• Definition system . 
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• Real time system  
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• Type of real time system . 
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• Event and release.  



• Definition: System 

• A system is a mapping of a set of inputs into a set 
of outputs. 

1. A system is an assembly of components connected together in an organized 
way. 
2. A system is fundamentally altered if a component joins or leaves it. 
3. It has a purpose. 
4. It has a degree of permanence. 
5. It has been defined as being of particular interest. 



• Example : A Real Time control system   

1- input are excitation and outputs are corresponding responses. 
2. Input and output may be digital or analog . 
3. Input are associated with sensor ,cameras ,etc. 
4. Output with actuator ,display ,etc. 



• Classic representation of RTS   

• A sequence of jobs to be scheduled and performance to be 
predicted . 

• Ignores the usual fact that the input source and hardware 
under control may be high complex.  



Definition: Response Time 

• How fast and punctual dose it need to be ? 
          - depended on the specific real time system.. 
•  but what is the real time system ? 
• The previous definitions set the stage for a practical 

definition of a real-time system.  
 

 

The time between the presentation of a set of 
inputs to a system and the realization of the 
required behavior, including the availability of all 
associated outputs, is called the response time of 
the system. 



Definition: Real-Time System  

But what is a “failed” system? In the case of the space 
shuttle or a nuclear power plant, for example, it is 
painfully obvious when a failure has occurred. For 
other systems, such as an automatic bank teller 
machine, the notion of failure is less obvious.  

• A real-time system is a computer system that must 
satisfy bounded response time constraints or risk 
severe consequences, including failure. 

• A real-time system is one whose logical correctness is 
based on both the correctness of the outputs and 
their timeliness.  
 



Definition: Failed System 

• Because of this definition of failure, rigorous 
specification of the system operating criteria, 
including timing constraints is necessary. 

• A failed system is a system that cannot satisfy 
one or more of the requirements stipulated in 
the system requirements specification..  
 



Definition: Embedded System 

• for example, a modern automobile contains many 
embedded processors the control airbag 
deployment, antilock braking, air conditioning, fuel 
injection. 

• A real time system may be embedded system or non 
embedded . But it always reactive.. 

 
 

An embedded system is a system containing one or 
more computers (or processors) having a central role 
in the functionality of the system, but the system is 
not explicitly called a computer. 



 degree of  RTS (Soft ,Hard and Firm real time  system)  

Soft Real-Time System 
A soft real-time system is one in which performance is 
degraded but not destroyed by failure to meet response-
time constraints. 
Hard Real-Time System 
A hard real-time system is one in which failure to meet 
even a single deadline may lead to complete or 
catastrophic system failure. 
Firm Real-Time System 
A firm real-time system is one in which a few missed 
deadlines will not lead to total failure, but missing more 
than a few may lead to complete or catastrophic system 
failure 



Soft ,Hard and Firm real time  system  



Where do deadline come form? 

• Deadlines are based on the underlying physical phenomena 
of the system under control . 

 
 

•  Punctuality is another measure related to response times .. 
 

•  particularly important in periodically  sampled systems with 
high sampling  rate ( e.g , in audio and video signal 
processing) 



Where do deadline come form? 



example : Where response time come form? 





Event and release time 
 Definition: Event 

• Any occurrence that causes the program 
counter to change non-sequentially is 
considered a change of flow-of-control, and 
thus an event.  

Definition: Release Time 

• The release time is the time at which an 
instance of a scheduled task is ready to run, 
and is generally associated with an interrupt. 









Deterministic system  

Definition: Deterministic System 

• A system is deterministic, if for each possible state and each 
set of inputs, a unique set of outputs and next state of the 
system can be determined. 

• Event determinism means the next states and outputs of a 
system are known for each set of inputs that trigger events. 
Thus, a system that is deterministic. 

 





CPU utilization  







Example: Calculation of the CPU Utilization Factor 

• An individual elevator controller in a bank of high-rise elevators has 
the following software tasks with execution periods of pi and worst-
case execution times of ei, i ∈ {1, 2, 3, 4}: 

• Task 1: Communicate with the group dispatcher (19.2 K bit/s data rate 

• and a proprietary communications protocol); p1 = 500 ms, e1 = 17 ms. 

• Task 2: update the car position information and manage floor-to-floor 

• runs, as well as door control; p2 = 25 ms, e2 = 4 ms. 

