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Abstract: In recent years, two-dimensional codes have been utilized for various purposes such as cashless
payments and robot self-localization. However, these codes are designed under the assumption that they will
be attached to flat surfaces, and they become deformed when placed on cylinders or non-rigid objects, making
recognition and pose estimation more difficult. Previous methods that remove deformation and match with
a database to estimate pose have been proposed; however, they have limitations. This study aims to im-
prove the accuracy and speed of recognition and three-dimensional position/pose estimation of deformed AR
markers. We propose several improvements to address the issues of detection performance, pose estimation
accuracy, and processing time in conventional methods. Our proposed approach involves changing the object
detection model, introducing regression, and alternately optimizing the deformation removal and pose esti-
mation models. Compared to conventional methods, our proposed approach improves the position and pose
estimation accuracies by 26.9% and 62.7%, respectively. Furthermore, to verify for practical implementation,
we implemented the proposed method on an embedded board, confirming that it operates at 10.09 [fps] while
using only 2.0 [GB] of memory.
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Fig. 1 Flow of the proposed method.
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Fig. 5 Comparison between simulated and real-world deforma-

tion.
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Fig. 6 Deformed AR markers for each standard deviation.
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Fig. 7 Range of position and pose of the AR marker.
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Table 1 Detection performance of each method.

Object detection model | mAP  IoU
SSD [4] 0.80 0.88
NanoDet-Plus [6] 0.96  0.96

%2 AFECOMEMESRE mm]

Table 2 Position estimation error [mm)] for each method.

Method X y Z Mean
Previous method [3] | 3.84 240 13.84 6.69
Proposed method 251 1.51 10.68 4.90
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R 3 FFECTOLPIETRE [deg). Pos it MLP 12N ¥ 71 ~

TRy I AOMLERE AT)THZ L &EKT. Indev i3 AVAE
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Table 3 Pose estimation error [deg] for each method. “Pos.”

indicates that the center coordinates of the bounding

box are input to the MLP. “Indiv.” indicates that

AVAE and MLP are optimized individually, while

“Alt.” indicates that the two models are optimized

alternately.
Method Pos Indiv Alt | Roll Pitch Yaw Mean
Previous method [3] | — — — | 069 7.84 732 5.28
Proposed method v 1.02 588 592 4.27
Proposed method v v 1.72 5.01 4.78 3.83
Proposed method v v 083 261 2.48 1.97
7
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%4 BETOEERETORIMEREE [deg]

Table 4 Pose estimation error [deg] for each standard deviation of deformation.
Axis 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
Roll | 0.76 0.74 0.74 076 0.74 073 0.79 080 0.90 1.21 1.04
Pitch | 2.32 229 218 228 238 241 266 264 293 3.14 343
Yaw 210 2.04 218 221 219 233 251 264 281 297 3.25
Mean | 1.73 169 1.70 1.75 1.77 1.82 199 2.03 221 244 258

Table 5 Detection performance, position estimation error [mm], and pose estimation

x5 AL TOMMMLAE L A EHEERE mm], BPHEETZE [deg]

error [deg] for each pose range.

Method Pose range mAP  IoU X y z Roll Pitch Yaw
Proposed method | [ 13deg, 13 deg] 0.96 096 | 2.51 1.51 10.68 | 0.83 2.61 2.48
Proposed method | [ 30deg, 30 deg] 0.89 094 | 442 2.65 19.88 | 1.12  2.69 3.09

Qeon
OOV &

Qo8
OOV &

Input images

Reconstructed images Target images

B 8 AVAE |2 X 25 HE G DA
Fig. 8 Examples of images reconstructed by AVAE.
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Pitch, Yaw: 13[deg] Pitch, Yaw: 30[deg]

9 Pitch & Yaw 7% 13 [deg] & 30 [deg] TOZEIL AR ¥ —7
Fig. 9 Deformed AR marker at Pitch and Yaw angles of
13 [deg] and 30 [deg].
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10 Jetson Orin Nano
Fig. 10 Jetson Orin Nano.

% 6 Jetson Orin Nano D Ay 7
Table 6 Specifications of Jetson Orin Nano.

6-core Arm Cortex-A78AE v8.2

CPU
64-bit CPU 1.5 MB L2 + 4MB L3
GPU 1024-core NVIDIA Ampere
architecture GPU 32 Tensor Cores
Memory 8GB
Power consumption 7TW-15' W
Size 100mm 79mm 21 mm
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Fig. 11 Deformed AR markers created in this study.
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