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TEACHER TRACKING/OBJECT TRACKING/PAN AND TILT

This research aims to design mechanical components to control the position
and orientation of the mobile manipulator arm. Mechanism and control systems
are designed for target acquisition tasks. The manipulator consists of two degrees
of freedom which are located on the four-wheel mobile robot. A robot can turn its
pan-angle with a range of 0 — 359 degrees using a stepper motor and for the tilt-angle
with a range of 0 — 90 degrees by/DC sérvo motor. Pi-camera V2 is integrated at the
end of the end-link of a manipulator. The target image will be capture and will be sent
to Raspberry Pi 4 Model B. Deep learning was selected to identify the desired target.
The result from the image processing unit shows the pan and tilt angle for manipulator
moves. The mission is to center the desired target at the center at all times. Intersection
Over Union (IoU) and cenfidence level are chosen to determine the mathematical
efficiency of this robot. The average IoU is 0.542 with a confidence level of 0.942 at

a resolution of 205 x 154 pixels.
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uieentu 3 ¥iia laun
J A A 1 A o J \
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v o 4 . 4 @
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Commutator and

Wire Coil
Carbon Brushes \ % e

{the conductor)

Avis of
Rotation

517 2.6 m3vhauvenemosnIZIaATI (M1: hitp:/xuperb.blogspot.com)

28 addile3ueines (Stepper motor)

afnlesuemesitunomes Irlihndundeudredyananiad Taslaseasanely
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=
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@ A A o Y o 9 = ad a  JAqQ Y 9 o
’ff'lll'liﬂelllllﬂa@uﬂi@ﬂ'l\?'lul,’f]\ih],ﬂ fl]'lllh!ﬁ@\ill')\‘l"l]ﬁ ﬂlaﬂﬂiﬂuﬂﬁﬂiﬂfiuﬂ’liﬁi’lﬁﬁﬂgmTm
A o ) - | o e o g v ) ~ o w
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2.8.1 Stepper motor NEMA17

< 7 7 o ~
af1linloineinos NEMA 17 Stepper 57mm 2.8A uaasaagii 2.7

p| 1/#1 2.7 Stepper Motor NEMA 17 (1301: https://www.reichelt.com)
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A1519% 2.1 519821089 Stepper motor NEMA 17

Model SL42STH40-1684A
a9 Tane
VYUIA 42.3 mmx42.3 mm X 40 mm
YU step 1.8° (Full Step Mode)
ugaau vl 28V
nszua il 1.68 A
ANUAIUIIY / 1lar 1.65 Q
aumiteh / ola 3.2 mH
TR 0.4 Nm

a 4 <3 14 4 ] Y I A o

gunsnadiamansvesaadilesueameosuialailu 2 wuv Ao uuusians

Tfwazmana
Y
) 9 I~
1. uuusiaed 1l (Blectrical model) 1l e 1l naaour avesaidalinlos
4 o Y A A Y o d v adg ~

eI auTaTIand lananuduazaszuanao U199 111995 RL vInduddn Ins Tuil

9 9
MUNSAULTI (emf) 21995 UDT V8 Iasaun1Tae 13

di; (1) g
L,= ot =R, J;(t)-e;(t) +u;(t) (2.3)
Tagd R A ANuA U e

A (3 ~

L, Ao aunteniwlalunseume

i Ao ilaifagiin
A o ¥ v 9 [
u  Ae useAuvILAzusIAu Indeunay

é a % Al ﬁy
G]f\iﬁﬂﬂ‘iﬂf)‘ﬁﬂ?ﬂiﬂﬁlﬁhﬂﬁﬂ\iﬁ@llﬂu:

e, ()= -K, w,_sinpd, (2.4)

e, (t)= K, w,cospé, (2.5
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° 1 g’; 4
P A9 IIUYUIVDINOINDS
A <3 a 4
w, A0 ANUSTUITYNVI15In05
A 4
0. A0 YUNAVOINDINDS

diemsuasandas ldasaumsn 2.6

1 .
|j:Z—t(Uj(S)-Ej(S)) forj=A,B

a A o J [ A
ngﬁ'llﬂ?i@iJW!,Lﬂuclfh]ﬁV‘lﬂ'lﬂJfNiJ@m@ﬁllﬁ@\?ﬂﬂﬁllﬂ'lﬁ‘ﬂ 2.7

Zmot (S) = LWS + RW

14

(2.6)

2.7)

Y
A J 4
2. UUUNNNEA (Mechanical model) FUFAIUNNNAUDINDIADIYNDDNLUUY

Yy o < A v
leilaﬂymmﬁummuimﬂmﬁ 9

dw
J dtm =T, -Bw_, -1
a T < J @ ~
LLﬁQ‘]JﬂL!JJmﬁﬂll‘l"lﬂﬁl@ﬁu'ﬂm@illﬁﬂﬁﬂ\ﬂﬁMﬂWiﬂ 2.9
Tom = Ky (-Lper, SINPO,, +10 cosph )

