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ANALISIS PERFORMA MODULASI 16QAM, 64QAM, DAN
256QAM PADA KANAL ADDITIVE WHITE GAUSSIAN NOISE,
RAYLEIGH FADING, DAN RICIAN FADING

Damar Arya Putra

ABSTRAK

Perkembangan sistem komunikasi digital menuntut penggunaan teknik modulasi
yang mampu mempertahankan kualitas transmisi sekaligus memberikan efisiensi
spektrum pada berbagai kondisi kanal. Quadrature Amplitude Modulation (QAM)
merupakan teknik modulasi yang direkomendasikan guna meningkatkan laju
transmisi data. Sehingga penelitian ini bertujuan menganalisis performa modulasi
16QAM, 64QAM, dan 256QAM pada kanal Additive White Gaussian Noise
(AWGN), Rayleigh Fading, dan Rician Fading serta menentukan modulasi yang
direkomendasikan berdasarkan hasil penelitian. Penelitian berbasis simulasi
dilakukan menggunakan parameter Energy per Bit to Noise Power Spectral Density
Ratio (Eb/No) dan Bit Error Rate (BER) dengan software MATLAB. Hasil simulasi
menunjukkan modulasi 16QAM, 64QAM, dan 256QAM secara berturut — turut
mencapai target BER < 107> saat nilai Eb/No 14 dB, 18 dB, dan 23 dB pada kanal
AWGN. Ketiga modulasi tersebut belum mencapai target BER < 107> setelah
diberikan nilai Eb/No maksimum = 40 dB pada kanal Rayleigh. Modulasi tersebut
secara berturut — turut mencapai target BER < 1075 saat nilai Eb/No 32 dB, 37 dB,
dan 37 dB pada kanal Rician. Hal ini dikarenakan kanal AWGN hanya dipengaruhi
oleh noise tanpa efek multipath fading. Sementara itu, kanal Rician Fading
menunjukkan performa yang lebih baik dibandingkan Rayleigh Fading karena
adanya komponen Line of Sight (LOS) yang mampu meningkatkan kualitas sinyal.
Berdasarkan hasil simulasi, performa modulasi 16QAM merupakan yang terbaik
pada seluruh kanal karena mampu mencapai nilai BER paling rendah dengan
kebutuhan Eb/No yang lebih kecil dibandingkan 64QAM dan 256QAM. Dengan
demikian, modulasi 16QAM merupakan modulasi yang direkomendasikan karena
secara konsisten menghasilkan nilai BER paling rendah pada semua kanal yang
digunakan.

Kata kunci: Quadrature Amplitude Modulation, AWGN, Rayleigh Fading, Rician
Fading, Bit Error Rate
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PERFORMANCE ANALYSIS OF 16QAM, 64QAM, AND 2560AM
MODULATION OVER ADDITIVE WHITE GAUSSIAN NOISE,
RAYLEIGH FADING, AND RICIAN FADING CHANNELS

Damar Arya Putra

ABSTRACT

The development of digital communication systems requires modulation techniques
that maintain transmission quality while providing high spectral efficiency under
various channel conditions. Quadrature Amplitude Modulation (QAM) is widely
used to achieve higher data rates. This study analyzes the performance of 16QAM,
640AM, and 256QAM over Additive White Gaussian Noise (AWGN), Rayleigh
Fading, and Rician Fading channels and determines the recommended modulation
scheme based on simulation results. Simulations were conducted in MATLAB using
Energy per Bit to Noise Power Spectral Density Ratio (Eb/No) and Bit Error Rate
(BER) as performance parameters. The results show that 16QAM, 64QAM, and
2560AM achieved the target BER of < 107> at Eb/No values of 14 dB, 18 dB, and
23 dB over the AWGN channel. None of the three modulation schemes reached the
target BER of < 107> over the Rayleigh Fading channel, even at the maximum
Eb/No value of 40 dB. Over the Rician Fading channel, the target BER was
achieved at Eb/No values of 32 dB, 37 dB, and 37 dB for 16QAM, 64QAM, and
256QAM. The AWGN channel provided the best performance because it is affected
only by additive noise, while the Rician Fading channel outperformed the Rayleigh
Fading channel due to the presence of a Line of Sight (LOS) component, which
improves signal quality. Based on the simulation results, 16QAM achieved the best
performance across all channel models by providing the lowest BER with lower
Eb/No requirements than G64QAM and 256QAM. Therefore, 16QAM s
recommended as the most suitable modulation scheme.

Keywords: Quadrature Amplitude Modulation, AWGN, Rayleigh Fading, Rician
Fading, Bit Error Rate
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