• Task 3: Register and cancel car calls; p3 = 75 ms, e3 = 1 ms. 

• Task 4: Miscellaneous system supervisions; p4 = 200 ms, e4 = 20 ms. 

 

• What is the overall CPu utilization factor?  
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Time System?-What is a Real 

Real-time systems have been defined as: "those systems in 

which the correctness of the system depends not only on the 

logical result of the computation, but also on the time at 

which the results are produced"; 

 



Some Definitions (Timing) 
• Timing constraint: constraint imposed on 

timing behavior of a job: hard or soft. 

• Hard real-time: systems where it is absolutely 

imperative that responses occur within the 

required deadline. E.g. Flight control systems. 

• Soft real-time: systems where deadlines are 

important but which will still function 

correctly if deadlines are occasionally missed. 

E.g. Data acquisition system. 



Some Definitions (Measuring) 
• Range: maximum and minimum values that 

can be measured 

• Resolution or discrimination: smallest 
discernible change in the measured value 

• Error: difference between the measured and 
actual values 

• random errors 

• systematic errors 

• Accuracy, inaccuracy, uncertainty: accuracy 
is a measure of the maximum expected error 

• Sensitivity: a measure of the change produced 

at the output for a given change in the quantity 

being measured 

 



easuring)Some Definitions(M 
• Precision: a measure of the lack of random 

errors (scatter) 

 

 

 

 

 

 

• Linearity: maximum deviation from a 

‘straight-line’ response. 





A Real-Time System Model 

Real-time
control system

ActuatorActuator ActuatorActuator

SensorSensorSensor SensorSensorSensor



Sensor/Actuator Processes 



System Elements 
• Sensors control processes 

–Collect information from sensors. May 

buffer information collected in response to a 

sensor stimulus 

• Data processor 

–Carries out processing of collected 

information and computes the system 

response 

• Actuator control 

–Generates control signals for the actuator 



A Real-Time System Model 



Sensors and There Classification 
• Sensors and actuators are examples of 

transducers 

    A transducer is a device that converts 
one physical quantity into another 

• Almost any physical property of a material that 
changes in response to some excitation can be 
used to produce a sensor  

– widely used sensors include those that are: 

1. Resistive                  6. Elastic               

2. Capacitive                7. Piezoelectric         

3. Inductive                  8. Photoelectric 

4. Electromagnetic       9. Pyroelectric 

5. Thermoelectric       10. Hall effect  

 





1.Resistive Sensors 
1.1 Potentiometers: It is a resistance element 

with a sliding  contact which is moved over the 

length of the element. 

• Used for monitoring  

   Linear or circular  

   displacements. 

• The fraction ratio (f  ) is  

 equal to  f = x/L = fi/ft 

•If  the total track resistance =Rp then the 

resistance between the sliding terminal and the 

reference terminal  = f Rp 



Potentiometers are linear elements (Vo is linearly 

proportional to Vs) but as a load is placed across 

the output  linearity disappear and error is 

introduced. 

Rtotal= f RpRL/ f Rp+RL 

Vo=Vs* Rtotal/ Rtotal+(1-f )Rp 

     =Vs             f               a        

              (Rp/RL)f (1-f )+1 

Error=f  Vs – Vo = Vs(Rp/RL)(f 2-f 3) 

d(error)/df =0         f =2/3 for max. error 

1.Resistive Sensors 



EX1: A potential resistor of 500W is connected with a multi-meter which has an 

internal resistor of 10KW calculate the error if| the Vs=4v when f=0.5 (Vo=?) 

 

 

 

 

 

 

 What happens when RL = 5KW instead of 10KW? 

 

 

1.Resistive Sensors 



• H .w : If a voltmeter of 10KW internal resistance 

is connected to a potentiometer of 500W total 

resistance  which is connected to a 10V voltage 

source  

• 1)find the error if the slide is a)at the middle b)at 

the position for max. error.  

• 2)who does reducing the voltage of the source 

effect the error, what is its disadvantage suggest 

another way to reduce the error 

1.Resistive Sensors 



1.2 Resistance Temperature Devices (RTDs): 

RTDs are made of materials whose resistance 

changes in accordance with temperature 

a)Metals 

 

b)Metal oxides or  

Semiconductors: Generally, they 

 have a negative temperature  

coefficient and an exponential  

relationship  

Cheep, fast (avalanche  problem) 

1.Resistive Sensors 





1.3 Strain Gauge: consists of a resistance element 

in the form of a flat coil of wire 

1.Resistive Sensors 

Resistance is related to length and area of cross-section of the 

resistor and resistivity of the material as  

By taking logarithms and differentiating both sides, the equation becomes  

Dimensional piezoresistance 





1.4 Photo conductive: semiconductors used for 

their property of changing resistance when 

electromagnetic radiation is incident on them. 

