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Recent Patents on Non-Contact Electrodes for Measuring EEG and EKG
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Abstract: At present, electroencephalogram (EEG) and electrocardiogram (EKG) recording requires contact electrodes
that are inconvenient and time-consuming to apply. Emerging technology based on non-contact electrodes may alter the
way such data are gathered in clinical, field and research settings. A number of investigators have demonstrated that clini-
cal-grade EKG and EEG tracings can be obtained using electrodes that make no direct contact with the body. Using non-
contact electrodes, an EKG can be taken from outside a person’s clothing. The data can be transmitted wirelessly and
stored in a cell phone. This technology is the basis of a number of patents and patents pending. It may also lead to new
devices such as a whole body electromagnetic scanner, with potential applications in medicine, anthropology, agriculture,

geophysics and nutrition.
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INTRODUCTION

Contact electrodes are widely used in medicine for re-
cording the electrocardiogram (EKG) and electroencephalo-
gram (EEG). Currently, the electrodes must make direct
physical contact with the body; in the case of EEG, this in-
volves the use of a contact paste. For a 20-lead quantitative
EEG (qEEQ) the application of paste and establishing good
contact can take 20 minutes, which requires a great deal of
technician time per year in an EEG laboratory. For 24 or 48-
hour ambulatory EEG monitoring, the contact paste is ex-
tremely difficult to remove from the hair.

In the case of EKG, standard electrodes do not require
paste but the chest may need to be shaved to establish good
contact. Outside the clinical setting, for instance in a combat
or high-endurance sport situation, no form of contact elec-
trode is practical. The electrodes can be uncomfortable or
detract from peak performance, and good contact can be dis-
rupted by perspiration, movement, dust, rain, or simply time.
A sensitive non-contact electrode would be a useful advance
for both EKG and EEG recording. This would be especially
true in field situations but also in clinical settings. For in-
stance, if an electrode could be mounted in the ceiling, on an
IV pole, or on a retractable arm in a hospital room, ambu-
lance, helicopter or other vehicle, an EKG could be taken
without having to remove clothing or apply electrodes. In a
military context, the electrode could be built into the combat
uniform and could transmit data wirelessly to a central moni-
toring station or a field medical officer. Similar technology
could be used in training by both military and civilian per-
sonnel, for instance, in monitoring competitive cyclists,
mountain climbers, divers and skiers. The technology could
be used with normal, healthy individuals, high-performance
athletes, special forces troops, and individuals who have
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defined or suspected cardiac problems. One could also in-
corporate an EKG electrode into a cell phone, with an EKG
transmitted to a physician by email or text message [1, 2].

I. THEORETICAL REASONS FOR DEVELOPING
NON-CONTACT ELECTRODES

In addition to practical reasons for developing a durable,
reasonably priced non-contact electrode, there is a theoretical
rationale for such technology. Currently, the only widespread
monitoring of the electrical field of the human body is the
EKG and EEG; electromyograms are also standard clinical
practice, but are not used as often. In these three applica-
tions, the electrical signals emitted by the body are analyzed
for making diagnoses, planning treatment, monitoring re-
sponse to treatment and estimating prognoses. However,
every cell of the human body, and the body as a whole, emits
an electrical field. According to the theory of human energy
fields [3], the electromagnetic (EM) field of the entire body
could be scanned in order to obtain clinically relevant infor-
mation. A Whole Body EM Scanner could be used for many
purposes: to detect disease at the EM level, before it trickled
down to the biological level; to monitor responses to conven-
tional and alternative treatments; to investigate alternative
practices such as acupuncture, healing touch and other “en-
ergy” medicine techniques; to study EM signaling and con-
trol processes within the human body; to study EM signaling
between one person and another, or one person and the envi-
ronment; to study the effects of diet, exercise, yoga, medita-
tion, aerobic exercise and other activities on the electrical
field of the body; to develop applications in anthropology [4,
5] and agriculture; to study the electrical components of
wound and fracture healing; and to study the effects of com-
bat stress, non-lethal weapons, submarine duty, space flight,
high altitude and other extreme environments. All such ap-
plications would require an array of non-contact electrodes.
Clearly, one could not apply standard contact electrodes to
the entire body surface.
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Various traditional beliefs could be investigated with
such technology. For instance, the idea that a shaman or
medicine man could conduct a fertility ritual that would af-
fect the germination of crops, is dismissed as superstition by
most academics and scholars. This belief can be restated as a
testable scientific hypothesis: perhaps the body of the medi-
cine man emits a focused EM signal that actually affects the
germination of seeds in a field. This EM signal could be
identified and quantified with a Whole Body EM Scanner.
Then a device could be constructed that emitted a similar
signal and it could be used in a controlled experiment in a
hydroponic garden to determine if an EM signal can in fact
affect germination. The EM signal emitted by the device
could be adjusted by frequency and amplitude to obtain op-
timal effects for different crops. An array of such emitting
devices could then be set in an agricultural field. This is a
plausible hypothesis because we already know that plants
capture photons to drive the synthesis of chlorophyll. Other
examples of biological processes driven by the capture of
photons by receptors include the synthesis of vitamin D and
melanin in the skin, and visual perception.

