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The present invention relates to a system to transmit vital
signals from a moving human body in the presence of
dynamic external disturbance and to compensate for artifacts
thereof. More specifically, it relates to a system to compensate
for artifacts caused by external noise during measurement of
vital signals, and to display index of vibration on the moni-
toring system through interpretation of the vibration signals
which affect the physiological state of the body and the mea-
surement of vital signals, due to external disturbance factors,
when noise from external disturbances such as vibration of a
moving ambulance vehicle, vibration of a remote transmit-
ting diagnostic device attached to the patient, or movement of
the patient, is mixed into the transmitted signals. The present
invention provides a start code, a data code, a degree of
vibration and movement level, a three axis acceleration value
and signals of three axis acceleration and measured vital
signals. Thus it can improve the accuracy of measurement of
vital signals (ECG, NiBP, SPO2, TEMPERATURE, Respira-
tion) under adverse conditions with much vibration such as in
moving vehicles. Furthermore, as the present invention can be
attached to conventional vital signals measurement modules
on the patient through a simple interface part, it can minimize
inaccuracy due to vibration and dynamic disturbance in mea-
surement of vital signals during transport of the patient by
vehicle or otherwise. Furthermore, the present invention can
compensate forartifacts caused by external noise during mea-
surement of vital signals, and display index of vibration on
the monitoring system through interpretation of the vibration
signals which affect the physiological state of the body and
the measurement of vital signals, due to external disturbance
factors, when noise from external disturbances such as vibra-
tion of a moving ambulance vehicle, vibration of a remote
transmitting diagnostic device attached to the patient, or
movement of the patient, is mixed into the transmitted sig-
nals.
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[Fig. 1]
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[Fig. 5]

(A Car-stop driving . Car-stop driving Car-gtop driving
140 an- 140
120 k) 120
1Al A 1
110 -10- o
1m cm m
o €@- il
B0 :n} :1]
m - m
B0 BO- B0
= 10 a0 300 4 300 [z} kil = 100 a0 300 4m g0 =18 100 110 o an 40 00 O il
X
(B) 155 Car-driving - Car-driving car-driving
10 a0 1a0-
= t e sl iy @ 13-
o N o g S S
e “10- 1o
- B T T e e o R
m m m
E0 BO- BO-
Fol - -
[in} - -
& R o CEE R ) ™ @0 %0 _ 40 s @l o
X
[Fig. 6]
(A) o Human-stop walking o Human-stop walking o Human-stop walking
B L) Bl A6
Ll an 4 4
= ki) 1 ¥
e n 1 k1l
ey x x
il mn - £l
15 15 B 15
o o 1 o
[ 3 4 3
° 100 a0 ) 400 iy EL 7o " 00 20 300 4RCIJ 500 [:uf 0 ° 100 20 30 :16]‘ - £EIZIHI =uf i
X Y F
(B)
o Human-walking - Human-walking - Human-walking
= &5 5
o w0 0
= » *
« 0 0
5 = =
D al
18 1%
10 10
L" Sl .ﬂll “L. Ui Li LJ[ J. 'th l. : : J]u i ly J“’JL}L
0 an a0 X [T T ] 0 o o . T

100 M ac 00 [a11] 01 100 20 301 410



Patent Application Publication  Jan. 22, 2009 Sheet 4 of 8 US 2009/0024007 A1

[Fig. 7]
(A) Car-stop driving o Car-ston driving o Car-stop driving
48 45 %
40 Ea) 4
] =] -
I 4 E
* 5 *
i) a il
5 15 1
10 hnj 0
5 5 8
0o an n Eai) S =01) 700 I 100 3’; BIIE\I‘HWI w434:'I']H 500 B0 Ul/7|]III o 100 o 300 40 L0 H0 i}
X Y Z
(B8] . Car-driving = Car-driving ® Car-driving
s - s
w0 a ©
o0 &I X
a i) k1l
b b *
x pra) X
15 15 5
10 1 0
L]
ot "t i LT e — e A AN PN ] o
100 am 01 40 Eis 5] i) for an 300 400 500 ) )
X ¥
[Fig. 8]
3
L
o
[ s
=]
1 z
1
0 .
o 1 1 1
DHS DCS  [DHW  OCM

DHS : Differential Human Stop walking
DCS : Differential Car Stop driving
DHM : Differential Human moving
DCM : Differential Car driving



Patent Application Publication  Jan. 22, 2009 Sheet 5 of 8 US 2009/0024007 A1

[Fig. 9]
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SYSTEM TO TRANSMIT VITAL SIGNALS
FROM MOVING BODY WITH DYNAMIC
EXTERNAL DISTURBANCE AND TO
COMPENSATE ARTIFACT THEREOF

TECHNICAL FIELD

[0001] The present invention relates to a system to transmit
vital signals from a moving human body in the presence of
dynamic external disturbance and to compensate for artifacts
thereof. More specifically, itrelates to a system to compensate
for artifacts caused by external noise during measurement of
vital signals, and to display index of vibration on the moni-
toring system through interpretation of the vibration signals
which affect the physiological state of the body and the mea-
surement of vital signals, due to external disturbance factors,
when noise from external disturbances such as vibration of a
moving ambulance vehicle, vibration of a remote transmit-
ting diagnostic device attached to the patient, or movement of
the patient, is mixed into the transmitted signals.

