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Abstract
Visual markers are widely used in existing augmented

reality (AR) applications [7, 12, 11, 19]. In most of such
applications, the performance of an AR system depends
highly on the tracking system for visual marker detection,
tracking, and pose estimation. Currently, there are more
than one marker based tracking/calibration systems avail-
able. It is thus desirable for the user to know which marker
tracking system is likely to perform the best for a spe-
cific AR application. To this purpose, we compare sev-
eral marker systems all using planar square coded visual
markers. We present the evaluation results, both qualita-
tively and quantitatively, for the following properties: the
usability, efficiency, accuracy, and reliability. For a
particular AR application, there are different marker de-
tection and tracking requirements. Therefore, the purpose
of this work is not to rank the existing marker systems; in-
stead, we try to analyze the strength and weakness of vari-
ous aspects of the marker tracking systems and provide the
AR application developers with this information.

1 Introduction and Background
Augmented reality (AR) technology combines the vir-

tual and the real worlds together to provide the view-
ers with enhanced views of the environment. Due to the
progress of AR related research in the last decade, together
with the advance of computer hardware and software, AR
systems are getting more and more attention in such sec-
tors as manufacturing, medical, military and entertain-
ment (e.g., [7, 16]).

A typical AR system includes a display and a motion
tracker with associated software. The software reads the
tracking events to know the position of the display and
renders the virtual objects. In order to render correctly,
the virtual objects and the real world need to be registered.
This registration implies that the geometry of the virtual
camera where the augmentation takes place is known with
respect to the real world.
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Visual markers are widely used in the existing AR
systems. For example, ArToolKit[7], Auto-assembly[12],
Outdoor tracking[10], CyliCon [8, 1], ArLoc[18], and
CyberCode[13] all use visual marker based systems for
motion tracking and pose estimation. The performance
of such AR systems depend highly on the performance
of marker detection, decoding and pose estimation. Cur-
rently, there are more than a few existing marker tracking
systems. Depending on the particular application, there
are different tracking and pose estimation requirements.
For instance, 3D graphic objects often need to be super-
imposed in good alignment with the real world. This
requires the tracker to provide very accurate pose esti-
mation. While in the case that only text information is
displayed, the registration requirement is not as severe.
In simple office applications a few markers may suffice.
In large industrial applications hundreds or thousands of
uniquely coded markers may become necessary. It is desir-
able to enable the AR application developer to determine
which marker system is the most suitable for a given AR
application.

Even though there is effort made to explore marker-less
or feature based tracking and 3D reconstruction (e.g., [4]
and [15]), AR applications are expected to continue to use
visual markers for the forseeable future.

In the AR applications, the square shaped vision mark-
ers are the most commonly used ones. The reason is prob-
ably that a square shape provides at least 4 co-planar cor-
responding points so that the camera calibration can be
carried out with a single marker in the scene (see e.g. [20]).
On the contrary, a circular marker can only provide one
point correspondence, i.e. the center, unless the circle it-
self is used. If the center is used, at least 3 circular markers
with known 3D positions have to be captured in the same
image for pose estimation [6].

In this paper we focus our evaluation work on the
marker tracking systems of square shaped planar visual
markers. These are the marker tracking systems used in
this comparative study:
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• ArToolKit(ATK) marker system [2].
• Institut Graphische Datenverarbeitung (IGD) marker
system [3]

• Siemens Corporate Research (SCR) marker system
[17]

• Hoffman marker system (HOM) used by SCR and
Framatome ANP [1]

These marker systems were selected because thery are
actually used in AR applications and were available for
analysis. In addition, these marker systems all allow users
to create multiple codes and are quite similar and compa-
rable to each other in many aspects. While we were unable
to test all existing systems for this evaluation, we tried to
use a representative set of marker based systems. Unsuc-
cessful attempts were made to obtain the marker tracking
system implemented at the Sony Computer Science Lab-
oratory (CSL)[13]. However, the marker design of CSL
system is quite similar to that of the IGD marker system
included in this work.

We evaluated the marker tracking systems for the fol-
lowing properties: the usability, efficiency, accuracy,
and reliability. These four major properties describe
the performance, advantages, and disadvantages of these
marker tracking systems.

The usability of a system describes whether it is easy
for the users to integrate the system into their AR ap-
plications. It also considers the compatibility of the sys-
tem with other computer platforms and operating systems.
The usability can only be compared qualitatively.

