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Markerless AR System Based on Spatial Information Matching

Using Depth Image
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Abstract: Augmented Reality (AR) is a technology to overlay some information at a related position in cam-
era images. Hence, an estimation of position and direction of camera is necessary to achieve AR. Though
there are several methods, our goal is to develop a robust estimation method for indoor Markerless AR.
Particularly, we use a depth image sensor to avoid the influence of environmental lights, and we propose a
method to match the spatial information by processing depth images and point clouds. In indoor environ-
ments, there are many planar objects, for example ceilings, walls, tables and so on. Therefore, we extract
three features from the combinations of such planar objects to describe a scene (spatial information around
a target of AR). The features are as follows: the number of observed planes, the angles between planes
and the distances between parallel planes. In this paper, we introduce how to extract planes at first. Then,
we propose how to identify planar objects and scenes by using such features. Experiments were made to
show effectiveness of the method in a real indoor environment. As a result, all of the learned scenes were
recognized properly and a non-learned scene was rejected.
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Fig. 1 Example of planar objects in a room.

RA> - LT s
CEZIN F—=7 fron
| HuE >—>

T

/ 1
| I
| I

i I E5=em |
| 1
t I
| I
[

3 | os—> l
M\ !

-— o = =

2 ZZEEHY Y F 2 S TEOME
Fig. 2 Overview of the method of spatial information

matching.
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Fig. 4 Planar area estimation: Target environment (top left),

curvature image (top right), binary image (bottom left)

and labeled image (bottom right).
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Table 1 Algorithm of plane extraction.

Algorithm Plane_Extraction (R, C, K, Nuic, Nin1_th)-

1: L:=10
2: for every region r; € R in descending order by area do
3: Ninl_best := Ninl_th
4: Pinl_best =0
5: for k=1 to K do
6: find Npjx X Npik block b C r; randomly
7 estimate equation coefficients np,dp for plane
by computing PCA on b
8: Nin1 :=0
9: Py =10
10: for every point p € C
11: if np-n > cosain_thnNmp-p+3p < din_tn do
12: increment Nju;
13: Py := P U {p}
14: end if
15: end for
16: if Ninl_best < Nin1 do
17: Ninl_best := Ninl
18: Pini_best := Finl
19: end if
20: end for
21: extract Pinl_pest from C
22: L := LU {Pi_best}
23:  end for
24:  return L
apx + Bpy +ypz+0p =0 (6)
np = (ap, Bp,VP) (7)
nel =1 0
d=np-p+0dp (9)
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Fig. 6 Successful results of plane extraction: Point cloud (left)

and extracted planes (right).
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Table 2 Algorithm of plane identification (scene feature

matching).

Algorithm Feature_Matching (m;, mcurr)-

1: Gbest = Qth, Phest = null

2: if neither m; nor mecy,r include any parallel planes do

3: dpest := 0

4: else

5: dpest := din

6: end if

7 if m; doesn’t have the same number of planes n as Mcurr
8: return null

9: end if

10:  create permutations pt (k= 1,2,-,n!)

11:  for k=1 to n! do

120 1= max {Jsu| [§ = [su.] = A — Al
13: dmax := max {|tuyu| T = [tu,w] = D; — ngir}
14: if ath > @max N dpest >= dmax do

15: Phest := Pk
16: Qbest ‘= Gmax
17: dpest = dmax
18: end if

19:  end for

20: return (pbesta Abest y dbest)

3.4 Y—2EFFIER

M L2 & FEA4 7Y =7 M2 ID R& R O BI1E
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Table 3 Algorithm of scene identification.

