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Abstract 

Analog terrestrial TV is still a popular choice for urban societies although the migration to digital system has already begun. 
Video quality of analog TV was heavily influenced by antenna performance. Most users prefer to use indoor antenna due to its 
simplicity. The disadvantage of this type of antenna is the users may need to change the antenna direction repeatedly when they 
change to different TV channel. In this research, we designed and developed tracking system that enables indoor TV antenna to 
adjust its direction automatically to get optimum video clarity. This system is built by several servo motors and telescopic 
antennas. Composite Video Baseband Signal (CVBS) processing is used to obtain reference information regarding video clarity 
level conditions on TV screen. The results show that CVBS signal processing has performance in describing video clarity level. 
System performance has been verified from trial results on some UHF channels. The minimum tracking time was 23.4 seconds 
and the maximum tracking time was 24.6 seconds. 
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I. INTRODUCTION 

Television has become an essential device in our 
daily life as a source of information and entertainment. 
To date, television broadcasting typically uses an analog 
system. Even though television broadcasting system 
already began to migrate to a digital system [1], most of 
the TV consumers still continue to use the existing 
analog TV devices.  

The quality and clarity of video on analog TV 
broadcast depends on the environment. With the fact 
that TV signals are highly directional, the antenna 
should be pointed precisely at the transmitting antenna 
to get the strongest received signal. Using an outdoor 
antenna brings better video clarity. However, the 
establishment and adjustment of such an outdoor 
antenna are difficult.  Thus, many users prefer to use 
indoor antenna that is certainly more practical 
physically and the position can be set anytime. 
Telescopic antenna is one of the many types of indoor 
TV antenna that is often used by society. The 
advantages of this antenna are lightweight, cheap and 
has a lot of angle variations. Telescopic Antenna was 
proposed for portable DVB-T TV [2] - [3]. 

Although indoor antenna is easy to use, the antenna 
direction and the receiving angle may need to be 
manually adjusted by the user. If the user wants to 

watch other TV program, then the antenna adjustment 
must be repeated. In our previous work [4], an antenna 
tracking system that automatically rotates antenna 
direction to get optimum video clarity had been 
developed. Servo motors were used as antenna rotators. 
In [5], Servo motors are used in the tracking antenna 
system for satellite TV reception on boats. Furthermore, 
in [6], servo motors have also been employed for 
characteristic configuration of antennas radiation 
pattern. 

For the case of analog TV, the information 
regarding video clarity level can be utilized as reference 
parameters for antenna tracking system. Video clarity 
information can be obtained from the comparison of  
luminance and chrominance signals to noise [7], using 
mathematical analysis like MSE (Mean Squared Error) 
and PSNR (Peak Signal-to-Noise Ratio) as fidelity 
metrics [8], or using mathematical analysis like Sobel 
filtering, Laplace filtering, fast Fourier transforms [9]. 
However, all of the previous proposed methods are 
highly complex in process. In [4], [10] - [12], 
Composite Video Baseband Signal (CVBS) is used to 
obtain video clarity information by calculating rising 
transition between synchronization level and blanking 
level. This method is simple and can be applied to 
microcontroller with low computational capability. 
CVBS signal usually available on the TV rear panel, 
particularly on the AV-Out connection. 

The purpose of this research is to develop tracking 
system for indoor TV antenna. Telescopic antenna is 
used for analog TV receiver. Different from previous 
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experimental setting in [4] where the elevation and 
azimuth angle of the antenna were changed according to 
the angular change of the servo motor, in this research, 
the rotation of the antenna azimuth angle is restricted. In 
[4], CVBS signal processing results can describe the 
video clarity level on the user’s TV screen. Even so, the 
CVBS signal processing is still too simple and needs 
improvement. The CVBS signal processing results are 
then developed for real time VQA (Video Quality 
Assessment) [10]. The CVBS signal processing results 
have been developed with the approach of visual 
perception [11]. The CVBS signal processing has also 
been developed in terms of hardware support [12]. In 
this research, we combine the results of previous 
research [4], [10] - [12] and then apply them on tracking 
antenna system as a completed prototype. The controller 
circuit is designed, so that the antenna can rotate and 
change direction until the video clarity level on the TV 
screen is optimized. Decision-making process on the 
tracking antenna system is not derived from the results 
of electromagnetic field analysis, but derived from 
CVBS signal processing results. 

