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Spatiotemporal EEG Source Localization using ECDs
during Smooth Pursuit Eye Movement

Tomoko Yonemura*, Hisashi TovosHima**, Takahiro YAamanor*#*,
and Shin—ichi OHNisHI***

Abstract

A linear moving white full circle on a CRT display was presented to subjects. Moving pat-
terns were downward, upward, to the right and left. Subjects were requested to trace the stimu-
lus. Meantime, electroencephalograms (EEG) were recorded. The EEG was summed in each
movement and the equivalent current dipole localization (ECDL) was done to estimate the source
in the brain. As results, the dipoles were localized to the V5 at latency of approximately 143ms,
and after to the intraparietal sulcus (IPS, 162ms), to precentral gyrus (PrCG, 224ms) to the fron-
tal eye field (FEF, 236ms) and to the superior colliculus (SC, 248ms). The direction of estimated
dipole corresponded with the opposite movements. And the dipole to the superior colliculus was
estimated, this organ is supposed to correspond with the eye movement. Also a dorsal pathway
and a ventral pathway were found.

Keywords : visual motion processing, electroencephalograms (EEG), equivalent current dipole

localization (ECDL), smooth pursuit eye movement

1. INTRODUCTION

The aim of this study is to provide a detailed spatiotemporal characterization of human brain activi-
ties during smooth pursuit eye movements from electroencephalography (EEG) data.

Numerous researches have been carried out for the purpose of deciding which cortical areas are in-
volved in processing of visual motion and eye movement. Previous imaging studies in human adults
using MEG, PET and fMRI have shown that the primary visual pathway projects via the lateral geni-
culate nucleus (LGN) to V1, V2, V5 (middle temporal : MT) and intraparietal sulcus (IPS) [e.g.1-3].
Information in the primary visual cortex is widely believed to be processed in two parallel intercon-
nected pathways, the dorsal (movement) and ventral (object recognition) streams [4]. Moreover, it is

known that the frontal eye field (FEF) and the superior colliculus (SC) are responsible for eye move-
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ments [e.g. 5, 6]. Neuroimaging techniques (e.g. fMRI) can have extremely high spatial resolutions
but it is rather slow temporally for source localization of brain activity.

In contrast, EEG can have extremely high temporal resolutions for detecting differences in the la-
tency of brain activity, although hardware and measurement costs are significantly lower than those of
most other techniques. Early studies on the motion—onset visual evoked potentials (VEPS) reported P1
perk (with a latency of around 130ms) and N2 perk (with a latency of around 180ms) as major com-
ponents [e.g. 7, 8]. However, EEG cannot to directly display areas of the brain that are active. To
overcome this disadvantage, in our previous studies, we estimated current sources during observation
of moving targets by use the equivalent current dipole source localization (ECDL) method [9, 10]
during smooth pursuit eye movement. We suppose that our brain is consisted as a three layer concen-
tric sphere. And we estimated potentials and directions of electric response from electroencephalogram
measured by electrodes (Fig.1). ECDL method had been applied to these event related potentials
(ERPs). This is an analogy to detect source of earthquake by seismograph. Each peak of ERPs were
detected and analyzed by ECDL at that latency by use of two-dipole model [e.g. 11-13]. Our experi-
ment results indicated that dipoles were localized to the V5 at 80-120ms latency, to the IPS at 140—
180ms latency, to the precentral gyrus (PrCG) at 210-250ms latency and to the FEF at 210-260ms
latency.

electrode seismograph

amplitude of
vibration

Fig.1 Principle of ECDL method

In this study, we estimated current sources during observation of moving targets by use ECDL
method at the latency from Oms to 300ms using the three—dipole model [e.g. 14] which is more accu-
rate than a two—dipole method. The authors had attempted to assure that the ECDL method is able to
provide a detailed spatiotemporal characterization during smooth pursuit eye movement. Moreover,
we will discuss whether it is different in current sources and pathway depending on the direction of

target motion.



Spatiotemporal EEG Source Localization using ECDs during Smooth Pursuit Eye Movement 57

2. METHOD
2.1. Subject

Two healthy adult females (20-21 years old) participated in this experiment. All the subjects were
right-handed according to the Edinburgh Inventory [15]. Some of the subjects were paid volunteers

and received JPY 850 (about USD 8) per hour.

