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[Comparison Meeting of Motion Analysis Systems]
Japanese | English

The Clinical Gait Analysis Forum of Japan has held two Comparison
Meetings of Motion Analysis Systems to compare characteristics and
measurement accuracy of motion analysis systems used in
rehabilitation, industry, sports and entertainment. The comparison
has been made in afair and subjective standard from the standpoint
of users and theresults have been published.

pCompar ison Meeting of Motion Analysis Systems
2002 Infomation

©

I» Testing_Protocol

©

pParticipating_Systems
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pPResult
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[Comparison Meeting of Motion Analysis Systems]

Japanese | English

In the coming comparison meeting, the newest motion analysis systems
will be gathered in a same place and compared through real
measurements in terms of basic measurement accuracy, processing time,
etc. in the presence of participants. Evaluation of system performance in
rehabilitation, industry, sports, entertainment fields will also be made.
Many systems such as Vicon, Expert Vision, Echonet will be shown in a
realistic manner so that the participants will be able to operate the
systems by themselves.

Photographs taken in the previous comparison meeting
(at the Kanagawa Rehabilitation Center)

@Results of previous two comparison meetings are available at the
following site:
http://www. ne. jp/asahi/gait/analysis/comparison99/comp99. html

1) Date:
July 27th(Sun), 28th(Sat), 29th(mon), 2002.

2) Place:
Japan Technology College (kamata) Gymnasium


http://www.scn-net.ne.jp/~amti/comparison2002/infomation.html
http://www.ne.jp/asahi/gait/analysis/comparison99/comp99.html

- 144-8655 5-23-22, Oota, Nishikamata, Tokyo, Japan
- Department of Physical Therapy, School of Health and Medicine,
- Japan Technology Col lege

- Phone: +81-3-3732-1569 (during the meeting date)
- FAX: +81-3-3732-1446 (during the meeting date)

-~ Access: bmin walk from JR keihin—-hohoku |ine Kamata Station

- For details, see home page of
- Japan Technology College

1

1
n -
-r,s-ﬁ ' -

Japan fechnology College

3) Inquiry for information (pre-meeting) to Dr. Y. Ehara:
~ NAHO4120@nifty.ne. jp

4) Admission Free (Non-members can participate)
5) Organizing Committee
-~ Chair : Dr. Y. Ehara

-~ Member: K.Ebitani, N.Fujii, T.Inoue, S.Miyazaki, M. Mochimaru,
M. Nakamura, S.Ogata, M. Suzuki, T.Togashi, Y. Tokuda

-~ Adviser: H.Fujimoto, S.Tanaka, S.Yamamoto
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IR AT LEEHRET= 2002 Zaka)L
Comparison Meeting of

Motion Analysys Systems 2002 Protocol

Comparison Meeting of Motion Analysis Systems Protocol

Japanese | English

This meeting will be held to evaluate 3D motion measurement systems. A
7m by 7m space will be allocated to each participating company to make
demonstrations. There are three categories for the comparison.

Each company must attend category 1. She may also attend category 2 and 3.
Each category has its own protocol. Committee of the Comparison Meeting will
evaluate the achievement of the protocol for each attending company.

2)Sports.

3)Entertainment.

L T o e T O O T T T I I I e N A N A B A A A O B B O B A IO I

1) Basic specification comparison for rehabilitation or industry.

kR R R R R R R R R R R EE R R EaE

a) Purpose Gait analysis in rehabilitation is the most common area in motion
measurement. Purpose of this category is to compare accuracy of
the system during walking.

b) Camera and setting Each company has to set the cameras inside the 7m by 7m space. It
includes space for the subjects movements. There is no limitation to
the number of cameras and the way of the camera setting.

c) Subject The committee will arrange a subject.
d) Markers Each company shall put its own markers.
e) Task 1 The subject shown in Fig.2 walks the space (Fig.1) according to the

walking sequence illustrated in Fig.3. Each company shall measure
the 3D coordinates of the two markers and output them in ASCII
format (DIFF format). The accuracy of the distance between the two
markers will be evaluated by the committee.


http://www.scn-net.ne.jp/~amti/comparison2002/protocol/protocol.html
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Put three markers on L-shaped device and measure the 3D
coordinates of the three markers and output them in ASCII format
(DIFF format). The subject, walking space and sequence of the steps
are the same as in Task 1. The accuracy of the angle will be
evaluated by the committee.

