
1-order Auto Regressive Process
 Method to generate correlated random process, from 

white Gaussian process 
 First-order autoregressive correlation model
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𝛼𝛼 =
𝑒𝑒−1/𝑁𝑁𝑐𝑐

Φ𝑛𝑛𝑤𝑤𝑛𝑛

𝛼𝛼Φ𝑛𝑛−1 Φ𝑛𝑛 = 𝛼𝛼Φ𝑛𝑛−1 + 𝑤𝑤𝑛𝑛

White Gaussian Noise

𝑇𝑇𝑐𝑐 =
𝑁𝑁𝑐𝑐
𝑓𝑓𝑠𝑠

Coherence time

mean 𝜇𝜇𝑤𝑤and variance 𝜎𝜎𝑤𝑤2



1-order Auto Regressive Process
 Mean

 Variance

 Autocorrelation for 𝜇𝜇Φ = 0
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𝐴𝐴𝑛𝑛𝜏𝜏 = 𝐸𝐸 Φ𝑛𝑛Φ𝑛𝑛+𝑛𝑛𝜏𝜏 = 𝜎𝜎Φ2𝛼𝛼− 𝑛𝑛𝜏𝜏 = 𝜎𝜎Φ2𝑒𝑒− 𝑛𝑛𝜏𝜏 /𝑁𝑁𝑐𝑐

∵ 𝐸𝐸 Φ𝑛𝑛 = 𝛼𝛼𝐸𝐸 Φ𝑛𝑛−1 + 𝐸𝐸 𝑤𝑤𝑛𝑛𝜇𝜇Φ =
𝜇𝜇𝑤𝑤

1 − 𝛼𝛼

𝜎𝜎Φ2 =
𝜎𝜎𝑤𝑤2

1 − 𝛼𝛼2
∵ Φ𝑛𝑛

2 = 𝛼𝛼2Φ𝑛𝑛−1
2 + 2Φ𝑛𝑛−1𝑤𝑤𝑛𝑛 + 𝑤𝑤𝑛𝑛2

∵ Φ𝑛𝑛Φ𝑛𝑛+𝑛𝑛𝜏𝜏 = 𝛼𝛼Φ𝑛𝑛−1Φ𝑛𝑛+𝑛𝑛𝜏𝜏 + 𝑤𝑤𝑛𝑛Φ𝑛𝑛+𝑛𝑛𝜏𝜏



1-order Auto Regressive Process
 Power Spectrum
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�𝑃𝑃 𝜔𝜔 = DTFT 𝑒𝑒− 𝑛𝑛𝜏𝜏 /𝑁𝑁𝑐𝑐 = �
𝑛𝑛𝜏𝜏=−∞

∞

𝜎𝜎Φ2𝑒𝑒− 𝑛𝑛𝜏𝜏 /𝑁𝑁𝑐𝑐𝑒𝑒−j𝜔𝜔𝑛𝑛𝜏𝜏

= 𝜎𝜎Φ2
1 − 𝛼𝛼2

1 + 𝛼𝛼2 − 2𝛼𝛼 cos𝜔𝜔

∵ 𝛼𝛼 = 𝑒𝑒−1/𝑁𝑁𝑐𝑐

𝑃𝑃 𝑓𝑓 = 𝜎𝜎Φ2
1 − 𝛼𝛼2

1 + 𝛼𝛼2 − 2𝛼𝛼 cos2𝜋𝜋𝑓𝑓
⋅

1
𝑓𝑓𝑠𝑠

𝑓𝑓cut = cos−1
4𝛼𝛼 − 1 − 𝛼𝛼2

2𝛼𝛼
𝑓𝑓𝑠𝑠
2𝜋𝜋
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Simulation
Theory

Example
 Power Spectrum
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𝜎𝜎𝑤𝑤2 = 10
𝐾𝐾𝑣𝑣
10𝑓𝑓𝑠𝑠 1 − 𝛼𝛼 2𝐾𝐾𝑣𝑣 = −80 dB/Hz

𝑓𝑓cut = cos−1
4𝛼𝛼 − 1 − 𝛼𝛼2

2𝛼𝛼
𝑓𝑓𝑠𝑠
2𝜋𝜋
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