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Radio, especially frequency modulation (FM), still exists in several countries to broadcast different programs. The difference in level between both left and right audio channels in general causes degeneration of reception quality. We propose an efficient and profitable technical method that is easy to configure, automatic and does not require any external control or interface or programming. This method is ideally suited to solve all problems of this kind easily. The measurement results, either for Total harmonic distortion (THD), the amplitude-frequency response (AFR), or also for signal-tonoise ratio (SNR), show that the proposed method automatically avoids degradations at the reception and performs perfectly with the protocol of measurements intended for the transmitters FM.

Introduction

In analog broadcasting, frequency modulation (FM) [START_REF] Roder | Amplitude, Phase, and Frequency Modulation[END_REF][START_REF] Zhao | Design and Simulation of a Directly Frequency-Modulated DFB Laser[END_REF] remains very common. FM requires additional bandwidth compared with amplitude modulation (AM) [START_REF] Nakayama | Synchronized amplitude-and-frequency modulation for a parametric loudspeaker[END_REF], but it is also more resistant to distortion and provides a higher signal-to-noise ratio (SNR) of gain modulation. FM also supports non-linear (Class C) more efficient amplifiers. Despite the emergence of advanced digital communication technologies, analog broadcasting [START_REF] Ji | Spectral Efficiency Comparison Between Analog and Digital RoF for Mobile Fronthaul Transmission Link[END_REF] is still very relevant. Measurements on FM transmitters [START_REF]Measurements on FM Transmitters for Acceptance, Commissioning and Maintenance[END_REF] connected with the acceptance, commissioning, and maintenance tests required by various measurement devices have been carried out to date. Currently manufactured FM transmitters are a compact FM exciter manufactured for audio radio broadcasting in the 87.5 to 108 MHz band in 10KHz steps, featuring adjustable RF output up from 30 W to 150 W, respectively, under 50 Ohm standard load. The exciter has been designed to integrate into complex transmission systems easily. To this end, it can accept data from, control, or interact with external equipment, such as amplifiers, switching units, relays, or other exciters. Many things can cause poor FM radio reception, including distance, obstructions as building. However, most practitioners do not care about the quality of the audio signals between FM transmitters, especially when it raises a balance of the levels or a weak level of the two signals left and right. This paper presents a more efficient method for automatically adjusting the level at the transmitter FM input. This technique's main objective is to add a module that can automatically adjust the two audio levels left, right, or both at the same time. The proposed technique automatically optimized the quality of audio reception despite the strong variations in input signals. The remainder of this article is categorized as follows. In the second Section, we briefly give problem formulation and solution mechanisms. The third Section introduces the technical quality characteristics related to the proposed approach. The fourth Section provides results whit discussion. Finally, the fifth Section presents conclusions.

Problem Formulation and Solution Mechanisms

Input signal levels for FM transmitters play a critical role in FM radio's signal quality performance. The audio volume that does not respect the requested thresholds always leads to a degradation of audio at the reception level. In general, currently, for FM transmitters, the input signals are set manually, and in case of abnormal variation of input signals. Listeners do not enjoy hearing programs and find it difficult to follow them. We propose an efficient method that allows automatic adjustment of input left or right audio levels reading and setting the audio input level. And the reported value indicates the audio level that generates 100% modulation. The following Fig. 1 illustrates the added audio signal processing module. 

Technical quality characteristics.

The following measures of audio processing are available:  Amplitude frequency response measurement [START_REF] Satish | Amplitude Frequency Response Measurement: A Simple Technique[END_REF]  Crosstalk.

 Preemphasis.  Level.  Signal-to-noise (S/N) ratio.  THD  Dual-frequency distortion (DFD).

Amplitude Frequency Response Measurement.

Transmitters with an incorporated stereo coder and the MPX input have L and R inputs.

Without pre-emphasis, the amplitude/frequency response will be 0.2 dB  40 kHz to 50 Khz and 0.3dB  in the range of 40 Khz to 75Khz. The reference will be taken with 500 Hz or 1Khz.

The total harmonic distortion (THD)

Harmonic is characterized as sinusoidal voltage or current [START_REF] Hammouti | Power quality command and control systems in wireless renewable energy networks[END_REF] with a frequency equal to the input multiple of the fundamental frequency. THD is a measure of the distortion of nonlinearity. It shows the degree to which the overall signal consists of unwanted harmonics and is defined in % or dB. According to IEC 244-13 [START_REF] Slovenski Standard | SIST EN 60244-13: Methods of measurement for radio transmitters -Part 13: Performance characteristics for FM sound broadcasting[END_REF], for all harmonics, root means square (RMS) values are set with the sum of the RMS value for the fundamental 1 f and the RMS values:
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Another definition, which the RMS values for all harmonics are set to the RMS value for the fundamental:
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With or without pre-emphasis, the total harmonic distortion will be 0.25%  in mono and 0.5%  stereo for the excursion 75%  . It is necessary to weaken any non-essential radiation outside of the effective band transmission relative to the carrier level of:

- The crosstalk attenuation (expressed in dB) in stereo in the band 30 Hz to 15 kHz must be 40 dB

Results

This Section shows and analyses the measurement results performed with and without the proposed method for the Mono/Stereo FM Transmitter.

