
 

P.D. Bamidis and N. Pallikarakis (Eds.): MEDICON 2010, IFMBE Proceedings 29, pp. 13–16, 2010. 
www.springerlink.com 

Simples Coherence vs. Multiple Coherence: A Somatosensory Evoked Response 
Detection Investigation 

D.B. Melges, A.M.F.L. Miranda de Sá, and A.F.C. Infantosi 

Federal University of Rio de Janeiro/Biomedical Engineering Program, COPPE, Rio de Janeiro, Brazil  

Abstract— In this work the performance of two techniques 
useful for detecting the somatosensory evoked potential (SEP), 
namely the Magnitude-Squared Coherence (MSC or Simple 
Coherence) and its multivariate version, the Multiple Coher-
ence (MC), was compared. Electroencephalographic (EEG) 
signals during somatosensory stimulation were collected from 
forty adult volunteers without history of neurological pathol-
ogy using the 10-20 International System. All leads were refer-
enced to the earlobe average. The stimulation was carried out 
throughout current pulses (200 µs width) applied to the right 
posterior tibial nerve (motor threshold intensity level) at the 
rate of 5 Hz. The response detection was based on rejecting the 
null hypothesis of response absence (M = 100 epochs and sig-
nificance level α = 0.05). The MSC was applied to the deriva-
tions [Cz], [Fz], [C3] and [C4], usually employed in the SEP 
recordings when bipolar derivations are used. The MC was 
applied to the pairs [Cz][Fz] and [C3][C4]. The results indi-
cated that if two derivations are available, it should be better 
to use the MC applied to both leads than the MSC applied to 
each one. 

 
Keywords— Somatosensory evoked potential, Magnitude-

Squared Coherence, Multiple Coherence, Objective Response 
Detection. 

I.   INTRODUCTION  

The somatosensory evoked potential (SEP) is useful for 
neurological assessment for both clinical and intra-operative 
monitoring purposes. The application of statistical methods 
known as Objective Response Detection (ORD) Techniques 
has been widely investigated to overcome the subjective 
component of the morphological (visual) analysis made by 
the specialist. These techniques allow inferring about the 
presence (or absence) of a stimulus response with a maxi-
mum false-positive rate defined a priori, which is the sig-
nificance level of the statistical test applied. 

However, the probability of detecting stimulus response 
using ORD techniques applied to EEG with fixed signal-to-
noise ratio is only achieved by augmenting the recording 
time [1] and, hence, the exam duration. Nevertheless, this 
should be avoided, especially for intra-operative monitor-
ing, when the speed of detection is critical.  

In order to overcome this limitation, many works [1-4] 
studied the possibility of augmenting the probability of 

detection by using information from more than one EEG 
derivation. Therefore, in an ORD approach, multivariate 
extensions of the ORD techniques (MORD) should be  
employed. 

In this work, we compare the performance of Simple and 
Multiple Coherence applied to EEG during somatosensory 
stimulation. 

II.   MATERIAL AND METHODS 

A.   Multiple Coherence (MC) 

The MC between a periodic signal and a set of N ran-
dom ones (yj[k], j = 1..N) is given by [2]: 

Mffff yy
H

N )()(ˆ)()(ˆ 12 VSV −=κ
            

(1) 

where  
TM

i
Ni

M

i
i

M

i
i fYfYfYf ⎥

⎦

⎤
⎢
⎣

⎡= ∑∑∑
=== 1

*

1

*
2

1

*
1 )()()()(V . 

H and T superscript mean, respectively, Hermitian and 
the matrix transpose; and the pth-row, qth-column element of 

)(ˆ fyyS  is ∑
=

∗=
M

i
qipiyqyp fYfYf

1
)()()(Ŝ . 

The critical value for a significance level α, M epochs 
and N signals can be expressed as [2]: 
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The detection is identified based on the rejection of the Null 
Hypothesis (H0) of Response Absence, which is achieved 
when the estimate values exceed the critical value 
( critf NN

22 ˆ)(ˆ κκ > ). 