II. METHODOLOGY 

Efforts to build tracking antenna system are 
conducted through 4 steps. In general, the research 
methodology can be visualized in Figure 1.The first step 
is related to mechanical design, which includes antenna 
construction and servo motor as antenna rotator. The 
second step is related to hardware design consisting of 
electronics circuit design for CVBS signal processing, 
microcontroller and driver motor. The third step is 
related to the algorithm design that consists of signal 
processing algorithms, real-time VQA and decision 
making process. In general, block diagram of tracking 
antenna system design shows on Figure 2. 

 

 
Figure 1. Research methodology. 

 
 

 
Figure 2. Antenna tracking system. 

The proposed antenna tracking system works as 
follows: 
a) Telescopic antenna as a typical television antenna 

for TV receiver connected to the RF-in (Antenna in) 
connection on the TV rear panel. Simultaneously, 
AV-Out connection will produce CVBS signal. 

b) CVBS signal processing block is used to process 
CVBS signal and aims to get video clarity level 
information on TV screen. Processing output is a 
numerical value that can change according to the 
video clarity level on the TV screen. In this research, 
numerical value is initialized with Rt variable. 
CVBS signal processing will be discussed on sub 
section Hardware Design especially sub section B1. 

c) Real time VQA (Video Quality Assessment) block 
serves to assess the quality of video in real-time. 
This block converts the numerical value of CVBS 
signal processing result into descriptive information. 
The descriptive information is classified into 5 
quality scales that define the visual perception 
("good clarity", "fairly clarity", "bad clarity", "worst 

clarity" and "noisy"). Real time VQA will be 
discussed on sub section "Algorithm Design" 
especially sub section C2. 

d) Decision-making used to determine the direction of 
antenna, tracking command and idle command. The 
descriptive information of the real-time VQA results 
is used as a reference in the decision making 
process. The output of the decision making process 
is a command in PWM signal (Pulse Width 
Modulation) to control the servo motor. 

e) Servo motor driver block serves as the interface 
between servo motor and microcontroller. 

f) Servo motor as a rotator antenna serves to change 
the direction of the antenna. Servo motor will rotate 
according to PWM signal. The rotation of servo 
motor will affect to the direction of the antenna. 

A. Mechanical Design 

1) Telescopic Antenna 

Telescopic antenna type in this work is the rabbit 
ears or the bunny ears antenna, which is the oldest and 
most widely used indoor TV antenna models. This 
antenna is made of two telescopic rods and is classified 
as dipole antenna. Figure 3 shows the physical form of 
this antenna. 

The length of the antenna is determined by 
considering the frequency and channel of the TV 
broadcast. In urban area, particularly Surabaya city, 
analog television broadcast channel starts at 9 VHF to 
62 UHF or at carrier frequency 210.25 MHz to 799.25 
MHz. On the system design, the length of the antenna 
element is adjusted to the middle channel 36 UHF or at 
carrier frequency 591.25. The rods length of the antenna 

 

 
Figure 3. Telescopic antenna  
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element is determined by rule  = (3 x 108) / frequency, 
thus, the rods length of ½  is 0.254 m or 25.4 cm. 

2) Servo Motors 

The antenna tracking system uses 3 servo motors. 
Each of the two telescopic rods is connected to 2 servo 
motor shafts. Meanwhile, the other servo motor serves 
to rotate two telescopic rods together at azimuth angle. 
Figure 4 shows the photograph of the antenna tracking 
system. 

B. Hardware Design 

In term of hardware design, tracking antenna 
system consists of CVBS signal processing circuits, AT-
Mega 32-A microcontroller circuits, Arduino UNO 
board, Servo motors driver circuits, and 3 servo motors. 
Figure 5 shows the complete hardware design. 

