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[bookmark: bookmark=id.gjdgxs]Abstract – Television is one of the most widely used media for receiving sound and image transmissions worldwide, particularly in Indonesia. Government regulations require all television broadcasters in Indonesia to cease analog broadcasts and transition to digital broadcasts. Consequently, a device known as the Set Top Box (STB), equipped with a low noise amplifier (LNA), converts DVB-T2 digital signals into images and audio suitable for analog televisions. Tests were conducted to evaluate its signal reception capabilities. These tests took place at four Palembang city locations, utilizing indoor and outdoor antennas. The results revealed that the device's signal strength ranged from -48.7 dBm, reaching 100% signal quality, to the weakest signal at -97 dBm. Moreover, an average difference of 6.9 dB was observed between indoor and outdoor testing for each frequency. Furthermore, analyzing the average signal strength based on distance showed that the highest strength of -56.2 dBm occurred at a distance of 1.5 km from the transmitter during outdoor testing. In comparison, the weakest strength of -91.6 dBm occurred at a distance of 1.8 km during indoor testing. Additionally, a signal strength comparison between test locations indicated that the most significant difference was between the Kamboja and Plaju locations. The LNA device achieved its highest gain value of 15.2 dB. Various factors, including antenna direction, obstructions such as buildings, antenna height, signal stability, and the distance between the transmitter and receiver, influence the signal quality.
Keywords: Low Noise Amplifier, DVB-T2, Set Top Box, Television.
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Introduction
[bookmark: _heading=h.30j0zll]Television is one of the most widely used media in the world, as humans, being social beings, need information about events or news from various parts of the world through various media, including television [1]. 
There are two types of television: digital television and analog television. Digital television or DTV uses digital modulation and digital compression systems to transmit image, sound, and data signals to television sets. On the other hand, analog television uses analog modulation to receive image and audio signals on television sets. Digital television (DTV) differs from analog television in many aspects, especially in its system and features.[2] Currently, the standard digital television technology used is Digital Video Broadcasting-Second Generation Terrestrial (DVB-T2), an advancement of the Digital Video Broadcasting-Terrestrial (DVB-T) technology. [3] DVB-T2 technology offers reduced spectrum requirements, better radio signal coverage, improved image quality, and interactive capabilities. [4]
Based on the recommendations of the International Telecommunication Union (ITU) in the Geneva 2006 (GE-06) Agreement, as well as the Government Regulation Number 46 of 2021 on Postal, Telecommunication, and Broadcasting Services, and the Minister of Communication and Informatics Regulation Number 11 of 2021 on broadcasting services, all broadcasting institutions are required to stop analog broadcasting and switch to digital broadcasting. This is aimed at improving the quality of television broadcasting with precise and advanced technology and achieving equitable distribution of quality television broadcasting throughout Indonesia. [5]
To receive digital television broadcasts, people need a Set Top Box (STB) device that can convert DVB-T2 digital signals into images and audio that can be displayed on analog TVs. a Low Noise Amplifier (LNA) is added To maximize the signal reception on this device. Based on a study conducted.[4] on the Realization of a two-stage LNA using λ/4 transformer impedance adjustment and Lumped Element for DVB-T2, the results showed a Gain of 12.96 dB and a Noise Figure (NF) of 4.05 dB. The higher the gain value, the better the signal strength improvement will be. 
Good signal quality can be observed from the reception results of all digital television transmitter signals and good signal strength, as seen in the research on the design and testing of the Maximal Ratio Combining (MRC) technique on DVB-T2 TV receivers. The research showed that the DVB-T2 digital TV reception system can receive all DVB-T2 digital TV transmitters in Semarang with good quality, with a received power reaching -77.3 dBm, which increased to -71.2 dBm after using MRC [6]. 
In a study conducted by [7], image acquisition quality was measured using the SINPO method based on three main factors: acquired signal strength, interference from other signals, and atmospheric noise. Additionally, the research considered propagation conditions and overall reception quality (Overall merit).
This study aims to support the government's policy regarding Analog Switch Off (ASO) and encourage the public to use Set Top Box devices. To achieve this goal, the researchers plan to design a Set Top Box with the addition of an LNA (Low Noise Amplifier) to enhance signal reception sensitivity on the Set Top Box. Subsequently, a comparative analysis of signal reception quality will be conducted based on indoor and outdoor testing to evaluate the device's performance..
Basic of Theory 
 Digital Video Broadcasting Second Generation Terrestrial (DVB-T2) is a standard for terrestrial digital television broadcasting, which is an advancement of the DVB-T standard. This standard is issued by the DVB consortium and standardized by the European Telecommunication Standardization Institute (ETSI).[8] The technology transmits audio, video, and other compressed data in a "physical layer pipe" (PLP), using Orthogonal Frequency Division Multiplexing (OFDM) modulation with combined channel encoding and interleaving. With a higher bitrate than DVB-T, DVB-T2 enables the transmission of High Definition Television (HDTV) channels on terrestrial TV broadcasts. [9]
Table 1. Comparison of DVB-T with DVB-T2
[image: ]
	Inside the Set Top Box, there is a crucial component that acts as the central processing unit for the received signals, known as the TV tuner. The TV tuner is a device used to tune into radio frequencies and convert them into a new frequency called the Intermediate Frequency (IF). The IF frequency in digital television broadcasts carries the information/data multiplexed by the transmitter/radio frequency, which is then analyzed and separated into different pieces of information through the demultiplexing process. The outcome of the demultiplexer produces separate audio and video signals. [10]