They are often called CdS cells (Cadmium-

Sulfide) or LDR (Light Dependent Resistor) 

1.Resistive Sensors 
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• An inductive sensor is a device that uses the principle 
of electromagnetic induction to detect or measure 
objects. 

•  An inductor develops a magnetic field when a current 
flows through it; alternatively, a current will flow 
through a circuit containing an inductor when the 
magnetic field through it changes.  

• This effect can be used to detect metallic objects that 
interact with a magnetic field.  

3- Inductive sensor  







•  A solenoid valve is an electrically operated valve that is 
mainly used to regulate the flow of air or a liquid in 
pneumatic and hydraulic power systems. Different types of 
solenoid valves are available in the market based on 
application. 

• Solenoid valve 





• Optical sensor  

An optical sensor converts light rays into electronic 
signals. It measures the physical quantity of light and 
then translates it into a form that is readable by an 
instrument 





APPLICATION  
• Inventory control 

• Equipment tracking 

• Personnel tracking 

• Ensuring that patients receive the correct 

medications and medical devices 

• Monitoring patients 

• Providing data for electronic medical records 

systems 

 









• an ultrasonic sensor is an electronic device that measures the distance of a 
target object by emitting ultrasonic sound waves, and converts the reflected 
sound into an electrical signal. Ultrasonic waves travel faster than the speed 
of audible sound (i.e. the sound that humans can hear) 

• ultrasonic sensor 























• Hall effect sensors 
 A Hall effect sensor (or simply Hall sensor) is a type of sensor 
which detects the presence and magnitude of a magnetic field using 
the Hall effect. The output voltage of a Hall sensor is directly 
proportional to the strength of the field. It is named for the 
American physicist Edwin Hall 
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System  



• Signal conditioning   refers to operations performed on 

signals to convert them to a form suitable for 

interfacing  with other elements in the process control 

loop. 

• Signal conditioning circuits are used to process the 

output signal from sensors of a measurement system 

to be suitable for the next stage of operation  

    

Signal Conditioning 



Linearization 



•Some functions of signal conditioners are: 

1.Adjusting of the sensor signals  

2.Conversion of currents to voltages 

3.Supply of (ac or dc) excitations to the sensors 

so changes in resistance, inductance, or 

capacitance are converted to changes in voltage 

4.Filtering to eliminate noise or other unwanted 

signal components 

5.Making a nonlinear signal a linear one 

 

Signal Conditioning 



scc 

R--     V OP- AMP filters 

some of Signal Conditioning circuits   



1.Potentiometer: used to transfer 

changes in resistance (Thermistor 

or strain gauge) to voltage 

Vo=Vs*Rp/(Rp+Rs) 

2.Wheatstone bridge: Consists of 4 resistors in 
a diamond orientation, with a resistive 
transducer in one or more legs.   

 

Resistance to Voltage Conversion  
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If R1 is a sensor its resistance is changed to be 
ΔR1 therefore Vo is changed to ΔVo 

 

 

 

 

 

 
The resistance of wires connecting R1 

will be effected by temp. so the  

connection shown is used so the 

 effect of temp. is added to the two 

opposite branches    

Resistance to Voltage Conversion  












































)42)(31(

3241

  
)42)(31(

32214121

 
42

2

31

1

RRRR

RRRR
VV

RRRR

RRRRRRRR
VV

RR

R

RR

R
VV

So

So

So



Operational Amplifier for Signal Conditioning 
1. Inverting Amplifier: 

+ 

- 

R1 R2 

Vo 

- 

+ 

- 

+ 

Vi 

i

1

2
0 V

R

R
V 



Ex : 1 

The op amp in figure bellow if Vi= 0.5 v  calculate : 

a) The output voltage V0 . 

b) The current in the 10kΩ resistor. 

