M 32012

YK 528.854

A. AKSHABAYLEV, L. NAIZABAYEVA

MANIPULATING VIRTUAL OBJECTS
IN AUGMENTED REALITY USING REAL OBJECTS

Kazakh-British Technical University, Almaty

1t is important to give input information without other device in AR system. One solution is using hand for
augmented reality application. Many researchers have proposed different solutions for hand interface in augmented
reality. Analyze Histogram and connecting factor is can be example for that. Various Direction searching is one of
robust way to recognition hand but it takes too much calculating time. And background should be distinguished with
skin color. This paper proposes a hand tracking method to control the 3D object in augmented reality using depth
device and skin color. Also in this work discussed relationship between several markers, which is based on
relationship between camera and marker. One marker used for displaying virtual object and three markers for
detecting hand gesture and manipulating the virtual object.

1. VIRTUAL OBJECTS INTERACTION

A. Camera and marker relationship

Augmented reality is a displaying virtual object in the real world. One way to display virtual object is
using special markers. Currently, there are number of libraries, with specific markers, that can detect
markers and put some virtual object relatively to detected marker. One of such kind of library is
ARToolKit library, which use size-known square markers as a base of coordinates [4]. After detecting
marker, ARToolKit gives transformation matrix, which defines the position of the marker in the camera
coordinate system. Rotation and translation information are stored in transformation matrix [4].
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Fig. 1. Rotation and translation matrix [4]

To get relation between different markers, relation between camera and marker is used. For interaction
two different markers we must know the transformation matrix of these markers. Using this information it
is possible to find the position of point in one coordinate system in another coordinate system. [4]
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Fig. 2. Relation between markers [4]
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Consider you have three coordinate systems (CS) labeled as C, 7 and D as shown in figure 1.

M, - the transformation matrix that transform the representation of a point from CS [ to its
representation in CS C.

M, — the transformation matrix that transform the representation of a point from CS D to its
representation in CS C.

M; — the transformation matrix that transform the representation of a point from CS [ to its
representation in CS D.

ARToolKit library give the information about M; and M, matrices. Using these matrices we must
find M;.
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Using M, we can easily convert the point from one CS to another.

Y= M,
1
B. Hand gesture recognition

Three ARToolKit markers used to hand gesture recognition. One marker is placed at the end of the
thumb, second marker at the end of index finger, and third marker in the middle of these two fingers, near
the palm as shown in figure 2.

After processing input image, ARToolKit gives information about four vertices of detected marker.
Using this information we can easily find line segments of detected marker as shown in figure 3.
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Fig. 3. Location of the markers on the hand

Fig. 4. Line segments of markers Fig. 5. Hand gesture

In the figure 3 you can see lines in that order in which we found them. If we always use this order we
can define some lines, and intersection points of these line segments can be used to find hand gesture as
shown in figure 4.

C. Algorithm of manipulating virtual object.

This algorithm is one approach of manipulating virtual object using other markers. 4 markers are used
for this algorithm, 3 of them to recognize hand gesture and one for displaying virtual object as shown in
figure 5. [5] We can denote next variables:

A, F; - finger point coordinates
P, P; translated finger points to virtual object coordinates
P,,— middle point of two finger coordinates

P, — milde point of two finger coordinates in object CS

and make following steps to manipulating virtual objects:

1. Check if P’y and P’; are inside the object

2. Continue only if both fingers are inside of object.

3. Store the point in the middle of P, and P, (in world CS P, and in object coordinate system P,).
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4. Store rotation degree between states of fingers line about z-axis. Rotation is calculated as
a degree between the previous and current stage of the line, connected by the center point of the finger and
the center of the marker placed near the palm.

5. Rotate the object original transformation matrix about Py (on z-axis)

6. Calculate the current point Py,

7. Translate the object about the difference between current P, and stored P,
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TOJIBIKTBIPBIUTF AH PEAJIABUIBIKTAFBI BUPTY AJIZIBIK OB BEKTIJIEP AT
HAKTBI OBBEKTUIEPATH KOMEI'TMEH BACKAPY

