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Background

Understanding of spatial relationship  Ability to move from place to place Server )"
» Support for Orientation & Mobility (O&M) of e -
people with visual impairment Rt
oo fJ} 50T Phone
 Navigation assistants with smartphones gl »
» Do not limit user's mobility while inaccurate W

orientation

- Requires investment in the environment (tags, feature |
point maps, etc.) & maintenance
[T. Takagi, 2022]  Permanent operation in EXPO 2025 & Miraikan - The

° DiffiCUlt to pOint at markers for people With VI —_— National Museum of Emerging Sienceand Innovation

* Navigation robot
* Reduces user’s cognitive load by precise orientation
« Sometimes restricts user's mobility

« Combination of these methods enables
complementary navigation

VI: Visual impairment -
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Scope of the competition

« Assumption: navigation robot is available in the target venue

* Purpose: estimate smartphone’s location and heading without additional
infrastructural investment & maintenance

« Approach: estimate the smartphone’s location by utilizing a navigation robot as a
reference point using relative position measurement by UWB

Walk with navigation robot Leave navigation robot =~ Move with navigation

to destinations at a destination by the smartphone
€.g. experience exhlblts

-
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User Smartphone

| UWB
“ UWB measurement = measurement ..




Example of localization AIST

Create the Future, Collaborate Together

— P
" T e
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Experimental condition for dataset - Overview

» Measure sensor data with mock tours in a museum
e 15 to 30 minutes per tour

 Participants
2 people with visual impairment (scoring trial)
* 4 people without visual impairment

« Equipment & available data

« Smartphone (iPhone 13 Pro, Apple)
* VIO (ARKIt, in its own frame )
« IMU
« UWB(range, AoA)

« Navigation robot (Al Suitcase)

 Location+pose of the robot and UWB tags in 6DoF
« Calculated from LIiDAR & IMU

« UWB(range and AoA)

IRB number: HF2024-1438 NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY 5



Experimental condition - Venue and paths AIST

Create the Future, Collaborate Together

 Miraikan - The National Museum of Emerging Science and Innovation

« 5t floor, following 3 exhibits
« Exhibit 1: Relatively open space (some data contains tours with Al suitcase inside exhibit)
« Exhibit 2: Small room with curtains at the start
« Exhibit 3: Mockup of international space station module, made of metal

(@) Area to walk with the navigation robot
—> Path of navigation robot while viewing the exhibit to go to the start points of the exhibits  (b)

Exhibit 3

: i B WP B S50l of D S | ’
VIO was |ntent|onally ellmlnated in the exhibit 1 to enforce PDR development for competitors
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Evaluation metrics

Multi-faced evaluation Metrics are based on ISO/IEC 21134
Different units: normalized to 100-max (100=no error, 0=not usable at all) to mix for total score

. . L. How much the PDR works well?
Basic requirements for navigation |

( \ ( ® |

\

y &
8 8

Total score = CE95 score + HE50 score +EAG50 score

. Can a user come back

ﬁ “““““ ' to the navigation robot
------------------------------- > — COrreCtly?

+RDA,p0t50 score + RPA ;1050 score_ | (the robot has UWB tags)

P @ —  Can a user experience

CE: Circular error V T ““““ ' the eXhlbltS COI’reCUy?
............................... »
EAG: Error accumulation gradient

HE: Heading error = . s
(the exhibits do not have
o e i ot RDAexnibieD0 SCOre + RPAexnipie50 SCOre | -y tag0)

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY | 7




Resources for

competitors

O PDR k jzati i / xdr 2025 I Q Type(/]to search &8 - + -
<> code () I1ssues [ Pullrequests () Actions [ Projects [0 wiki (0 Security |~ Insights & Settings
xdr-challenge-2025-examples Pubic < EditPins + | Watch 0 ~ % Fork 0
¥ main ~ ¥ 1Branch © 0Tags Q Gotofile i Add file ~ <> Code ~ About