2.2. Stimuli and apparatus

A linear moving white full circle (R=50 pixel, 19mm), speeds : 0.8 pixel / msec (“continuous”
mode), on a CRT display was presented each subject. Moving patterns were four directions, i.e. up-
ward, downward, to the left (leftward) and to the right (rightward). Positions of electrodes on the cap
were according to the international 10-20 system and other two electrodes were fixed on the upper
and lower eyelids for eye blink monitoring. Impedances were adjusted to less than 50 kQ. Reference
electrodes were put on both earlobes and the ground electrode was on the base of the nose. EEG
measurement systems are consisted of cap for recording EEGs, a digital electroencephalograph (Sy-
nafit EE2500, NEC, Japan), and a PC-based ECDL system software (SynaCenterPro, NEC, Japan).
The goodness of fit (GOF) of ECDL was more than 99 %.

2.3. Procedures

Above four movements were presented at random on a CRT display to the subjects. The subjects
were requested to trace the stimulus with binocularity (each 30 trials). VEPs by the stimuli were re-
corded by electrodes on the head of subjects (Fig.2).

In the masking period during 3000ms, a fixation point was presented. In the cognition period,
stimulus was presented in the center of CRT display during 3000ms, and EEGs were measured in this

period (Fig.3). The experiments were done in a dark room.

2.4. Analysis of Electroencephalogram Data

EEGs were summed in each movement and subject to obtain VRPs. We investigated differential
EEGs between continuous mode and control mode. Then, response positions in the brain were de-
tected by the ECDL around these peak latencies of the EEG before P300 and results of the ECDs are

imposed on fMRI images of the subject the subject herself.
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Fig. 5 Examples of Estimated ECDs superimposed to fMRI of subject HY in the upward condition.

3. RESULTS AND DISCUSSION

An example of VEPs of the subject HY is shown in Fig. 4. We estimated ECDs to significant areas
regarding to some latencies, the Fig. 5 shows some results of localized ECDs. Statistics are shown in
Table 1 for latencies at which ECDs were estimated to significant areas. A ventral pathway and a
dorsal pathway were found during eye movement (Fig. 6).

The ECDs were localized to the TE at approximate latency of 118ms, and after on the precentral
gyrus (PrCG, 127ms), and on the prefrontal area (PFA, 160ms). In contrast, the dipoles were localized
to the V5 at latency of approximately 143ms, and after to the intraparietal sulcus (IPS, 162ms), to
PrCG (224ms) and to the frontal eye field (FEF, 236ms). These are on a ventral pathway. Statistics of
latencies according to the four moving directions at estimated ECDs to significant brain area are
shown in Table 1. And also estimated ECDs to significant area in four directional moving types are
shown in Table 2 by the subject HY and SI.

Moreover, the dipole on the superior colliculus (SC) was estimated at latency of approximately 193
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ms and 248ms, the SC is supposed to be the area that correspond with the eye movement. These re-

sults agree with the results on MEG, PET or fMRI [e.g.1-6].

Table 1 Statistics of latencies at estimated ECDs [ms, N=2, four moving directions, T :1st & T T : 2nd times]

area V1-V2 | VA-TE | PrCG " | PFA T V5 IPS MFG | PstCG ’ SC '
median [ms] 87 118 127 160 143 162 185 190 193
mean [ms] 92 127 127 160 137 169 184 192 181
SD [ms] 15.38 27.67 0.00 30.50 18.08 20.52 17.12 14.77 20.61
number of data 7 8 1 2 8 4 4 6 3

area IFG ' SMG |PrcG ""| SFG PFA " FEF IFG "" |PstCG ""| SC '"
median [ms] 204 217 224 229 230 236 245 246 248
mean [ms] 204 217 219 206 227 221 248 251 247
SD [ms] 8.50 42.89 20.94 42.55 13.85 21.21 8.38 14.82 21.52
number of data 2 5 4 7 5 3 3 6 4

Fig.6 The areas ECDs were estimated and dorsal and ventral pathways.

