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Summary

Proxemics is a Python package that was designed for analyzing positional data of users
interacting with Brad and Rachel. It leverages a powerful data analysis library called pandas
(version 0.20.3). The primary functions of Proxemics are calculating and plotting position and
speed.

How Proxemics.py developed

Proxemics was developed over the course of nearly 6 weeks during the summer of REU 2017
under the guidance of Dr. Krum at the Mixed Reality Lab. The library makes use of pandas and
matplotlib to organize tracking data collected in the Fall of 2016.

Developing Proxemics involved several major hurdles including:

e Learning pandas and using pandas functions correctly (many hours were spent reading
forums — Reddit, Quora, Stack Overflow- to produce desired graphs with the desired
characteristics).

e Learning matplotlib and a bit about numpy. This process likewise involved many, many hours
reading documentation and festing out code.

e Defining questions of interest and letting the data inform what questions are worth asking

e Defermining what constitutes stillness and what constitutes movement (sefting 0 m/s as
stillness didn’'t work as even a slight head wobble could result in a speed >0 m/s).

e Calculating speed and setting an appropriate threshold speed to detect user motion

e Last but not least, testing and debugging the library to make sure it's robust enough to
handle varying data
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Pandas in a nutshell

Pandas is an open source data analysis library that is suitable for the following needs:
e Reading and writing data from CSV, txt and other file formats
e Aligning, indexing, and reshaping data
e Performing operations on large data sets (pivoting, merging, etc)

Pandas offers two data structures to organize data. A pandas Series may be thought of as a

labeled Python dict. The following example from official pandas documentation illustrates a
Series:

In [3]: s = pd.Series(np.random.randn(5), index=['a’, 'b', 'c', 'd', 'e'])

In [4]: s
Out[4]:

a 0.2941
b 0.2869
C 1.7098
d -0.2126
e 0.2696

dtype: floated

The index parameter allows users to label individual data points. To access data, instead of
relying on integer indices (like in a Python list), you can access data using the custom index.
Pretty cooll

In [16]: s['a’]

Out[16]: ©.29413876297575337

For large and complex data sets, pandas provides a DataFrame data structure. A DataFrame is
a 2D object that resembles a spreadsheet. Rows (called the ‘index’) and columns make up a
DataFrame, and are used to access data in the set. A DataFrame can be made from a list of
dicts, a group of Series, and a couple additional methods.

In [47]: data2 = [{'a': 1, 'b': 2}, {'a': 5, 'b': 10, 'c': 20

In [48]: pd.DataFrame(data2)

Out[48]:

a b C
@ 1 2 NaN
1 5 10 20.0
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The method used by Proxemics was read_csv(), which automatically parsed thousands of data
points from a CSV file into a single DataFrame. This efficiency is a major reason why pandas was
used to build Proxemics!

sESLEEES 40 Primingloystickwalking Brad
time-seco distance-meters hmd-from-origin vhuman-from-origin
0.004 2.554 2.554 0 Original Excel
0.01 2,554 2,554 0 Y il
0.021 2.554 2.354 0
0.032 2.554 2.554 0
0.043 2.554 2.554 0

import pandas as pd
df = pd.read_csv("0040 PrimingJoystickWalking.csv", skiprows = 1)

In [6]: df
Out[e]:

time-seconds distance-meters hmd-from-origin  vhuman-from-origin
a a.ead 2.554 2.554 a.eae
1 a.ele 2.554 2.554 a.eaa
2 a.e21 2.554 2.554 a.eaa
3 a.e32 2.554 2.554 a.eaa
4 a.843 2.554 2.554 a.eaa
5 @.855 2.555 2.555 a.eae
B a.8eo6 2.555 2.555 a.aea
7 a.e77 2.555 2.555 a.eaa
a8 a.ess8 2.555 2.555 a.eaa
9 a.e99 2.555 2.555 a.eaa
1@ a.111 2.555 2.555 a.eae
11 a.122 2.556 2.556 a.eaa
12 @.133 2.5586 2.5586 a.eaa
13 a@.144 2.555 2.555 a.eae
14 2.155 2.5586 2.5586 a.eaa
15 a.166 2.5586 2.5586 a.eaa
16 a.178 2.556 2.556 a.eaa
17 @2.189 2.5586 2.5586 a.eaa
18 a.2ee 2.558 2.558 a.eae
149 @.211 2.556 2.556 a.aea
28 @.222 2.5586 2.5586 a.eaa
21 a.234 2.558 2.558 a.eaa
22 @.245 2.5586 2.5586 a.eaa
23 a.2586 2.5586 2.5586 a.eae
24 a.267 2.556 2.556 a.eaa
25 a.278 2.5586 2.5586 a.eaa
26 @.289 2.558 2.558 a.eae
27 a.38l 2.556 2.556 a.aee
28 @.312 2.5586 2.5586 a.eaa
29 a.323 2.556 2.556 a.eaa
42187 476.488 a.494 a.584 a.elv
42188 476.499 a.494 a.584 a.elv
4219 476.511 a.494 a@.5684 a.el7
4211e 476.522 a.494 a.584 a.elv
42111 476.533 a.494 a.584 a.el7
42112 476.544 a.494 a@.5684 a.el7
421135 476.555 a.494 a.584 a.elv
42114 476.566 a.494 a.584 a.elv
42115 476.578 a.494 a.584 a.elv
42116 475.5389 2.494 a.584 a2.a17v
42117 476. 688 @.493 @.583 a.el7
42118 476.611 a.493 a.583 a.elv
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Just as there are multiple ways to instantiate a DataFrame, there are several ways to access
data from a DataFrame.

