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1
MULTI-TOUCH APPROACH FOR ECG
MEASUREMENT

TECHNICAL FIELD OF THE INVENTION

This invention relates to the field of medical instrument
involving an accurate and simple measurement for ECG
(Electrocardiography) on multi-touch screens based on a
multi-touch on a display screen.

BACKGROUND OF THE INVENTION

The terminologies are used in this invention as following:

Gesture: The finger touch actions on screen, like single
point touch, touch slice, 2 points pinch (this is the one used in
this invention), multi touches spin;

API: Application Programming Interface;

108: 108 is the operation system of Apple, run on Apple’s
mobile devices like iPhone, iPad;

The traditional ECG measurement is that doctors use the
dividers to lock 2 points on ECG (on paper), and move the
dividers on the standard ECG ruler to read the intervals
between two points;

Alternativly,the ECG ruler (or other similar tool)is used to
measure ECG directly on the display screens.

Disadvanges of the Traditional Methods:

@ Obviously it is not to target the ECG which is displyed

on screens;

The operations are relatively complicated,

When measuring vertial interval, an additional ruler is
needed to get the 2 points exactly on the same x coordi-
nate.

On non-touch screen devices like PC screen, the measure-
ment of ECG with PC mouse is utilized in the prior art which
clicks on the initial point, drags mouse to the next point, then
calculates.

The patent application (CN 200710092530.3) tiltled as
“Approach of ECG measurement” discloses an ECG mea-
surement approach which displays ECG waves on the
screens, then determines the unit convert factor, After num-
berious of clickings on the wave top point, wave beginning
and wave ending points with PC mouse, all clicked point
coordinates are saved and calculated. The present invention
discloses a method to use touch screen which replaces the
clicks with PC mouse which does not use the screen touch
feature for ECG measurement.

Neither the traditional measure approach using rulers, nor
the mouse clicking and draging based approach, is uset-
friendly to yield accurate measurement for ECG.

In the prior art, there is no similar application on touch-
screen devices as disclosed in the present invention, while the
traditional mouse based approach can be not applied for the
widely used touch screen devices in the field of ECG mea-
surement. The present invention reveals a novel process of
ECG measurement with a touch screen device.

SUMMARY OF THE INVENTION

The subject of the invention is to implement a novel pro-
cess to measure ECG waves with a touch screen device by
using multi-touch feature, which can yield horizontal interval
and vertical interval between two touch points. This approach
solves a long-desired problem which the ECG waves cannot
be accurately measured with traditional approaches on dis-
play screens.

To implement the approach by using multi touches on
screen comprises the following steps:
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1) Collect ECG wave data through acquisition devices or
by scanning ECG report and drawing on a display
screen;

2) A user touches the screen using two fingers, and the
horizontally projected point and the vertically projected
point on the actual ECG waves are drawn. They are the
actual measurement target points;

3) On the screen the following items are displayed: the
horizontal and vertical baselines between the two target
points, and the x interval (horizontal) in milliseconds
and y interval (vertical) in microvolt between the two
points are calculated;

4) To move the touched points on the screen and the pro-
jected target points, the baselines and the intervals can be
updated on the screen;

5) To measure different positions of the ECG waves includ-
ing the Wave top points, wave beginning and ending
points by using this approach, and to analyze the
acquired ECG measurement data from above steps to
diagnose heart abnormalities or to study cardiology with
a diagnosis software.

According to above steps of the measurement, the pro-
jected target points are based on the actual touch point coor-
dinates on the screen, which is read with a gesture API pro-
vided by an operation system of a touch screen device.

According to the step 2 of above process of measurement
of ECG, the way to get the target measurement points is that
the assumed (x1, y1) and (x2, y2) are the 2 actual touch point
coordinates, x1 and x2 are divided by pixelsPerPoint (pixels
per point on screen), get nl and n2 as the point index, respec-
tively, through which we can read the voltage value on the y
axis from the array voltage[ |: vl and v2 . Coordinates (nl,
v1 )and (n2, v2 ) are the target points projected on x axis and
y axis. The two target points are drawn on the screen, we shall
convert them into the pixels per point.

According to the step 3 of above process of measurement
of ECG, the x interval and y interval are calculated as follow-
ing:

X interval is ((n2-n1)/sample)x 1000

wherein the sample is sampling rate which is represented
by points per second;

Y interval is: v2-vl.