BACKGROUND ART

[0002] Medical devices for measurement of vital signals
generated in the body, such as EEG, EKG, electrooculogram,
blood pressure and EMG are used to diagnose, to measure and
to store vital signals for use in medical examination and
treatment.

[0003] Conventional vital signals measurement medical
apparatus performs all the functions of measuring, storing,
opening and reading vital signals in one independent appara-
tus. In such a case, to measure, open, and read the vital
signals, the independent vital signals medical apparatus must
be located near the patient in the presence of a medical pro-
fessional.

[0004] To overcome these limits, there have been attempts
10 make possible opening and reading of vital signal measure-
ment apparatus situated outside the examination room by
separating vital signals measurement function from the open-
ing and reading functions and connect the separated function
with communication means.

[0005] Furthermore, as medical technology advances, the
technology of transmitting vital signals a long distance is
developing and now the method of measuring EKG in an
ambulance or the home for transmission to a medical center is
widely used.

[0006] ECG monitoring apparatus can be used to diagnose
diseases and conditions associated with the heart, include
Holter ECG, resting ECG and stress ECG monitors.

[0007] A prior art of this invention, KOREA Patent laid
open publication No. 10-2005-0042964 described in FIG. 1,
show compound vital signal measurement device and its sys-
tem, that connects the compound vital signals measurement
device and personal information terminal with a personal
computer, which comprises a short distance wireless commu-
nication part for wireless communication with external
devices that are a short distance away, a multiple measure-
ment module interface that can connect to measurement mod-
ules, means for measuring each of the various vital signals,
multiple measurement modules having removable connec-
tions with the measurement module interface, and a controller
part which transmits measurement instructions to a specified
measurement module through the measurement module
interface according to measurement instructions received by
the short distance wireless communication part, and which
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transmits through the short distance wireless communication
part the measurement results data of each measurement mod-
ule received through the measurement module interface.

[0008] However, this measurement system requires a static
or unmoving condition of the human body, so it is impossible
to measure the signals, if the human body is moving and noise
from external disturbance is mixed into the measurement
signals.

[0009] KOREA Patent laid open publication No. 10-1997-
0014722 relates to a portable vital signal monitoring system
as shown in FIG. 2, which comprises a vital signals holter
apparatus which attaches to a patient body to measure vital
signals data, and transmits through a wireless communication
network to a vital signals monitoring center whenever an
abnormal condition is detected by abnormality in the mea-
sured vital signals data, and a vital signals monitor server
apparatus which transmits message to the vital signals holter
apparatus when vital signals data reflecting an abnormal con-
dition is received through the wireless communication net-
work from the vital signals holter apparatus. Although this
technology can measure remote vital signals, it also has the
fatal fault that it cannot handle noise such as that from exter-
nal disturbance from a moving body.

[0010] KOREA Patent laid open publication No. 10-2001-
0103920 relates to a remote medical apparatus, which pro-
vide a testing means to generate vital signals data by measur-
ing the vital signals of patients, a reading means to generate
the read data by reading the vital signals, an opening means to
open the vital signals and the read data, a data storage and
management means to transmit the requested data when the
reading and opening means request the stored vital signals
data and the stored read data, after receiving and storing the
vital signals data and the read data from the testing means and
reading means. This technology also monitors patients
remotely, but is very sensitive to external disturbance such as
vibration of a patient that is moving by ambulance or on foot,
and has restricted use for remote diagnosis due to the neces-
sary requirement that the patient must not be moving.

[0011] Accordingly, there is a demand for a vital signals
measurement medical apparatus which can obtain accurate
measurement data by removing the influence of external dis-
turbance factors, when the signals transmitted include noises
caused by external factors such as external vibration and a
moving body.

DISCLOSURE OF INVENTION
Technical Problem

[0012] The present invention provides a system to display a
vibration index on a monitoring system through interpreting
vibration signals due to external disturbance factors which
influence the physiological state and vital signals measure-
ment and to compensate for artifacts caused by external dis-
turbance, when noise caused by external disturbance is mixed
in with transmitted vital signals.

[0013] The present invention also provides a method to
display a vibration index on a monitoring system through
interpreting vibration signals due to external disturbance fac-
tors which influence the physiological state and vital signals
measurement and to compensate for artifacts caused by exter-
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nal disturbance, when noise caused by external disturbance is
mixed in with transmitted vital signals.

Technical Solution

[0014] According to the present invention, the system of
transmitting vital signals from a moving body in the presence
of dynamic external disturbance and compensating for arti-
facts thereof, comprises a three axis acceleration sensors part
which detects acceleration in each of the directions of x, y,
and z axes, and converts them to electrical signals, a pre-
amplifier part amplifying the output of the three axis accel-
eration sensors and providing only the band signals for digital
signal processing by removing high frequency noise, an A/D
converter part converting the output signal of the pre-ampli-
fier into a digital signal, a digital signal processing part which
determines stopping and moving states during walking or
vehicle transport of a person by calculating the three axis
acceleration signals output from the A/D converter, and a
transmitter transmitting the results of the digital processing
part and the three axis acceleration signals. The digital signal
processing part discriminates walking, stopping during walk-
ing, stopping during vehicle transport, and moving vehicle
states. The transmitter transmits vital measurement signals
together with digital signal processing results and three axis
acceleration signals.