B.   Magnitude-Squared Coherence (MSC) or Simple 
Coherence 

The MSC represents the parcel of the squared-mean 
value of the measured EEG that can be explained by the 
stimulation. The MSC for a discrete-time, finite duration 
and windowed signal can be estimated as described by [5]. 
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For the case of a periodic stimulus, the MSC estimate de-
pends only on the measured EEG and can be expressed as: 
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where “^” superscript denotes estimation, )( fYi
 is the Fou-

rier Transform of the ith window of EEG and M is the num-
ber of epochs used for the estimates calculation. (See [6] for 
further details about the MSC interpretation).  

The analytic critical values for the coherence estimate 
can be calculated from the distribution obtained in [7] as 
described in [8]: 

1
1

crit
2 1ˆ −−= Mακ                           (4) 

The detection is based on rejecting of the null hypothesis 
(H0) of response absence, which is reached when the esti-
mate values exceed the critical value ( critf 22 ˆ)(ˆ κκ > ). 

C.   EEG Acquisition 

The electroencephalogram (EEG) during somatosensory 
stimulation was collected from forty adult volunteers aging 
from 21 to 41 years old (mean±standard deviation: 
28.6±4.6 years) and without history of neurological pathol-
ogy. The signals were collected using the EEG BNT-36 
(EMSA, Brazil, www.emsamed.com.br) according to the 
10-20 International System and all leads were referenced to 
the earlobe average. The volunteers were laid down in the 
supine position with eyes closed. The stimuli were applied 
by means of current pulses (200 µs width) to the right poste-
rior tibial nerve using the Atlantis Four (EMSA). The stimu-
lus was applied at the motor threshold intensity level and at 
the rate of 4.80 Hz (nominal frequency: 5 Hz). The ground 
electrode was positioned on the poplitea fossa. Surface 
silver and gold electrodes were used, respectively, for re-
cording and stimulation. The local ethics committee (CEP-
HUCFF/UFRJ) approved this research and all volunteers 
gave written informed consent to participate. 

D.   Pre-processing 

First, the signals were band-filtered within 0.5 – 100 Hz 
and digitized with BNT-36 (16-bits resolution) at the sam-
pling rate of 600 Hz. The EEG signals were segmented into 
epochs of 207 ms, synchronized with the stimulation (i.e. 
windows of one inter-stimulus duration were used), result-
ing in spectral resolution of 4.8 Hz. The first 5 ms after each 
stimulus were set to zero in order to avoid the stimulus 
artifact, which produces distortion in the frequency domain. 

Additionally, the final 5 ms were zero padded to ensure 
window symmetry. Furthermore, a Tukey window with 
7 ms rising (falling) time has been applied to each epoch to 
ensure that the late components of the artifact were also 
attenuated. Noisy epochs were next discarded through a 
semi-automatic artifact rejection algorithm. (See [6] for 
further details about the windowing and the artifact rejec-
tion). )(ˆ 2 fNκ  and 

critN
2κ̂  were calculated for the acquired 

signals using expressions (1) and (2) with N = 2, α = 5% 
and M = 100. These values were also used to calculate 

)(ˆ 2 fκ  and crit
2κ̂  (expressions (3) and (4)). The MSC was 

applied to the derivations [Cz], [Fz], [C3] and [C4], usually 
employed in the SEP recordings when bipolar derivations 
are used. The MC was applied to the pairs [Cz][Fz] and 
[C3][C4].  

In order to evaluate the overall result for response detec-
tion, the percentage of volunteer for whom it was possible 
to detect de stimuli response with each technique was calcu-
lated for each frequency. Then, the performance of MSC 
and MC was compared based on the detection percentages 
by means of the proportion test [9]. 

III.   RESULTS  

The detection rates for 2κ̂ [C3], 2κ̂ [C4] and 
2
2κ̂ [C3][C4], are drawn in the Figure 1, for the calculated 

estimates with M = 100 epochs. Considering only the fre-
quencies within the band from 20 to 60 Hz (referred from 
now towards of maximum response band or optimum band 
of SEP as suggested by [6]), 2κ̂ [C3], 2κ̂ [C4] and 

2
2κ̂ [C3][C4] presented detection rates varying, respectively 

from 10 to 32.5%, 10 to 62.5% and 27.5 to 75%. Without 
considering the edge frequencies (20 and 60 Hz), the rates 
for 2κ̂ [C4] vary from 30 to 62.5%. Clearly, 2κ̂ [C3] pre-
sents the worst result between the three estimates. 