Put two sets of three real markers as illustrated in Fig.4. The subject,
walking space and sequence of the steps are the same as in Task 1.
Calculate virtual point A with the three real markers B, and calculate
virtual point D with the three real markers C, and output the 3D
coordinates of A and D in ASCII format (DIFF format). The accuracy
of the distance between A and D will be evaluated by the committee.

T Real makers
Real markirs B

Fig.4
Put ten markers on the subject and measure his walking. Display the
results as a stick diagram on the computer monitor. The processing
time will be evaluated by the committee.




2) Sports.

kR FE R R RS EE R E e Eaa

a) Purpose

b) Camera and setting

c) Subject

d) Markers

e) Motion

f) Measurement time

g) Analysis

h) Others

i) Time for analysis

j) Evaluation

The purpose of this category is to evaluate whether the system can
be used in Sport analysis.

Each attending company has to set the cameras within 7m by 7m
space. It includes the space for the subjectfil movements. There is
no limitation to the number of cameras and the way of the camera
setting. Frequency of measurement shall be higher than 200Hz.
Measurement may be either 2D or 3D.

Each company has to arrange a subject.

Each company shall put her own markers to the subject. There is no
restriction to the numbers, shape, the place and method of
placement of the markers.

Each company can select one of sports motion like tennis, golf
swing, pitching, and hitting. The motion must be done within the 7m
by 7m space.

Measurement time will depend on the motion.

After all process is finished, make a brief presentation on the
analysis contents. In the presentation, visible data will be required.

Attending company may set the measuring systems in advance with
a clear statement of this fact.

Time to collect data, analyze, and make report will be evaluated.

It is impossible to evaluate the numeric value like accuracy.
So the committee will evaluate of the following aspects:

*Easiness of the marker setting and other pre-settings

*Way to handle hidden markers

*User friendliness of the measurement, analysis, and reporting
*Whole processing time

*Contents of report and results

Bk kR SR R R R R R R R R R EE SRR R R E e

3) Entertainment.
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a) Purpose

b) Camera and setting

c) Subject

d) Markers

e) Motion

f) Measurement

Motion measurement system has become common in entertainment
fields. Especially, video game companies introduce the systems to
create more realistic motions. So in this category, we evaluate the
ability for entertainment use.

Each company has to set the cameras within 7m by 7m space. It
includes the space for the subjectfill movements. There is no
restriction to the number of cameras or setting method of cameras.
Three-dimensional analysis is required.

Two subjects should be preferable but you can try with a subject. All
subjects will be measured at the same time. Each company has to
arrange the subject(s).

Each company will put its own markers to the subjects. There is no
restriction to the number, shape, the place and method of placement
of the markers.

Subjects will try warming-up exercise with BGM. The BGM will be
prepared by the committee. Distance between two subjects shall be
set about 1.5 meters and one subject stands diagonally behind the
other subject. Measure the motion.

Measurement frequency is 50 or 60 Hz and duration of measurement

frequency and durationis about 10 seconds.

g) Pre-setting

h) Processing time

i) Evaluation

Each company can key-in items like subject name, segment length
and so on before starting measurement.

Display the CG as soon as possible. The processing time will be
evaluated by the committee.

It is impossible to evaluate the numeric value like accuracy.
So the committee will evaluate the following aspects:

*Easiness of the marker setting and other pre-settings
*Method to handle hidden markers

*User friendliness of the measurement, analysis, and reporting
*Whole processing time

*Reality of the CG motion

kR FE R R R EE SRR R EE e Eea
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Participating Systems

Japanese Version | English Version

ou click a ame of each system, you can see a list of characteristics.)