MoamiMeTTi KOChIMIIA KYPaIAAapAbIH KOMETIHCI3 CHTI3Y — TOIBIKTHIPBIIFAH OPTAHBIH 0ACTBI MaceNeiepiHiH Oipi
60pIm TaOBIIAAbI. ATAIMBIII MOCENICHIH aJIbIH a1y MAKCATBHIHIA TOJNBIKTBIPBUIFAH OPTa KOCHIMINANAPBIHAA a7daM
KOJIBI TTAHJAIAHBLIAAb]. 3EPTTCYIIUIED YCHIHBIN OTHIPFAH THCTOTPAMMAIIBIK TANAAY JKOHE OalIaHBICTHIPYIIBI (JaKTOP
OCBI MOCEJICHI Imemy AiH 0ipaeH-0ip Mprcanaapsl. Kommbl TaHbIT OIIy TiH €H CEHIMIL MKOJIAAPBIHBIH 0ipl — JKaH-KAKThI
OarpITKA 137€y KYPridy, JCTCHMEH MYHBIH Ja KEeMINUTIKTepl 0ap. ATam alTaTbhiH OOJICAK: €CENTEYTE JKYMCAIaThIH
VaKBITTBIH KOITIrl »KOHE OpPTaMEH aJAMHBIH KOJBIHBIH TycTepli Oipaeii 0ona amMaiThHABEBL KOIXIbIH OarbIThI
apKbLIBL, KYpajJ TEPSHIITIMEH TEPi TYCIH KOJJAHA OTHIPHII, TOIBIKTHIPBUIFAH OpTafarsl 3D 0OBEKTINCPiH OaKbLIay
TOCLTL OCHI >KYMBICTHIH OACTBI YCBIHATHIH YKAHAJBIFEI OO Ta0bLIaael. COHBIMCH KaTap, OyJ1 sKyMbICTa OipHEIIC
MapKep apachIHAAFbl OaliIaHBIC KapacThIpbUIFaH. by »kepaeri opbip Mapkepain Oenrimi Oip KonmaHeichl Oap: 6ip
MapKep BHPTYAIAbl OOBCKTLICPAlI OCHHCICH KOpCceTy VINH, aja YOI MAapKep BHPTYAJIIBI OOBCKTIIEpAl Oackapy
MAaKCaTBIHAA KOJJAHBLIA IBL.
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YITPABJIEHHUE BUPTY AJIbHBIMHU OB BEKTAMU
B JOITOJIHEHHOW PEAJIBHOCTH C ITOMOIILBIO PEAJIBHBIX OBBEKTOB

B cucreme Augmented Reality (AP) — A0omOIHCHHOHW pEanbHOCTH CPEIW 3aA4a4 KOMIBEOTCPHOTO 3pPSHHS
aKkTyanpHa 3aga4da BBoAa mH(popMmanmu Oe3 MOCTOPOHHHX YCTPOWCTB. ONHHUM W3 BAKHBIX PCIICHHI SBILICTCS
WCIIOJIb30BAHNE PYK U1 HPUMEHCHHWS JOTOJMHEHHOH peampHOcTH. W3 aHanm3a THCTOTPaMM M IOJKIFOUCHHS
q)aKTOpOM, NIPEATOKECHHBIX MHOTHMH HCCIICA0OBATCIIIMHA, MOKHO y6e/:[1/m>c;1 B CYIICCTBOBAHUHA PA3THIHBIX peH.IeHI/Iﬁ
JUIS pYYHOTO WHTEp()Ciica B TOTMOTHCHHOH PCaTbHOCTH. XOTS Pa3IHIHBIC HAMPABJICHUS TOUCKA ABAFOTCA OTHUM U3
HAJCKHBIX CIOCOOO0B NPH3HAHMSA YTPABICHHUS PYKOH, B HACTOSIIEE BPEMs CYIICCTBYIOMIME CIOCOOBI 3aHHMAOT
CJIMIIKOM MHOI'0 BPCMCHH ULI PacucTa, r[pe/:maraeMLIﬁ (I)OH PHUCYHKA TAKKEC AJOJDKCH OTIMYATHCA HBETOM KOKH
pyku. B pabore mpemmaracTcs METOA OTCIICKMBAHUSA PYKH A yhnpaBicHus 3D-00beKTa B TOTOTHCHHOH
PeanbHOCTH, BO3MOKHOCTH HCIIOJIB30BAHHMS TIIyOMHBI YCTPOMCTBA M IBETa KOKH. Kpome TOro, B 310l padote
00CY KIAaeTCsl CBSI3b MEXKIY HECKOJBKHMH MAapKepaMM, KOTOPas OCHOBAaHA HA OTHOHICHWAX MEKIy KaMmepoil u
MapkepoM. OIMH MapKep HCHONB3YETCS 1 OTOOPAKCHUS BHPTYAIbHBIX OOBEKTOB W TPH Mapkepa Il
OTIPEICICHHS KECTA PYKOH M YIIPABICHHE BUPTYAIBHBIM OOBEKTOM.
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