The efficiency of a marker tracking system can be eval-
uated by computing its tracking time performance. This
property can be evaluated by the required running time
for marker detection and decoding or the frame rate when
tracking the motion of markers in real-time videos.

The accuracy is defined in terms of errors in feature ex-
traction from 2D images. We did not use the errors in pose
estimation or back projection since they depend on cam-
era internal parameters and calibration algorithms. While
the ground truth of the feature correspondences are not
available, we designed a precise and interactive procedure
to extract the same features, used for 3D-2D correspon-
dences, with the best possible accuracy. We consider these
set of features as ‘ground truth’ and use them in the eval-
uation. We then compute the average errors and the stan-
dard deviations of the corresponding features extracted by
the marker tracking systems relative to this ‘ground truth’.

The reliability describes whether the system can detect
and track the marker under non-ideal conditions. For ex-
ample, marker detection in videos captured with a poorly
focused camera or with large projective distortion. We also
evaluate the ability of the system to detect and correctly
decode the markers within small regions of interest.

For the rest of the paper, we first introduce the four
markers detection and decoding systems in section 2. We
then represent the quantitative results of the comparative

study in Section 3 followed by the qualitative discussion on
the usability and scalability of these systems in section 4.
Finally, we draw conclusions and provide some hints in the
choice between different marker tracking systems based on
applications.

2 The Marker Systems

Figure 1: Sample markers for ArToolKit.

The ATK markers come with the ArToolKit (ATK).
Figure 1 shows two ATK markers. A marker is coded with
the pattern inside the inner square of the marker. The
marker decoding is based on a highly simplified template
matching algorithm that compares three of the geometry
invariants of the marker region with those of the patterns
pre-registered in the system.

The source codes of ArToolKit for both Unix and Win-
dows systems are generously available online [2] for free,
together with documents, sample programs, and other
utilities for camera calibration, virtual object overlay, etc.
We found that the ATK package is well documented and
very easy to use. The ATK marker system is widely used
for AR application prototyping (see, e.g., [7]).

Figure 2: Sample markers designed at Siemens AG (HOM).

The HOM marker system (Figure 2) is developed orig-
inally by C. Hoffmann in 1994 at Siemens AG for pho-
togrametry purposes. This system has later been used in
industrial documentation and maintenance applications.
In addition to the main square, there is a side bar that pro-
vides 6 bits of encoding to enhance the reliability of marker
recognition. Navab et al [9] used this marker system for
3D reconstruction and AR documentation based on high
resolution (e.g., 3000×2000 pixels) images. These mark-
ers have been used by Siemens and Framatome ANP for
camera calibration and as-built reconstructions of numer-
ous power plants, chemical plants, and oil platforms. The
original version of HOM system only offers an executable
for processing static images. Recently, Siemens Corporate
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Research (SCR) has compiled this into a software library
that can be used for processing real-time video sequences.

Figure 3: Sample markers designed at IGD.

The IGD marker system is implemented at IGD, which
is an ARVIKA (see [3]) partner. ARVIKA is the German
government supported research project to develop AR re-
lated applications in industry. Many ARVIKA related ap-
plications are developed using the IGD marker system.
Figure 3 shows two IGD markers. An IGD marker is a
square divided into 6×6 square tiles of equal size. The in-
ner 4×4 tiles are used to determine the orientation and the
code of the marker. The precompiled libraries of the IGD
marker system are available to ARVIKA participants.

Figure 4: Sample markers designed at SCR.

The SCR marker system is developed at Siemens Cor-
porate Research (SCR) for localization and tracking [16]
in different AR applications [19]. This system is also used
by some ARVIKA partners. The SCR markers are also
coded with the inner matrix. Each SCR marker offers
8 corresponding feature points. The SCR system is cur-
rently implemented only as an OCX control to be used
with Windows applications. The C++ classes are avail-
able. The system can therefore be adapted to other com-
puter systems. Sample codes are available for integrating
this marker tracking system with other applications (e.g.,
see [5]).

3 The Quantitative Study
Computer: The computer we used for this work is a

Dell OptiPlex GX200 with 933MHz Pentium III processor
and 512 MB SDRAM with Windows 2000.

Cameras: All the videos used in our evaluation are
taken using one of the two cameras (1) the SONY EVI-D30
with wide range zoom and high speed auto-focus features;
and (2) the IBM Net USB Camera Pro.