[0015] Furthermore, the digital signal processing part com-
prises a memory part storing and receiving X, Y, and 7 axis
acceleration data from the A/D converter set by time frame
units, a differential calculation part differentiating on the
basis of a zero level of data signals by reading the X, Y, and Z
axis acceleration data stored in the memory part by set time
frame units, a mean value calculation part averaging the X.Y,
and 7 axis acceleration differentiation data which is the out-
put signal of the differential calculation part, Z axis mean
value comparator part which determines whether a mean
value of Z axis acceleration differential data obtained from
the mean value calculation part is larger than the first refer-
ence value, a X, Y mean value comparator part which, if mean
value of 7 axis acceleration differential data at the 7 axis
mean value comparator part is less than or equal to a certain
reference value, determines whether the mean value of X, Y
axis acceleration differential data obtained from the mean
value calculation part is larger than a second reference value,
determines that the vehicle has stopped if it is larger than the
second reference value and determines that a person has
stopped walking if it is equal to or smaller than the second
reference value, a frequency analysis part obtaining a mean
spectrum of the 7 axis acceleration differential data by taking
an FFT of the output signals of the differential operation part,
a Z axis spectrum comparator part which determines that a
person is walking if it is larger than a third reference value,
and determines that a vehicle is moving if it is equal to or
smaller than the third reference value by determining whether
the 7 axis mean spectrum obtained from the frequency analy-
sis part is larger than the third reference value.

[0016] Another embodiment of the present invention pro-
vides a method to transmit vital signals from a moving body
in the presence of dynamic external disturbance and to com-
pensate for artifacts thereof, which first converts the output
signals obtained from the three acceleration sensors into digi-
tal signals through the A/D converter. After they are converted
into digital signals, acceleration differential signals for each
of the X, Y, and Z axial directions are calculated from the
output three axis acceleration signals. The mean value of the
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differentiated acceleration signals is calculated to obtain the
mean values from the differential operation output signals. It
is determined that the human body is moving if the mean
value of the acceleration differential signals of Z axis direc-
tion among the mean values of the acceleration differential
signals for the X,Y, 7 axis direction is greater than the first
reference value, and it is determined that the human body is
not in motion if it is less than or equal to the first reference
value. When it is determined that the human body is not in
motion as the mean value of Z axis acceleration differential
signals is less than or equal to the first reference value, it is
determined that the vehicle is not in motion during transport
of the body when the mean value of X, Y axis acceleration
differential signals is compared with the second reference
value and is determined to be greater, and it is determined that
the body is not in motion during walking if the mean value of
X,Y axis acceleration differential signals is smaller than the
second reference value. The 7 axis mean spectrum is calcu-
lated when it is determined that the body is in motion as the
mean value of Z axis acceleration differential signals is
greater than the first reference value. The Z axis mean spec-
trum value is compared with the third reference value, and if
the 7 axis mean spectrum value is greater than the third
reference value, then the body is determined to be moving on
foot, and if the Z axis mean spectrum is smaller than the third
reference value then the body is determined to be on a motion
vehicle.

ADVANTAGEOUS EFFECTS

[0017] The present invention provides a start code, a data
code, a degree of vibration and movement level, a three axis
acceleration value and a signals of three axis acceleration
sensor part and the measured vital signals, so it can improve
the accuracy of measurement of vital signals (ECG, NiBP,
SPO,, TEMPERATURE, Respiration) under adverse condi-
tions with much vibration such as in moving vehicles. Fur-
thermore, as it is possible to attach a simple interface part to
the patient with conventional vital signals measurement mod-
ules, the present invention can minimize inaccuracy due to
vibration and dynamic disturbance in the measurement of
vital signals during transport of the patient in an ambulance or
otherwise.

[0018] Furthermore, the present invention provides
improved accuracy of the measurement module and mini-
mized influence to measurement by taking into account the
influence ofnoise at the place of measurement, by attaching at
any place of measurement to receive vibration signals and
motion noise and communicating the vital signals measure-
ment module through RF communication and to compensate
for motion noise.

[0019] Even though noise caused by external disturbance
such as the interior vibration of a moving ambulance, or the
vibration of the patient on which a remote diagnostic deviceis
attached, the present invention has the effect of compensating
artifacts caused by external noise in the measurement of vital
signals by interpreting the vibration signals caused by exter-
nal disturbance which influence the physiological state of the
body and measurement of vital signals and displaying the
vibration index on the monitoring system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 11is an illustration of a conventional vital sig-
nals measurement apparatus.
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[0021] FIG. 2 is another illustration of a conventional vital
signals measurement apparatus.