According to the step 4 of above process of measurement
of ECG, the measurement is synchronously performed while
the finger touch points are moved.

This invention further discloses the specific steps to imple-
ment the approach on an i0S device. The APIis UIPinchGes-
tureRecognizer class in i0S. The two actual touch point coor-
dinates on screen are generated by
UIPinchGestureRecognizer:

numberOfTouches: Number of Touches;

locationOfTouch(int index): Coordinate of the touch index

of index;

Following equations are used to calculate x1 and x2 wher-
rein X1 is a left point:

Int x1=self.touchl.x>=self.touch2 x?self.touch2.x:
self.touchl.x;

int x2=self.touchl x<=self.touch2.x?self touch2 x:
self.touchl.x;

The index of points are calculated with the ECG wave data
(array):

int #1=Math.Floor(x1/pixelsPerPoint};

int n2=Math.Floor(x2/pixelsPerPoint);
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The voltage values are calculated with the voltage[ | array:

int vl=voltage[nl]

int v2=voltage[n2];

The following functions are used to draw the points and
lines:

CGContextMoveToPoint: Set the line beginning point;

CGContextAddLineToPoint: Draw line to a point;

CGContextFillEllipselnRect: Draw point on a position;

CGContextStrokePath: Perform the drawing;

The major advantage of this invention is a very uset-
friendly method (touch screen using fingers and move) for
users. The measurement of ECG waves is accurate and easy to
perform.

The process of the present invention is applicable to other
similar measurement, such as Brain Waves (electroencepha-
lography), or other waves when the voltage 1s on y axis and
time is on X axis.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an example of the ECG measurement of present
invention used for an ECG wave cycle.

FIG. 2 is an example of the ECG measurement of present
invention used for multiple ECG waves.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

To make the invention more understandable, here is a
detailed description for an example to explain how to imple-
ment the invention.

FIG. 1 is an example using this invention approach to
measure an ECG wave cycle. First, the ECG waves were
shown on a display screen. Two fingers were used to touch the
screen and the two touch points had two projected target
points on the actual ECG waves. Horizontal and vertical
baselines were drawn to indicate the x interval in milliseconds
and y interval in microvolt. To move either one or both of the
two finger touch points on the screen, the projected points and
the horizontal/vertical baselines were updated synchro-
nously, as well as the results of the measurement. The differ-
ent positions, which include wave top points, wave beginning
and ending points of the ECG waves, were measured with the
approach of invention. The diagnosis for heart abnormalities
was performed based on the results of measurements.
Implementation Details:

Multi-touch screen devices (such as iPad) can provide a
series of gesture API, and the API application is able to
acquire the finger touch data (coordinates) and the event when
the finger touches and slices.

Inputs are:

Assumed (x1, y1) and (x2, y2) are the two actual touch
point coordinates, and the following parameters are pre-
defined:

Sample: sampling points per second,

Points: the duration of the target ECG wave in points,

Voltage[ |: the array of voltage value of each points on the

wave,

pixelsPerPoint: the pixel number on screen per point occu-

pies.
Program Process:

x1 and x2 were divided by pixelsPerPoint (pixels per point
on screen) which yielded n1 and n2 as the point index, respec-
tively, through which we could read the voltage values as v1
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and v2 on the y axis from the array voltage[ ]. Coordinates
(nl, vl ) and (n2, v2 ) were the target points projected on x
axis and y axis.

The two target points, which were converted into the pixels
per point, were drawn on the screen.
Outputs were:

The x interval in milliseconds and y interval in microvolt
were calculated by

x=((n2-nl)/sample)x 1000,

y=v2-vl.

When users moved the touch figures (one or both) on the
screen, the calculation was performed synchronously and the
results of measurement were shown in real time. The
approach of present invention can potentially improve the
measurement efficiency and accuracy.

FIG. 2 is an example of measurement of ECG wave among
multiple ECG waves.

EXAMPLE

The 10S was taken as an eample, the following was a
detailed description to implement the approach of present
invention.