25k Ω 

+ 

- 

10k Ω 

Vo 

- 

+ 

- 

+ 

Vi 



Ex: 2     Find the Vo  



Operational Amplifier for Signal Conditioning 

2.Non-Inverting Amplifier: 
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Operational Amplifier for Signal Conditioning 

3. Voltage follower –buffer  
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Operational Amplifier for Signal Conditioning 
4. Summing Amplifier: 
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Operational Amplifier for Signal Conditioning 

5. Difference Amplifier : 

 12

1

2
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Operational Amplifier for Signal Conditioning 

6. Current to Voltage Converter: 

2o RV i



Operational Amplifier for Signal Conditioning 
7. Voltage to Current Converter: 

1

i

R

V
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Operational Amplifier for Signal Conditioning 
8. Voltage Divider “Buffered” : 

+20V 

-12V to +12V 

- 

+ 

- 

+ 

-12V to +12V 

- 

+ 

-20 



Operational Amplifier for Signal Conditioning 
9. Integrating Amplifier: 
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Operational Amplifier for Signal Conditioning 
10. Differentiating Amplifier: 

+ 
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R 

Vo 
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Operational Amplifier for Signal Conditioning 

9.Comparator 
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Logic 1= +12 v 
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Or                        
Logic 1 = + 3.2 v  
Logic 0 =-0.6 v 



EX  Operational Amplifier for Signal Conditioning 

EX: find Vo(t) assuming 710 comparator if        

Vi (t)= 10 sinwt       Vref= 7v 

+ 

- + Vo 

Vref 

Vi 



Filters 
1.Low pass filter: 

 

 

 

 

 

2.High pass filter 



Low pass filter: 
 



High pass filter: 
 



Filters 
3.Band pass filter: 

 

 

 fL> fH 

BW= fH - fL 

 

4.Band reject filter 

 

 

fL< fH 

RBW= fH - fL 

 

LPF HPF 

LPF HPF 



Filters 
a filter is a device or process that removes some unwanted 

signal components or features from a 

filter 

Input  

Output  

Filter  

Output  

Frequency  

Voltage  

https://en.wikipedia.org/wiki/Signal_(electronics)


Filters 
a filter is a device or process that removes some unwanted 

signal components or features from a 

filter 

Input  

Filter  

Output  

Voltage  

https://en.wikipedia.org/wiki/Signal_(electronics)


Example  

• Find the cut frequency in high pass filters if R 
=240 KΩ and C =83pF 
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Type of ADC 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 





 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



1. Flash A to D Converter: 

• Uses a reference and a comparator for 

  each of the discrete levels represented in 

  the digital output 

• Not practical for more than 10 bit 

  converters generally fast but expensive 

 

 



 









2. Successive-approximation converter: This converter 

contains an 8-bit successive-approximations register (SAR). 







3. 



.Voltage to Frequency Converter: 
 

 

 

 

 

 

 

• These voltage-to-frequency converters or voltage controlled 
oscillators are relatively simple and accurate circuits and have 
been used for other purposes.  

• The voltage across the capacitor is the integral of the current in 
the noninverting leg of the amplifier.  

• This current is proportional to the voltage across R.  

• As the voltage on the capacitor rises, a threshold circuit checks 
this voltage. 
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Jk Flip Flop 



Vin ἁ T          

  𝑇 =  
𝑉𝑖𝑛

𝐿𝑆𝐵 
 Tclk 

 

LSB= 
𝑉𝑅𝐸𝐹

2𝑁 

 𝑇 =  
𝑉𝑖𝑛

𝑉𝐸𝑅𝐹
 Tclk 2𝑁 



MSB 

LSB 

2R 

4R 

8R 

RL VL 

4-bit 

register 

R 



1.  Binary Weighted Registers D/A: 
Comprises of a register and resistor network 

Output of each bit of the register will depend on whether a ‘1’ or a ‘0’ 

is stored in that position 

for a ‘0’ then 0V output 

for a ‘1’ then 5V output 

Resistance R is inversely proportional to binary weight of each digit 

 

MSB 

LSB 

2R 

4R 

8R 

RL VL 

4-bit 

register 

R 



1. Binary Weighted Registers D/A: 
 Best solution is to follow the resistor network with a buffer amplifier 

 Has high impedance, practically no current flows 

 All input currents sum at S and go through Rf 

 Vo = -IfRf   

 

V o   I f ´ R f   ( I 1 + I 2 + I 3 + I 4 ) ´ R f 





EXAMPLE 

•  the circuit diagram of binary weighted DAC  with an 

input voltage =101 ,Calculate the analog output voltage  

IF Rf = 0.5 R and Vref = 5v . 









 disadvantage binary Weighted Registers D/A: 

 Rarely used when more than 6 bits in the code word 

 To illustrate the problem consider the design of an 8-

bit DAC if the smallest resistor has resistance R 

◦ what would be the value of the largest resistor? 