Operation Syntax Result
Select column df[col] Series
—*>Select row by label df.loc[label] Series
—Select row by integer location df.iloc[loc] Series
Slice rows df[5:10] DataFrame
Select rows by boolean vector df[bool_vec] DataFrame

The two slicing methods used for Proxemics are indicated by the arrows. In addition, Proxemics
borrows plofting methods from pandas, which provide all the functionality of matplotlib.

To generate a plot from a DataFrame, only x and y data labels are required (column names can
be supplied, which is a major advantage compared to plofting using matplotlib, which requires
numpy arrays or lists as inputs). Optional parameters customize the plot (linewidth, title, etc).

[df.plot('time-seconds', "hmd-from-origin', c = ‘orange’, linewidth=3.0) ]
b
4 ’....-n-\
3 _
2 -
1_
0 - === hmd-from-origin
0 100 200 300 400

time-seconds
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Tutorial

Proxemics was built using Spyder, a powerful IDE designed for scientific applications. In addition,
Spyder was created to support matplotlib and features an interactive Python interpreter
(IPython). We will be using IPython to execute all our commands. To use the Proxemics library,
download Spyder through Anaconda: https://pythonhosted.org/spyder/installation.html

1. Afterinstaling Anaconda, search for the Anaconda Navigator. If your machine runs Windows
10, just type in “anaconda” in the Windows search bar. Hit Enter fo open the Navigator.

ANACONDA

Powered by Continuum Analytics

2. Click on the Launch button beneath the Spydericon. An alternative is to simply type “spyder”
intfo the Windows search bar and launch the IDE.

e
|_{

L)

spyder

31.4
Scientific PYthon Development
EnviRonmenk. Powerful Python IDE wikth
advanced editing, interactive tesking,
debugging and introspection Features

Launch

3. Open Proxemics.py in Spyder.
4. Specify the directory where data files are found. Use double backslashes.

| 5 | Data
Home  Share  View
« © 4 (15 ThisPC » Downloads » Data

A Neme Date modified Type Size

¥ Quick access

Microsoft Excel C.
I Desktop

Microsoft Excel C...

0020_PrimingloystickWalking.csv
0030_PrimingWalkingJoystick.csv

& Downloads  #

Documents #

[ Pictures

&, Animations

&) Assets
Proxemics photc.

© SVN_Proxemics
@ OneDrive

[ ThisPC
[ Desktop
Data
Proxemics pho
Documents
4 Downloads
D Music
] Pictures
8 Videos
i Windows (C))
- New Volume (i
= tnguyen (\\neta|

[y va— O
T3 items

0040_PrimingloystickWalking.csv
0050_PrimingWalkingJoystick.csv
0060_PrimingJoystick\Walking.csv
0070_PrimingWalkingJoystick.csv
0080_PrimingJoystickWalking.csv
0090_PrimingWalkingJoystick.csv
0100_PrimingloystickWalking.csv
0110_PrimingWalkingJoystick.csv
0120_PrimingloystickWalking.csv
0130_PrimingWalkingJoystick.csv
0140_Primingloystickalking.csv
0150_PrimingWalkingJoystick.csv
0160_PrimingJoystickWalking.csv
0170_PrimingloystickWalking.csv
0180_ThresholdLong.csv

0190_PrimingWalkingJoystick.csv
0200_PrimingWalkingJoystick.csv
0210_PrimingJoystickWalking.csv
0220_PrimingWalkingJoystick.csv
0230_PrimingJoystickWalking.csv
0240_PrimingWalkingJoystick.csv
0250_PrimingloystickWalking.csv
0260_PrimingWalkingJoystick.csv
0270_ThresholdShort.csv

Directory of data files
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Microsoft Excel C.