Algorithm Scene_Identification (M, mcurr)-

dvest 1= din, Mpest = null
for every model m; € M do
r := Feature_Matching(m;, mcurr)
if r # null do
(p,a,d):=r
if a < agh Nd < dpest do
Mbpest 1= M
dpest :=d
end if
end if

end for

— = =
N 22

return Mmpest

AT P R BEEE 2 AT 572010 dpest =0 £ 55 (26 1T
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B THEB SN TWA Z L 2T (12, 1317H). &
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(2047H). CORAATHIVNEVIEIE Y — Y O—FEDIE W
CLEFRT. T, AATVRANOEEIL, 20D —
ICHEENLTRTOFEEIFEE SN TS,

P EOWBTNEE 57— % NX— 2 M HO4LFE T VI L
THEHRTA., ZOFHEEFR 31T, vy F o 7Aa7)
BN DETVERERL (6917H), ¥ — VRAEET).
4. FHEEER

RETIE, 3ETRELLTFEZHVAZY-VBLY
SPHIEE DER L ZOFEHRIZ DOV TR S, FEERIT Intel
Xeon CPU E5-2609 2.40GHz 2 70t v ¥ (8 27 8 A
L v F) 480 Windows 7 ECTir- 72, FEEEM St > it
Mesalmaging #1:® SwissRanger SR4000 (5m L > ¥, Ji
ALy X)) &R,
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V=vEREEL, ARP 12O Y - v ETVEMERL, T
TR ANEEET D, 0%, EH2rOH LIAREZ LA
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Fig. 8 Experimental environments.

9 MWHEEE AL (Eh), L2 (G, AL3 (Ehdk), wieE
(fiye), BLER (T)
Fig. 9 Target environments: Desk 1 (top left), Desk 2 (top
right), Desk 3 (middle left), Fridge (middle right) and
Switchboard (bottom).
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T4 V-UBIOVEA TV s MAEKER ATIIERY -,
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Table 4 Results of scene identification and plane identifica-
tion: Learned scenes in the rows and input scenes in

the columns.

Ay E2TEN ik
7y D M M2 N R na
N2 (i) (5) (5) (3) (5) (4)
¥ (5) O X X

L1 Efi (5) O 4 X X
A (4) X
JE(7)

#L 2 i (5) X O3 X
1 (6)
JE (3) Ou4

S il (2)
1i (6)
% (5) X X Os

LR Eili (5) X X Os
4 (7)

e ks R o M2 i e il

®10 ¥ — g LOFHREDEDE H1) @ A= (F)
ETF= I R=2FHY - (4). ALGERCFETH L
TLERERT

Fig. 10 Successful results of scene identification and plane

identification (Desk 1): Input scene (left) and its corre-
sponding learned scene (right). Planes in same colors

correspond to each other.
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Fig. 11 Failed results of plane identification (Switchboard):

Input scene (left) and its corresponding learned scene

(right). The blue and red planes need to be swapped.

12 EOEHRTHAL Y 2 7 2ABEm @ 2R (), ko
AR FR (£)
Fig. 12 Example of power visualization system: Before recog-
nition (left) and after (right).

BRI, BT 2 — S VEICIE U C LB X
MIZICHILTLEY). ShHETRTOY = IZxf LT
WEET7 VT ZALEHENTVWE05THS. FilA
ENT > Ty — VB O T 5% 0, a2 X b
DB OBEHIZ LD H 52 Loy —r OFfli = RET
L, R OMIEZHEINE M TE % L Bbh b,

F72, V= Y ETIVEOBRE IO AL EHE E i E o
BEHLEMTH L. 2L 212, BUNOBEHOEETD
V= VETFUIEEEN TV DLYE, GPS REM LAN &
W B 2 R L 7o B S B ORI A E 2 5N b,

5. AR XFLNDELE

KRFFERH O AR VAT A& FERE L2, K12 12 AR
VAT LOFEWIEGEZ/RT. AR AR Y AT AIKE K
CHEEE YL, TSI LB 77 (K 13) %
Heletk s —BEFE O T FR T 2 BHHRTHAL Y 27 4
THb. KAR VAT LOEE7 0 —%2E 14 IIRT. i

19



BRNIBFRHNGE 11—~ TNAX& VX7 L Vol.d No.1 12-21 (Apr. 2014)

v 153.6W
77.9W
29.5W

13 ®hor 77
Fig. 13 Power graph.
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Fig. 14 Workflow of AR system.
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Table 5 List of devices.
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15 AR Aa—7 D&M (F), #0 (hgy), EE (F)
Fig. 15 AR Scope: Front (top), back (middle) and example of
system (bottom).
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