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Lecture No. 8
• Interrupts with  Arduino
• Control of DC motor with Encoder
• PID controller 
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GB37 DC gear motor

motor with 30:1 reduction ratio. Motor speed is 30*110=3300 RPM

Rated voltage: 12V
gearbox Shaft Speed : 110RPM
Idle current: 250mA
Power: 4.8w
Maximum locked rotor current: 6.5A
Reduction box length: 22mm

the number of pulses can reach 30*13*2=780 . Single phase can also reach 390 
pulses for each turn of the gearbox shaft.

1--- --Motor power cord AO1
2--- --Motor power cord AO2
3--- --Sensor signal line Negative GND
4--- --Sensor Positive 5V VCC
5--- --Sensor signal line B phase
6--- --Sensor signal line A phase

.  الطور  خط ترميز مغناطيس ي وإخراج ثنائي13جهاز استشعار حساس هال بـ 

To driver  TB6612FNG

A and B sensor 
phases
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TB6612FNG Dual Motor 
Driver carrier

https://www.pololu.com/product/713

• Dual-H-bridge motor driver: can drive two DC motors 
or one bipolar stepper motor

• Maximum PWM frequency: 100 kHz

Included hardware

A 1×16-pin breakaway 0.1″ male header strip is included with the TB6612FNG motor driver carrier. This strip can optionally be soldered to the carrier board so 
that it can be used with perfboards, solderless breadboards, or 0.1″ female connectors. (The headers might ship as two 1×8 pieces or as a single 1×16 piece that 
can be broken in half.)

0.1 inch =2.54 mm
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L298 Dual Motor 
Driver carrier

78M05 Voltage regulator will be enabled only when the jumper is placed. When the power supply is less than or equal to 12V, then the internal circuitry 
will be powered by the voltage regulator and the 5V pin can be used as an output pin to power the microcontroller.
The jumper should not be placed when the power supply is greater than 12V and separate 5V should be given through 5V terminal to power the internal 
circuitry.

Motor driver: L298N

Motor channels: 2

Maximum operating 
voltage:

50 V

Peak output current 
per channel:

2 A

logic voltage: 4.5-7 V

Frequency  TYPICAL 25kHz - MAX40 KHz
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DC MOTOR USING L298 AND ROTARY ENCODER

CCW

CW

لحظة حدوث جبهة صاعدة 
على القناة الأولى نفحص 
نت القناة الثانية فيما اذا كا

HIGH اوLOW

مردوراني مربوط على محور المحرك المست( انكودر)قراءة إشارة مشفر 

5v       12v
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DC Gear motor with two-channel Hall effect encoder; 
Rated Voltage: 12V; 
No-Load Speed of the gearbox shaft: 130RPM; 
No-Load Current: ≤ 0.15A;
 Rated Torque: 1.2kg.cm;

Gear Reduction Ratio: 45:1, 

 خط ترميز مغناطيس ي وإخراج ثنائي12جهاز استشعار حساس هال بت 
 Each Loop of the sensor Output Pulses: 12PPR. الطور 

45*12=540PPR;
Single Output of one channel 540 Pulses Per Revolution of the 
gearbox shaft: 
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• 1000 count encoder is on the shaft of a MOTOR. 

• MOTOR is also coupled to a 20:1 gear reducer, with the output to a ball screw with a 0.1" pitch. 

• The motor shaft and the encoder must turn 20 times (producing 20,000 quadrature cycles) to 
advance the load 0.1", and

• will product 200,000 cycles by the time the load has move 1.00". 

• The resolution, in terms of load movement is 200,000 counts per inch.

•  If the encoder were coupled directly to the ball screw, the functional resolution would be 
10,000 counts per inch. 
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Angular speedω is also directly related to linear tangential  speed v.

• If the tire outer diameter is 0.80 m (radius of 0.40 m), 
what is the wheel’s rotational speed when the vehicle is 
moving at 100. km/h? 100. km/h (62.1 mph)

rω = v = (100. km/h)×(1000 m/km)×(1 h/3600 s) = 27.8 m/s. 
Hence, ω = v/r = 27.8/0.40 = 70. radians/s or 70. × 60/2π = 670 RPM.

• The rotational speed of the engine must be transformed into the rotational needs of the wheels. 
• How can these two different speeds of rotation be reconciled? It is done by a mechanism called a transmission.

A manual transmission is made of several intermeshing toothed gears.
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t1 = number of teeth on driving  (pinion) gear
t2 = number of teeth on driven (wheel )gear

ω1 = speed of driving gear
ω2 = speed of driven gear
𝑁1=RPM of driving gear
T1 = torque of driving gear

To achieve torque multiplication and speed reduction, the driving gear will be smaller than the driven gear

2:1 means that the speed from the motor is reduced by a factor of 2 and the 
torque from the motor is multiplied by a factor of 2 (not accounting for any losses 
due to inefficiencies in the gear train).

the smaller, driving gear will turn twice for every one revolution of the larger, driven gear.