Microsoft Excel C...

Microsoft Excel C.
Microsoft Excel C.

Microsoft Excel C...

Microsoft Excel C.

Microsoft Excel C...

Microsoft Excel C.
Microsoft Excel C.

Microsoft Excel C...

Microsoft Excel C.

Microsoft Excel C...

Microsoft Excel C.
Microsoft Excel C.

Microsoft Excel C...

Microsoft Excel C.

Microsoft Excel C...

Microsoft Excel C.
Microsoft Excel C.

Microsoft Excel C...

Microsoft Excel C.

Microsoft Excel C...

Microsoft Excel C.
Microsoft Excel C.



https://pythonhosted.org/spyder/installation.html

import pandas as pd

import numpy as np

import matplotlib.pyplot as plt
import os, re

sV files need to match format given in @848 PrimingloystickWalking.cswv

class Proxemics:
os.chdir("C:\\Users\\tnguyen.ICT2088\\Downloads\\Data")|
def __init_ (self,file):
self.file = file
self.df = pd.read_csv(self.file, skiprows = 1)
if (self.file.endswith({"Walking.csv")): # joystick happens first
self.trials = ("BeBehindDoorJoystick”™, "BeBehindDoor™)
else:
self.trials = ("BeBehindDoor"™, “BeBehindDoorJoystick™)

os.chdir changes current working directory to the path specified

5. Run Proxemics.py script by pressing the F5 key. A runfile command will appearin the
IPython console.

IPython consale [
[0 Console s B B &

Python 3.6.1 |Anaconda 4.4.8 (84-bit)| (default, May 11 2817, 13:25:24) [MSC v.1988 64 bit
(AMDE4) ]

Type "copyright”, "credits" or "license"™ for more information.

IPython 5.3.8 -- An enhanced Interactive Python.

? -» Introduction and overview of IPython's features.
#quickref -»> Quick reference.

help -» Python's own help system.

object?  -» Details about 'object', use 'object??' for extra details.

In [1]: runfile('C:/Users/tnguyen.ICT2888/Documents/Python Scripts/Proxemics.py’,
wdir="C:/Users/tnguyen.ICT2888,/Documents,/Python Scripts')

In [2]:
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6. Instantfiate a Proxemics object by providing a desired file name. To begin data analysis, call
remove_data_pretrial().

prx = Proxemics(“0040 PrimingJloystickWalking.csv”)
prx.remove_data_pretrial()

IPython consale 5 X
[0 cConsole 1ja B H &

Python 3.6.1 |Anaconda 4.4.8 (84-bit)| (default, May 11 2817, 13:25:24) [MSC v.1988 64 bit
(AMDE4) ]

Type "copyright”, “credits" or "license" for more information.

IPython 5.3.8 -- An enhanced Interactive Python.
-» Introduction and overview of IPython's features.
Hquickref -» Quick reference.
help -» Python's own help system.
object?  -» Details about 'object', use 'object??’ for extra details.

In [1]: runfile('C:/Users/tnguyen.ICT2888/Documents/Python Scripts/Proxemics.py’,
wdir="C:/Users/tnguyen.ICT2888,/Documents,/Python Scripts')

In [2]: prx = Proxemics("2848 PrimingloystickWalking.csv™)
In [3]: prx.remove_data_pretrial()

In [4]:

7. Call any function in Proxemics using dot notation. For example, to plot data from
VHumanWalkl trials, type [object].plot _vhw() into IPython.

prx.plot_vhw()

IPython console 5 X
[Q Console 14 B B &

Python 3.6.1 |Anaconda 4.4.8 (64-bit)| (default, May 11 2817, 13:25:24) [M5C v.1988 &4 bhit ™
(AMDE4) ]

Type "copyright™, “credits" or "license™ for more information.

IPython 5.3.8 -- An enhanced Interactive Python.

? -» Introduction and overview of IPython's features.
Hquickref -»> Quick reference.

help -» Python's own help system.

object? -» Details about 'object', use 'object??' for extra details.