1) CVBS Signal Processing Circuits 

CVBS (Composite Video Baseband Signal) or so-
called  with Composite Video is an analog video 
interface that contains a combination of luminance 
signals (black and white), chrominance signals (color), 
burst signals, and synchronization on single cable [13]. 

The working principle of CVBS signal processing 
in this research is by counting the synchronization pulse 
on the CVBS (Composite Video Baseband Signal) that 
is performed by calculating rising transition between 
synchronization level and blanking level. Figure 6 
shows the rising transition. In this research, rising 
transition is initialized as Rt variable. 

 

 
 

Figure 4. Mechanical design 
 

 
 

Figure 5. Hardware design 

 
 

Figure 6. Rising transition of CVBS signal 
 
In Indonesia, the color encoding standard that used 

for analog television is PAL (Phase Alternating Line). 
PAL B for VHF channel and PAL G for UHF channel. 
On the PAL B and G standard, the number of lines is 
15,625 per second, the number of frames (images) are 
25 per second and each frame has 2 fields (odd and 
even). The number of rising transition on the 
synchronization pulse as a whole amounts to 640 per 
frame. This value is derived from the summing 
transition from each line. If there are 25 frames for 
every second, then the rising transition number is 
16,000 per second. If the video clarity is optimized, then 
the value of Rt variable will be close to 16,000. Vice 
versa, if the video clarity level becomes worse, then the 
value of Rt variable will be closer to zero. This is 
because, when the clarity level gets worse, the 
synchronization pulse cannot be detected so it cannot be 
calculated by the system. 

In the implementation, synchronization pulse on the 
CVBS signal cannot be precisely calculated. 
Synchronization pulse must first be separated from 
other signals (luminance signal and chrominance 
signal). After separated, the voltage level on the 
synchronization pulse must be adjusted to the required 
voltage level required by the microcontroller. Figure 7 
shows the design of the CVBS signal processing circuit.  

LM 1881 N is an integrated circuit that serves as 
sync separator. Sync separator is used to separate the 
synchronization pulse from CVBS signal. IC LM 1881 
N provides 4 output include composite sync output, 
vertical sync output, odd/even output and burst output. 
However, in this research, only composite sync output is 
used. Figure 8 shows the characteristics of IC LM 1881 
N output [14]. 

Analog comparator is the simplest Analog to 
Digital Converter (ADC) circuit. Composite sync output 
on IC LM 1881 N has various voltage levels according 
to the video clarity level. Meanwhile, the interrupt pin 
on the microcontroller is only compatible with digital 
logic. Interrupt pin and timer counter on the 
microcontroller are used to count the synchronization 
pulse. Therefore, the analog comparator is used to 
ensure that IC LM 1881 N output signal level can 
always be read by interrupt pin on the microcontroller. 
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Figure 7. Design of the CVBS signal processing circuits 

 
 

 
Figure 8. IC LM 1881 N output characteristic [14] 

 
The synchronization pulses of CVBS signal have a 

rise time. In addition, CVBS signals on the AV-Out also 
contains noise especially when TV signal is dominated 
by noise or ghosting. Therefore, the inverting Schmitt 
trigger that is arranged in series is used in this research. 
First, inverter gate is used to reduce the rise time and 
noise effect. Then, second inverter gate is used to invert 
the logic conditions to be equal to the composite sync 
output logic. 

2) Microcontroller 

In term of processor, the tracking antenna system 
requires a lot of timer function on the microcontroller. 
In order for the system to run smoothly, the tracking 
antenna system uses 2 microcontrollers. The first 
microcontroller is AT-Mega 32A that serves as a slave 
and focuses on real time VQA handling. Meanwhile, the 
second microcontroller is Arduino UNO that serves as 
master and focused to set PWM (Pulse Width 
Modulation) servo motor and the decision making. 

C. Algorithm Design 

1) CVBS Signal Processing Algorithm 

This algorithm is written in listing program of timer 
counter function on the microcontroller AT-Mega 32A, 
which serves to calculate the number of synchronization 
pulses every second in real-time. The calculated result is 
acquired as the value of Rt variable.  

