
PLV is preferred as an indicator of synchronization because it 

is believed not to be sensitive to evoked response changes. 

Analysis of LFP Data 

Contact : sergul@usc.edu 

Synchronization in Brain Signals 

Circularly Symmetric Complex Gaussian Model 

𝑠1(𝑡) 

𝑠2(𝑡) 

𝐳𝐤 𝐭, 𝐟 = 𝐬𝐤 𝐭 + 𝐣 𝐇𝐢𝐥𝐛𝐞𝐫𝐭(𝐬𝐤(𝐭)) 
Analytical Form: 

𝐳𝐤 𝐭, 𝐟 = 𝐀𝐤 𝐭 𝐞
𝐣 𝚽𝐤(𝐭) 

Polar Form: 

𝐏𝐋𝐕 𝐭, 𝐟 = 𝐄 𝐞𝐣(𝛟𝟏 𝐭 −𝛟𝟐(𝐭)) 
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PLV sample ≜ 
1 

N 
ejΔϕ n (t) 

N 

n=1 

Trial Index 

𝚫𝛟 𝐧 𝐭 ~ 𝐕𝐌 𝛟 | 𝛍, 𝛋 

= 
𝟏 

𝟐𝛑𝐈𝟎(𝛋) 
𝐞𝐣𝛋 𝐜𝐨𝐬(𝛟−𝛍) 

Maximum Likelihood Estimator: 

𝐏𝐋𝐕𝐯𝐨𝐧𝐌𝐢𝐬𝐞𝐬 = 𝐏𝐋𝐕𝐬𝐚𝐦𝐩𝐥𝐞 = 
𝟏 

𝐍 
𝐞𝐣𝚫𝛟 𝐧 (𝐭) 

𝐍 

𝐧=𝟏 

Von Mises Model 

• If 𝐬𝟏 𝐭 and 𝐬𝟐 𝐭 ~ 𝐍 𝟎, 𝟏 , the complex 

random vector 𝐳 𝐭 = 𝐳𝟏 𝐟, 𝐭 𝐳𝟐 𝐟, 𝐭 𝐓 

follows a circular complex Gaussian 

distribution: 

𝐩 𝐳 𝐭 = 
𝟏 

𝛑𝟐 𝐊𝐳 
𝐞𝐱𝐩 −𝐳 𝐭 𝐊𝐳 

−𝟏𝐳(𝐭) 

where 𝐊𝐳 
−1 = 

κ11 κ12e
jμ12 

κ21e
jμ21 κ22 

and κ12 = 

κ21, μ12 = −μ21 

• Conditional distribution of phase difference 

𝐩 𝚫𝛟 𝐭 𝐀(𝐭)) = 
𝟏 

𝟐𝛑𝐈𝟎 −𝟐𝛋𝟏𝟐𝐀𝟏 𝐭 𝐀𝟐 𝐭 
𝐞−𝟐𝛋𝟏𝟐𝐀𝟏 𝐭 𝐀𝟐 𝐭 𝐜𝐨𝐬(𝚫𝛟 𝐭 −𝛍𝟏𝟐) 

 Note: von Mises but amplitude an phase are 

NOT independent. 

• PLVcircgauss ≜ E ejΔϕ t = 
π 
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, 2 ω2 where ω = 

κ12 

2κ11κ22−κ12 
which is a function 

of square coherence, namely κ12 
κ11κ22.  

• Marginal distribution of phase: 

𝐩 𝚫𝛟 𝐭 = 
𝟏 

𝟐𝛋𝟐𝛑 𝐊𝐳 

𝟏 

𝟏−𝐚𝟐 − 
𝐚(𝐜𝐨𝐬−𝟏(𝐚)) 

𝟏−𝐚𝟐 𝟑 

where 𝐚 ≜ 
𝛋𝟏𝟐 

𝛋𝟏𝟏 
𝐜𝐨𝐬(𝚫𝛟 𝐭 − 𝛍𝟏𝟐) 

Simulations: ROC Analysis of Roessler Oscillators 

2 Roessler oscillators 𝝃𝒋 where 𝒋 ∈ { 𝟏, 𝟐} 

𝛏𝐣 = 

𝐗𝐣 

𝐘𝐣 

𝐙𝐣 

= 

−𝛚𝐣𝐘𝐣 − 𝐙𝐣 + 𝝐 𝐗𝐢 − 𝐗𝐣 
𝐢≠𝐣 

+ 𝛔𝐣𝛈𝐣 

𝛚𝐣𝐗𝐣 + 𝐚𝐘𝐣 
𝐛 + 𝐗𝐣 − 𝐜 𝐙𝐣 

Controls the amount of coupling 

True Positive : if PLV> 𝝉 and 𝝐 > 𝟎 

False Positive : if PLV> 𝝉 and 𝝐 = 𝟎 

• Local field potential (LFP) time series, 

sampled  at 200 Hz, from a macaque 

monkey implanted with transcortical 

bipolar electrodes at 15 sites in the 

right hemisphere. 

• Monkey performed a GO, NO-GO visual 

pattern discrimination task. 

• We used 10,178 trials taken from 18 

sessions focusing on 𝟏𝟐𝟎±𝟐𝟓 msec 

and 𝟐𝟔𝟎±𝟐𝟓 msec after stimulus 

presentation in the frequency range of 

beta [13-30] Hz. 

PLV Type Diamond vs Line 
(Early Response at 120±25 msec) 

GO vs NO-GO 
(Late Response at 260±25 msec) 

𝐏𝐋𝐕𝐬𝐚𝐦𝐩𝐥𝐞 

𝐏𝐋𝐕𝐜𝐢𝐫𝐜𝐠𝐚𝐮𝐬𝐬 

Conclusion 
• For Gaussian signals, phase and amplitude are NOT 

statistically independent. Phase synchronization is a 

function of coherence. 

• LFP networks verify strong relationship between 

coherence and PLV. 

• For approximate Gaussian data, this result clarifies the 

relationship between coherence and PLV. 

• We observe very little difference between Gaussian and 

Von Mises based methods. Gaussian based method has 

some advantages as seen from ROC curves. 
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