Videos: The evaluation is performed by processing
video sequences of hundreds of frames. All video sequences
in the same set for comparison are recorded under exactly

the same conditions. The procedure for capturing a set of
video sequences for comparison is:

1. Close the window shade, turn on all light in the room,
and fix the camera on a tripod.

2. Fix the markers on the background designed for the
evaluation.

3. Capture the video sequence of a certain length at a
certain rate, for example, 45 sec at 10 frame/sec.

4. During the video capturing, we hold the tripod and
try to give slow micro movement to force the images
to be different from frame to frame.

5. Only replace the markers on the background, take
videos of the same length at the same rate for all
other marker sets.

6. Use video editor to cut-off the first 30-80 frames of
every video sequence, so that the rest of the video
frames keep a stable intensity from the first to the
last. All the markers are printed on paper of the same
size.

The sizes of the images are either VGA (640×480 pixels)
or half VGA (320×240 pixels). Figure 5 shows one set
of images extracted from the marker system evaluation
videos.

(a) ATK (b) HOM

(c) IGD (d) SCR

Figure 5: Images extracted from a set of video sequences for

the evaluation.

3.1 Processing time for marker detection and
decoding

Table 1 presents the average time for the marker track-
ing, which includes necessary image processing, marker
detection and decoding, and feature correspondence ex-
traction of all recognized markers. In Table 1, Size is the
video/image size in pixels; ROM/MPF are the region of
marker(s)1 and number of markers per frame.

1In this paper, region of marker(s) (ROM) stands for the smallest
rectangular region that contains all the markers in the image.
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For each system except the HOM, we run the marker
extraction 20 times for each frame. The processing time is
then averaged from processing video sequences of hundreds
of frames. Figure 6 shows images extracted from the videos
used for the timing evaluation. Even with the generous
help from Didier Striker at IGD, we were unable to detect
multiple markers in the same image using the IGD system.
That is why the corresponding cells of the Table 1 are
blank for IGD markers.

Table 1: Average processing time for marker recognition
(ms/frame).
Size ROM/MPF Atk Hom Igd Scr ScrT
320 68× 68/1 4.1 5.1 6.2 11.6 3.5
× 61× 70/1 4.1 4.9 6.4 11.9 3.1
240 188× 148/3 7.1 10.3 — 14.9 —

257× 207/10 23.9 35.5 — 21.9 —
640 200× 200/1 13.1 13.6 19.8 58.2 22.1
× 514× 414/10 41.6 51.0 — 72.9 —
480 258× 218/10 33.3 41.3 — 58.5 —

From Table 1 we observe that:

• The processing time for half VGA resolution videos is
generally very small, i.e., less than ten milliseconds.
This means that when a USB camera is used for video
capturing, the performance bottleneck is usually not
the marker extraction.

• The best running time performance for detection and
decoding of a single marker is obtained by ATK.
The processing time of both the ATK and the HOM
marker systems appear to be highly dependent on the
number of markers in an image. The SCR system
perform worst. It is however less dependent on the
number of markers.

In Table 1, there is also a column ’ScrT’ to present the
time for the processing when the tracking feature of the
SCR marker system is turned on. When the ’tracking’ is
enabled, this marker system tracks a single marker based
on the marker features extracted from the previous image.
The performance of this system dramatically increases in
this case. The current versions of the other systems do not
take advantage of the interframe ’tracking’ information.

3.2 Accuracy of feature points
Since that the ground truth of the correspondence is

not available for error evaluation, we can only compare
the feature points extracted from the marker tracking sys-
tems with the ‘ground truth’ such as the corners extracted
using a well established corner detection algorithm. In the
evaluation, we use the corner detection implemented in the
OpenCV library (OCV) (see [14]) to compute the corre-
spondence of the corners. Another ’ground truth’ we used
for the evaluation is obtained as follows:

(a) Single Marker (b) Three Markers

(c) 10 Markers (d) 10 Markers

Figure 6: Sample images for marker detection timing.

• use the edge points detected around each corner of a
marker to fit two straight lines in that small region;

• compute the intersection of the two straight lines as
the ‘ground truth’ point for comparison (see Figure 7).

The reason for creating the second ‘ground truth’ for com-
parison is that the process of edge detection, least square
line fitting, and intersection (LIT) can act as filters to
eliminate some of the image noise and obtain better fea-
ture points.

All figures in this section are color coded. Therefore
they need to be printed in color pages.