Figure 1. TV tuner
	A Low Noise Amplifier (LNA) is an electronic circuit that functions to amplify signals with very low power without reducing the signal-to-noise ratio.[11] LNA enhances both the signal strength and noise at its input but also introduces additional noise.[6] The purpose of LNA is to minimize the additional noise originating from the device's input, thus allowing signal amplification with low noise levels. [12] In this study, the LNA is connected to the signal input from the antenna to the set-top box to amplify the received signals.
[image: Jual LNA 50-4000MHz RF Low Noise Amplifier Alat ma - Jakarta Barat -  Tokonya_qu | Tokopedia]
Figure 2. Low Noise Amplifier
	The Low Noise Amplifier will increase the gain value. Gain represents the power signal amplification unit from the circuit's input to its output.[13] The gain value increased by LNA can be calculated using a spectrum analyzer at the input and output of the LNA device. Subsequently, the gain is determined using the following formula:
	(1)
	To determine the signal reception quality of the device, researchers use the Received Signal Strength Indicator (RSSI) value. RSSI is the power of the signal received by the user in a specific frequency range, including noise and interference (Wideband Power). This parameter is often referred to as the Signal Level.[14]
	An antenna functions as a signal receiver, capturing electromagnetic waves in the air transmitted by broadcasting transmitters.[13] It acts as an intermediary device that receives signals propagating through space and electric currents moving through metal conductors. [15] The type of antenna used in this study is a directional antenna with a Yagi model, which has an antenna gain ranging between 7 - 19 dBi.
[image: ]
Figure 3. Yagi Antenna

Method and Design
	The design and analysis of this study begin with constructing a research flowchart. Figure 3 illustrates the flowchart used in this research.:

[image: ]
Figure 4. Flowchart

	Based on the flowchart, the research commences with selecting device components and designing the device. The device components include a digital TV tuner, Low Noise Amplifier, power supply, transistors, capacitors, resistors, and infrared receiver. After the components are selected, the next step involves designing the schematic circuit of the power supply and Low Noise Amplifier using the Eagle application. Once the schematic circuit design is completed, the next phase entails creating the layout design on the PCB board.
	Upon obtaining the layout design on the PCB board, the next step involves assembling the circuit components following the layout design on the PCB board. To connect the input signal from the antenna to the Low Noise Amplifier input and link the output to the tuner device, RG-315 cables with a speed factor of 0.75 are utilized. To ensure the cable length matches the frequency to be used, the cable length must be trimmed according to the wavelength at its operating frequency, known as Matching loss. The cable length is calculated based on the wavelength of 1/4λ and then cut into two parts for the LNA input and output cables. The cable length value can be calculated using the following equation :

	
	0,0993 m	  (2)

	Subsequently, testing is conducted on the Set Top Box device by connecting the 12V adapter input to the circuit and linking the audio-video output to the analog TV device using RCA cables. An antenna cable is also connected to the Set Top Box antenna input.