. sogiso add code to cope with real-time throttling

No description,

72e43c1- 2 weeksago %) 26 Commits

tr Star 0~

website, or topics

AIST

Create the Future, Collaborate Together

Complete baseline implementation of track 5

using EVAAL API

~ V¢ Star 0 -

provided.
Ml poogd
I 02_realtime_sample add code to cop
= O PDR: XDR-Chall 2025 Q Type 7] to search
B evaalapi_server Revert deletion o
<> Code () Issues 2 Pull requests () Actions Projects () Securf ~ Insights Settings
W figs initial commit - n a - & proi he = CEd & 9
[ gitignore add example to s & xDR-Challenge-2025-evaluation ' ~usiic < EditPins ~ Watch 0 ~ % Fork O
0 01_parse_data.ipynb update to parse s}
B P main - P 2Branches © 0 Tags Q Go tofile t Add file ~ <> Code ~ About
0 03_map_plot.ipynb fix bug and add | —
X i Nodes{| ~—
[ 04_coordinates.ipynb add coordinate in . Takuri-Suzuki update evaluation-tools b2balb5 - last week  {T) 34 Commits providd
(3 README.md LEIDLELEIL B3 evaluation-to €6919d9 update evaluation-tools last week [0 Reay
[ competition_coordinates.pdf add coordinate in [ gitignore initial commit 2 months ago A
- E Cug
[ requirements.txt initial commit [ .gitmodules initial commit 2 months ago % o5
D 0w
[ README.md Update README. md 2 weeks ago <
[T README ¥ 0fo
[ create_combination_table.py Translate Japanese comments into English and add descr... 2 months ago Report r]
. [ 1aunch_evaluation.bat Add trajectory image to results last month
Example notebooks and scripts Releas{
[J 1aunch_evaluation.sh Add trajectory image to results last month
No relea]
This repository contains for xDR Challenge 2025. [ launch_evaluation_competition.sh update evaluation-tools last week
Packa,
SEtuP [ README 7 = ]
No packal
(optional) pyenv virtualenv P
N
XxDR-Challenge-2025-evaluation contril
ontril

Evaluation criteria

The evaluation criteria of the xDR Challenge is as follows. Score 100 is the maximum points which completely
matches to the ground truth. The competitors are asked to maximize the score (minimize error).

1) Pick one summary value per criterion

From each time series / sample set, extract a single number called eval_value according to stat:

+ stat = median -> use the median

+ stat = percentile - use the g-th percentile (e.g.

&
Q-

Langud
—
® Shell
@ Batcl

xDR Challenge 2025 Tutorial

= R

S sogiso Fr Y RILER

72 G158 2 h AR

This is a recording of XDR Challenge 2025 tutorial @ Robomech 2025.
[Competition webpage] https://unit.aist.go.jp/rihsa/xDR-Cha
LBboERS

» YouTube

Video tutorial

W 02_realtime_samplo — -2sh — 115x48

MAGN; 18497718, 49715, 24645 -26.. 45799/ ~119. 699398

I88IWAL

1.368 -10.847  9.935) [ 0.36483  -0.93102  -0.62698  0.80299304)
(41.41656277464676, ~10.030872213424845, 9)
tizates —> 200 onlinedens
9895201, 8 v
Tine
1910
Cpta's 10.00, 15,0, PO s 614,20
GET /log —> 200
README

06-04T06:38:14.163 wwmmemmmmmmmmmns
09, 99,

Creating trisl ‘oalinedeso’
1.090,3.900, 15,01 1

alapi/onlinedenc/nextdatathorizon<. s

This exar 2% Feme1s.499

posted tc

(eg.03_
pres
mkdir
pytho
ov0: 935:0.3641; -

After ru 2
*

estimati UI!:) evaslep nlinedesc/nextdatatpositionsdl 4, <10.0.0.0
Exam e
B[N .1:00:37 / 1:25:54 |8 (=& O I3
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Competitors

Affiliation

906 team China Beijing University of Posts and
Telecommunications

Revenge of Dream Hunters  Japan University of Tsukuba

KajiLab Japan Aichi Institute of Technology

CARELab Japan NARA Institute of Science and
Technology

All teams chose Japan server for scoring



Results

score 1
(error value | )

No.| Team CE95 (m) | HE50 (rad) | EAG50 RDA 550 | RPAsx50 | RDAgnisi50 | RPAuuise50 | Total ~ CE75 (m)

*Exclude exhibit 1 (m/s) (m) (Z1)) (m) (Z1)) score | (not used,

*Only in exhibit 1 *Only when the user |*Only whenthe user [«0ny when the user | *Only when the user (max:lOO) reference
approach to the robot |approach to the robot | approach/experience | approach/experience only)

the exhibit the exhibit

2  Revenge of -208.6 60.7 2.7 54.0 59.6 -351.7 73.3 436 |20.15m
Dream (309m) (0.62rad) (024m/s) (0.46 m) (1.27rad) (4.52m) (0.68 rad) >15m
hunters

3 KajiLab -803.9 875 14.2 58D 34.6 -9.9 81.2 773 |6.76m

(90.4 m) (0.20 rad) ©21m/s) (0.44m) (2.05rad) (1.10m) (0.59 rad)
4 906 team -2149.5 34.2 -480 -4521.3  61.6 -6359.0 46.2 -1909.7 | >45 m
(2250 m) (1.03rad) @45m/s) (46.2m) (1.2rad) (64.6m) (1.69 rad) (ﬁ timhesid>
thresno
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Results

score 1
(error value | )