Vicon Motion Systems Ltd.

nac Image Technology
Inc.

o —DPDTAS ] I
e—DIAS

DKH Co.

PhoeniX Technologies
Incorporated, Canada

KOEI NET Co., Ltd

PhaseSpace Inc.

Nihon Binary Corp.

Peak Performance
Technologies,_Inc.

Henley Japan
Corporation

AL SYSTEM - REAL-TIME

JRE SYSTEM

Motion Analysis Co., USA

Sakai Medical Co., Ltd.

Qualisys Medical AB

Monte System Corp.

...... -orce Plate

Advanced Mechanical
Technology, Inc.

Kanematsu Medical
Systems Corp.

Gsport, Inc.

CE EACTD
CE FASTRA K

POLHEMUS Inc.

Nissho Electronics
Corporation/\
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Acty Co., Ltd.

Back



http://www.scn-net.ne.jp/~amti/comparison2002/Result/systems/syscomp.html
http://www.scn-net.ne.jp/~amti/comparison2002/Result/systems/english/viconE.html
http://www.vicon.com/
http://www.camnac.co.jp/
http://www.scn-net.ne.jp/~amti/comparison2002/Result/systems/english/frame-diasE.html
http://www.dkh.co.jp/
http://www.scn-net.ne.jp/~amti/comparison2002/Result/systems/english/visualeyezE.html
http://www.ptiphoenix.com/
http://www.koeinet.co.jp/english/
http://www.scn-net.ne.jp/~amti/comparison2002/Result/systems/english/phasespaceE.html
http://www.phasespace.com/index.htm
http://www.nihonbinary.co.jp/
http://www.scn-net.ne.jp/~amti/comparison2002/Result/systems/english/peakmotusE.html
http://www.peakperform.com/
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Results:Basic measurement accuracy, and
processing time

The comparison meeting of motion analysis systems 2002 was held at
Nippon Engineering College in Tokyo on July 27th - 29th. Comparison was
made in three stages; 1) basic measurement accuracy, and processing
time, 2) system performance in sports , and 3) system performance in
entertainment fields. The results of obtained in 1) is reported here.

1. Cameras and their placement:

There was no restriction on the number and method of placement of
cameras if the cameras were placed in the 7m x 7m space where a test
subject was moving.

2. The subject walked on the walkway illustrated in Fig. 1, holding a bar
shown in Fig. 2, as a manner shown in Fig. 3. The accuracy of the systems
were tested by comparing the true value and measured value of the distance
between the two markers attached at the both ends of the bar.

The results are shown in Table 1.
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- Ave.Abs is the mean of absolute error. Max.Err+ is maximum - true
~ value. Max.Err- is minimum - true value. This notation is used in Table 2

two points (unit: mm)

\f;llfjee mean S.D. Ave.Abs || Max.Err+ || Max.Err—
| Frame-DIAS I 900.0 | 896.61 3.81 3.59 187 | -1254
899.5 || 899.92 0.24 0.42 1.04 -0.23
%) [ 899.0 || 890.31 1.54 8.69 -6.34 | -16.54
-PhaseSpace 899.0 | 929.79 | 58.69 42.49 | 13747 | -24.34
Peak Motus Real Time || 900.5 | 905.18 1.02 4.68 7.90 0.11
| Peak Motus Video 900.5 | 897.40 —= 3.54 3.62 -9.84

| EAGLE DIGITAL = =
S 902.0 | 899.23 0.36 2.77 1.74 3.65
i proReflex 899.0 | 901.32 0.75 2.32 4.21 0.71

\
T lrue

alue was measured as the distance between the two

~ points marked by a scriberon which the markers were placed
~ with a steel scale having minimum division of 0.5mm.

~ *) Measurement error includes the error of attachment of the
~ markers on the scribed lines.