In [1]: runfile('C:/Users/tnguyen.ICT288@/Documents/Python Scripts/Proxemics.py’,
wdir="C:/Users/tnguyen.ICT2888,/Documents/Python Scripts')

In [2]: prx = Proxemics("8848 PrimingloystickWalking.csv")
In [3]: prx.remove_data_pretrial()

In [4]: prx.plot_vhw{}l
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Be default, plots created in Spyder will appear inside the IPython console. To make plots
appear as separate windows, go to Tools > Preferences > IPython console. Navigate to the
Graphics tab and change “Inline” to “*Automatic”. Hit OK.

# Preferences ? *
~
£ General Display Graphics Startup Advanced Settings
Keyboard shortcuts Support for graphics (Matplotib)
g’ Syntax coloring Activate support
e Python interpreter |:| Automatically load Pylab and MumPy modules
» Run Graphics backend
& Global working directory Decide how graphics are going to be displayed in the console. If unsure,
please select Inline to put graphics inside the console or Automatic to
@ Editor interact with them (through zooming and panning) in a separate windaw.,
# Python console Backend: | Inline hd
[@ IPython conscle Inline backend
D] History log Decide how to render the figures created by this backend
F t: PHG ~
@ Help orma
T Resolution: |72.0 |51 dpi
== Variable explorer
O Profil Width: inches
rofiler
Height: 4 =1 inches 4
Reset to defaults Cancel Apply
# Preferences ?
O General Display Graphics Startup Advanced Settings
Keyboard shortcuts Support for graphics (Matplotlib)
2 Syntax coloring Activate support
a Python interpreter ] automatically load Pylab and MumPy modules
P Run Graphics backend
& Global working directory Decide how graphics are going to be displayed in the console, If unsure,
please select Inline to put graphics inside the console or Automatic to
@ Editor interact with them (through zooming and panning) in a separate window,
@ Python console Backend: | Automatic =
[@ IPython console Inline backend
9 History log Decide how to render the figures created by this backend
F t: PNG
@ Help orma
—— . Resolution: |72.0 5 dpi
== Variable explorer
© Profi Width: inches
rofiler
Height: 4 1 inches
Reset to defaults oK Cancel Apply
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9. To generate a csv for analysis in SPSS, open vhw_csv.py. Again, specify the working directory.

Be sure to modify the files variable to the desired working directory as well.

import pandas as pd

import os

from Proxemics import Proxemics

import time

start_time = time.time()

os.chdir{"C:\\Users\\tnguyen.ICT2888% \Downloads\\Data")
files = os.listdir("C:\\Users\\tnguyen.ICT2008\\Downloads\\Data"}|

10. The resulting csv will appear in the working directory as out.csv.

I = | Data

« > v

3+ Quick access
[ Desktop

4 Downloads  #
Documents

[&] Pictures
%  Animations

% Assets

Proxemics photc

@ SVM_Proxemics_

¢@ OneDrive

[ This PC

[ Desktop
Data

Proxemics pho

[E Nacimmants

73 items

View

» ThisPC » Downloads » Data

-~
Mame

ﬂﬁ 0580_ThresholdLong.csv
0580_ThresholdShort.csv
0600_ThresheoldLong.csv
0610_ThresholdShort.csv
0620_ThresheoldLong.csv
0630_PrimingloystickWalking.csv
0640_PrimingWalkingloystick.csv
0650_ThresholdShort.csv
0660_ThresholdLong.csv
0670_ThresholdShort.csv
0680_PrimingloystickWalking.csv
06%0_PrimingWalkingloystick.csv
O700_PrimingloystickWalking.csv
O0710_PrimingWalkingloystick.csv
0720_ThresholdLong.csv
0730_ThresholdShort.csv

out.csw
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Date modified
6/9/2017 12:51 PM
6/9/2017 12:51 PM
6/9/2017 12:51 PM
6/9/2017 12:51 PM
6/9/2017 12:51 PM
6/9/2017 12:51 PM
6/9/2017 12:51 PM
6/9/2017 12:51 PM
6/9/2017 12:51 PM
6/9/2017 12:51 PM
6/9/2017 12:51 PM
6/9/2017 12:51 PM
6/9/2017 12:51 PM
6/9/2017 12:51 PM
6/9/2017 12:51 PM
6/9/2017 12:51 PM
7/5/2017 2:30 PM

v O

Type

Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...