◦ what would be the tolerance of the smallest resistor? 

 Very difficult to manufacture very accurate resistors 

over this range 

 



2. The R-2R Ladder: 
Has a resistor network which requires resistance values that differ 2:1 

for any sized code word 

The principle of the network is based on Kirchhoff's current rule 

The current entering N must leave by way of the two resistors R1  and 

R2 

 







2. The R-2R Ladder: 

 

The state of the bits is used 

to switch a voltage source 



2. The R-2R Ladder: 
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The Scheduler 
The scheduler is at the heart of every kernel. A scheduler provides the 

algorithms needed to determine which task executes when. To understand how 

scheduling works, this section describes the following topics:  

1)Schedulable entities,  

2)Multitasking,  

3)Context switching,  

4)Dispatcher  

5)Scheduling algorithms 

•Schedulable Entities: A schedulable entity is a kernel object that can compete for 

execution time on a system, based on a predefined scheduling algorithm. Tasks and 

processes are all examples of schedulable entities found in most kernels.  

A task is an independent thread of execution that contains a sequence of independently 

schedulable instructions. Some kernels provide another type of a schedulable object 

called a process. Processes are similar to tasks in that they can independently compete 

for CPU execution time. Processes differ from tasks in that they provide better memory 

protection features, at the expense of performance and memory overhead. Despite these 

differences, for the sake of simplicity, this book uses task to mean either a task or a 

process.  

 



The Scheduler 
•Multitasking: Multitasking is the ability of the operating system to handle 

multiple activities within set deadlines. A real-time kernel might have multiple 

tasks that it has to schedule to run. One such multitasking scenario is illustrated 

in Figure. In this scenario, the kernel multitasks in such a way that many 

threads of execution appear to be running concurrently; however, the kernel is 

actually interleaving executions sequentially, based on a preset scheduling 

algorithm. The scheduler must ensure that the appropriate task runs at the right 

time.  

An important point to note here is  

that the tasks follow the kernel’s 

 scheduling algorithm, while interrupt 

 service routines (ISR) are triggered 

 to run because of hardware interrupts 

 and their established priorities. 



The Scheduler 
•The Context Switch: Each task has its own context, which is the state of the CPU 

registers required each time it is scheduled to run. A context switch occurs when 

the scheduler switches from one task to another. To better understand what happens 

during a context switch, let’s examine further what a typical kernel does in this 

scenario.  

Every time a new task is created, the kernel also creates and maintains an 

associated task control block (TCB). TCBs are system data structures that the 

kernel uses to maintain task-specific information. TCBs contain everything a 

kernel needs to know about a particular task. When a task is running, its context 

is highly dynamic. This dynamic context is maintained in the TCB. When the task 

is not running, its context is frozen within the TCB, to be restored the next time the 

task runs. A typical context switch scenario is illustrated in the previous Figure  

As shown in the previous Figure, when the kernel’s scheduler determines that it 

needs to stop running task 1 and start running task 2, it takes the following steps:  

1)The kernel saves task 1’s context information in its TCB. 2)It loads task 2’s 

context information from its TCB, which becomes the current thread of execution.  

3)The context of task 1 is frozen while task 2 executes, but if the scheduler needs to 

run task 1 again, task 1 continues from where it left off just before the context 

switch. 

 



The Scheduler 
•The Dispatcher: The dispatcher is the part of the scheduler 

that performs context switching and changes the flow of 

execution. At any time an RTOS is running, the flow of 

execution, also known as flow of control, is passing through 

one of three areas: through an application task, through an 

ISR, or through the kernel. When a task or ISR makes a 

system call, the flow of control passes to the kernel to execute 

one of the system routines provided by the kernel. When it is 

time to leave the kernel, the dispatcher is responsible for 

passing control to one of the tasks in the user’s application. It 

will not necessarily be the same task that made the system call. 

It is the scheduling algorithms (to be discussed later) of the 

scheduler that determines which task executes next. It is the 

dispatcher that does the actual work of context switching and 

passing execution control.  
