UFITANNVILTAIAIAUNITN 2.10

m = Tdein(zpem + ¢)

[

Tagh T,,  fououwagausadannaa

A tﬂ' d‘ d‘ 9 [ a
¢ Ao MatdowanineIvoIny Tym 0T Tlll‘iﬁﬂﬂiﬁaﬂﬂ']ﬂu@ﬂ

(2.8)

(2.9)

(2.10)
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d ¢
2.9  195931219!A85 (Servo motor)
a o 4 [ ¥ ]
nanya (2015) Wﬁﬂﬂ?ﬁﬁuﬂ'lusllﬂﬁ Servo Motor uamwumugmﬁluﬁwuumi
o . a o o 1 v
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1 L 1
machinery, Food processing, Plastic machinery, Metal forming § wdenuninsyds SQﬂ@GH)') 1Y
Pick and Place, Flying cutoffs, X-Y-Z Table, Synchronized speed
A J = 9 ] 9 < 1A A ] 9
msm«mﬂammmums%mfmmNmwaﬂmﬁwmwmmquuiumﬂmmqq
P PR < o . . A & v
mmmmu”l@ﬂm”l@mmmwa (Speed), ALV UA (Position) HALLIIUA (Torque)"‘lNGlYf
a a 4 4 =1 1Y 14
“lJiZﬁﬁ/]‘ﬁﬂTV\l’q\‘iEj'ﬂgl,uﬂi&‘lJ’JuﬂWiﬂ’)‘]JﬂiJllE]m@i Lﬁﬁ]l,ﬂdi YUNIVNVUBLADITIINA (AC
4
MOTOR) #30181M85n52UEAT (DC MOTOR) M3 19 Servo Motor & Control
4 A= 3’/ 1 tg = U 9 1
L%ﬂii’)h@m@ihﬂllﬂﬂ@%m 30 W ﬁlJuUl‘]J%ufl\‘iﬂ’N 370 kW Iﬂi\‘iﬁiNﬂ?Eﬂui}ZLMﬂﬁN
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< A % o Y ' v ' 3
%mumﬂgﬂmqmaﬂmmzEm GTNMWﬁﬂ11ﬂﬂ15@6ﬂﬁ'u®\1§]ﬂﬂﬁﬁﬁd (Accelerate), AIULTT

4 ~ ]

o 1 o N Y A~ o A S U
(Speed) HaLONI1M U (Decelerate) ‘1/]1hlﬂﬂl,3J®L‘1/]EJ°lJﬂ‘]JM@L@ﬂilﬁu&l’JUW’Vii@Mﬂmﬂiﬂ’Jllﬂ
A o v & < o v Ay s &% <
ﬂ1iE]@ﬂLLU‘]Ji]$3JﬁﬂjuilﬁmﬂauﬂaUTIQﬂ’JTJJLi’JL!ﬁ%GHLLWHQ‘VW]WEJZJ’E)W]’EVJ (GIi\i’E)Wi]i]ZHJ‘Ll

4 3
Encoder, Resolver H301/521a19% 9 n'19)

< U d
2.10  BulAaIABS (Encoder)
I Y 14 I < J o [ . <
AN EIERE (Encoder) WS e d115 UINTL oL N (Distance Sensor), AY1WL57
(Speed), AANIINITHYUUYBINDIADS (Direction of Rotation), AunuanFoyy AlFluaiu

% ] v o 4
ATIMNIITY %Qﬁ"lﬂ"liﬂllﬂﬂnlﬁ)?. Uszinn ATUANHUSUDITYYIULDIANA (Output signal)

Y
Taaatl
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1. Encoder U1 Increment H307i38n71 “Increment Encoder/Rotary Encoder”
< J
Incremental encoder H3® Incremental Rotary Encoder (18U Tdataasuuuw yu)

@ { t4 @ 1
Taseade (Ae317 2.3) vz1lsznoudie aunyu nazglnsaing 199y Tasnunyuazlizes

[

< A 4 o Y () <3 J o Y
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vaslasudgaaniugie q Ve iddyanaedwaeenuuiudyanuiadaosou (PPR)
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LED jJamp Mask Channel A
ChannelB
n Channel Z
Photodetector

oD  assemb

Transparent code disk

4

Encoder shaft
Opaque graduations

3 17 2.8 aaeaINY 52 NOUVON Incremental encoder/Rotary encoder

CE http://eng.sut.ac.th)

S lpipgtsinigigigh
SnligipigizSpipiph
Z g ]

A 4

717 2.9 Aeddyanaunade 1AWV Incremental encoder

g q

(M: hitps://www.primusthai.com)