- **) There is a possibility that normal performance of the

- ov/Feam

~ system is not reflected in this result since the time-sharing
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frequency of active markers was set too low by the
manufacture's operational mistake

3. Three markers were attached to a L-shaped scale. The subject walked as
shown in Fig. 3 holing the scale. The results are shown in Table 2.

Table 2 Measurement accuracy of angle (unit: degree)

SYSTEM \gmz mean S.D. || Ave.Abs || Max.Err+ || Max.Err-
Frame—DIAS II 90 90.65 || 0.48 0.68 1.90 -0.44
VICON 90 89.86 || 0.15 0.16 0.18 -0.57
Visualeyez 90 90.24 || 0.48 0.41 2.05 -1.57
PhaseSpace 90 87.87 || 9.26 6.44 11.62 -23.05
Peak Motus Real Time 90 89.48 || 0.40 0.56 0.92 -1.97
Peak Motus Video 90 89.73 || 0.67 0.58 213 -2.36
EAGLE DIGITAL SYSTEM 90 90.52 | 0.13 0.52 0.85 0.18
ProReflex 90 89.68 || 0.24 0.33 0.22 -1.18

*) True value was assumed to be 90degrees of a commercially
available L-shaped scale.

*) Measurement error includes the error of attachment of the
markers on the scribed lines.

4. Two triangle plates were fixed to a bar. Two virtual terminal points A
and D were estimated from the position of the markers attached to the
triangle plates. Estimation accuracy was evaluated by calculating the
distance between the virtual points (fig.4).

YED

EFeal markers C

Fig 4 Real markers B

Five systems were evaluated in this test. Other systems did not have
software to calculate virtual points. Results are shown in Table 3.
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Table 3 Measurement accuracy of virtual points (unit: mm)
SYSTEM \le:; mean S.D. Ave.Abs || Max.Err+ | Max.Err—
VICON 899.5 | 900.00 0.15 0.50 1.09 0.12
Visualeyez *ok ) 899.0 | 888.89 3.28 10.11 -0.84 | -26.10
Peak Motus Real Time 900.0 || 901.83 1.00 1.83 490 -0.33
Peak Motus Video 900.0 | 899.30 2.06 1.68 5.02 -8.57
EAGLE DIGITAL SYSTEM || 900.0 || 899.23 0.35 0.77 0.28 -1.68

*) In the two Motus systems, testing bar prepared by the
manufacture was used.

*) True value was measured as the distance between the two
points marked by a scriber

*) Measurement error includes the error of attachment of the
markers on the scribed lines.

**) There is a possibility that normal performance of the
system is not reflected in this result since the time-sharing
frequency of active markers was set too low by the
manufacture's operational mistake.

5. The subject walked with ten markers on the body. Time duration
between the timing of stop-watch pressing after the subject walked
through camera field and the timing when the result was displayed on a
monitor as an animation like presentation was measured and was noted as
processing time. Operators were allowed to input all information which
could be input from the keyboard. The results are shown in Table 4.

Table 4 Processing time

SYSTEM Eirn:gessing comment
Frame-DIAS II 33m02s | manual
VICON 1.94s || auto
Visualeyez Os || auto
PhaseSpace Os || auto. *)
Peak Motus Real Time 5.78s || auto

Peak Motus Video 15m55s || manual
EAGLE DIGITAL SYSTEM Os || auto
ProReflex 42s || auto

%) Only right side of the body was measured because of
hardware trouble.




6. Outline of the systems

Qutline of the systems compared are summarized in Table 5. For mote
ﬁgﬁgils of the systems, manufacture, and sales representatives, CRICK

o

Table 5 Outline of systems

SYSTEM MARKER CABLE || RECORD }\él)ARKER
Frame-DIAS I reflective | — H.”D manual
VICON reflective | — H. /D | auto
Visualeyez LED || wireless | H”D auto
PhaseSpace LED | wireless || H”D auto
EZ::‘#;ZUS reflective || — H /D auto
'\D/iedeOMOtus reflective || — VTR manual
Eég#ESlGITAL reflective | — H D auto
ProReflex reflective || — H D auto

7. Comments

This system comparison meeting was held to compare various systems in a
fair way from the user’'s view point, and was very rigorous for the
manufactures/sales representatives. Still, so many companies participated
the comparison meeting. The organizing committee could |ike to pay its
respect to these companies. This meeting was the forth meeting, and is now
attracting keen interests from overseas. The organizing committee think
participation to this meeting itself may be the evidence that the company
is technically sound.