108 provides a series of gesture API to capture the finger
touches and movement events, the most of API being used is
UIPinchGestureRecognizer class. UIPinchGestureRecog-
nizer is a sub class that targets to pinch gestures on the screen.
When two points were touched, an instance of UIPinchGes-
tureRecognizer class was created, and the two actual touch
point coordinates on screen were generated by this instance:

numberOfTouches: Number of Touches;

locationOfTouch(int index): Coordinate of the touch
index of index.
Followings were equations for calculating x1 and x2 (x1 is
the relative left point):

Int x1=self.touchl.x>=self.touch2 x?self touch2.x:
self.touchl.x;

int x2=self.touchl x<=self.touch2.x?self touch2.x:
self.touchl.x.

The index of the point was calculated with the ECG wave
data (array):

int n1=Math Floor(x1/pixelsPerPoint);

int n2=Math Floor(x2/pixelsPerPoint).

The voltage values were calculated with the voltage[ |
array:

int vl=voltage[nl];

int v2=voltage[n2].

The following functions were used to draw the points and
lines:

CGContextMoveToPoint: Set the line beginning point;

CGContextAddLineToPoint: Draw line to a point;

CGContextFillEllipselnRect: Draw point on a position;

CGContextStrokePath: Perform the drawing.

Above are examples to explain how to implement the
invention, which helps to illustrate the subject of the inven-
tion, the solution and advantages thereof. An important point
to declare is that above description is only an example of the
invention, not include all about the invention. And any tech-
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nologies derived from the invention, equivalent replacements
and improvements are all covered in the claimed range of the
invention.

The invention claimed is:

1. A process for measuring electrocardiography (ECG)
based on multi-point touch on a display screen comprising the
following steps:

a. Collect ECG data with an acquisition device, or by

scanning ECG report, or by drawing on the screen;

b. Two fingers touch two points simultaneously on the
screen, which projects two target points on waves of the
ECG which is loaded on the screen;

c. Generate a horizontal baseline and a vertical baseline
between the two target points, and calculate the horizon-
tal interval (x) in milliseconds and vertical interval (y) in
microvolt between the two target points;

d. Move the fingers and project two new target points,
update new baselines and new intervals between the two
new target points;

e. Repeat steps b. ¢. and d. to measure the intervals for
different positions of the waves of the ECG including
wave top point, wave beginning point and wave ending
point;

f. Analyze acquired data from above steps to diagnose heart
abnormalities or to study cardiology

wherein the two touch point coordinates are designated as
(x1,yl) and (x2, y2); the x1 and x2 divided by pixel-
sPerPoint results in point index n1 and n2, respectively,
through which the voltage values on y axis from voltage[
larray are v1 and v2 , which yields two target point
coordinates designated as (n1,v1)and (n2,v2 ), wherein
pixelsPerPoint represents pixels per point on screen;
then drawing the two target points on the screen based on
the pixels per point.

2. The process according to claim 1, wherein the projected
target points are generated by two actual touch point coordi-
nates on the screen which is revealed by a gesture application
program interface (API) provided by an operation system of
a touch screen device.

3. The process according to claim 1, wherein the x interval
and y interval are calculated by which the x interval is ((n2-
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nl)/sample)x1000, wherein the sample is a sampling rate that
is represented by the points per second; y interval is v2 -v1.

4. The process according to claim 1, wherein the measure-
ment of ECG is synchronously performed as one or two
fingers are moved on the screen.

5. The process according to claim 2 wherein the operating
system of the touch screen device provides the gesture API
that is an UlPinchGestureRecognizer which generates the
following parameters when the fingers touch the screen:

numberOfTouches : Number of Touches,

locationOfTouch(int index): Coordinate of the touch index
of index;

calculates the x1 and x2 with the following equations

wherein x1 represents the left touch point:

int x1=self.touchl.x >=self.touch2.x ? self.touch2.x:
selftouchl.x,

int x2=self.touchl.x <=self.touch2.x ? self.touch2.x:
selftouchl.x;

calculates the point index of two touches on the ECG waves
with the pixels per point:

int n1=Math Floor(x1/pixelsPerPoint},

int #2 =Math.Floor(x2/pixelsPerPoint);

reads voltage values from the voltage| | array of ECG:

int vl=voltage[nl],

int v2=voltage[n2];

and draws the points and lines on the screen with the
following functions:

CGContextMoveToPoint: Set the line beginning point,

CGContextAddLineToPoint: Draw line to a point,

CGContextFillEllipselnRect: Draw point on a position,

CGContextStrokePathPerform the drawing.

6. The process according to claim 1, wherein diagnostic
software is used for the diagnosis ofheart abnormalities based
on the acquired data.
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