[0022] FIG. 3 is a diagram of a system to transmit vital
signals from a moving body in the presence of dynamic
external disturbance and to compensate for artifacts thereof,
according to an embodiment of the present invention.
[0023] FIG. 4 shows output signals from a human body
moving on foot from a three axis acceleration sensor part of
FIG. 3, according to an embodiment of the present invention.
[0024] FIG. 5 shows output signals from a human body
during vehicle transport, from a three axis acceleration sensor
part of FIG. 3, according to an embodiment of the present
invention.

[0025] FIG. 6 shows differential signals from output sig-
nals of a human body moving on foot from a digital signals
processing part of FIG. 3, according to an embodiment of the
present invention.

[0026] FIG. 7 shows differential signals from output sig-
nals of a human body during vehicle transport, from a digital
signals processing part of FIG. 3, according to an embodi-
ment of the present invention.

[0027] FIG. 8 shows mean graphs for the three axis accel-
eration signals of a human body moving on foot and during
vehicle transport, from a digital signals processing part of
FIG. 3, according to an embodiment of the present invention.
[0028] FIG.9 shows theresult of FFT analysis for the three
axis acceleration signals of ahuman body moving on foot and
during vehicle transport, from a digital signals processing
part of FIG. 3, according to an embodiment of the present
invention.

[0029] FIG. 10 is a diagram illustrating the digital signals
processing part of FIG. 3.

[0030] FIG. 11 is a diagram illustrating information
received from a transmitter part of FIG. 3.

[0031] FIG. 12 is a flow diagram of the three axis accelera-
tion data processing at the digital signals processing part of
FIG. 3.

[0032] FIG. 13 is a data packet structure received from a
transmitter part of FIG. 3 according to an embodiment of the
present invention.

[0033] FIG. 14 is a diagram illustrating a method of remov-
ing vibration signals included in vital signals, according to an
embodiment of the present invention.

[0034] FIG. 15 is a model of adaptive filtering of FIG. 14,
according to an embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0035] The features and advantages of the present invention
and the methods to attain them will become more apparent by
the following description of exemplary embodiments thereof
with reference to the attached drawings. However, the inven-
tion is not limited to these embodiments, but can be realized
in various forms. These embodiments are given for the pur-
pose of illustration and scope of the present invention will be
defined by the claims. Like reference numerals in the draw-
ings denote like elements.

[0036] FIG. 3 shows a diagram of a system to transmit vital
signals from a moving body in the presence of dynamic
external disturbance and to compensate for artifacts thereof
according to anembodiment of the present invention. Accord-
ing to FIG. 3, the system to transmit vital signals from a
moving body in the presence of dynamic external disturbance
and to compensate for artifacts thereof, comprise a three axis
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acceleration sensor part (100), a pre-amplifier part (200), a
filter part (300), an A/D converter part (400), a digital signals
processing part (500), a transmitter part (600), a receiver part
(700), and a vital signals measurement system (800).

[0037] The three axis acceleration sensor part (100) is
attached to an ambulance or a patient, converts the X, Y, Z axis
acceleration signals into electric signals, and outputs it. The
three axis acceleration sensor part (100) separately measures
the X, Y, Z axis acceleration from a three dimensional vibra-
tion.

[0038] The pre-amplifier part (200) amplifies the output
from the three axis acceleration sensor part (100) and trans-
mits it to the filter part (300). First, the filter part (300) carries
out analog filtering to remove 60 Hz noise and high frequency
noise in order to supply only signals in the vital signals band.
The signals pre-processing part 1s composed of the pre-am-
plifier part (200) and the filter part (300). The A/D converter
part (400) converts the analog filtered signals output from the
filter part (300) into digital signals.

[0039] The digital signals processing part (500) detects the
vibration signals and movement level by calculating the out-
put signals from the A/D converter part (400). The digital
signals processing part (500), as described in FIG. 9, contain
a memory part (510), a differential operation part (520), a
mean value operation part (530), Z axis mean value compara-
tor part (540), X,Y axis mean value comparator part (550), a
frequency analysis part (560), and a Z axis spectrum com-
parator part (570). The digital signals processing part (500)
determines whether a body is moving on foot, has stopped
while moving on foot, is moving by vehicle transport, or has
stopped during vehicle transport, transmits the states deter-
mination data to the transmitter part (600), and also transmits
acceleration data received from the A/D converter part (400)
to the transmitter part (600).

[0040] The transmitter part (600) transmits the output sig-
nals from the digital signals processing part (500) through
wireless communication. The receiver part (700) transmits
the signals received from the transmitter part (600)to the vital
signals measurement system (800). The vital signals mea-
surement system (800) extracts accurate vital measurement
signals by removing vibration signals from the vital measure-
ment signals received from the receiver part.

[0041] FIG. 4 shows output signals from a human body
moving on foot from the three axis acceleration sensor part of
FIG. 3, according to an embodiment of the present invention.
FIG. 5 shows output signals from a human body during
vehicle transport from car moving at a three axis acceleration
sensor part of FIG. 3, according to an embodiment of the
present invention. F1G. 4(A) shows output signals in the X, Y,
7. axis direction from the three axis acceleration sensor part
(100) attached to a patient who has stopped moving. FIG.
4(B) shows output signals in the X, Y, Z axis direction from
the three axis acceleration sensor part (100) attached to a
patient who is moving on foot.