2) Real-Time VQA using MOS-VQS 

Real-time VQA (Video Quality Assessment) is the 
VQA process that works in real-time on every second. 
Video quality assessment or video quality metric is used 

to perceive image and video quality automatically. 
Especially, video clarity on TV screen. 

Although the value of Rt variable may describe the 
video clarity level on the television screen, it cannot 
describe the visual perception as user perception [9]. 
The Rt variable value requires further processing, so 
that it can be used as accurate information regarding the 
video clarity level on the television screen. Therefore, 
the input of the real-time VQA is the value of Rt 
variable. 

There are several methods that can be used to build 
VQA. One of the many methods is the MOS-VQS 
approach (Mean Opinion Score - Video Quality 
Subjective). In a previous research, the MOS approach 
was once used to assess the video clarity level in Analog 
TV reception [7], [11]. 

MOS-VQS is a visual perception approach 
recommendation from ITU-T (International 
Telecommunication Union - Telecommunication 
standard section). MOS-VQS is used to assess the 
quality of the video subjectively. The subjectivity in this 
case is to assess the quality of the video based on its 
clarity only.  Particularly, the video clarity level on 
analog TV reception is heavily influenced by noise and 
ghosting. MOS-VQS generally uses 5 points quality 
scale, i.e. excellent, good, fair, poor and bad [15]. 
However, in this research, 5 points of MOS quality 
scale were initialized as video clarity levels on TV 
screens: "good clarity", "fairly clarity", "bad clarity", 

"worst clarity", "noisy". Then, 5 video clarity level 
conditions on the TV screen are subjectively classified 
as shown in Table 1. This classification is based on the 
analog TV reception characteristics of the urban areas, 
of which  ghosting or multipath noise is generally the 
main problem. 

The output of real-time VQA is information related 
to the video clarity level on the TV screen. This 
information will be presented as an integer between 1 to 
5 (1≥ VQA Out ≤ 5). VQA Out is equal to 5 if the video 
clarity level on the TV screen is in good clarity 
condition, VQA Out is equal to 4 if the video clarity 
level on TV screen is in fairly clear condition, and so 
on. This information is sent in bit signals from the 
microcontroller pin of AT-Mega 32A to the 
microcontroller pin of Arduino UNO. 
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3) Tracking Process and Decision-Making 

Telescopic antennas have a wide variety of angles. 
To speed up the tracking process, the antenna angle at 
tracking should be limited. The antenna rod elevation 
angle is initialized as 1 for the antenna rods 1 and 2 
for the antenna rod 2 with 3 angle variations (30°, 60° 

and 90°). Meanwhile, the antenna azimuth angle is 
initialized as 3 with 7 angle variations (0°, 30°, 60°, 
90°, 120°, 150° and 180°). Figure 9 shows the antenna 
angle variations during the tracking process. Thus, the 
tracking process isi done through 21 steps and its 
performance is based on a sequence of angle variations 
that have been determined in Table 2. 

The tracking process is performed in sequence as 
summarized in Table 2. After the antenna direction is 
changed due to the rotation of the servo motor, the value 
on the VQA output is read and stored into the data 
storage by Arduino UNO in real-time. After the tracking 
process is done, the system will then take the highest 
value from data storage. For example, if the highest 
value is when the tracking process is at step 17, the 
servo motor will form an angle 1 = 2 = 60° and 3 = 
150°. Figure 10 shows the flow chart of the decision-
making process. The decision-making process is written 
in the listing program of the Arduino UNO 
microcontroller. 

III. RESULTS AND DISCUSSION 

A. Trial of Rt Value Characteristic 

This trial is related to value of Rt variable 
characteristic analysis at some video clarity levels. As 
discussed in section III.C in particularly at point sub 
section 2, the value of Rt variable is the input of real 
time VQA. Meanwhile, the real time VQA output is 
video clarity level information, which is represented by 
integer values between 1 to 5. The main purpose of this 
trial is to get a reference in determining the real-time 
VQA scale. The method used for the trial process is by 
setting the antenna manually and then making 
observations on the values of Rt variable. Figure 11 
shows the results of Rt variable characteristic. 

