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This application allows you to calculate the Hurst value for an input time series, if the time series
is fractal.

HorizonA contains three files: Horizon.exe; MFC42.DLL; MSVCRT.DLL.
HorizonB contains two files: HTest.txt; HMan.pdf.

Before you begin:

The following assumptions have been made:

1. Horizon has been copied to its own directory on your hard drive, and one or two relevant dllI's
are in the same directory as the application. If one of the.dll's does not copy to your hard
drive, you will get an error message. This just means that you do not need that particular.dll.
The program will work fine without it.

2. Allfiles that are ready for analysis are saved as text files(*.txt)

3. These text files contain only numerical data

4. Atext file called Htest.txt is also saved to the same directory as Horizon in your hard drive

NOTE: Throughout this manual the various examples refer to the file called Htest.txt. This file
was created to assist you in learning how to use Horizon.

Starting Horizon

1. Execute the Horizon program
2. To import the data click:

a File

b Import Data

c Text File

d Select the file that has the data you wish to input.

3. Highlight the text file containing the data and click “Open.” This should create a continuous

graph with event number (i.e., heartbeat number) on the x-axis and the magnitude of the signal
of your imported data on the y-axis (for heartbeats, this might be milliseconds).

Preparation for Analysis

Once the initial graph appears on the screen, you will need to be set H parameters to give accurate
output.

1. To prepare the data for analysis click:
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H Config
H Parameters

[@ 2]

2. Inthe box labeled “Hurst Parameters and Variables” click on the box labeled “M.” this will
automatically set the maximum window size to the square root of the number of data points.
We suggest that you use this setting for your data analysis.

3. To obtain accurate readings you must decide on the correct dimensional setting for those spe-
cific data.

4. To manipulate the dimensional setting click on the arrows to increase or decrease the dimen-
sional value.

5. The best method in which to begin to analyze the data is to begin with a dimensional value of
1 and increase the value. At the same you should be noting the corresponding H for each
respective dimensional setting.

6. Continue to increase dimensional setting by increments of one until the value of H does not
change. This is the dimensional setting that should be used for analysis of your data.

Examplel: Htest.txt

D H
1 0.02
2 0.02
3 0.02
4 0.03
5 0.03
6 0.03
7 0.03
8 0.03
9 0.03
10 0.03

The H value reaches an asymptote at H = 0.03 Thus, in the box labeled “D” you would enter 4. to
avoid having to reanalyze large data sets, we usually choose a value which is higher by an addi-
tional 2 dimensions. This will not alter the value of H, but it avoids problems with heterogeneous
data where the dimensional embedding may be underestimated if you look at only one set of data.
Otherwise, you will have to pre-analyze all your data and then choose the highest dimensional
value that results in an asymptotic value of H and then analyze your data using this value. We have
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found that time series where H values tend to be close to 0 require lower dimensional embedding
constants than time series where H values are closer to 0.5.

Determining H using your parameters

Now that the proper dimensions have been determined you can use Horizon to manipulate the
data.

1. Specification of Range

If you have a long data set and you only want to analyze a small part of it, Horizon allows the user
to specify the range of the graphing window.

Click:

a File

b Extract Data

c Enter the minimum and maximum point values in the boxes provided

Horizon will create a new graph window with the user-specified minimum and maximum as the
new beginning and end points.

Auto Tabs

This feature will determine an H value for a certain number of points. An example would be if you
had a data set of 5000 points in length, you could set tabs to 1000 and the program would calcu-
late the H value for each 1000 point interval (0-999, 999-1999, 1999-2999, 2999-3999, 3999-
4999).

To use tabs click:

a H Config

b Auto-Tab

c Enter the number of points you want per segment

d “M” use best value

e “D” change the dimension to the same value that was determined for the entire data set
The values for the calculated Auto-Tabs are placed at the top of the graph. However, if you have a
graph 10000 points in length, and you decide to do Auto-Tabs of 100, 100 H values will be placed
at the top of the graph. The values will overlap rendering those calculated values unfit for reading.
In this case click:

a H Config
b H Parameters
c H Tab at:

This feature allows the user to scroll down through the segments of the graph to determine the H
values for each segment.
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NOTE: “Global” is H for the entire time-series.

Sliding Windows

This feature of Horizon will take the first n points (this is a value specified by the user) in a data
set and will determine the H value for that segment. Then the segment will shift 1 and the program
will calculate the H value for the same number of points but with a window shift of 1 unit.

Example 2: Htest.text

10000 point sample
Sliding Windows of 1000

To use sliding windows click:

H Config

Set Sliding Windows

Width-size of the window specified by the user, in this example it is 1000
Spacing-determines the value of the window shift. In other words, instead of finding the H
value for the first 1000 points and then shifting over 1 unit, the program will find the H value for
the first 1000 points, shift over 10 units and find the H value for the next 1000 points.

e M parameters-use best value

f D parameters-set the value for the same as global dimension value

o 0O T 9

NOTE: When you set sliding windows to large values, this can significantly increase computa-
tional load. The status bar at the bottom of the screen will inform you of progress.
Extracting Numerical Data With Sliding Windows

After the program has calculated the Sliding Windows for the graph the Horizon allows you to
extract numerical values to allow the user to further analyze the data.

Click:

a H Config

b Extract H Data
c Text file

NOTE: After the text file for the output has been created, it may be easier to view the data using a
spreadsheet.

The output will have this format:

1000 1142.718 0.0472 -0.9997 -1.9528
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1001 1065.112 0.0463 -0.9997 -1.9537
1002 1057.764 0.0445 -0.9997 -1.9555
1003 986.5709 0.0396 -0.9996 -1.9604
1004 925.0438 0.0409 -0.9996 -1.9591
1005 822.033 0.0369 -0.9996 -1.9631
1006 992.1111 0.032 -0.9996 -1.968
1007 1113.618 0.0336 -0.9996 -1.9664
1008 1022.453 0.0382 -0.9997 -1.9618

a X is the point number
b y is the value of the input.

c H value (since the slope is -D, H is simply 2-D).

d ris a measure of the sample correlation for the regression. Generally, if the time-series is
fractal, the r-value should be close to -1.00

e b is the intercept for the regression (not very useful but the value is still reported).

Finishing Up

After all the data has been analyzed and you want to save the graph, Horizon will save the current
dimensional, M settings, and Sliding Windows but will not save the Auto-Tabs.

Click:
a File
b Save As

Enter file name and save.

NOTE: Make sure the file has the file extension is.hor to go back to the data set, you can now use
File “Open” to open the Horizon data file, rather than having to re-import your data and reset the
parameters.

If you have any questions, comments or bug reports, please contact me at pbdp@helix.nih.gov
Horizon is also available for Windows NT/Alpha. Contact us for details.

For further information, see:

DePetrillo PB, Speers D’A, Ruttiman UE: Determining the Hurst exponent of fractal time
series and its application to EKG analysis. Computers in Biology and Medicine. 29:6, 393-
406, 1999.
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