[0042] FIG. 5(A) shows a output signals in the X, Y, Z axis
direction from the three axis acceleration sensor part (100)
attached to a patient being transported by a vehicle which has
stopped moving. FIG. 5(B) shows output signals in the X, Y,
7. axis direction from the three axis acceleration sensor part
(100) attached to a patient being transported by a moving
vehicle.

[0043] In FIG. 4 and FIG. 5, the amplitude of signals is
smaller in the non-moving states (FIG. 4(A) and FIG. 5(A)),
and is greater in the moving states by foot or by vehicle
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transport (F1G. 4(B) and FIG. 5(B)). Furthermore, the ampli-
tude of signals is relatively greater in the non-moving state
during vehicle transport (FIG. 5(A)) compared to that of the
non-moving state patient on foot (FIG. 4(A)). This is because
the amplitude of output signals include the vehicle’s engine
vibration. Furthermore, the amplitude of signals is relatively
greater during movement on foot (FIG. 4(B)) compared to
that during movement on a vehicle (FIG. 5(B)). The ampli-
tude will be relatively greater in case of movement on foot
because there is more movement of the patient on foot than
during vehicle transport.

[0044] FIG. 6 shows differential signals from output sig-
nals of awalking patient, at a digital signals processing part of
FIG. 3 according to an embodiment of the present invention.
FIG. 7 shows differential signals from output signals of a
patient in a moving vehicle at a digital signals processing part
of FIG. 3 according to an embodiment of the present inven-
tion. That is, FIG. 6 shows differential signals that is a differ-
entiated value of each of the signals of FIG. 4, and FIG. 7
shows differential signals that is a differentiated value of each
of the signals of FIG. 5.

[0045] FIG.6and FIG. 7 shows the amplitude magnitude of
each of signals without a baseline drift, since it was differen-
tiated in such a way as to subtract the subsequent sample
signal from the previous sampled signal. Consequently, the
signal amplitudes in the case non-movement (FIG. 6(A) and
FIG. 7(A)) are substantially smaller than in the case of a
patient moving on foot or on a vehicle (FIG. 6(B) and FIG.
7(B)). The amplitude of signals in the case of a patient in a
stopped vehicle (FI1G. 7(A)) is comparatively larger than in
the case of a patient who has stopped walking (FIG. 6(A)),
and the amplitude of signals in the case of a patient who is
walking (FIG. 6(B)) is comparatively larger than in the case
of a patient on a moving vehicle (FIG. 7(B)). That is, under
moving conditions higher signal levels are detected for a
patient who is walking than for a patient on a moving vehicle.
[0046] FIG. 8 is a mean graph for the three axis acceleration
signals in the case of a patient moving on foot or on a vehicle,
at a digital signals processing part of FIG. 3 according to an
embodiment of the present invention. That is, FIG. 8 shows
the distribution of mean values of signals within a set time
period, from three axis acceleration sensors part (100) output
in the X, Y, Z directions for non-moving and moving condi-
tions for a patient moving on foot or on a vehicle. The DHS,
described in FIG. 8, shows mean values over a set time period
ofdifferential signals from a patient who has stopped walking
asinFIG. 6(A)1,e, shows mean values of Differential Human
Stop Walking, and the DCS shows mean values over a set time
period of differential signals from a patient who is on a
stopped vehicle FIG. 7(A) i,e, shows a mean of Differential
Car Stop Driving, and the DHM shows mean values over a set
time period of differential signals from a patient walking as in
FIG. 6(B) i,e, shows a mean of Differential Human Moving,
and the DCM shows mean values over a set time period of
differential signals from a patient on a moving vehicle as in
FIG. 7(B) i,e, shows a mean of Differential Car Driving.
[0047] Output 7 axis signals allow discrimination of
whether the condition is a stopped or moving condition, and
the output X, Y axis signals allow discrimination of whether
the stopped state is during vehicle transport or walking. As
human movement generally outputs large signals during
walking, in reality, it is difficult to maintain the accuracy of
direction coordinates the signals of three axis acceleration
sensor (100) during human movement, so it is often difficult
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to judge whether the transport is on foot or on a vehicle with
a simple magnitude distribution. Thus the present invention
analyzes the spectrum of the output signals of three axis
acceleration sensor (100) during movement.

[0048] FIG. 9 is an analysis result of FFT for the three axis
acceleration signals from a patient moving on foot and on a
vehicle at a digital signals processing part according to an
embodiment of the present invention.

[0049] That is, FIG. 9 shows the spectrum of differential
signals of X, Y, Z axis directions during movement on foot
and an a vehicle FIG. 9(A) shows the spectrum of differential
signals of X, Y, Z axis directions of three axis acceleration
sensor (100) during movement on foot, and (FIG. 9(B))
shows the spectrum of differential signals of X, Y, Z axis
directions of three axis acceleration sensor (100) during
movement on a vehicle.

[0050] In FIG. 9, for signals in the approximately 5 Hz
frequency or higher, the spectrum distribution is at a higher
level during movement on foot than during movement on a
vehicle. Thus, this characteristic of signals of three axis accel-
eration sensor (100) can be used to discriminate between
stopped or moving states during transport on foot or on a
vehicle.