 

 
Figure 9. Antenna angle variation during tracking process. 

 
TABLE 2 

21 STEP ANGLE SEQUENCE DURING TRACKING PROCESS 

3 
1 and2 

30° 60° 90° 

0° Step 1 Step 2 Step 3 

30° Step 6 Step 5 Step 4 

60° Step 7 Step 8 Step 9 

90° Step 12 Step 11 Step 10 

120° Step 13 Step 14 Step 15 

150° Step 18 Step 17 Step 16 
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180° Step 19 Step 20 Step 21 

 
Figure 10. Decision making process 

 

 
Figure 11. Trial result of Rt value characteristic 

 
The trial results show that Rt parameter has 

different values on various video clarity conditions. If 
the video clarity level becomes better, then the value of 
Rt variable will be closer to a standard value of 16,000. 
This is shown when the video clarity level on good 

clarity condition, that is when the variable Rt reaches 
15,022 to 15,892. 

 Vice versa, if the video clarity level becomes 
worse, then the value of Rt variable will be closer to 
zero. This is shown when the video clarity level on the 
noisy condition, that is when the value of variable Rt 
reaches 0 to 1884. 

Furthermore, the trial result in Figure 11 will be 
used as a reference in listing program of real-time VQA. 
If the value of Rt variable is rounded, then the program 
listing on real-time VQA is arranged as in Figure 12. 

 

 
Figure 12. Listing program on real-time VQA 

B. Tracking Performance 

The purpose of this trial is to determine the 
performance tracking antenna system in general. The 
trials were conducted indoor with location coordinates 
at latitude and longitude of 7 ° 19'12.0_S 112 ° 
43'55.9_E, respectively (i.e. Surabaya city area). In this 
coordinate, there are 23 TV stations that operate 
between 9 VHF to 62 UHF channels. However, this trial 
is restricted to 9 channels that represent the lower 
channels until the upper channels, i.e. 22 UHF, 24 UHF, 
26 UHF, 30 UHF, 36 UHF, 40 UHF, 46 UHF, 58 UHF 
and 60 UHF. Table 3 shows the results of the tracking 
performance trial. The number 1 to 5 in the table shows 
the values of VQA output on 21 tracking steps and the 
values of VQA output on decision-making moment. 

The VQA output value in Table III will certainly 
have different results if implemented on different region 
coordinates, different environments or different room 
structures. However, the focus of this trial is the 
conformity between the values of VQA output on the 
decision-making moment with the maximum value of 
VQA output from 21 tracking steps. 

The trial result shows that the tracking antenna 
system has worked well because at the decision-making 
moment, the value of VQA output shows maximum 
value. For example, the trial process on channel 22 UHF 
shows that from 21 step tracking process, the minimum 
value of VQA output  is 3 (“bad clarity”) and the 
maximum value is 5 (“good clarity”). Then, for the 
decision-making moment, the value of VQA output can 
reach a maximum value of 5 (“good clarity”). Another 
example is the trial process on channel 46 UHF, from 
21 step tracking process, the minimum value of VQA 
output is 2 (“worst clarity”) and the maximum value is 3 
(“bad clarity”). Then, on decision-making moment, the 
value of VQA output can reach a maximum value of 3 
(“bad clarity”). 