Mono Section with the proposed technique.

Table1 shows the technical parameters selected for this experimental study with the corresponding values. From the results shown in Fig. 1 and Fig. 2, it is possible to observe that the AFR (in dB) and THD (in %) are significantly improved, and the curves found are located in the green bar, which shows that the results are within the standards requested in section 3.

Stereo Section

Table1 shows the technical parameters selected for this experimental study with the corresponding values. As seen in Fig. 3 and Fig. 4, the red curves, representing the AFR (in dB) and THD (in %) of Fig. 3 and Fig. 4, respectively, are outside the green band. Without the proposed technique, the measurements are not within the recommended standards requested in section 3.

Stereo Section with the proposed technique.

Fig. 5 shows the AFR (in dB) flatness versus frequency (in kHz) of stereo FM Transmitter with the proposed technique. Unlike the measurement results found in sub subsection 4.2.1, Fig. 5 and Fig. 6 represent the significant correction of AFR (in dB) and THD, respectively. The proposed approach technique can be considered as the best solution for balancing the audio inputs.

Conclusion

This paper proposes the efficient automatic technique for balanced audio inputs of the FM transmitters system. İt can automatically solve the problem of audio reception quality.

The proposed scheme can also automatically adjust the volumes of the input or output signals (left or right) of any device that can broadcast audio. We will employ the new automatic method to resolve other parameters such as Crosstalk, Preemphasis, and Dualfrequency distortion of the FM transmitter in our future works.

Fig. 1 .

 1 Fig. 1. Wiring Diagram: Simplified overview of the audio analysis functions with the proposed module in an FM transmitter. Fig 1 gives an overview of the model's structure with an added audio signal processing module integrated that can automatically adjust the left (L) and right (R) input signals in addition to the MPX.

  Harmonics: 60 dB  -Other products: 60 dB  For the maximum frequency deviation of 75Khz  , the tolerances are as follows:  Signal-to-noise ratio (SNR) FM:
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 1 Fig.1 shows the AFR (in dB) flatness versus frequency (in kHz) of the mono FM Transmitter.

Fig. 2 .

 2 Fig. 2. Amplitude frequency response flatness.
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 2 Fig.2 shows the THD (in %) versus frequency (in kHz) of the mono FM Transmitter.

Fig. 2 .

 2 Fig. 2. THD vs. frequency.

Fig. 3

 3 Fig.3 shows the AFR (in dB) flatness versus frequency (in kHz) of stereo FM Transmitter without the proposed technique.

Fig. 3 .

 3 Fig. 3. Amplitude frequency response flatness: without the proposed technique (wrong measurement) Fig.4 shows the THD (in %) versus frequency (in kHz) of mono FM Transmitter without the proposed technique.

Fig. 4 .

 4 Fig. 4. THD: without the proposed technique (wrong measurement)

Fig. 5 .

 5 Fig. 5. Amplitude frequency response flatness with the proposed technique Fig.6 shows the THD (in %) versus frequency (in kHz) of mono FM Transmitter with the proposed technique.

Fig. 6 .

 6 Fig. 6. THD with the proposed technique

Table 1 .

 1 Parameter limiting values for quality measurement mono.

	Parameter	Limit	Result
	Carrier frequency error, Hz	±200	-31
	Deviation, KHz	75±2.5	74.8
	Third order intermodulation distortions, dB	-	-109
	Fifth order intermodulation distortions, dB	-	-108
	Residual AM, dB	50	66.4
	Afterpulse residual AM, dB	45	49.2
	Control bandwidth, KHz	-	116
	Control bandwidth, KHz	-	216
	Amplitude frequency response flatness, dB	±0.5	0.1

Table 2 .

 2 Parameter limiting values for quality measurement stereo.

	Parameter	Limit	Result
	Carrier frequency error, Hz	±200	-35
	Pilot tone frequency, Hz	19000±2	19000.0
	Subcarrier suppression, dB	-	63.5
	Deviation induced by MPX, KHz	75±2.5	75.3
	Deviation induced by pilot tone, KHz	-	6.7
	Phase relationship between pilot tone and subcarrier.	-	2.1
	Control bandwidth, KHz	-	115
	Control bandwidth (sine), KHz	-	214
	4.2.		

1 Stereo Section: without the proposed technique (wrong measurement)