In terms of food and nutrition, it is possible that nutrients
exert their effects not just through their interaction with re-
ceptors, incorporation into proteins and other processes at the
biological level. It is also possible that different nutrients
(and medications) have EM signatures that are aspects of
their mechanisms of action. It is possible, for instance, that
some neurotransmitter-receptor interactions are specific not
due to matches at the level of physical conformation, but due
to matches at the EM level. Ultimately, this must be true
because all biochemical reactions consist of couplings and
un-couplings between the electron clouds of atoms. Since it
is not feasible to insert contact electrodes into individual
cells in living people, some kind of non-contact sensor tech-
nology must be developed to investigate such hypotheses.

A number of patents and a small peer-reviewed literature
deal with non-contact electrodes and their potential applica-
tions. When a practical, economical non-contract electrode
becomes available, this literature should expand exponen-
tially. Non-contact measurement of human electrical signals,
with data transmission wirelessly to central monitoring sta-
tions, will bring medicine into the wireless technology era.

II. NON-CONTACT ELECTROCARDIOGRAM SYS-
TEMS

Harland, Prance and colleagues [6-9] at the University of
Sussex in England developed a system for detection of the
EKG at a distance of one meter from the body, however the
resulting EKG tracing was primitive and unsuitable for clini-
cal use. After some further development, they have suc-
ceeded in producing a clinical-grade EKG tracing at 3 milli-
meters distance from the body surface [9]. This means that
clinically useful EKGs can be taken without the person hav-
ing to remove any clothing. Since the heart signal can also be
detected at one meter, it seems that clinically useful EKGs
taken from a distance of a meter or greater away will be pos-
sible once technical problems in signal acquisition, electrode
sensitivity and noise reduction have been solved.

Lee and colleagues [10] at the Walter Reed Institute of
Research in Maryland, USA have developed a non-contact

EKG system that can record a tracing from outside a per-
son’s clothing. They are particularly interested in military
and field applications of such technology, and in the possi-
bility of including EKG and other non-contact biosensors in
a combat uniform of the future. Their system involves a strap
placed horizontally around a person’s torso at about 4 inches
below the nipple line, with the non-contact electrodes
mounted on the external surface of the strap. The sensing
electrodes are on the front of the person and the reference
electrode on the back. Like Prance and colleagues, they have
obtained a clinical grade EKG.

Chi and colleagues [11-13] at the University of Califor-
nia, San Diego have developed a similar system that yields a
clinical-grade EKG from outside a person’s clothing. They
have added the additional feature of transmitting the data
wirelessly to a receiver. Chi, however, notes that the EKG
tracing degrades as the thickness of the person’s clothing
increases, with the p wave disappearing. Chi [13] also states
that, “a practical device for patient use has yet to be real-
ized.” Likewise, Park and colleagues at the Seoul National
University Industry Foundation in Korea [14, 15] have de-
veloped a non-contact EKG system that can be imbedded in
a bed or chair, and which does not require the person to re-
move his clothing.

Wong [1,2], a high school student in Morristown, New
Jersey, USA has developed a wireless system for transmit-
ting EKG data or auditory heart data obtained by a stetho-
scope to a cell phone. She has not incorporated non-contact
electrodes into her system, however. Three other patents [16-
18] that, at first glance, might appear to be part of this collec-
tive body of work, are not because, although they involve
non-contact electrodes, the systems either require an intra-
cardiac catheter or an implanted device such as a cardiac
pacemaker. They require invasive procedures and are not
suitable for routine clinical use.

The work of the above investigators demonstrates that
monitoring the EKG from outside a person’s clothing is
technically feasible. The problems to be solved in order to
bring such a device into routine clinical practice include:
noise reduction; realistic manufacturing costs and pricing;
durability of the systems; physical lightness and user-
friendliness of the systems; and data security and encryption
for wireless transmission of data. Embodiments of such a
system would include an electrode mounted in a light jacket
for 24-hour monitoring, a 12-lead EKG system, and versions
that can be mounted on an IV pole, retractable arm or ceil-
ing.