3 s { o 4
Incremental encoder 1111101 TAAIADS (Encoder) M 1FHann1siliolinisnynves

o q YN o S Ad o A o a A a
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Incremental Encoder tuuHazfidoanelunsaivininisneadiodynyisoon

v A

A [ v Y Ad 1 ° 1
ammzmmmaww"lwﬂmumayammmimaauwﬂ%mﬂ”lﬂwm “lummmizumgmm

Jd A o ' Y o Y Y 2 o A Yy Aa o al ]
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4 o (% .. 4 1 [ a 14 L] o
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http://eng.sut.ac.th/mae/maeweb/sites/default/files/ENCODER.pptxl

2. Encoder 1Y Absolute ﬁ%f’)ﬁﬁ g1 “Absolute encoder”

[ { v 1 ' o o a J
Iﬂi\iﬁ%)ﬁ (ﬂ\iqﬁjﬂ“ﬁ 2.5) %8ﬁ“ﬂ3611&1{?@18‘1!@WI']ﬂ‘U’ﬂ']u’Ju‘UﬂL@']WV!ﬂ N3
] ' a3 = 1 I = o Y o ' X o
U LLWL!L!ﬂa$Gljﬂﬂ%83J5$EJ$‘H'NL’IJ‘LJ“I/Iﬂﬂﬂﬂﬂ1511’7ﬁ'13J'lﬁi]“l/lﬁTUﬁ'll!ﬁH\i‘ll@ﬂﬂWiﬁHu‘N“I/I'lﬁl

U
o o 1 I o {
doyanueonunlugiuuuvessialaa 19 Binary, Gray Code 1iludu (A3 2.6)

gﬂﬁ 2.10 uaasd@IU5ENo VYD Absolute encoder (MN1: http://eng.sut.ac.th)

capture-plate

lightsources

photo diode

shaft

code-disc

fixed
SENSOrS

bit 3 (MSB) []
bit2 []
bit 1 D
bit 0 (LSB) []
0 ' 360
degrees direction of positive track motion degrees
1
bit 3 !
0
1
bit 2
0
1
. 1
bit 0 i ‘
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¥
i

31U 2.1 naasaulszneuues Absolute encoder (MU http://www.9engineer.com)

9. 2 4 { o
Absolute Encoder 1Hu19uTAaA05 (Encoder) Noonuuvulddgduund

o A [
wi1anamiuan

q

31R31M Rt
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@ Y [ AR
HUZVDINISANTHE 1aens 1Fsiaunudya anwad (15U Binary, Gray code
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g ¥ A ° 1 A = < v N Y o oA Y
Wudu ieszydumniaimsnaouiuazesmvounuduldames laldumisngndos
1 ) { U o 1 1 < o 1A o [ =Y
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211 vesanauesInie 4 luaa U (Raspberry Pi4 Model B)
¢ o 4 a A A N ¢ < 0 &
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= Jd A A 4 9 @ o
ARM Cortex-A72 @ 1.5GHz inasaddi laTe 40 wosa 1dusadu v s vbc Tumsvau
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[ 1 9 yw o 9 'Q 1 4 [ 4
Weunuguneuvin uennnldimihnaadedeasnuuesaoige U 2560

China M 1904
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&
g
3
g

5UM 2.12 vefasimueiTwied Tumail Raspberry Pi 4 Model B 4 GB

212 DABIAIUBIIINY 1NB3TU2 (Raspberry Pi Camera V2 $MP)

. < o Y o Y J . Aaa <
Raspberry Pi Camera V2 Lﬂuqﬂﬂimiu@aﬂammm‘uuaiﬂ Raspberry Pi UNvU1IQL0N
v @ 4 1 v J
nziAsALIiee 23.86x25%x9 Uy, azausoeuae 19U 14 InenTanUUeFA Raspberry Pi

14 Y . [ { x < 4 1
Tagldeonnide1ia CSI (Common system interface) Aanaaslugii 2.12 Fuumsiyouso

o

. o g < 4 o 1 <
1111 Point to Point U CSI ﬁﬂﬂW@lu1Iﬂﬂ Intel %Q@@ﬂllﬂﬂuﬂﬁﬂﬂWﬁ‘iﬂﬁﬂslgl}@y.ﬁﬂ'ﬂilliﬂqxi

U
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S Y Ay g ° ' o
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A A 1 Y o 14 . 1 4
g‘ﬂ‘ﬂ 2.13 Llﬁﬂ\‘lﬂﬁl%ﬂﬂﬁ@Iﬂﬂﬁﬂﬁ’ﬂ\iﬂﬂﬂﬂiﬂ Raspberry Pi Tagr1uNeSA CSI

(ﬁm: http://www.etteam.com)