Figure 7: Extracting feature points for comparison using line

fitting.

All videos used in this evaluation are half VGA size,
well focused, and with a single marker of 70×70 pixels
appearing at the center of the images. With this, the effect
of the radial distortion is reduced to a minimum. Thus the
true feature points should be very close to the LIT or OCV
points. Figures 8 to 10 are the ’error’ distribution of the
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extracted feature points relative to the LIT points. The
average distance and the standard deviation are presented
in Table 2. In the figures and the table, the angle is the
viewing angle of the camera shown in Figure 15.

Figure 8: ’Error’ distribution related to LIT points (camera

angle: 90◦).

Table 2: ’Errors’ related to the LIT points (Average Dis-
tance)/(Standard Deviation) (in pixels).
angle Atk Hom Igd Scr
90◦ 1.43/0.57 0.98/0.48 0.84/0.29 0.46/0.26
75◦ 1.43/0.51 0.84/0.43 0.85/0.31 0.58/0.34
60◦ 1.27/0.43 0.88/0.35 0.84/0.33 0.61/0.34
45◦ 1.57/0.42 0.92/0.46 0.99/0.44 0.63/0.40
30◦ 1.28/0.39 0.92/0.37 0.94/0.38 0.63/0.32
Avg. 1.40/0.46 0.91/0.42 0.89/0.35 0.58/0.33

Figures 11 to 13 are the ’error’ distribution of the sys-
tem extracted feature points related to the OCV points.
The average distance and the standard deviation are pre-
sented in Table 3.

From both the comparisons to the LIT and OCV re-
sults, we observe that the error of feature extraction is
higher for the ATK system. The reason is that ATK
system directly extracts the features from the binary im-
ages. This method saves computational effort, but leaves
larger error in the feature extraction. We also applied the
ATK marker detection to a poorly focused image, then we
found that the difference between the ATK results and the
OpenCV corner detection results were more than 2 pixels,
as presented in Figure 14. The rest of marker systems in
this study perform well when comparing to both the LIT
and the OCV results.

Figure 9: ’Error’ distribution related to LIT points (camera

angle: 60◦).

Figure 10: ’Error’ distribution related to LIT points (camera

angle: 45◦).
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Figure 11: ’Error’ distribution related to OCV points (camera

angle: 90◦).

Figure 12: ’Error’ distribution related to OCV points (camera

angle: 60◦).

Figure 13: ’Error’ distribution related to OCV points (camera

angle: 45◦).

Figure 14: A screen snapshot when apply the ATK marker

recognition to a bad focused image, the red crosses are the

OpenCV corner detection results and the green crosses are the

correspondences from the ATK system. The differences here

are ≥2 pixels.
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Table 3: ’Error’ related to the LIT points (Average Dis-
tance)/(Standard Deviation) (in pixels).
angle Atk Hom Igd Scr
90◦ 1.55/0.32 1.22/0.14 0.17/0.10 0.59/0.14
75◦ 1.44/0.07 1.12/0.05 0.22/0.11 0.59/0.09
60◦ 1.42/0.12 1.17/0.05 0.37/0.13 0.78/0.24
45◦ 1.50/0.21 1.05/0.13 0.39/0.11 0.53/0.12
30◦ 1.23/0.18 1.16/0.06 0.44/0.24 0.71/0.17
Avg. 1.43/0.18 1.14/0.09 0.32/0.14 0.64/0.15

3.3 Marker recognizability
Marker recognizability evaluates the ability of a marker

system to reliably detect and decode markers under various
unfriendly conditions. In this work, we tested the recogni-
tion with small region of marker (ROM), the marker recog-
nition rate against projective distortion, and the marker
recognition rate from videos recorded by not well focused
cameras.
Recognition under prospective distortion: Fig-

ure 15 shows the setup for recording videos that the mark-
ers of different prospective distortion. The projective dis-
tortion level is represented by the viewing angles from 90◦

to 15◦. The comparison results are presented in Table 4.
Note that the same videos were also used to evaluate the
feature extraction accuracy of the marker systems pre-
sented above.

Figure 15: Setup for recording videos with different projective

distortion.