Search Data

Size

1,470 KB
1,014 KB
1,230 KB
976 KB
1,379 KB
4,591 KB
3,038 KB
1,296 KB
808 KB
934 KB
4331 KB
3,955 KB
4373 KB
4,549 KB
1,200 KB
976 KB
3KB



AP| Reference

Objects of Proxemics all have the following aftributes:
e self.file:name of data file as a string (must end with “.csv”)
e self.df:apandas DataFrame object with all proxemics data in the file
e self.trials:a fuple of tfrials listed in the order of the experiment (i.e. (“BeBehindDoor”,
“BeBehindDoorJoystick”) and vice versa)

Processing Data

times_list(): returns a list of all fimestamps
get_begin_index(): returns row number in self.df that marks when the first frial began

remove_data_pretrial(): deletes all data from phases before the first trial (i.e. StandFar,
JoyTraining, efc). This function must be called after instantiating a Proxemics object.

times_by phase(): returns a dictionary of fime intervals corresponding to each phase of an
experiment. The format of the dictionary is: {phase: (phase start time, phase end time)}.
The first VHumanWalk phase is denoted VHumanWalkl and the second VHumanWalk
phase is denoted VHumanWalk2.

relative_zeros_by phase(): leverages time_by phase() to make a dictionary of times relative
to the start time of the first trial. i.e.: Let’s say the first trial starts at 300s and
time_by_phase() returns {VHumanWalk: (800, 1000)}. relative_zeros_by_phase() would
return {VHumanWalk1: (500, 700)}.

trialdf(trial_num): frial_num takes either a 1 or 2 as input. Returns a DataFrame of the
specified trial. Used as a helper function.

speed_human_trial(trial_num = 1): refurns a list of lists in the following format: [list of fimes, list
of speeds sampled pair-wise].

time_speed_human(): returns a list of lists in the following format: [list of fimes, list of speeds
sampled pair-wise, list of teleportation tfimes].

time_window_speed_human(window_size = 350, threshold_speed = 0.04): makes use of
time_speed_human() to sample speed according to given window_size. The mean speed
across a sliding window is stored in a list. The middle timestamp is stored in a separate list
at the same index. Retfurns a list of lists: [window_fimes, mean_spd_window]

PROXEMICS GUIDE - REU 2017



Plotting Data

stand_still(window_size = 350, threshold_speed = 0.04): makes use of
time_window_speed_human() fo refurn a list of fimes in which subject stood sfill. i.e.: [(still
start time, sftill end time)]. Plots hmd-from-origin against fime and annotates times in which
subject stood still. Orange indicates starf time, red indicates end fime.

prx.stand_still(400, 0.04)

—— hmd-from-origin
40 %M

3.5
3.0 1
2.5

2.0
151 ~V-”X—Jl|—’\",\/

0.5 4

0.0

plot by phase(phase_input = None): plots hmd-from-origin against time for phase specified

in phase_input as a string. To inspect VHumanWalk, frial number must be specified (i.e. :
"VHumanWalk1"). By default, all phases will be displayed in separate windows.

prx.plot_by phase()

0040: BeBehindDoorJoystick 0040: AskQuestionl

o w w S
n o n =]
w w S
o w o

[
)
|

Ing

=]

™

o
L

hmd-from-origin
hmd-from-origin

=
[E]
L
=
[&]
L

=
o
-
o

o
n
L
o
n

T T T T T T
295 300 305 310 315 320 3é5 3:;0 3?;5 34‘10 3&5 35‘0
time-seconds time-seconds
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0040: VHumanWalkl

0040: StandFar

4.0 4.0
351 3.5
3.0 4 3.0 4
= c
o
5251 g 2.5
£ £
£ 2.0 £ 2.0+
£ ;
£ E
< 154 < 151
1.0 104
0.5 0.5 -
352 353 34 335 36 37 B8 39 360 160 370 280 390 400 410 420
time-seconds time-seconds
0040: BeBehindDoor 0040: AskQuestion2
4.0 1 4.0 4
3.5 4 35 -
3.0 4 3.0 1
£ ]
g 2.5 1 %“ 2.5
£ £
£ 2.0 £ 2.0
- h-)
E £
=
= 1.5 1.5
1.0 A 107
05 4 05 ———
T T T T T T T ! ! ! ! ! ! !
420 425 430 435 440 445 450 455 454 456 458 460 462 464 466
time-seconds time-seconds
0040: VHumanWalk2
4.0 -
3.5 4
3.0 4
c
=)
5 2.5
5
£204
o
£
< 154
1.0 4
0.5 -
468 469 470 471 472 473 474 475

time-seconds
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plot_vhw(): plots VHumanWalkl and VHumanWalk?2 in separate windows. The x-axis is fime-
seconds and y-axis is distance-meters (from origin). The plots are annotated with arrows
and text indicating average distance maintained between hmd and vhuman. If subject
reacted to vhuman walking, the distance subject withdrew is also annotated.