𝑡2

𝑡1
 = 

𝑑2

𝑑1
= 
ω1

ω2
= 

𝑁1

𝑁2
= 

𝑇2

𝑇1
 =i
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A 6.00 cm diameter gear is attached to a shaft 
turning at 2000. RPM. That gear in turn drives a 
40.0 cm diameter gear. What is the RPM of the 
driven gear?

N2 = 2000. [RPM] × 6.00/40.0 [cm/cm] = 3.00 × 102 RPM.
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Overall GR =

Hence, Nin/Nout = (t2 × t4)/(t1 × t3) = (80 × 200)/(100 × 50) = 3.19, 

and therefore

Nout = 70.0/3.19=21.9RPM
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𝑡2

𝑡1
 = 

𝑑2

𝑑1
= 
ω1

ω2
= 

𝑁1

𝑁2
= 

𝑇2

𝑇1
 =iGears not only change the rotation speed, but 

they also change the torque on the axle.

• For example, in a car with manual transmission, you can first use one set of gears to provide the wheels with high 
torque and low RPM for initial acceleration (first gear). 

• Then you can shift to another set of gears providing the wheels with lower torque and higher RPM as the car speeds up 
(second gear). 

• Then you can shift to a third gear combination that offers low torque and high RPM for cruising along a level highway 
at 65 miles per hour. 

• In a modern automobile there may be four, five, or six forward gears.
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Hardware 
interrupts used in 
Arduino mega or 
Uno

External interrupts

Pin change interrupts
Pin Change Interruptions ISR | PCINT | Arduino101 - YouTube

Arduino Pin Change Interrupts – The Wandering Engineer

Arduino pin change interruptions ISR Tutorial (electronoobs.com)
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Arduino uno, ,mini, nano:        ATmega328P
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// for mega
// int.0  arduino pin 2
// int.1  arduino pin 3
// int.2  arduino pin 21
// int.3  arduino pin 20
// int.4  arduino pin 19
// int.5  arduino pin 18

// for uno
// int.0  arduino pin 2
// int.1  arduino pin 3

ميغا في بروتوس ارقام المقاطعات غير صحيحة والصحيح مدون يساراالاردينوانتبه في مكتبة 
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The volatile modifier ensures that changes to the state variable are immediately visible in loop(). 

:تطبيق 
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:تطبيق 

قياس زاوية دوران محرك 
تيار مستمر

MOTOR ENCODER
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تحكم باتجاه دوران المحرك وقياس زاوية الدوران
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PID Control
𝑢 𝑡 = 𝐾𝑝 ⋅ 𝑒 𝑡 + 𝐾𝐼 න

0

𝑡

𝑒 𝜁 ⋅ 𝛿𝜁 + 𝐾𝐷 ⋅
𝑑𝑒 𝑡

𝑑𝑡

𝑑𝑒 𝑡

Kp = Proportional gain 
KI = Integral gain 
Kd = Derivative gain 

2

d p ii
p d

K s K s KK
K K s

s s

+ +
+ + =
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𝑢 𝑡 = 𝐾𝑝 ⋅ 𝑒 𝑡 + 𝐾𝐼 න
0

𝑡

𝑒 𝜁 ⋅ 𝛿𝜁 + 𝐾𝐷 ⋅
𝑑𝑒 𝑡

𝑑𝑡
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Implementation in discrete 
system

a good approximate of e’: store my old error, compute new error ,take the difference and divide it by dt then I have

න
0

𝑡

𝑒 𝜁 𝛿𝜁 ≃ ෍

𝑘=0

𝑁

𝑒 𝑘𝛿𝑡 𝛿𝑡 = 𝛿𝑡 ⋅ 𝐸What is the integral ?
The integral is the sum under the curve and to 
approximate , we can sum up all those little 
blocks. 𝛿𝑡 ⋅ 𝐸𝑛𝑒𝑤 = 𝛿𝑡 ⋅ ෍

𝑘=0

𝑁

𝑒 𝑘𝛿𝑡 = 𝛿𝑡𝑒 k + 1 𝛿𝑡 + 𝛿𝑡 ⋅ 𝐸𝑜𝑙𝑑

𝐸𝑛𝑒𝑤 = 𝐸𝑜𝑙𝑑 + 𝐸
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Notes: we should consider  (dt)

𝐾𝐷 ⋅ Ǘ𝑒 = 𝐾𝐷 ⋅
𝑒𝑛𝑒𝑤 − 𝑒𝑜𝑙𝑑

𝛥𝑡
= Ʋ𝐾𝐷 ⋅ 𝑒𝑛𝑒𝑤 − 𝑒𝑜𝑙𝑑

𝐾𝐼 ⋅ න
0

𝑡

𝑒 𝜁 𝛿𝜁 = 𝐾𝐼 ⋅ 𝛥𝑡 ⋅ 𝐸 = Ʋ𝐾𝐼𝐸

Implementation in discrete 
system
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read e ;

e_dot = e  –  old_e ;

E = E + e ;

U = Kp * e + Kd * e_dot + Ki * E ;

old_e = e ;
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Performance specifications

Peak time

Controlled
variable

Reference

Steady StateTransient State

Time      
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انتهت المحاضرة
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