[0051] FIG. 10 is a diagram illustrating the digital signals
processing part of FIG. 3. In FIG. 10, the digital signals
processing part provides a memory part (510), a differential
operation part (520), a mean value operation part (530), Z axis
mean value comparator part (540), X,Y axis mean value
comparator part (550), a frequency analysis part (560), and Z
axis spectrum comparator part (570).

[0052] The memory part (510) stores the X, Y, Z axis accel-
eration data received from the A/D converter (400) in set time
frame units. The differential operation part (520) reads the X,
Y, 7 axis acceleration data stored in the memory part (510) in
set time frame units, and differentiates it. The mean value
operation part (530) takes a mean of the X, Y, 7 axis accel-
eration differential data output from the differential operation
part (520). The 7 axis mean value comparator part (540)
determines whether the mean value of the 7 axis acceleration
differential data is greater than the first reference value. The
X,Y axis mean value comparator part (550), if the mean value
of the Z axis acceleration differential data obtained from the
7 axis mean value comparator part (540) is equal to or smaller
than a certain reference value, determines whether the mean
value of the acceleration differential signals of X, Y axis
direction obtained from the mean value operation part (530)is
greater than the second reference value, and if it is greater, it
is determined to be a stopped condition during vehicle trans-
port, and if equal to or smaller, then a stopped condition
during walking. The frequency analysis part (560) obtains the
mean spectrum of the 7 axis. That is. the frequency analysis
part (560) obtains the mean spectrum of Z axis acceleration
differential data by obtaining FFT.

[0053] The Z axis spectrum comparator part (570) com-
pares whether the mean value of the acceleration differential
signals of X, Y axis direction obtained from the mean value
operation part (530) is greater than the third reference value
and determines that the patient is moving on foot if it is
greater, and that the patient is moving on a vehicle if it is equal
to or smaller.

[0054] FIG. 11 is a diagram illustrating information
received from a transmitter part of FIG. 3. It transmits the
condition data (580) output from the digital signals process-
ing part (500) which discriminates between stopped and mov-
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ing states during walking or vehicle transport, together with
the three axis acceleration data (450) received through the
A/D converter (400) from the three axis acceleration sensor
part (100). Although not shown in FIG. 11, the present inven-
tion can provide transmission of various measured vital sig-
nals together with the three axis acceleration data (450) and
the condition data (580).

[0055] FIG. 12 is a flow diagram for the three axis accel-
eration data processing at the digital signals processing part
of FIG. 3.

[0056] The digital signals processing part (500) receives
signals of the three axis acceleration output from the A/D
converter (100) (s100), calculates the acceleration differen-
tial signals of X, Y, Z axis directions (s200), and obtains the
mean from the differential signals. From this, the mean value
of the acceleration differential signals of Z axis direction is
compared with the first reference value, and it is determined
to be a moving state if the mean value of the acceleration
differential signals of Z axis direction is greater than the first
reference value, and determined to be a stopped state if it is
smaller than the first reference value (s300).

[0057] If the mean value of the acceleration differential
signals of 7 axis direction is smaller than the first reference
value and it is determined to be a stopped state, then the mean
value of the acceleration differential signals of X,Y axis
direction is compared (s400) with the second reference value,
and when the mean value of the acceleration differential
signals of XY axis directions is greater than the second
reference value it is determined to be a stopped state during
vehicle transport (s500), and when the mean value of the
acceleration differential signals of XY axis direction is
smaller than the second reference value it is determined to be
a stopped state during walking (s600).

[0058] Ifit is determined to be a moving condition as the
mean value of the acceleration differential signals of Z axis
direction is greater than the first reference value, the mean
spectrum of Z axis is calculated (s700), and the calculated
mean spectrum of 7 axis is compared with the third reference
value (s800). If the mean spectrum of Z axis is greater than the
third reference value the patient is determined to be walking
(8900), and if the mean spectrum of Z axis is smaller than the
third reference value the patient is determined to be trans-
ported by vehicle (s1000).

[0059] As it can be seen from the example in FIG. 13, the
result determined by the above process is transmitted in a
packet structure as a condition code.

[0060] FIG.13isanembodiment of packet structure of data
transmitted by the transmitter partin FIG. 3. The data packet
starts off with the Start code (0xFF), and the next Data code
following shows the current movement condition. For
example, if the data code is OXFA, it indicates a stopped state
during walking, and if the data code is 0xFD, it indicates
movement by vehicle transport. Next, the level of vibration
and movement is indicated with a numerical value (from O to
10). Subsequently, the three axis acceleration value is trans-
mitted in the order of X, Y, and 7. Consequently, the data
packet sequence is the same as FIG. 12, and the total number
of data transmitted is 4 bytes.

[0061] The packet structure of the present invention is one
embodiment, so the packet structure which provides a start
code, a data code, a level of vibration and movement, and a
three axis acceleration value can be modified in various ways
by those skilled in the art.
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[0062] FIG. 14 is a diagram illustrating a method of remov-
ing vibration signals included in vital signals according to an
embodiment of the present invention, and FIG. 15 is an
example of a model of adaptive filtering of FIG. 14.