The following example shows VHumanWalk for both trials. Subject does not move in response to
vhuman walking in the second trial, so only average distance maintained is annotated.

prx = Proxemics(“0040 PrimingJoystickWalking.csv”)
prx.remove_data_pretrial()
prx.plot_vhw()

0040: Joystick

—— hmd-from-origin
—— vhuman-from-origin
" max: 1.388
motion
1.5 1
avg I
dist: 1.066 !
1
J/N
—_— ' withdraw: 0.322
i
1
1
1
1.0 - ]
1
|
b 1
I 1
7] I
£ 1
g |
L=
c 1
] 1
i
=]
0.5
0.0
_0;5‘ T T T T T T T
353 334 355 356 357 358 359 360

time-seconds
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0040: Walking

—— hmd-from-origin
— vhuman-from-origin

1.5 1

1.0 1

avg
dist: 0.510

distance-meters

051+ ——————_——

0.0

T T T T T T T
468 469 470 471 472 473 474
time-seconds

plot_trials: plots each frialin a separate window. Hmd-from-origin and vhuman-from-origin
are plotted against time for both trials. Uses trialdf().

hum_vhum_pos(self, trial_num = None): plots hmd-from-origin and vhuman-from-origin as
scaftterplofs on the same graph. The x-axis corresponds fo x coordinates of both agents and the
y-axis corresponds to z coordinates of both agents. If no trial_num is specified, both plots will be
displayed on separate windows (tfrial number indicated in fitles). Vhuman is shown in blue,

subject is shown in grey.

prx.hum_vhum_pos()
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Position Position 2
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Helper Functions

Additional Notes

Neglecting Teleportation

In the study, a reset was done in between each frial, which instantly ‘repositioned’ the subject. In
analyzing the speed of the user, teleportation had to be filfered out. Below is a plot of distance-
meters against time-seconds with teleportation highlighted by the red box. Teleportation was
defined as = 10 m/s.

4.5

4.0

0 100 200 300 400
time-seconds

Calculating Speed and Stiliness

Speed was first calculated pair-wise, using hmd-from-origin and fime-seconds data. Let's
pretend the following table belongs in the Proxemics data set.

1
2
3
4
5
6

2
1.5

1
0.5
0.25
0.2

PROXEMICS GUIDE - REU 2017 17



Pair-wise speed calculations would yield the following result:

A hmd—-from—origin

speed =

A time—seconds

1 2

2 1.5 -0.5m/s
3 1.3 -0.2m/s
4 1.2 -0.1 m/s
S 0.25 -0.95 m/s
6 0.2 -0.05 m/s

Since fracking data was recorded at 90 Hz, the pairwise speed calculations were approximately
0 m/s, but not exactly zero. To detect stillness, a sliding average (window) was used to smooth
out the speed calculations. The window_size parameter in Proxemics corresponds to the number
of pair-wise speeds to be averaged. Using the previous data set with a window size of 3 results in
the following “window-speed” calculations:

1 2

0Om/s
2 1.5 -0.5 m/s -0.23 m/s
3 1.3 -0.2m/s -0.27 m/s
4 1.2 -0.1 m/s -0.625 m/s
5 0.25 -0.95m/s -0.37 m/s
6 0.2 -0.05 m/s

Fine-tuning this window-speed calculation involved examining several data sets and adjusting
athe window_size and threshold_speed parameters. Through a lot of frial and error, the best
representation of speed resulted when a window_size of 350 — 400 was used with a
threshold_speed of 0.04 m/s. The example below depicts stand_still(100, 0.05)
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4.0 Mo

10

0.5

0.0

— hmd-from-origin

300 325 350 375 400
time-seconds

window size = 100,

threshold speed = 0.05

Setting the window size to 400 and threshold speed to 0.04 m/s results in a much cleaner and

more accurate depiction of user stillness.

35

30

25

2.0

—— hmd-from-origin

300 325 350 375 400
time-seconds

window size = 400,

threshold speed = 0.04
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Detecting Motion

Understanding how to represent stillness means that user motion can be detected by the
computer (using a window_size of 350 - 4@0) as:

e window speeds that exceed 0.04 m/s
e lessthan 10 m/s

The default window_size in Proxemics is 350.
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