[image: ]
Figure 5. Set Top Box device

	The results of these tests are utilized for optimizing the circuit by adding several components such as a current amplifier circuit, designing a toolbox, and incorporating a cooling blower to enhance device performance. 
[image: ]
Figure 6. Device result after optimization

	After successfully testing and optimizing the device, the next step involves conducting measurements using a Spectrum Analyzer. These measurements are performed indoors and outdoors at four locations in Palembang city. The objective of these tests is to ascertain the device's signal reception and the gain value of the utilized LNA. Yagi antennas are employed in the testing, positioned on a 2-meter high pole.
	The measurement results will be analyzed based on the comparison between indoor and outdoor testing, the influence of distance on the received signal strength by the device, and the signal strength comparison among several testing locations.
Results and Discussion
Indoor and Outdoor Comparison Measurments
	Based on the measurement and testing results conducted at various locations in Palembang city (namely Kamboja, Plaju, Kenten, and Bukit), the testing outcomes of the signal reception by the device were obtained. These results can be observed in the graph shown in Figure 7:
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(b)
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(d)
Figure 7. (a) measurement results in kamboja, (b) measurement results in Kenten, (c) measurement results in Plaju, (d) measurement results in Bukit
	The researchers performed the signal measurement of the device to determine the signal reception quality in both indoor and outdoor conditions. These conditions were set based on the antenna placement at the testing locations. The Spectrum Analyzer was used to visualize and detect the power of the signals received by the device.
     Based on the measurement results shown in Figure 7, it was found that the digital TV signal frequency in Palembang city consists of three broadcast muxes with centre frequencies of 538 MHz (channel 29), 562 MHz (channel 32), and 586 MHz (channel 35). In this measurement, the highest signal strength obtained was -48.7 dBm, while the lowest measured signal strength was -97.3 dBm. These measurements were taken for each frequency in indoor and outdoor conditions at each testing location.
     Furthermore, the measurement results also revealed the difference in signal strength between indoor and outdoor testing. The highest average signal strength difference of 14.59 dB was observed at the Bukit location for frequency 586, and the lowest average difference of 0.04 dB was found at the Plaju location for frequency 538. The average difference in signal strength between indoor and outdoor testing was 6.9 dB for each testing location, as shown in the measurement results in Figure 8..
	These measurements illustrate the impact of using indoor and outdoor antennas on the signal reception of the Set Top Box device, taking into account the testing environment to evaluate the performance of the Set Top Box device.
[image: ]
Figure 8. Indoor and outdoor testing differences
The Effect of Distance on Signal Strength
	Researchers also analyzed the effect of distance on the signal strength received by Set Top Box (STB) devices. This signal strength was evaluated based on the test data in Figure 7, where each location had a different distance from the transmitter, and these distance variations could affect the signal strength received by the device.
     The analysis conducted by the researchers showed that the distance significantly impacted the signal strength received by the STB devices. The input data indicated that as the distance between the STB device and the transmitter increased, the received signal strength decreased.
     Testing in Figure 7 was conducted at various locations with different distances from the transmitter. The test results yielded the following findings: In the Kamboja location, which was 1.5 Km away from the transmitter, the average signal strength recorded was -56.2 dBm for outdoor and -62 dBm for indoor testing. In the Bukit location, which was 1.8 Km away from the transmitter, the average outdoor signal strength was -79.9 dBm and -91.6 dBm for indoor testing. Furthermore, at the Kenten location, which was 8.2 Km away from the transmitter, the average signal strength was -85.3 dBm for outdoor testing and -91.4 dBm for indoor testing. Finally, at the Plaju location, which was 8.6 Km away from the transmitter, the average signal strength was -87.2 dBm for outdoor testing and -91.4 dBm for indoor testing..
[image: ]
Figure 9. Average comparison of test results based on test location distance
	There were apparent differences in signal strength from each location, especially in the farthest location during outdoor testing, where the signal tended to be very weak or unreachable. Additionally, outdoor testing data indicated that STB devices closer to the transmitter had better signal quality. This implies that users in areas far from the transmitter might experience issues such as disruptions or poor image quality on their television screens.
     The researchers also noted that other factors, such as topography and physical obstacles, like tall buildings or vegetation, could influence the signal strength received by the STB devices, as observed in indoor testing. The comparison data in Figure 8 showed that some locations with different distances had the same signal strength, indicating the influence of physical obstacles during indoor testing. Therefore, strategic and unobstructed placement of the STB device's antenna could help improve the received signal quality.
Comparison of Signal Strength Between Test Locations
	Based on the data in Figure 9, which contains the average signal strength comparison results at several locations, comparison data between the test locations can be seen in Figure 10. This data represents the average signal strength values from outdoor testing, as outdoor testing showed better values than indoor testing.
 [image: ]
Figure 10. The difference in Signal Strength between test location
	Figure 10 shows that the highest signal strength difference occurs in comparing the Kamboja and Plaju locations, with an average signal strength difference of 32 dB. On the other hand, the lowest signal strength difference occurs between the Plaju and Kenten locations, with a difference of 1.9 dB. These signal strength differences are influenced by various factors, such as the distance between the test location and the transmitter, the height of the antenna used by the STB device, the direction of the antenna used, and the presence of tall buildings obstructing the signal.
	The signal strength differences are slightly lower for locations with the same distance, as seen in the Kenten and Plaju locations. However, we observe the signal strength difference between the Kamboja and Bukit locations. In that case, the signal strength values significantly differ, even though the distance from the transmitter is relatively close. This is due to tall buildings and structures obstructing the Line Of Sight (LoS) direction between the testing location on Bukit and the transmitter, making achieving a precise antenna alignment difficult.
Low Noise Amplifier Measurement and Signal Quality Measurement on Set Top Box Output Results		
	The Low Noise Amplifier (LNA) gain value was measured at a location in Kamboja using a Spectrum Analyzer to measure the incoming and outgoing signal power. The gain measurement was performed at the frequency of digital TV broadcast. The gain values obtained from the measurement and calculation based on the gain formula are shown in Figure 11.
[image: ]
Figure 11. Value of Gain Measurement
	Based on the measurement results from Figure 11, it was found that the highest gain value was obtained at a frequency of 538 MHz with a gain of 15.2 dB. Meanwhile, the lowest gain value was recorded at a frequency of 562 MHz with a gain of 4.4 dB. The data also indicates an average gain of 13.32 dB at a frequency of 538 MHz, an average gain of 6.54 dB at a frequency of 562 MHz, and an average gain of 10.1 dB at a frequency of 586 MHz.
[image: ]
Figure 12. measurement using a Spectrum Analyzer
	In addition to measuring the LNA gain value, the researchers also measured the signal strength on the display output of the Set Top Box device and determined the actual signal strength based on the percentage of signal strength displayed on the TV. Subsequently, the researchers determined the signal strength obtained based on the quality of the received broadcast image displayed by the STB device. The measurement results provide signal strength values based on percentages and the signal quality received by the Set Top Box device, as shown in Table 2.
Table 2. The signal quality of Set Top Box devices
	Percentage
	RSSI (dBm)
	Signal Strength