Our estimated results were almost identical with that of our previous research by use of two—dipole
model [e.g. 11-14]. ECDs were localized to the V1, the V2, the V5, and the IPS that supposed as ar-
eas of the primary visual motion processing before latency of 200ms. After 200ms, ECDs were rather
localized to the PrCG, the FEF and the SC that supposed as areas of the higher—order processing and
eye movement for tracking target.

In addition, we were able to estimate new sources in brain areas that were lost in our previous
analyses. ECDs were localized to the V4, the temporal area (TE), the, supramarginal gyrus (SMG)
and the postcentral gyrus (PstCG). The V4 and the TE in ventral pathway for visual processing is in-
volved in object perception and recognition. The SMG and the PstCG constitute a multi-modal asso-

ciative area that receives visual and somato—sensory inputs as the part of dorsal pathway. Further-
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more, results indicated that dipoles were localized to the middle frontal gyrus (MFG), inferior frontal
gyrus (IFG), superior frontal gyrus (SFG), and PFA that supposed as areas of the primary motor func-
tion, or our ability to consciously move our muscles. The ECDL method using the three—dipole model
provided a detailed spatio—temporal characterization during smooth pursuit eye movement.

When comparing with ECDs by moving patterns, no large difference was observed. However, in
some areas such as the V1, the V4, the V5, and PstCG, it seemed that ECDs were localized to oppo-
site hemisphere at same time (Table 2). This fact suggests that the activity in these areas depend on

direction information.

Table 2 Relationship between localized source and its latency [area, ms].

subject HY subject SI
upward downward | leftward rightward upward downward leftward rightward
LVl | 87 |[RVI-2i 85 | RV2 | 73 LV2 | 78
L TE {106 | LTE | 101 LTE |113 RV5 | 96 LV2 | 95
RV4 | 122 RV4 1106 | LV2 {113 | LV2 | 116
L V5 | 129 | R SFG | 127 RPICG| 127 | RV4 | 124
L V5 | 147 RIPS | 149 R PFA | 129 RV5 | 129
RIPS | 155| SC | 152 RV5 | 146 | LV5 | 140
L SMG | 158 LV5 [ 156 | RV5 | 153 R SFG | 155
LIPS | 169 R MFG | 161
L PStCG! 178 LVv4 {171
L MFG | 175 |R PstCG| 174 | RV4 | 176
SC 1193 L SMG | 193 | |R PstCG| 186 |L PstCG| 182 | R PFA | 190
L PStCG| 198 | L IFG | 195 R FEF | 191
L PStCG}| 205 | R IPS | 202 R MFG | 205 SC | 196 |R MFG | 195
R PStCG| 214 R PFA | 205
SC 1219 RIFG | 212
R SFG | 229 R SMG | 217
L PstCG| 230 R PFA | 223 | R SFG | 218 |R PrCG | 223
R PFA | 230 PFA | 230 R PrCG | 224 R SMG | 227
SC | 235 | RFEF | 236 R SFG | 230
R PSICG! 245 | L PrCG | 244 | R IFG | 239 L SFG | 236
R SFG | 247 | L IFG | 245 |L PStCG! 244 |R PstCG| 247 R FEF | 236
SC | 261 R PFA | 248
R PStCG| 261 L IFG | 256
SC | 274 R PstCG| 277
R SMG | 288

4, CONCLUSION
The authors elucidate that the ECDL method could be provides a detailed spatiotemporal activities
in the brain. For example, although it is a relatively short time period, activities in the primary vision

were found (V1-V2). And the dorsal pathway and the ventral pathway were found even during
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smooth pursuit eye movement. As future works, it is necessary to investigate with estimated ECDs for

more subjects and to be clarified differences of estimated ECDs caused by moving patterns.

Acknowledgements

This research is partly supported by a grant from the ministry of education, sports, science and
technology to the national project of ‘Advanced improvements of vision, image, speech and language
information processing and the application to the technologies for the intelligent instrument and con-
trol” in the High—tech Research Center of Hokkai—Gakuen University. This article was presented at

the 7th International Symposium (ISCI1A2016) held on November 5th 2016 in Beijing China.