AMANTANIUNALIAVDY Raspberry Pi Camera V2 SMP

. ANvaidoags 8 Aunnwa
. 01070 loAMNINIZAD HD AMUANTA 1080p, 720p 1A 640 X 480 AIEDAT

eraINa 30 (1080p), 60 (720p Lag 640 x 480) Lag 90 (640 x 480) 1l5uADIUIN

9

. AUIAYDIINYANADI 23.86X25 X9 U.N. LATUIHIN 3 NN
4 " o s o
. MIFPUABNLUDIA Raspberry Pi feiie CSI (Common System Interface)

= (% d‘ 1 d‘d é!
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a wa 1 Jd A \
2.13 5$1J‘1J1J§]‘]Jﬂmﬂ§uﬁmﬂ 1399 Robot Operating System: ROS
a oua 1 14 < o (%
520UURUANITHUBUA 1150 Robot Operating System : ROS 11]1 framework 1151
= 14 4 o 1 Jq Y1 =~ @ 1 S A o 9 Y
MslgusennIs lumswauueud 1nde ssuutagiannyueuaninnugudould
a ua ] d I a @ g’/
Tagszuul§iian1syuenuatilu Open-source software 1 a 10 195 ludqves ROS 1y
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1z15¥nouAIY 1AT0910, library azglnTala1g o NErelumsWanueud luvaite o
¢ o A A yq 9 7 ' v 2 9
uwaaneIn tazd NIz U VUNAYDIRN1F ROS 0gN2Tan0d194n319921949NA28 ROS
o ] 4 y ] o 4 { .
ani 1l luuoudnatodszinn walasu, yuoudindouh (Mobile robot), HUYUNA

£l

. S 4 I o ¥ o
(Manipulator) 1azi3e ROS WuLHlog iy Open source software Faruazd UMW
A

a 4 I o

a oA a 4 ! @
IlFamuuszunl§iamsging (Unix) vseaynd (Linux) ua lutogiunimsildins 14
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Aerial Component Ground Manipulator Marine

COEX Clover OpenCR Magni silver Turtlebot3  Sclurusi? Doosan Clear path Heron USV
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Confidence and distance
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Confidence level distribution
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#include <ros.h>
#include <std msgs/Ulnt16.h> //
ros::NodeHandle nh; //

#include <Servo.h>

#define pulse 3 //stepper
#define dir 2 //stepper
/lstep I/2HLL
bool statel, state2 = 0, CR = 0;
//lencoder
int CLK = 10; // Blu Digital Pin 10
int DO = 11; // Grn Digital Pin 11
int CSn = 12; / Ylw Digital Pin 12
int Data, Degree;
int input = 0, desired = 0;
unsigned long time now = 0;
int speed_stepper = 500; //MUIBmicro
int TT = 200;
int diff = 0;
Servo tiltCam,;
void StepperCb( const std_msgs::UlInt16 &Stepper_msg) {
input = Stepper_msg.data; // blink the led
Data = ReadSSI();
Degree = map(Data, 0, 4095, 0, 359);
desired = input;
if (desired > 359) {
desired = desired % 360;
H
//ROS

H
void ServoCb(const std_msgs::UInt16 &Servo_msg) {
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int tilt = Servo_msg.data;
tiltCam.write(tilt);
H
ros::Subscriber<std msgs::Ulnt16> subStep("Stepper", StepperCb );
ros::Subscriber<std msgs::Ulnt16> subServ("'Servo", ServoCb );
void setup() {
//ROS
nh.initNode();
nh.subscribe(subStep); //subscriber = 5UA19INROS
nh.subscribe(subServ);
pinMode(pulse, OUTPUT);
pinMode(dir, OUTPUT);
//lencoder
pinMode(CSn, OUTPUT);// Chip select
pinMode(CLK, OUTPUT);// Serial clock
pinMode(DO, INPUT PULLUP);// Serial data IN/OUT
digitalWrite(CSn, HIGH);
digitalWrite(CLK, HIGH);
tiltCam.attach(30);
Data = ReadSSI();
Degree = map(Data, 0, 4095, 0, 359);
desired = Degree;

Serial.begin(57600);

void loop() {
//DIUAYUIN encoder
nh.spinOnce();
Data = ReadSSI();
Degree = map(Data, 0, 4095, 0, 359);

diff = desired - Degree;