The frequencies for which were found significant differ-
ence between the detection rates of the MC and the MSC 
are shown in Table 1. As it can be seen, the MC surpassed 
the MSC applied to C3 in the whole maximum response 
band. On the other hand, the MC exceeded the MSC applied 
to C4 in only four frequencies from nine of this band. 

Figure 2 shows the percentages of detection for 2κ̂ [Cz], 
2κ̂ [Fz] and 2

2κ̂ [Cz][Fz], which varied, in the optimum 
frequency band, from 2.6 to 84.6%, 5 to 45% and 17.9 to 
89.7%. Considering only the frequencies from 25 to 55 Hz, 
these percentages vary from 33.3 to 84.6%, 10 to 45% and 
48.7 to 89.7%, respectively, that is, the minimum rates are 
higher for this frequency range. Moreover, 2κ̂ [Fz] shows  
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Fig. 1 Detection rates for 2κ̂ [C3], 2κ̂ [C4] and 2
2κ̂ [C3][C4] 
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Fig. 2 Detection rates for 2κ̂ [Cz], 2κ̂ [Fz] and 2
2κ̂ [Cz][Fz]. For derivation Cz, it was only possible to obtain 100 artifact-free epochs

for 39 from the 40 volunteers, hence, the percentage of detection for 2κ̂ [Cz] and 2
2κ̂ [Cz][Fz] were calculated over 39 
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the lowest rates. It can also be noted that the rates found for 
these derivations are higher than that found for [C3] and 
[C4]. 

The performance of 2
2κ̂ [Cz][Fz] exceeds 2κ̂ [Fz] and 

2κ̂ [Cz]. However, the detection trace profile of 2κ̂ [Cz] is 
more similar to that obtained for the MC. This result can be 
confirmed in Table 2 that indicates the significant difference 
between 2

2κ̂ [Cz][Fz] and 2κ̂ [Fz] for the whole maximum 

response band and between 2
2κ̂ [Cz][Fz] and 2κ̂ [Cz] for 

about half the frequencies within this band. 

Table 1 Frequencies for which it was observed significant difference 
between the performance of MC and MSC 

2κ̂ [C3] vs 2
2κ̂ [C3][C4] 2κ̂ [C4] vs 2

2κ̂ [C3][C4] 
20-60 20, 50-60 

Table 2 Idem Table 1 

2κ̂ [Cz] vs 2
2κ̂ [Cz][Fz] 2κ̂ [Fz] vs 2

2κ̂ [Cz][Fz] 

20, 25, 50-60 20-60 

IV.   DISCUSSION AND CONCLUSIONS  

The MC presented higher detection rates than the MSC, 
both for derivations [C3] and [C4] and for [Cz] and [Fz], for 
at least three frequencies of the maximum response band. 
Each pair of EEG channels has one lead with lower signal-
to-noise ratio, that is, [C3] and [Fz]. Even in this case, the 
use of additional information from them resulted in better 
percentages of detection with the Multiple Coherence. This 
result agree with those found by [1], who indicated, using 
simulation, the possibility of performance improvement of 
the MC even when the second EEG derivation presents 
signal-to-noise ratio lower than that for the first available 
derivation. 

In a previous work [3], we have also reported better per-
formance of the MC when compared with the MSC, but 
applied to the bipolar derivations commonly used in the 
tibial nerve SEP recording, [C3’-C4’] and [Cz’-Fpz’]. These 
results are similar to those found by [1] and [2], who em-
ployed these techniques for detecting the visual evoked 
response recorded in the leads O1 and O2. In these studies, 
the authors pointed out higher detection rates for the MC. 

 
 

Based on these results, if two derivations are available, it 
should be better to use the Multiple Coherence than the 
Magnitude-Squared Coherence applied to each lead. 
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