[0063] The measured vital signals (d(k)) contain noise (due
to dynamic external disturbance). The acceleration signals
X(k): X, (k), X,(k), X5(k)) measured at the three axis accel-
eration sensor is used as reference signals in order to remove
the noise included in the measured vital signals. A weighted
value (W, ()=[W, ,(k), W, 5(k), W, ;1 (k) ... ], Wa(k) [W,
(), W00, War (), - T W,00IW (), W (K.
W (k). ... 1) is multiplied to reference signals and error is
calculated according to Formula 1 by subtracting reference
signals from the measured vital signals.

3 Formula 1

[0064] InFormula1,d(k)isthe measured vital signal, W, is
the weighted value and X, is acceleration signals. Accelera-
tion signals are of three axes so i is from 1 to 3.

[0065] The error is equivalent to the measured vital signals
minus the weigh values multiplied by the acceleration sig-
nals. An adaptive algorithm compensates for the weight value
until the error becomes the smallest, and the weight compen-
sation formula is shown in Formula 2.

Formula 2

Wik +1) =wilk) + me(k)x-(kj i=1,2,3
; )+ e .2

Here,

(1-5)

alx; (k)

is a constant showing step size as a p value. Convergent
velocity is determined from this value.

[0066] The adaptive filter according to the present inven-
tion can be situated at the digital signals processing part (500)
or the vital signals measurement system (800). The adaptive
filter described in FIG. 15 is an AR model of FIR structure.
While an IIR filter has problems of instability and a slow
convergent velocity, an FIR filter has an advantage that the
system is stable with an all-pole structure and that local mini-
mum problems do not occur.

[0067] 1t is possible to obtain reliable data by controlling
the number of Tab-Delay of a suitable FIR structure accord-
ing to the level of noise in the adaptive filter. When a start
code, a data code, a level of vibration and movement, three
axis acceleration values signals of three axis acceleration
sensor part, and measured vital signals are provided accord-
ing to the present invention, an adaptive filter which removes
vibration signals included in vital signals can also be modi-
fied in various ways by those skilled in the art.

INDUSTRIAL APPLICABILITY

[0068] The present invention relates to a device which dis-
plays the vibration index internal to an ambulance on a por-
table emergency monitoring system by interpreting the vibra-
tion signals which effect the physiological state of a body and
measurement of vital signals, caused by external disturbance
such as vibration inside a moving ambulance, and which
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compensates for the vibration signal noise during measure-
ment of vital signals. It is possible to apply to most vital
signals transmission systems which transmit measured vital
signals long distance.

[0069] For example, it can be used in systems where ECG
is performed in an ambulance or at home and sent to a medical
center.

1. In an apparatus for measuring and transmitting vital
signals, a system to transmit vital signals from a moving
human body in the presence of dynamic external disturbance
and 1o compensate for artifacts thereof, comprising:

a three axis acceleration sensor part detecting each of a X,

Y, Z axis acceleration and converting it into electronic
signals;

a pre-amplifier part pre-amplifying the output from the
three axis acceleration sensor part and supplying only
signals within a band for digital signals processing by
removing high frequency noise;

an A/D converter converting the output signals from the
pre-amplifier part into digital signals;

a digital signals processing part determining stopped or
movement conditions of a human being moving on foot
or on a vehicle, by mathematically processing the three
axis acceleration signals output by the A/D converter;
and

a transmitter part transmitting the result of the digital sig-
nals processing part and the three axis acceleration sig-
nals.

2. The apparatus according to claim 1, wherein the system
to transmit vital signals from a moving human body in the
presence of dynamic external disturbance and to compensate
for artifacts thereof is characterized in that the digital signals
processing part can determine whether the human being is
moving on foot, has stopped during walking, is being trans-
ported by a vehicle which has stopped, or is on a moving
vehicle.

3. The apparatus according to claim 1, wherein the system
1o transmit vital signals from a moving human body in the
presence of dynamic external disturbance and to compensate
for artifacts thereofis characterized in that the transmitter part
transmits measured vital signals together with the result of
digital signals processing part and the three axis acceleration
signals.

4. The apparatus according to claim 1, wherein the system
to transmit vital signals from a moving human body in the
presence of dynamic external disturbance and to compensate
for artifacts thereof is characterized in that the digital signals
processing part comprises:

a memory part storing X, Y, Z axis acceleration data

received from the A/D converter in set time frame units;

a differential operation part reading the X, Y, Z axis accel-
eration data stored in the memory part in set time frame
units, and differentiating data signals based on a zero
level;

amean value operation part taking a mean of each of X, Y,
7 axis acceleration differential data output by the differ-
ential operation part;

a 7 axis mean value comparator part determining whether
a mean value of 7 axis acceleration differential data
obtained from the mean value operation part is greater
than a first reference value;

a X,Y axis mean value comparator part which compares
whether the mean value of X,Y axis acceleration differ-
ential data obtained from the mean value operation part
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is greater than the second reference value, and deter-
mines that the vehicle has stopped during moving on a
vehicle if it is greater, and determines that the human
being has stopped during walking if it is not greater, in
case a mean value of 7 axis acceleration differential data
from the 7 axis mean value comparator part is equal to or
smaller than the first reference value;

a frequency analysis part obtaining mean spectrum of the Z
axis acceleration differential data by calculating FFT of
the output signals of the differential operation part; and

a Z axis spectrum comparator part which compare whether
the 7 axis mean spectrum output from the frequency
comparator part is greater than the third reference value
and if it is greater determines that the moving human
body is moving on foot, and if it is smaller than or equal
to the third reference value, determines that the moving
body is moving on a vehicle.