With respect to Table 1 and 3, the true value is a value measured by the
organizer with a steel scale. The minimum division was 0.5mm, and hence an
error +/-0.25mm was inevitable. Please take note of this fact. With
respect to Table 2, the angle formed by three markers on the L-shaped
scale were assumed to be 90 degrees and treated as “true value”. “Mean”
was measured with each system, and thus a system can be thought to be more
accurate in general when the mean is closer to the true value. However,
there may be a case where a system generates measured data larger than and
smal ler than the true value at random, and this incidentally resulted in
mean close to the true value. For example, the system may have generated
larger data in the first half of the walkway and smaller data in the
second half. In such a case, the system cannot be considered accurate. An



accurate system generates mean closer to the true value, while closer mean
does not necessarily mean an accurate system. In order to avoid such
misinterpretation, S.D. is helpful. S.D. represents the randomness or
variation of the data. A system that generates mean closer to the true
value and a smaller S.D. is thought to be an accurate system.

Data is so-called raw data, that is, before any anti-noise processing
(low-pass filtering). Since low-pass filtering is performed in usual
motion analysis, the value of S.D. would become smaller than that shown in
the Tables.

Max. Err+ is the value obtained by subtracting the true value from the
maximum value of all data. Max.Err- is the value obtained by subtracting
the true value from the maximum value of all data. Larger absolute value
of either Max. Err+ or Max.Err— represents the maximum error of the system.
Therefore, this value gives most severe evaluation of error. Ave.Abs is
the mean of the absolute error of the data. Therefore, it matches an
overall accuracy in a human sense. If one user may want to evaluate
systems with one parameter, we would recommend this value.

Markers were attached to the testing bar by a company s staff. Thus,
poor attachment would have resulted in worse error. From the view point of
pure test of accuracy of camera systems, it would be preferable to use
only one test bar once the markers are attached to it. However, each
company used its own markers. Thus, we asked the companies to pay best
attention in the attachment task, and used the measured “true value”
mentioned above as a standard. In one sense, this approach would simulate
actual measurement situations since markers are attached to marked points
in real measurements.

If a user is planning to purchase a system from a company which did not
participate the comparison meeting, we would recommend to make similar
accuracy tests described above (software for accuracy tests can be
obtained upon request to the Forum). It is highly possible that the
catalog values of companies were not measured in the same process. Once
the user gets the results, they may better be compared to the
corresponding values in the Tables. One may get a rough idea where the
tested system's level is in a global standard. The best performance in the
wor Id may be thought as an error of 0.5mm for a test bar of 1m.
Considering the fact that the true value itself contains ambiguity of
+/-0. 25mm and the error of marker attachment, the power of this committee
at this moment would be limited to detect the error of 0.5mm. That is to
say, if one system has an error of 0. Imm and the other that of 0.4mm, it
is not certain that the former has accuracy four times better than that of
the latter. However, as we have accumulated our experience in four
compar ison meetings, and are now confident that accuracy test in the order
of 0.5mm can be made with such simple methods. In this fourth meeting, the
best result of distance and angle error in terms of Ave. Abs were roughly
0.5mm and 0. 2degrees, respectively. These values may be regarded as the
tentative target values.

With respect to processing time, three systems, which included one
reflective marker system, accomplished real time processing. The
performance of motion analysis systems seems to be progressing steadily.
Real time processing was a sort of luxury a few years ago. But it is now
achieved , and we found hat it is highly convenient for users. It is
anticipated that this feature is adopted in many high-end systems in the
near feature.
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http://www.ne.jp/asahi/gait/analysis/comparison2002/index-eng.html