The ATK system associates each extracted marker with
a confidence value cf for marker decoding. When cf ≥
0.50, the ATK system regards the marker as being recog-
nized. In the HOM system, the marker recognition confi-
dence is evaluated with 7 levels, labeled from 0 to 6, with
0 being the highest and 6 being the lowest. When the

Table 4: Marker recognition rate under prospective distor-
tion (%).

angle Atk Hom Igd Scr
90◦ 100 100 100 100
75◦ 100 100 100 100
60◦ 100 100 100 100
45◦ 100 100 100 98
30◦ 100 100 100 95

71/(cf≥0.50)
15◦ 16/(cf≥0.67) 100 0 7

8/(cf≥0.75)

confidence value is ≤2, the marker is recognized with very
high confidence. Only when the marker is detected and de-
coded with high confidence, the SCR system regards the
marker as being recognized, nothing will be reported oth-
erwise. This feature reduces false recognition, but it could
also result in a relatively lower recognition rate.
Recognition with videos of multiple markers: Ta-

ble 5 presents the marker recognition rate for videos cap-
tured with multiple markers.

Table 5: Marker recognition rate with multiple markers
(%).

Size ROM/MPF Atk/cf Hom Scr
90/(cf≥0.50)

(514× 414)/10 59/(cf≥0.67) 100 81
640 46/(cf≥0.75)
× 83/(cf≥0.50)
480 (258× 218)/10 38/(cf≥0.57) 100 72

29/(cf≥0.75)
83/(cf≥0.50)

(257× 207)/10 39/(cf≥0.67) 100 52
320 14/(cf≥0.75)
× 100/(cf≥0.50)
240 (188× 148)/3 86/(cf≥0.67) 100 93

58/(cf≥0.75)

We registered 21 markers to the ATK system to test
whether the system can distinguish between markers that
have similar patterns. Figure 16 shows some of the marker
recognition problems we found when checking the details
of the output from the ATK system. For example, the
marker with a pattern of the number ’3’ is recognized
as the marker with pattern of ’2’ with a high confidence
value (cf = 0.85) from the ATK system. We have not
found false recognition problem from the output of other
systems. The results presented in Table 4 and 5 are the
output directly from the respective marker systems which
does not distinguish the false recognitions as shown in Fig-
ure 16. We are currently working on eliminating the false
recognition to present the corret counting.
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Figure 16: Marker recognition problems of the ATK system

Recognition with small region of marker2

(ROM): Here we evaluate the performance of these sys-
tems when the image (pixel) size of the marker is small.
We use the SONY EVI-D30 camera to record the video
sequences for the evaluation. During the recoding of the
video sequences we only change the zoom of the camera
so that the marker appear first with a large ROM (Fig-
ure 17.(a)), then we smoothly zoom out the marker to a
very small ROM (Figure 17.(b)). We keep all other fac-
tors, such as the depth from the camera to the marker and
the physical size of the markers, that affect the marker
image size (in pixels) to be unchanged. The high-speed
auto-focus feature of SONY EVI-D30 keeps the camera
well focused from the start to the end. The results are
shown in Figure 18. All the video sequences we used in
the evaluation are of half VGA size.

(a) Large ROM (b) Small ROM

Figure 17: Zoom out the marker from large to small.

The results presented in Figure 18 show that the ATK
system performed the best in this experiment. It can de-
tect and decode a marker of 14×14 pixels from a 320×240
pixels.

2In this paper, region of marker (ROM) stands for the smallest
rectangular region that contains all the markers in the image.

(a) ATK 14× 14 pixels (b) HOM 15× 15(19× 21) pixels

(c) IGD 44× 44 pixels (d) SCR 21× 21 pixels

Figure 18: Marker recognition with small region of interest
(image size 320×240 pixels).

Recognition with poorly focused videos: We use
USB camera to record the videos for this evaluation so
we can manually adjust the focus. First, we manually
adjust the camera focus to the best level, then record the
video sequences for each marker system. Then we turn the
camera focusing dial for about 30◦ each step to force it out
of focus. At each focus level, we record a half VGA video
sequence for each marker system. Figure 19 shows the
images extracted from the videos of different focus levels.
The marker recognition results are presented in Table 6. It
is intriging to see that the confidence value (cf) provided
by the ATK system for the worst focused video is higher
than those of some of the better focused videos. This
suggests that the confidence value obtained by the ARK
system may not be quite reliable.