III. NON-CONTACT ELECTROENCEPHALOGRAM
SYSTEMS

The same non-contact electrode can be used to record an
electroencephalogram (EEG). As for the EKG, the electrode
is a high-impedance capacitive electrode that makes no con-
tact with the body. For an EEG application it can be mounted
in a cap or helmet, as described by Schilling and colleagues
[19-21] at the Institute of Electrical Measurement and Fun-
damental Electrical Engineering in Germany. Their helmet
system yields a quantified electroencephalogram (qEEG),
which is a form of electrical activity brain map displayed in a
color-coded format [19]
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Ross [22-25] has developed a high-impedance non-
contact electrode with which he has obtained a clinical grade
EEG wave form [23]. Table 1 shows an EEG tracing taken
with this system. The tracings from Fpl to O2 are standard
contact leads embedded in an EEG cap: Fpl and Fp2 are
leads attached to the scalp in standard positions. POz is a
non-contact electrode housed inside goggles that are electri-
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copper mesh and aluminum foil. The POz electrode makes
no contact with the skin or eye lashes, and is about 2 cm in
front of the eye. Fpz is a comparison electrode housed in
space in front of the goggles that is not in contact with the
goggles or the body. The Fpz wave form consists of low-
amplitude 60 Hz background noise with a heart beat artifact
registered by the reference electrodes attached to the ear.

cally insulated from the outside environment by layers of

Table1. An EEG Obtained with a Standard Contact EEG System and a Simultaneous Non-Contact Electrode (POz)

;Fp1 (;; +m]w/ WMWMMWWMWWMN\/W
Fp2-(A1 M]Mg WWWMMWW/WW

F3-{A1+A2) WNWWWMWMWW«N\WWW
FLARTRZ AP st /N AR A AN AR PR AP At AP AN P PRSP
FARURAZY AN a3 Ao b pl AN SN i P Pty 00 0 A S i
FTARHZ) st iy | gt DAt S Aot T T g SRS
FBLATHAZ) M, WWMWMWWWWWWWW
IC3H{ATHAZ) s pn i ima g A AS [ AN Aol ARA b it s PISAI TP 1AM PO e SN Pl s
L2 ATHAR) AN M P WA ARSI RSP g A PAAA vt e T PAND APt o AN a0
CARTHAZ A AV s A s A AN A AR oot e AN g 01 5o g PP SO AP
TS ATHAZ AP s N At A S o A A Ao et A S NP At A A A AN g ol it
STl BVRRZ ) i o gmssacpally pu A omstoms ey gt M A B by s g e IR A P P 3 i o
{P3-{A1+A2) ;1,J'L,|“u,"-.wJ‘.,"‘H'v‘-"‘qﬁ\f‘f"ﬁu\,ﬂu’u’h’kmrduwﬁld"u‘u’v\fJWMWW'W%W#MUUUWUWJU‘UW~"*’L-“fV"*m*NWVW’MJJ\pu’an‘JWﬁL.\.W
PL{AIHA2) a0 pArsa A AN AN A AN st AIABIA P it PP i arionang R MU 'WUW“
PALAHAZ) AN AAAAAARAAA RSN AR A o NN o SRR i ptitioomng AR 'Lruv\,’lvfwuﬁum
(TE-{ATHAZ)A A A ﬁx—m—»«ﬁm’wJu‘»w“\u’ufvwu--‘.,,w«'\,f-Mb"\ﬁ.J"wuW-w-_,ﬂm=J“uu‘umwmmwame‘v.ﬁ Sl AR AR e
TB{AHAZ) A e A F AN NN AN i 0 DN ottt PSRN i Pt s S A A A
O1-{ATHAZIAp prrrmA S e A ar At A s A gt as s ANt s et AR e andng A W AT e
O e s s AN AN AN ANt S DN Nttt e AP s ppn [l s L
DL Ay e e e It

POZ{MHRZ ANty £ A s s AN i

o,
Y - 3
e NNt B s PR A g

0:07:33/0:07:52

[]



Recent Patents on Non-Contact Electrodes for Measuring EEG and EKG  Recent Patents on Electrical & Electronic Engineering, 2013, Vol. 6, No. I 5

The tracing in POz is very similar to the two contact elec-
trodes on the forehead. Eye blink artifact can be seen at the
same time in the form of two large deviations from the base-
line tracing. The eye blink artifact becomes less and less
noticeable as one moves down the print-out because these
leads are positioned further and further away from the fore-
head and the origin of the eye blink muscle artifact. Table 1
demonstrates that a physiological, clinical-grade EEG signal
can be obtained using a non-contact electrode that makes no
physical contact with the body. Such an electrode can be
placed either over the scalp, as it is in a helmet embodiment,
or in front of the eye as it is in this application.