//Serial.println("Error =" + String(diff) + "\t" + String(desired));
if (diff > 0) {
if (desired <= 180) {
CW _step();
H
else if (desired > 180 && Degree < 180)
{
CCW _step();
H
else if (Degree > 180 && desired > 180)
CW _step();
H
else if (diff < 0) {
if (desired == 0 && Degree < 180)
CCW _step();
else if (desired == 0 && Degree > 180)
CW _step();
else
CCW _step();
H
else
Break();
delay(2);
H
int ReadSSI(void)
{ int i, dReading;
char Resolution = 12;
unsigned int bitStart = 0x0800;
dReading = 0;
digital Write(CSn, LOW);

digitalWrite(CLK, LOW);
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for (i = (Resolution - 1); 1>= 0; i--)
{ digitalWrite(CLK, HIGH);
if (digitalRead(DO)) dReading |= bitStart;
digitalWrite(CLK, LOW);
bitStart = bitStart >> 1;
if(i==0)
{ digitalWrite(CLK, HIGH);
if (digitalRead(DO)) dReading |= bitStart;
I
digital Write(CSn, HIGH);
return dReading;
H
void CW() {//
digitalWrite(dir, LOW); //dir
if (micros() > time_now + speed_stepper ) {
digitalWrite(pulse, HIGH);
time now = micros();
H
digital Write(pulse, LOW); //speed
H
void CW_step() { //
digitalWrite(dir, LOW); //dir
digital Write(pulse, HIGH);
delayMicroseconds(TT);
digital Write(pulse, LOW); //speed
delayMicroseconds(TT);
H
void CCW _step() { //
digital Write(dir, HIGH); //dir
digital Write(pulse, HIGH);

delayMicroseconds(TT);
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digitalWrite(pulse, LOW); //speed
delayMicroseconds(TT);
H
void CCW() { //
digitalWrite(dir, HIGH); //dir
if (micros() > time_now + speed_stepper ) {
digital Write(pulse, HIGH);
time_now = micros();
H
digital Write(pulse, LOW); //speed
H
void Break() { //
digital Write(pulse, LOW); //speed
H
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Deep learning (DL) code
#!/usr/bin/env python3
import roslib

import sys

import rospy

import numpy as np
import cv2

import time

from cv_bridge import CvBridge, CvBridgeError
from std msgs.msg import Ulnt16
from sensor_msgs.msg import Compressedlmage
class BallTrack(object):

def init_ (self):
self.bridge = CvBridge()
self.image sub = rospy.Subscriber("/raspicam node/image/compressed",
CompressedImage, self.camera_callback)

print(" << Subscribe image from camera")

self.stepper_pub = rospy.Publisher("/Stepper", Ulnt16, queue_size = 5)
print(" >> Publish the stepper position ")
self.servo_pub = rospy.Publisher("/Servo", Ulnt16, queue_size = 5)
print(" >> Publish the servo position ")
self.stepper= Ulnt16()
self.servo= Ulnt16()
self.pan_angle =0
self.tilt_angle =0
self.frame = None
self.fps = None
self.prev_frame time =0

self.new frame time =0
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(major, minor) = ¢v2. version __.split(".")[:2]
print("openCV version : {}.{}".format(major,minor))
def stop(self):
self.stepper.data =0
self.servo.data =0
def tilt(self,servo_angle):
self.servo.data = servo_angle
def pan(self,pan_angle) :
self.stepper.data = pan_angle
def camera_callback(self,data):
#yolo setup
net = cv2.dnn.readNet("/home/aexotic/tank ws/src/tank_power/src/
yolov4 tiny training final.weights"\,"/home/aexotic/tank ws/src/tank power/src/yolov4 tiny tra
ining.cfg") # Original yolov3
classes = ["dragon"]
layer names = net.getLayerNames()
outputlayers = [layer names[i[0] - 1] for i in net.getUnconnected
OutLayers()]
colors= np.random.uniform(0,255,size=(len(classes),3))
try:
cv_image=self.bridge.compressed_imgmsg_to cv2(data,"bgr8")
self.stepper pub.publish(self.stepper)
self.servo_pub.publish(self.servo)
except CvBridgeError as e:
print(e)
#tracker config
#print("[INFO] starting video stream...")
#cap = cv2.VideoCapture()
font = cv2.FONT _HERSHEY PLAIN
starting_time= time.time()

frame id=0
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self.frame = cv_image
# , frame = cap.read()
#self.frame = imutils.resize(self.frame, width=210)
centroid x =0
centroid y=0
(H, W) = self.frame.shape[:2]
blob = c¢v2.dnn.blobFromImage(self.frame,0.00392,(210,210),(0,0,0), True,

crop=False) #reduce 416 to 320
net.setInput(blob)
outs = net.forward(outputlayers)
#print(outs[1])
#Showing info on screen/ get confidence score of algorithm in detecting an object in blob
class_ids=[]\
confidences=[]
boxes=[]
for out in outs:
for detection in out:
scores = detection[5:]
class_id = np.argmax(scores)
confidence = scores[class id]
if confidence > 0.1:

#onject detected

centroid x= int(detection[0]*W)

centroid y= int(detection[1]*H)

w = int(detection[2]*W)

h = int(detection[3]*H)
#ev2.circle(img,(center x,center y),10,(0,255,0),2)
#rectangle co-ordinaters

x=int(centroid_x - w/2)

y=int(centroid y - h/2)