	90 – 100 %
	> -65
	Excelent

	80 – 90%
	(-75) – (-65)
	Good

	60 – 80 %
	(-85) – (-75) 
	Fair

	50 – 60%
	(-95) – (-85)
	Poor

	0 – 50%
	< -95
	Loss


	The measurement on the TV screen, which provides information for each broadcast, yielded signal quality values, as shown in Table 2. The percentage column represents the values displayed on the Set Top Box output on the TV, while the RSSI value is the average value obtained from measuring the signal strength based on the percentage displayed on the Set Top Box device.
	The testing was conducted by connecting an adapter to the Set Top Box device, and then the output of the Set Top Box was connected to the analog AV input on the TV. After all connections are made, wait for the TV program to appear on the screen. To search for channels, press the "Setup" button on the remote, then select "Search channels" on the TV screen and wait for the process to finish. Once the channels are found, press the "Info" button on the remote to view the signal percentage information. The Set Top Box testing signal information, can be seen in Figure 13.
Top of Form
.
[image: ]
Figure 13. Display of Signal Information on the TV
Conclusion
	The testing and analysis results indicate that the signal quality in indoor testing is worse compared to outdoor testing. The data shows that the signal strength in outdoor conditions is better because the antenna can reach the Line of Sight direction of the transmitter without obstruction from walls, unlike indoor testing. This study also identifies the influence of distance on the received signal strength and compares the testing data from various locations. The results demonstrate that the closer the receiver's distance to the transmitter, the stronger the signal will be. However, other factors such as building obstructions, antenna direction, antenna height, signal stability, and tall trees also affect the received signal strength at the Bukit location with a shorter distance, and the signal strength values approach those at a greater distance.
	This research also yields the gain values of the Low Noise Amplifier device, with the highest gain occurring at a frequency of 538 MHz and the lowest at a frequency of 562 MHz, with an average gain almost reaching 10 dB. This aligns with the researchers' expectations to add a Low Noise Amplifier to the Set Top Box device. Furthermore, this research identifies the values of signal strength measurements based on the percentage of the signal displayed by the Set Top Box device, documented in Table 2. Based on these results, the research has successfully achieved the set objectives.
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Abstract


 


–


 


Television is one of the most widely used 


media for receiving sound and image transmissions 


worldwide, particularly in Indonesia. Government 


regulations require all television broadcasters in 


Indonesia to ce


ase analog


 


broadcasts and transition to 


digital broadcasts. Consequently, a device known as the 


Set Top Box (STB), equipped with a low noise amplifier 


(LNA), converts DVB


-


T2 digital signals into images


 


and 


audio suitable for analog


 


televisions. Tests w


ere 


conducted to evaluate its signal reception capabilities. 