The reason for placing the electrode in front of the eye in
this experiment was to determine whether a brainwave signal
is emitted through the eye, as well as generally though the
skull. The data demonstrate that this is the case. This tech-
nology is the foundation of a US Patent [24]. If this signal
can be captured and analyzed at distances of meters, and if
properties of the signal, such as amplitude, differentiate it
from the general electrical field emerging through the skull,
then one has an on-off switch activated by looking at it. This
switch could be coupled to any electrical device to turn it on,
off, up or down, much like a clapper light is turned on by
clapping one’s hands.

For routine clinical use, a cap with non-contact electrodes
appears to be achievable. A similar system for use in combat,
sports or other high stress environments would require extra
durability, but otherwise would consist of the same technol-
ogy. As for the EKG, data could be transmitted wirelessly to
a receiver. In the field, a hand-held device could include both
EKG and EEG modes, and could be used to verify whether a
person was brain dead or still had salvageable brain function.
This information could be useful for triaging decisions in a
battle zone. For regular clinical use, the primary advantage
of such a system is its ease of use and comfort for the pa-
tient.

IV. A NON-CONTACT WHOLE BODY ELECTRO-
MAGNETIC SCANNER

A Whole Body Electromagnetic (EM) Scanner is the
basis of a US Patent Pending [25]. This system consists of an
array of non-contact electrodes that are the same as the EKG
and EEG electrodes. Since it is not feasible to attach contact
electrodes to the entire body surface, a Whole Body EM
Scanner requires non-contact electrodes. The system can
have a number of different embodiments. One resembles an
MRI machine, in that the person being scanned lies down on
a table under the array of electrodes. The electrode array and
the person can both be stationary or the array can move over
the person being scanned. Alternatively, the electrode array
can be stationery and the table can move under it.

Two other embodiments include a version that scans only
the head and torso with the person sitting, and a hand-held
version that can be moved over the body. In all embodi-
ments, the electrical field of the body can be displayed in
digital format or color-coded by frequency and amplitude.
The physician or technician will be able to scan by selected
frequency bands or by the overall signal within the range of
frequencies samples.

The EKG and EEG systems, as envisioned so far, will be
used in exactly the same way as standard equipment, in
terms of data display and clinical use of the data. For the
Whole Body EM Scanner, however, a wide range of novel
clinical applications is possible including: detection of dis-
ease; monitoring response to treatment; studying normal and
high-performance physiology; and studying the electrical
effects of environmental inputs including diet, nutritional
supplements, medications, and artificial electrical fields gen-
erated by modern technology. This will require considerable
work with different populations and comparison groups to
establish norms and determine the utility of the technology in
a variety of settings, for a variety of purposes.

V. CURRENT AND FUTURE DEVELOPMENTS

Current and near-term future work on non-contact elec-
trodes is described above. In a more long term perspective, it
is difficult to envision where this kind of technology could
lead, especially if we consider the growth in computers,
wireless communication and satellites over the last 50 years.
It might be possible to survey the electrical health of the
planet from outer space, for example, including the health of
crops and oceans. It might be possible to capture an electrical
signature of an individual just as we do currently for voice,
retina, DNA and fingerprints. It appears that medicine will
soon transition to wireless collection and transmission of
clinical data.

CONFLICT OF INTEREST

The author holds US patent 7,806,527 [24] and US Patent
Pending 2010/0152602 A1 [25] and is currently involved in
developing this technology through his company, Ross En-
ergy Systems.

ACKNOWLEDGEMENT

Declared none.

REFERENCES

[1] C. Wong. “Telecommunications Transmitter and Receiver at Sepa-
rate Stations Short Range RF Communications.” U.S. Patent Ap-
plication 20120190313. July 26, 2012.

[2] www.google.com/intl/en/events/sciencefair/projects/gsf76.html

[3] C.A. Ross. Human Energy Fields. A New Science and Medicine.
Richardson, Texas: Manitou Communications, 2009.

[4] C.A. Ross. Traditional beliefs and electromagnetic fields. Revista
de Antropologia Iberoamericana, Vol. 6, p.p. 264-288, 2011.

[5] C.A. Ross. Hypothesis: The electrophysiological basis of evil eye
belief. Anthropology of Consciousness, Vol. 21,47-57,2010.