#ev2.rectangle(img,(x,y),(x+w,y+h),(0,255,0),2)



boxes.append([x,y,w,h]) #put all rectangle areas
confidences.append(float(confidence)) #how confidence was that object detected and
show that percentag
class_ids.append(class_id) #name of the object tha was detected
indexes = cv2.dnn.NMSBoxes(boxes,confidences,0.4,0.6)
for i in range(len(boxes)):
if i in indexes:
X,y,w,h = boxes|[i]
label = str(classes[class_ids[i]])
confidence= confidences|[i]
print(confidence)
color = colors[class_ids[i]]
cv2.rectangle(self.frame,(x,y),(x+w,y+h),color,2)
cv2.putText(self.frame,label+" "+str(round(confidence,2))+"
(x,y):"+str(centroid_x)+","+str(centroid_y),(x,y+30),font,1,(255,255,255),2)
elapsed time = time.time() - starting_time
fps=frame_id/elapsed_time
#ev2.putText(self. frame,"FPS:"+str(round(fps,2)),(10,50),font,2,(0,0,0),1)
cv2.imshow("Image",self.frame)
key = cv2.waitKey(1) #wait 1ms the loop will start again and we will process the next
frame
#print("fps: {}".format(self.fps))
center = None
rows = cv_image.shape[0]
cols = cv_image.shape[1]
size = min([rows,cols])
center_x = int(cols/2.0)

center y = int(rows/2.0)

threshold = 20

left bound = int(center x-threshold)
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right bound = int(center x-+threshold)
upper_bound = int(center_y-threshold)
lower_bound = int(center_y-+threshold)
#Tracking
#pan
if(centroid_x==0):
if (self.pan_angle<0):
reverse_pan_angle = 360+self.pan_angle self.pan(reverse pan_angle)
else:
self.pan(self.pan_angle)
elif (centroid_x < left _bound):
if self.pan_angle>-180:

self.pan_angle-=1

if self.pan_angle<0:
reverse pan_angle = 360+self.pan_angle
self.pan(reverse pan angle)
else:
self.pan(self.pan_angle)
elif (centroid x> right bound):
if self.pan_angle<180:
self.pan_angle+=1
if self.pan_angle<O0:
reverse_pan_angle = 360+self.pan_angle self.pan(reverse_pan_angle)
else:
self.pan(self.pan_angle)
#tilt
if centroid_y == 0:
self tilt(self.tilt_angle)
elif (centroid_y > lower _bound):

if self.tilt angle<1:
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self tilt_angle =0
self tilt(self.tilt_angle)
else:
self tilt_angle-=1
self tilt(self.tilt_angle)
#  selfitilt(self.tilt angle)
elif (centroid y < upper_bound):
if (centroid_y < upper bound):
self'tilt angle+=1
if self'tilt angle<90:
self.tilt(self.tilt_angle)
else:
self tilt_angle =90
self.tilt(self.tilt_angle)
print("pan angle{}".format(self.pan_angle))
#ev2.waitKey(1)
#cap.release()
def main():
rospy.init node("line track node", anonymous=True)
ball tracking object=BallTrack()
try:
rospy.spin()
except KeyboardInterrupt:
print("Shutting down")
cv2.destroyAllWindows()
if name == main "

main()
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AN IMPLEMENTATION OF OBJECT TRACKING METHODS
ON PAN AND TILT MANIPULATOR FOR TEACHER TRACKING IN
HYBRID CLASSROOM

'"PHAKASINEE SINGCHAROENKIT, PHUWANAT PHUEAKTHONG, APHILAK LONKLANG,
AJITTIMA VARAGUL and *KONTORN CHAMNIPRASART

1238 chool of Mechanical Engineering, Suranaree University of Technology,
111 Suranaree Mueang Nakhon Ratchasima Thailand 30000

Email: 'phakasinec.s@gmail.com, *jittima@sut.ac.th, *kontom@sut.ac.th
Contact; '*30-4422-3000 Ext. 4678

Abstract: Hybrid Classroom due to the pandemic of COVID-19, the key to success for a digital classroom of
the Suranaree University of Technology is broadcasting the teaching and learning activities onsite classroom via
zoom application. One problem about the students who take this classroom online can not meet their teacher
because the integrated camera on the classroom computer is stacked on the table in front of the class. The reason
why there can not sense to teachers acts in the classroom. This paper aims to implement the object tracking
method to the pan and tilt manipulator, a camera integrated. The results show that the three selected methods
can achieve this task. The best accuracy for teacher tracking is the CSRT method with an ToU of 0.77 at 410 x
308 pixels.

Index terms: Teacher Tracking, Object Tracking, Camera Tracking, Pan and Tilt

L. INTRODUCTION

T

Due to the pandemic of COVID-19, physical
distancing is the critical rule for university teaching

90

and learning activities. Laboratories are essentials o
classes for the engincering education ficld. Online L
srooms arc not the key to success for these cases.