5. The apparatus according to claim 1, wherein the system
to transmit vital signals from a moving human body in the
presence of dynamic external disturbance and to compensate
for artifacts thereof characterized in that the digital signals
processing part is determines whether the human body is
stopped or moving by the mean value of the Z axis accelera-
tion differential signals, and determines whether the human
body is stopped during vehicle transport or during travel on
foot, by the mean value of the X,Y axis acceleration differ-
ential signals.

6. The apparatus according to claim 1, wherein the system
to transmit vital signals from a moving human body in the
presence of dynamic external disturbance and to compensate
for artifacts thereof characterized in that the digital signals
processing part determines whether the human body is
stopped or moving by a mean value of the Z axis acceleration
signals, and determines whether human body is moving on
foot or on a vehicle by a spectrum of 7 axis acceleration
differential signals.

7. The apparatus according to claim 1, wherein the system
to transmit vital signals from a moving human body in the
presence of dynamic external disturbance and to compensate
for artifacts thereof characterized in that the transmitter part
transmits the condition data which discriminates stopped and
moving states for a human body on foot or on a vehicle output
from the digital signals processing part, together with the
three axis acceleration data received through the A/D con-
verter from an acceleration sensor (100).

8. A method of transmitting vital signals from a moving
human body in the presence of dynamic external disturbance
and compensating for artifacts thereof, comprising:

an A/D conversion step converting the signals output from
the three axis acceleration sensor part into digital sig-
nals, at the A/D converter;

adifferential operation step calculating acceleration differ-
ential signal against each of the X, Y, 7 axis directions,
from three axis acceleration signals output by the A/D
converter;

a mean operation step obtaining a mean value of the accel-
eration differential signals against X, Y, Z axis directions
by calculating the mean value of the signals output from
the differential operation step;

a step determining whether it is a stopped or moving con-
dition by determining from the result of the mean opera-
tion step that human body is moving on foot if the mean
value of differential signals of Z axis direction is greater
than the first reference value, and that a human body has
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stopped during moving on foot if it is smaller than or
equal to the first reference value;

a step determining whether it is a stopped condition during
vehicle transport, in case it is determined to be a stopped
condition at the step determining whether it is a stopped
or moving condition because the mean value of accel-
eration differential signals of 7 axis direction is equal to
or smaller than the first reference value, which deter-
mines that it is vehicle transport when the mean value of
X,Y axis acceleration difference signals is greater than
the second reference value and that it is transport on foot
if the mean value of X, Y axis acceleration difference
signals is smaller than the second reference value;

a spectrum operation step obtaining a mean spectrum of Z
axis in case the condition is determined to be moving
because the mean value of acceleration differential sig-
nals of Z axis direction is greater than the first reference
value at the step determining whether it is a stopped or
moving condition; and

aspectrum comparing step which determines that the mov-
ing is on foot if the mean spectrum value of Z axis is
greater than a third reference value, and

determines that the moving is on a vehicle if the mean
spectrum of Z axis is smaller than a third reference value
by comparing the calculated mean spectrum of Z axis
with a third reference value.

9. According to claim 7, the system to transmit vital signals
from a moving human body in the presence of dynamic exter-
nal disturbance and to compensate for artifacts thereof char-
acterized in that

the transmitter part transmits in a packet the condition data
discriminating stopped and moving states for a human
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body on foot or on a vehicle, output from the digital
signals processing part, together with the three axis
acceleration data, where the data packet begins with a
start code (OxFF), followed by data code regarding the
current moving condition, then followed by data code
regarding the level of vibration and movement, then
followed by data code regarding the three axis accelera-
tion values in an X, Y, Z axis sequence.

10. In an apparatus for measuring and transmitting vital
signals, the system to transmit vital signals from a moving
human body in the presence of dynamic external disturbance
and to compensate for artifacts thereof comprising:

a three axis acceleration sensor part detecting each of an X,
Y, Z axis accelerations and converting them into elec-
tronic signals;

a pre-amplifier part pre-amplifying the output of three axis
acceleration sensor part and removing the high fre-
quency noise to supply only signals in the band for
digital signals processing;

an A/D converter converting the outpur signals of the pre-
amplifier part into digital signals;

a digital signals processing part operating on the three axis
acceleration signals output by the A/D converter and
detecting a level of vibration and movement;

a transmitter part transmitting the result of the digital sig-
nals processing part, the three axis acceleration signals,
and the measured vital signals; and

an adaptive filtering part receiving signals from the trans-
mitter part and removing vibration signals contained in
the vital signals.
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