No.| Team CE95 (m) | HE50 (rad) | EAG50 RDA0bot90 | RPA,p0t90 | RDAiitd0 | RPAnint®0 | Total CE75 (m)

*Exclude exhibit 1 (m/s) (m) (Z1)) (m) (Z1)) score | (not used,
*Only in exhibit 1 *Only when the user |*Only whenthe user | «gnly when the user *Only when the user (max:lOO) reference

approach to the robot |approach to the robot | approach/experience | approach/experience only)
1 CARELab 873 75.4 634 852 82.6 78.0 88.9 80.1 |059m
(1.27m) (0.39rad) (0.09m/s) (0.15m) (0.55rad) (0.22 m) (0.35 rad)

the exhibit the exhibit

2  Revenge of -208.6 60.7 2.7 54.0 59.6 -351.7 73.3 436 |20.15m
Dream (309m) (0.62rad) (024m/s) (0.46 m) (1.27rad) (4.52m) (0.68 rad) >15m
hunters

3 KajiLab -803.9 875 14.2 58D 34.6 -9.9 81.2 773 |6.76m

(90.4 m) (0.20 rad) ©21m/s) (0.44m) (2.05rad) (1.10m) (0.59 rad)
4 906 team -2149.5 34.2 -480 -4521.3  61.6 -6359.0 46.2 -1909.7 | >45 m
(2250 m) (1.03rad) @45m/s) (46.2m) (1.2rad) (64.6m) (1.69 rad) (ﬁ timhes|d>
thresno
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Examples of results (scoring trial 1) AIST

Create the Future, Collaborate Together

CARELab —— Revenge of Dream Hunters CAR E I_a b

KajiLab —— 906team

10

+ location (ground truth)
mm= yaw direction (decimated)
+ location (Estimated)

0.8

0.6

o?
o4 .

0.2

y(m)

80

Empirical Cumulative Distribution Function (eCDF)

o | ‘ __*Exclude exhibit 1
o 5 10 15 20 25 30 35
Circular Error (m) ° w o * “

Revenge of Dream Hunters 906 team

(failed to submit trajectory for scoring trial 1.

100

Y
E

y (m)

-200 -150
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Examples of results (scoring trial 2) AIST

Create the Future, Collaborate Together

eaeian — RevengeorDam s CARELab KajiLab
o drecton (decmated ] . ~ Tocation (ground truhy
- location (Estimated) 4 Ir” - I\;aﬂv;:::::{:::::uﬂ?aud]

0.8

0.6

o
0.4

0.2 =

¥ (m)

¥ (m)

Empirical Cumulative Distribution Function (eCDF)

oo | ‘ __*Exclude exhibit 1

o 5 10 15
Circular Error (m)

5

Revenge of Dream Hunters 906 tea N
s yaw direction (decimated)
« location (Estimated)
+ location (ground truth)
W= yaw direction (decimated) 40
- location (Estimated) 4
10 .
20
5 0
E
- =
E
> =20
o
—40
-5
-60
=10
-80
o 10 20 30 40
(m) -60 -40 -20 0 20 40
x(m)

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY 13



Examples of results (scoring trial 3) AIST

Create the Future, Collaborate Together

CARELab —— Revenge of Dream Hunters CAR E I_a b KaJI I_a b

KajiLab —— 906team

« location (ground truth)
m= yaw direction (decimated)
- location (Estimated)
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o
o
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o
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e
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‘ *Exclude exhibit 1

Circular Error (m)

e

o
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)

Revenge of Dream Hunters

+ location (ground truth) m=yaw direction (decimated)

location (ground truth)
m yaw direction (decimated) = location (Estimated)
« location (Estimated) {
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N
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y (m)

¥ tm)
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Examples of results (scoring trial 4)

=
o

e e
i -

Empirical Cumulative Distribution Function (eCDF)
o
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o
o
T

o
o
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CARELab —— Revenge of Dream Hunters

KajiLab —— 906team

. ‘ *Exclude exhibit 1
0 5 10 15 20 25 30 3!

Circular Error (m)

5

y(m)

y(m)

CARELab

|

+  Iocation (ground truth)
= yaw direction (decimated)
- location (Estimated)

|

- lacation (ground truth)
mmm yaw direction (decimated)
- location (Estimated) 4

30

KajilLab

AIST

Create the Future, Collaborate Together

« location (ground truth)
= yaw direction (decimated)
« location (Estimated)

20

o AR A
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E = {\ 3
=
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-10 }}A«
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906 team

- location (ground truth)
mmm yaw direction (decimated)
+ location (Estimated)
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Congratulations

Track 5 winner

¥ CARELab

Hideaki Uchiyama, Huakun Liu, Yutaro Hirao,

*

Monica Perusquia-Hernandez, Kiyoshi Kiyokawa
NARA Institute of Science and Technology
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