A hybrid classroom was selected. They are focusing

on large size industrial robot laboratories. These are LI
the essential laboratory for undergraduate students
who are majoring in a mechatronics engineering
curriculum. The teacher assistants need to use the

clas

Side view

monitoring camera to present the movement of robots
and robot teaching situations. Sometimes the size of
the robot is a large size, consequenctly the detail of
robot cound not be collected.

Due to the above problem, the aim of this
research is to develop the tracking base for teacher
monitoring camera. Real-time video will be used for
image processing to achive the tracking task and will
be recorded for e-courseware stuff. By implementing 2
the three onshelf tracking algoritm to the pan and tilt

180
angle base which paning by DC stepper and tilting by Top view
SErvo motor. Figure 1: Operating Range of Pan and Tilt Angles

II.  System Description There are three main components as in Fig.2. Using
A. Hardware configuration the robot operating system (ROS) network to be a

The range of the pan algle is from 0 — 360 degrees  gerver for data communication. Firstly, the image
left to right and the tilt angle range is from 0 — 90 processing module are included with raspberry pi and

degrees from ground to air as in Fig 1. pi-camera. The second is the input command, this
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module will help the user set the parameter for
tracking algorithm and starting the system.

Image processing Input command

Figure 2: Hardware Overview

Input Command will be sent to the image
processing module via ROS network. The tracking
data is a region of interest (ROI) from the user. After
a user created the ROI from the raw picture, the ROI
data will be sent to the image processing module for
making the decision. The making decision algorithm
was integrated into the Raspberry Pi 4 controllers.
Python programming was developed be a
computational module.  The last section, the
movement module, will be received the position
command from raspberry pi 4 to activate the pan and
tilt base. An Arduino mega controller was selected to
control these two motors at the same time. P-
controller is integrated into the stepper control
algorithm for stability movement.

B. Sofiware descriptions

Robot Operating System(ROS) is commonly
used for the robot task framework to develop the
software and hardware related to the robots. They
were using of ROS Noetic version and Ubuntu 20.04
focal fossa as the system environment. Python
language is used for algorithm development. The
image processing software is developed based on the
OpenCV version 4.3. Moreover, the last section is
motors controllers, Arduino IDE, to create the P-
controller programming for stepper motor and servo
motor controller. The Arduino controller received the
orientation from previous software via ROS node and
controlled the motor simultancously. The maximum
range of pan limit is -180 degrees and 180 degrees,
and the overall pan angle is 360 degrees. P-controller
is the optimized controller for use in this position
control case because the speed of the stepper motor to
achieve the task is still slow.

The system workflow of this system can be
presented as the flowchart in Fig.3.

1) The real-time picture, captured from pi-
camera, with desired quality of pixel. The more pixels
of the picture, the more processing time need to use

in the image processing period. A size of 410x308
pixels or lower were selected to deal with. The
captured picture will be sent to the next node through
the ROS master server.

RO RO

]
Raspberry Pi
(Image processing node) |__vasien
| e
Soppe poston

PC
(Client)

Publish
]
‘bmage.

Camera node

Stepper motor

Encoder ‘ Servo motor

Figure 3: System Work Flow

2) Processing node received the captured
picture and compared it with ROI from a user. In this
case, we sclected the teacher as ROI for the tracking
system during the class period by marking a blue
square bounding box. Three methods of tracking
system were implemented into this system, KCF,
MOSSE, and CSRT. For casy monitoring of the
operation of the image processing module, a square
bounding box is marked by green bounding box as in
Fig.8.

Figure 4: Example of Target Selection

3) Using the mathematical equation to
compute [6] the centroid of the tracking object in
vertical and horizontal directions. Coordinate from
this equation will be the centroid of a tracking box.

4) 1If the center of the tracking box is not
located in the center of the camera frame, the pan and
tilt commands will send the movement angle to the
movement controller to respond to this situation. The
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automatic control concept is to center the teacher in
the middle of the camera frame.

5) Movement Controller receives the angle
data from the ROS node and takes action to the pan
and tilt angle with each motor controller.

Select ROI

Object
detected

Calculate the coordinate
of centroid and create
bounding box.

Maintain the position and
orientation of stepper and [—|
servo motor.

False

Control stepper
and servo motor.

Figure 5: Algorithm Work Flow

C. Objeci tracking method

The solution of the teacher tracking method
has to use the object tracking method. In this
research, we implement on-shelf object tracking
algorithms to perform this task. KCF, MOSSE, and
CSRT were selected for the accuracy test. This group
of algorithms uses a low level of computational cost.