[6] C.J. Harland, T.D. Clark, and R.J. Prance. Electric potential probes
— new directions in the remote sensing of the human body. Meas-
urement Science and Technology, Vol. 13, p.p 163-169, 2002.

[7] R.J. Prance, S. Bearsdmore-Rust, A. Aydin, C.J. Harland, and H.
Prance. Biological and medical applications of a new electric field
sensor. In Proceedings of the ESA Annual Meeting on Electrostat-
ics, Paper N2, 2008.

[8] R.J. Prance, S.T. Beardsmore-Rust, P. Watson, C.J. Harland, and
H. Prance. Remote detection of human electrophysiological signals
using electric potential sensors. Applied Physics Letters, Vol. 93,
DOI: 10.1063/1.2964185, 2008.

[9] R.J. Prance, A. Debray, T.D. Clark, H. Prance, M. Nock, C.J. Har-
land, and J. Clippingdale. An ultra-low-noise electrical-potential
probe for human human-body scanning. Measurement Science and
Technology, Vol. 11, p.p 291-297, 2000.



6  Recent Patents on Electrical & Electronic Engineering, 2013, Vol. 6, No. 1

[10]

[16]

[17]

J.M. Lee, F. Pearce, A.D. Hibbs, R. Matthews, and C. Morrissette.
Evaluation of a capacitively-coupled, non-contact (through cloth-
ing) electrode or ECG monitoring and life signs detection for the
objective force warfighter. In RTO-MP-HFM Symposium, St. Pete
Beach, USA, August 16-18, 2004, p.p. 1-25.

Y .M. Chi, T.-P. Jung, and G. Cauwenbergh. Dry-contact and non-
contact biopotential electrodes: methodological review. IEEE Re-
views in Biomedical Engineering, Vol. 3, p.p. 106-119, 2010.

Y.M. Chi, C.P. Ng, E. Kang, J. Kang, J. Fang, and G. Cauwen-
berghs. Wireless non-contact cardiac and neural Monitoring. In
Wireless Health, La Jolla, October 4-7, 2010.

Y .M. Chi, and G. Cauwenberghs. Wireless non-contact EEG/EKG
electrodes for body sensor networks. In International Conference
on Body Sensor Networks, La Jolla, USA, 2010, p.p. 297-301.
K.-S. Park, Y.K. Lim, and K.-K. Kim. “Apparatus and Method for
Measuring Electric Non-contact Electrocardiogram in Everyday
Life.” U.S. Patent 7,684,854. March 23, 2010.

H.J. Baek, G.S. Chung, K.K. Kim, and K.S. Park. A smart health
monitoring chair for nonintrusive measurement of biological sig-
nals. IEEE transactions on Information Technology in Biomedi-
cine, Vol.16, p.p 150-158,2012.

D. Harler, P. Greenfield, and L. Amariglo. “Non-contact Cardiac
Mapping, Including Preprocessing.” U.S. Patent 7,505,810. March
17,2009.

A. Gorari. “Apparatus and Method for Measuring a Plurality of
Electrical Signals from the Body of a Patient.” U.S. Patent
6,584,345. June 24, 2003.

Colin A. Ross

D.L. Thompson, and S.L. Wilson. “Non-contact EKG.” U.S. Patent
6,728,576. April 27, 2004.

M. Schilling. Brain interface control with brain waves.
http://www.emg.ing.tu-

bs.de/pdf/presse/EMG_PRESSE BCI_180606_en.pdf

M. Oehler, P. Neumann, M. Becker, G. Curio, and M. Schilling.
“Extraction of SSVEP signals of a capacitive EEG helmet for hu-
man machine interface.” In 30" Annual International IEEE EMBS
Conference, Vancouver, Canada, August 20-24, 2008, p.p 4495-
4498.

K.R. Muller, B. Blankertz, G. Gabriel, and M. Schilling. “Sensor
System and Methods for the Capacitive Measurement of Electro-
magnetic Signals Having a Biological Origin.” U.S. Patent
8,193,821. June 5,2012.

C.A. Ross. Simultaneous variation in the heart and brain electrical
fields. Subtle Energies and Energy Medicine, Vol. 20, pp. 31-35,
2009.

C.A. Ross. Electrophysiological properties of human ocular extra-
mission. Subtle Energies and Energy Medicine, Vol 21, p.p 21-27,
2010.

C.A. Ross. “Electromagnetic Beam Detection System.” U.S. Patent
7,806,527. October 5, 2010.

C.A. Ross. “Whole Body Electromagnetic Detection System.” U.S.
Patent Application 0152602 A1. June 17,2010.