REFERENCES

[1] Philipp Sterzer, Michael O. Russ, Christine Preibisch & Andreas Kleinschmidt : Neural correlates of spontaneous di-
rection reveals in ambiguous apparent visual motion. Neurolmage, 15, pp.908-916, 2002.

[2] Krish D. Signh, Gareth R. Barnes, Arjan Hillebrand, Emer M. E. Forde & Adrian L. Williams : Task-related
changes in cortical synchro— nization area spatially coincident with the hemodynamic response. Neurolmage, 16,
pp.103-114, 2002.

[3] Masato Inoue, Akichika Mikami, Ichiro Ando & Hideo Tsukada : Functional brain mapping of the macaque related
to spatial working memory as revealed by PET. Cerebral Cortex, 14, pp.106-119, 2004.

[4] Melvyn A. Goodalea & A.David Milner : Separate visual pathways for perception and action. Trends in Neurosci-
ence, 15(1), pp.20-25, 1992.

[5] Jean—Jacques Orban de Xivry & Philippe Lefévre : Saccades and pursuit : two outcomes of a single sensorimotor
process. The Journal of Physiology, 584(1), pp.11-23. 2007.

[6] Stephen Grossberg, Krishna Srihasam & Daniel Bullock : Neural dynamics of saccadic and smooth pursuit eye
movement coordination during visual tracking of unpredictably moving targets. Neural Networks, 27, pp.1-20, 2012.

[7] Miroslav Kuba, Zuzana Kubova, Jan Kremlacek & Jana Langrovéa : Motion—onset VEPs : Characteristics, methods,
and diagnostic use, Vision Research 47, pp. 189-202, 2007.

[8] Marjorie A.M. Hollants=Gilhuijs, Jan C. De Munck, Zuzana Kubové, Eric van Royen & Henk Spekreijse : The de-
velopment of hemispheric asymmetry in human motion VEPs. Vision Research, 40, pp.1-11, 2000.

[9] Takahiro Yamanoi, Hisashi Toyoshima, Toshimasa Yamazaki & Shin—ich Ohnishi : Localization of brain activity
during perception of circle movement by use of equivalent current dipole analysis. Proc. of IEEE int. conf. of Fuzzy
systems, 1, pp.321-324, 2004.

[10] Takahiro Yamanoi, Hisashi Toyoshima & Toshimasa Yamazaki : Spatio-temporal dipole modeling of EEGs during
perception of straight movements. Abst. of the 13th European Conference on Eye Movement, No.PA-178, 2005.

[11] Toshimasa Yamazaki, Ken-ichi Kamijo, Akihisa Kenmochi, Shin-ichi Fukuzumi, Tomoharu Kiyuna, Yoko Takaki
& Yoshiyuki Kuroiwa : Multiple equivalent current dipole source localization of visual event-related potential dur-

ing oddball paradigm with motor response. Brain Topography, 12(3), pp.159-175, 2000.

[12] Takahiro Yamanoi, Masaaki Saito, Michio Sugeno & Elie Sanchez : Difference in areas of the brain for fuzzy and
crisp calculation. Journal of Advanced Computational Intelligence, 6(1), pp.51-55, 2002.

[13] Takahiro Yamanoi, Toshimasa Yamazaki, Jean—Louis Vercher, Elie Sanchez & Michio Sugeno : Dominance of
recognition of words presented on right or left eye —comparison of Kanji and Hiragana-; In Bernadette Bouchon-



Spatiotemporal EEG Source Localization using ECDs during Smooth Pursuit Eye Movement 63

Meunier, Giulianella Coletti & Ronald Yager (eds.) : Modern Information Processing : from theory to application,
Elsevier P.V., pp.407-416, 2005.

[14] Takahiro Yamanoi, Yoshinori Tanaka, Hisashi Toyoshima, Toshimasa Yamazaki & Shin—ich Ohnishi : Preprocess-
ing of electro—encephalograms by independent component analysis for spatio— temporal localization of brain activ-
ity. Proc. of COGNITIVE 2015, The Seventh International Conference on Advanced Cognitive Technologies and
Application, pp.81-84, 2015.

[15] Oldfield RC. : The assessment and analysis of handedness : the Edinburgh Inventory. Neuropsychologia, 9, pp.97—
113, 1971.