TABLE 3 
PERFORMANCE OF TRACKING ANTENNA SYSTEM 

Tracking 

Steps 

UHF Chanel 

22 24 26 30 36 40 46 58 60 

1 3 3 2 3 2 3 3 4 3 

2 3 3 2 3 2 3 3 4 3 

3 3 3 2 3 2 3 3 3 3 

4 3 3 2 3 3 3 2 3 3 

5 3 3 2 3 3 3 2 3 3 

6 3 3 3 4 3 4 2 3 3 

7 4 3 3 4 3 4 2 3 3 

8 4 4 3 4 3 4 2 3 3 

9 4 4 3 5 4 4 2 3 3 

10 5 4 3 5 4 5 3 3 3 

11 5 5 4 5 4 5 3 3 3 

12 5 5 4 5 3 5 2 3 3 

13 4 5 4 4 3 4 2 3 3 

14 4 4 4 4 3 4 3 3 4 

15 4 4 3 4 2 3 3 3 4 

16 4 4 3 4 2 3 3 3 3 

17 4 4 3 3 2 3 3 2 3 

18 4 3 3 3 2 3 2 2 3 

19 4 3 2 3 2 3 2 2 3 

20 3 3 2 3 2 3 2 2 3 

21 3 3 2 2 2 3 2 3 3 

Decision 

Making 

Moment 

5 5 4 5 4 5 3 4 4 

Maximum VQA output value 

15022 
13131 

7210 

2214 
0 

15892 
14786 

12963 

6982 

1884 

0

8000

16000

24000

good

clarity

fairly

clarity

bad clarity worst

clarity

noisy

Rt Value 

Video Clarity Level Condition on TV Screen 

ifRt ≥ 0 andRt ≤ 1900 then VQA output = 1; end; 
ifRt ≥ 2200 andRt ≤ 7000 then VQA output = 2; end; 

ifRt ≥ 7200 andRt ≤ 13000 then VQA output = 3; end; 
ifRt ≥ 13100 andRt ≤ 14800 then VQA output = 4; end; 
ifRt ≥ 15000 andRt ≤ 16000 then VQA output = 5; end; 
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C. Tracking Time 

This trial is performed to estimate the tracking time. 
The trial process is conducted by time measurement 
when the system is on tracking condition. Stop watch is 
used for time measurement in this trial. The 
measurement starts from tracking steps 1 until 21 and 
ends when the decision-making moment is completed. 
Figure 13 shows the trial result for tracking time. The 
trial results show that after 10 trials the minimum 
(shortest) tracking time is 23.4 seconds and maximum 
(longest) is 24.6 seconds. Thus, the tracking antenna 
system takes a long time for tracking process. 

For analysis, Table 4 shows the main cause why 
tracking time takes long time. CVBS signal processing 
takes 1 second and the tracking steps are 21. Overall, 
the CVBS signal processing process takes 21 seconds.  
The decision making moment takes 1 second. The 
remaining time indicates the time required for the servo 
motor to rotate the antenna direction. 

Based on the percentage of tracking time it can be 
concluded that tracking time between 85,36% to 
89,74% dominates the CVBS signal processing time. 
Therefore, our next research will be focused to find 
better method, so that the CVBS signals processing can 
be done for every frame and not every second. Thus, the 
information regarding video clarity level becomes faster 
to obtain and the decision-making process also becomes 
faster. 

CONCLUSION 

This research is related to the application of 
technology for terrestrial analog broadcast TV users. 
The tracking antenna system is built from servo motor,  

 

 
Figure 13. The trial result for tracking time. 

 
TABLE 4 

ANALYSIS ON MINIMUM AND MAXIMUM TRACKING 

 Minimum 

Tracking Time 

(23.4 second) 

Maximum 

Tracking Time  

(24,6 second) 

second % second % 
Time for CVBS Signal 

Processing 
21 89.74 21 85.36 

Time for Decision 

Making Process 
1 4.27 1 4.07 

Time for The Servo 

Motor to Rotate The 

Antenna 

1.4 5.99 2.6 10.57 

 

telescopic antenna and CVBS signal processing to 
obtain reference information.   

From the trial results, the Rt parameter has different 
values under various video clarity conditions. In other 
words, the Rt parameter can describe the video clarity 
level on the TV screen.  

In general, the tracking antenna system in this work 
has worked well. This is evidenced from the trial results 
of the tracking performance. In each trial, the VQA 
output when decision-making process always pick from 
maximum value of VQA output. However, the results 
from the tracking time trial show that the tracking 
antenna system still needs improvement, especially on 
the CVBS signal processing.  

Further research is needed to find better method, so 
that the CVBS signals processing can be done for every 
frame and not every second. This should be conducted 
so that the tracking antenna system that has been built 
becomes more reliable and have faster tracking ability. 
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