Table 6: Recognition rate with poorly focused videos (%).
Focus Atk Hom Igd Scr
Perfect 100 (cf=0.79) 100 100 100
Good 100 (cf=0.81) 100 100 100
Bad 100 (cf=0.63) 100 28 97
Worse 100 (cf=0.56) 0 12 0
Worst 100 (cf=0.73) 0 0 0

4 The Qualitative Discussion and Sum-
mary

The ATK marker system is compatible with most of
the computer systems. It is well documented and easy to
used. The ATK marker detection and decoding are fast
and stable. It scored the best in several aspects, such as
the processing speed for a single marker and the recog-
nition with a small region, for the tests presented in this
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(1) Perfect (2) Good

(3) Bad (4) Worse

(5) Worst

Figure 19: Video sequences of different focus levels for marker
recognition (ROM 55× 55 pixels, image size 320×240 pixels).

paper. It is suitable for prototyping and has been used
widely in various AR applications. For applications that
require hundreds or thousands of different markers such
as maintenance and localization in large industrial envi-
ronment or office buildings, however, it is quite tedious to
register every marker and then modify the marker regis-
tration file manually as required by the system.

The ATK system uses a highly simplified template-
matching algorithm for the marker decoding. The algo-
rithm compares several invariants of a marker detected in
the image with those of the patterns registered in the sys-
tem. The advantage of this approach is high processing
speed. On the other hand, such simplification also causes
problems such as the false marker recognition shown in
Figure 16. To solve the false recognition problem, a rigor-
ous template-matching algorithm is needed which could be
computationally expensive, especially when the number of
pre-registered markers is large.

The ATK system directly use the binary image that
produced for marker detection to extract the image feature
points. Since the edge positions of a marker are dependent
on the threshold for binarizing the image, it may cause sys-
tem errors in the accuracy of the extracted feature points
as shown in Figure 14.

The HOM marker system performs well in many as-
pects. The marker is designed with systematic coding as
both the IGD and SCR markers are. In addition, there is
extra visual structure on each marker that increases decod-
ing reliability. A nice feature offered by the HOM marker
system is that it provides 7 confidence levels, namely from
0 to 6, to indicating the reliablity of marker detection and
decoding result for each marker detected. When the confi-
dence level is ≤ 2, the marker is recognized with high reli-
ablity. If the confidence level is ≥ 5, the marker decoding
results is usually not quite reliable. From our testing and
real application in industries, we observe that the HOM
confidence level is reliable and consistent with the image
quality of the markers. This is very different from what
we observed from the confidence level offered by the ATK
system, which is not so reliable and consistent in some
cases as shown previously.

The SCR marker system is the slowest for the detec-
tion and feature extraction on a single frame. However, it
uses the temporal tracking information to perfrom faster
than other systems on video sequences and the perfor-
mance degrades minimally as the number of markers per
frame increases. It performs reasonably well in other as-
pects such as for the accuracy of feature point extraction,
and for the reliability of detection and decoding. With a
systematic coding, there is no need of any pre-registration
for using the SCR markers. The same applies to HOM
and IGD markers. With a 4×4 coding matrix (Figure 4),
there could be more than 10,000 unique codes. Each SCR
marker offers 8 feature points for pose estimation resulting
in a better pose estimation and superimposition with the
same accuracy in feature extraction. However, the SCR
system is currently available only as an OCX control for
Windows applications and not for Unix applications.

The IGD marker system is widely used in many
ARVIKA projects. As with those of HOM and SCR
markers, IGD markers are also systematically coded. The
marker feature extraction is accurate and the processing
speed is reasonable. It is a little inconvenient that the user
needs to create a wrapper library and compile it with the
Intel C++ compiler in order to use this marker system for
Windows applications. Even though we were unable to
detect multiple markers from the same image using this
system, we believe the functionality was implemented and
blame the failure to our own unfamilarity to the IGD sys-
tem.

5 Conclusion and Future Works
Visual markers are widely used in existing augmented

reality (AR) applications. In this paper, we compared
ATK ARtoolkit, IGD, HOM and SCR systems. We pre-
sented the evaluation results, both qualitatively and quan-
titatively, in terms of the usability, efficiency, accuracy,
and reliability of these systems. This provides an anal-
ysis of the strength and weakness of various aspects of
the marker tracking systems. For a particular AR appli-
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cation, there are different marker detection and tracking
requirements. The evaluation reuslts peresnted in this pa-
per can guide the readers in choosing the right marker
tracking system for their specific application. The evalua-
tion of the marker systems with camera distortions, under
various lighting conditions, and with complicated multiple
marker configurations in 3D space are yet to be carried
out. These define part of our future work.
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