These tests took place at four Palembang city locations, 


utilizing indoor and outdoor antennas. The results 


revealed that the device's signal strength ranged from 


-


48.7 dBm, reaching 100% signal 


quality, to the weakest 


signal at 


-


97 dBm.


 


Moreover, an average difference of 6.9 


dB was observed between indoor and outdoor testing for 


each frequency. Furthermore, analyzing the average 


signal strength based on distance showed that the highest 


strength o


f 


-


56.2 dBm occurred at a distance of 1.5 km 


from the transmitter during outdoor testing. In 


comparison, the weakest strength of 


-


91.6 dBm occurred 


at a distance of 1.8 km during indoor testing. 


Additionally, a signal strength comparison between test 


locat


ions indicated that the most significant difference 


was between the Kamboja and Plaju locations. The LNA 


device achieved its highest gain value of 15.2 dB. Various 


factors, including antenna direction, obstructions such as 


buildings, antenna height, signal


 


stability, and the 


distance between the transmitter and receiver, influence 


the signal quality.
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NTRODUCTION


 


Television is one of the most widely used media in 


the world, as humans, being social beings


, need 


information about events or news from various parts 


of the world through various media, including 


television


 


[1]


.


 


 


There are two types of television: digital television 


and analog television. Digital television or DTV uses 


digital modulation and digital compression systems to 


transmit image, sound, and data signals to television 


sets. O


n the other hand, analog television uses analog 


modulation to receive image and audio signals on 


television sets. Digital television (DTV) differs from 


analog television in many aspects, especi


ally in its 


system and features


.


[2]


 


Currently, the standard digital


 


television technology used is Digital Video 


Broadcasting


-


Second Generation Terrestrial (DVB


-


T2), an advancement of the Digital Video 


Broadcasting


-


Terrestrial (DVB


-


T) technology


.


 


[3]


 


DVB


-


T2 technology offers reduced spectrum 


requirements, better radio signal cov


erage, improved 


image quality, and interactive capabilities


.


 


[4]


 


Based on the recommendations of the International 


Telecommunication Union (ITU) in the Geneva 2006 


(GE


-


06) Agreement, as well as th


e Government 


Regulation Number 46 of 2021 on Postal, 


Telecommunication, and Broadcasting Services, and 


the Minister of Communication and Informatics 


Regulation Number 11 of 2021 on broadcasting 


services, all broadcasting institutions are required to 


stop a


nalog broadcasting and switch to digital 


broadcasting. This is aimed at improving the quality of 


television broadcasting with precise and advanced 


technology and achieving equitable distribution of 


quality television broadcasting throughout Indonesia


.


 


[5]


 


To rec


eive digital television broadcasts, 


p


eople 


need a Set Top Box (STB) device 


that can convert 


DVB


-


T2 digital signals into images and audio that can 


be displayed on analog TVs. a Low Noise Amplifier 


(LNA) is added To maximize the signal reception on 


this devi


ce. Based on a study conducted


.


[4]


 


on the 


Realization of a two


-


stage LNA using λ/4 transformer 


impedance adjustment and Lumped Element for DVB


-


T2, the results showed a Gain of 12.96 dB and a Noise 


Figure (NF) of 4.05 dB. The higher the gain value, the 


better the sign


al strength improvement will be


.


 


 


Good signal quality can be observed from the 


reception results of all digital television transmitter 


signals and good signal strength, as seen in the 


research on the design and testing of the Maximal 


Ratio Combining (MRC) technique on DV


B


-


T2 TV 


receivers. The research showed that the DVB


-


T2 


digital TV reception system can receive all DVB


-


T2 


digital TV transmitters in Semarang with good quality, 


with a received power reaching 


-


77.3 dBm, which 


increased to 


-


71.2 dBm after using MRC


 


[6]


.


 


 


In a study conducted by


 


[7]


, 


image acquisition 


quality


 


was measured using the SINPO method based 
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