KCF [1].[2] (Kernelized Correlation Filters)
is the object tracking algorithm that uses the
correlation value to match the sample. In object
tracking, the correlation value between the ROI patch
in the future frame and the original translated patch
will be the highest. The KCF algorithm tends to be
more accurate than the MOSSE algorithm.

MOSSE [5] (Minimum Output Sum of
Squared Error) is the algorithm that used the MOSSE
filter, which can discriminate between the ROI and
the background image. This algorithm performs well
in the change of rotation, light, brightness, and object
scale. The MOSSE algorithm tends to much faster

than KCF and CSRT, the accuracy less than KCF and
CSRT algorithm.

CSRT[3],[4](Channel and Spatial Reliability
Tracker) is the object tracking model which
improved the Discriminative Correlation Filter (DCF)
algorithm with spatial and channel reliability. The
spatial reliability map makes the CSRT can adjust the
filter size, which makes the CSRT model better than
the DCF algorithm and can handle non-rectangular
shape ROI. The CSRT algorithm tends to be more
accurate than the KCF algorithm but slightly slower
than KCF.

1IN Experiment Results
A. Evaluation method

For the method of testing the tracking
method, accuracy on pan and tilt angle manipulator.
By using the three algorithms mentioned in the
previous chapter. We divide the captured picture into
three parts of the experiment, including 205x154
308x231, and 410 x308 pixels, respectively. The
target moves at the same track, and time is the
controlled parameter of this experiment. Then
measuring the [7] Intersection over Union (loU) of
each track is used to determine the first accuracy of
the tracking method. IoU is one measuring value to
measure the intersection of area between the ideal
frame and the actual frame. The output value of ToU
talls into the range of 0 to | (equation 1).

g . Intersect area
Intersection over union (I0U) = ————— Eq.1
Union area

Ideal

Actual
Actual

Intersectson Area Union Area
Figure 6: Tntersection over Union (Toll)

If the value of IoU is higher and close to 1 is
a sign that the actual and ideal area is located in the
same frame. If the value of ToU is one shows that the
tracking area and the ROI area are located in the same
frame.

Tdeal

Ideal

Actual
Actual

Poor result Good result

Figure 7: Result of the Value of IoU vs. Accuracy
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In the second accuracy test, the difference
between the actual frame and ideal is compared. In this
test, the Euclidean Distance Expression in Eq.2 for
measuring the distance between two centroids was
used.

d(xy) =y (x1 —x2)? + (1 —y2)? Eq.2

On the other hand, compared with the [oU
value, the value of the Euclidean distance must be
closed to Zero, the accuracy of the tracking method
will be better than others. For easy understanding of
this value, the percent of centroid error (C.E.) is
calculated by Eq.3.

docenar — ds
C.E.=|Rcual THea| v 1009 Eq.3

dacluai

B. Results

The result of TolJ and C.E. of the experiment
was shown in Tables 1 and 2. The example of the
tracking method is shown in Fig.8. The red bounding
box represents the ideal ROI, and the green one
represents the actual one.

Figure 8: Intersection over Union of the Actual and Ideal Frame

From Table 1, The result shows that if the
number of pixels is increasing, the more accuracy in
IoU. MOSSE algorithm returns the highest value of
IoU in 205x154 pixels condition. On the other hand,
CSRT returns the highest value of the IoU.

Table 1: Intersection over Union (ToU) Results

Image Pixel Model (I0U)

CSRT 0.74

205x154 KCF 0.71
MOSSE 0.86

CSRT 0.79

308x231 KCF 0.72
MOSSE 0.70

CSRT 0.77

410x308 KCF 0.73
MOSSE 0.69

From Table 2, the result shows that the
centroid error of the tracking methods is in the same
way—the overall centroid error of each tracking
condition not over than 2% error. KCF returns the

highest centroid error in all conditions of image
pixels.
Table 2: Centroid error (C.E) Results

Image Pixel Model C.E. [%]

CSRT 1.79

205x154 KCF 1.59
MOSSE 0.30

CSRT 133

308x231 KCF 1.72
MOSSE 1.64

CSRT 0.88

410x308 KCF 1.60
MOSSE 1.16

Iv. CONCLUSION

This paper presents the accuracy testing
result from the three on-shelf tracking object
algorithms to the teacher tracking task in the robot
laboratory class in university. The three selected
algorithms are KCF, MOSSE, and CSRT. By
implementing the tracking algorithm results to the
pan and tilt manipulator, the camera is integrated to
track the teacher in a laboratory. Stepper motor and
servo motor are integrated to control pan and tilt
motions for centering the ROT in the middle of the
frame. The result shows that the accuracy of the
CSRT both in loU and centroid error returns the
accuracy of loU value of 0.77 and centroid error of
0.88 in a condition of 410x380 pixels. In conclusion,
the CSRT algorithm is the best choice in three
selected algorithms to deal with teacher tracking in
the laboratory classroom.
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