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Heterogeneous Sensor Coordinate System Calibration Technique
for AR Whole Body Interaction
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ABSTRACT

A simple and accurate whole body rehabilitation interaction technology using immersive digital content is needed for elderly patients
with steadily increasing age-related diseases. In this study, we introduce whole-body interaction technology using HoloLens and Kinect
for this purpose. To achieve this, we propose three coordinate transformation methods: mesh feature point-based transformation, AR
marker-based transformation, and body recognition-based transformation. The mesh feature point-based transformation aligns the
coordinate system by designating three feature points on the spatial mesh and using a transform matrix. This method requires manual
work and has lower usability, but has relatively high accuracy of 8.5mm. The AR marker-based method uses AR and QR markers recognized
by HoloLens and Kinect simultaneously to achieve a compliant accuracy of 11.2mm. The body recognition-based transformation aligns
the coordinate system by using the position of the head or HMD recognized by both devices and the position of both hands or controllers.
This method has lower accuracy, but does not require additional tools or manual work, making it more user-friendly. Additionally, we
reduced the error by more than 10% using RANSAC as a post-processing technique. These three methods can be selectively applied
depending on the usability and accuracy required for the content. In this study, we validated this technology by applying it to the “Thunder
Punch” and rehabilitation therapy content.
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Fig. 1. Structure of AR Immersive Content Interaction Using Multiple Sensors
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Fig. 2. An Example of Using Feature Points of Kinect and HoloLens on the Spatial Mesh of Content

TE o]&ste] AP o R A5k, ZEAZ AL} 7Y E
Z+zZbo A ERAE AT nff 5U3 YJAE A A5 8o
St g WESHA FHojueAY, & S°17FAY, Texture
o] Azjgto]l dA #+&EL & ;J:E AL AHe
7JMERRE AT v4le EEARET 25 © B2
VertexE 7HH A Aldsict. E}E]'/‘i EARE AT A A
oz Adstr] %2 ZEAR vHolA A +EZ
= Ae AAE FAAIR 719 E A dojdl 4] HolF
oA EA¥S /\}—Q“XV} 214517] Y54+ Blender®t 22
3D #H & 52 Unity3De 22 3D ZH= Al =15
o|-§% & it ojdf A& FESE7] HA 517] fISHAl Fig.
28} o] Zdl= A F7Ha)oll =4 S8 719 33t HE
Al B2 7Y E dgjo] A8 EFA(c, AT E=23
Zo|A & A2AREo R YSE= EAR A0 AR &
Lol wixEet. @A AMgst B =g Hd), 85
‘?ﬂﬂ](e), A-RE(DE AHEFITH
A== ARl EHAY ofZAlol S thA] AP
3 ]—f—-’] ALt 22 AALA TG tE FE HOE H
dHrh. &, widH FHF:A 7 et oA siRE PP
Space Anchorghtl! st= ZZ2d=9] 7]5L o] &afA &
JI9o] ERA=TF oA ARE W AL 22 Ao 54
7t E 5 EE AR
AQret AAA A HEE HH-S Abgto] Ay 3D 33t
ol 3709 28HE A5k, Zo] Tlo|Ewt AMESIEE,
=° A= o0& 2719 H“ﬁﬂ‘:} o 3EgT 4= JANL
7 ZAEE AFEY] Aol dastal, AR Hol =9}
SHZo| wet Aozt AR, o] uff Aol wet o2 W4
Hoh o358 A7t A4 £ qlth

ruiov

fu

4.2 AR O 7|9t 37t 28 H

2R} 7|YEE & ¢ %ﬂﬁi 7hd| et AAE EZFota
Atk o] A7 AAE o83t AR uHAZF F7F WA 2
& Ut} o] W L upAE 7 %ES} ZEHZA A5
Al AR TFA9] 33t FHRE 7= Fig. 33 Zo] A
£ 89T 5 At

7|9 EQ] AR v HRE 242 WA e AAZEEH

AR HHAE QIAlSHIL Q1A1H ZF 47 o 9 YA &
o] 37t FHJ2D)E BT T, IR A AlA] IA5h=
371 ZhEr 37 FREGD)E wFketo] AA TE A
ot 5L4gt HEA A9 7Y E AR utA ¥E ALG
Att. EZFRJAN = A &2 %mi AR uHAE 2 Al
AoA stal, ERA=] 34U F7R1A] HHAZ PHPgh
5 FY 3D FHEZS o] 83to] TEHAZ9 AR Ul HIS A
Y3t AR "HAE ol8sto] ZHzt A
JEE ol&sto] g 7]7]19] HEA

st

=

[y |

Fig. 3. Transformation of the Coordinate System
in Space based on AR Marker




(b) Hololens

Fig. 4. Transform Analysis using QR Code Recognition
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(a) Hand

(b) Arm B (c) Leg

Fig. 6. The Result of Mapping to Whole Body Joint Information Seen from HoloLens (green line)

Algorithm 1 Calculation of Coordinate Transform using RANSAC

Input: S = { (x;,;, X;;), -y (X;,05 X;.29) }» A set of matched pairs of

three vertex positions on HMD and Kinect

Output: T, Transform matrix from Kinect to HMD coordinate

© 90 H ¥ [ & D B e

13:

Lz <=0
for each round t =1 to N do
X < set of m point pairs randomly sampled from S
Tp,+ < Compute Transform Matrix from X; on HMD
Tyt < Compute Transform Matrix from X; on Kinect
T = Tp X (i)™
Xy,m < Positions on Kinect from S transformed by Ty,
Iy < Count the Inlier Number of X} ,,
if I; > I gy then
Lnax < It
T Tt
end if

end for

Fig. 7. Pseudo Code of Coordinate Transform Calculation
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Whole- Body Joint Information
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(b) An example of laser shooting from the hand of the HoloLens point of view

Fig. 9.The Result of Applying AR Whole Body Interaction Technology to Thunder Punch Contents

(b) Interactions from a HoloLens perspective

(a) Examples of monster interaction using leg collision detection

Fig. 10. Results of AR Rehabilitation Content Interaction Using Whole Body Motions

Table 1. Comparison of Features of 3 Methods

Usability Accuracy External image Requirement
Feature Point Low High Yes
AR Marker Mid Mid Yes
Body Skeleton High Low No

Table 2. Average Errors of 3 Methods

Feature Point AR Marker Body Skeleton
Error (mm) 8.519 11.296 58.385
Table 3. Average Errors based on RANSAC
AR Marker Body Skeleton
with RANSAC 11.296 58.385
Error (mm)
without RANSAC 12.647 67.287
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