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CROSS-PLATFORM UNITY APPLICATION FOR DISPLAYING
3D MODELS OF AUGMENTED REALITY USING ARCORE

Annotation. Recently, augmented reality technology has taken a qualitative step in develop-
ment, which has enabled it to be useful in many areas of life. Augmented reality applications are
unique in that they annotate or augment the user's reality. Practice has shown that augmented
reality technology has unlimited potential and requires further research in the direction of creat-
ing innovative immersive applications. This work proposes a cross-platform Unity application for
displaying 3D models of augmented reality using ARCore.
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Formulation of the problem. Augmented reality is a term denoting all pro-
jects aimed at supplementing reality with any virtual elements in real time [1]. Re-
cently, the technology of augmented reality has made a qualitative step in develop-
ment, which has enabled it to be useful in many spheres of life (architecture, arche-
ology, industry, artificial environment, educational environment, the field of enter-
tainment, etc.) increasing the efficiency of the work carried out. ARCore technology
originates from Tango, which is/was a more advanced AR toolkit that used special
sensors built into the device. In ARCore, instead of special sensors, software (in-
tended for Android devices) is used, which makes this technology more accessible
and popular. ARCore can be accessed from multiple development platforms (Android
[Java], Web [JavaScript], Unreal Engine [C++], and Unity [C#]), giving developers
great flexibility and opportunities to create cross-platform applications. While each
platform has its strengths and weaknesses, all platforms essentially extend from
their own Android SDK. Augmented reality applications are unique in that they an-
notate or augment the user's reality. This is usually done visually, if an AR program
superimposes computer graphics on the real world. Practice has shown [2] that aug-
mented reality technology has unlimited potential and requires further research in
the direction of creating innovative immersive applications.
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Analysis of the latest research. Unity is a cross-platform game engine, which
is mainly used for creating games, interactive 2D and 3D experiments (exercise
simulation, medical and structural visualization), etc., developed by Unity Technolo-
gies [3]. Over the years, Unity has gradually introduced a set of tools to support 3D
content creation, VFX and filmmaking. Embracing cross-platform development since
its inception in 2006, Unity has allowed developers to compile their apps for multi-
ple targets, making it a great tool for creating mobile games. Over the years, Unity
has worked closely with Apple and Google to integrate the ARKit and ARCore SDK
into its library. In 2018, Unity went public with a unifying API for both platforms -
the AR Foundation package. AR Foundation allows you to create cross-platform
augmented reality applications using Unity. Unity 2018.1 includes built-in cross-
platform support for AR. These APIs reside in the UnityEngine.Experimental. XR
namespace and consist of a number of subsystems. These subsystems contain low-
level APIs for interacting with AR. The AR Foundation package wraps this low-level
API into a coherent whole and enhances it with additional utilities such as managing
the lifecycle of an AR session and creating GameObjects to represent discovered fea-
tures in the environment. In the AR Foundation project, you choose which AR fea-
tures to enable by adding the appropriate manager components to your scene. When
you build and run your application on an AR device, the AR Foundation includes
these features with its own AR SDK, so you can build it once and deploy it to the
world's leading AR platforms [4].

The goal of the work. The purpose of this article is to develop a cross-
platform Unity application for displaying 3D models of augmented reality using AR-
Core.

Main part. For the development of the "Room-Builder" application (Figure 1),
the Unity platform and the C# programming language (for writing scripts) using the
MVVM pattern (for building a high-quality connection between the interface and
business logic, which in turn will help maintain a clean and clear application archi-
tecture). The following modules were additionally installed: Android SDK; Android
NDK; ARCore foundation; ARCore XR.

To build the augmented reality of the ARCore technology, you need the
following.

1. Track movement (Motion tracking) allows the smartphone to understand its
position in the real world. This device needs data from accelerometer, magnetome-
ter, compass and geolocation.
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2. Environment understanding allows the smartphone to determine the size
and position of all types of surfaces (vertical, horizontal and angular) and the dis-
tance from the device to these surfaces. Images from the device's cameras and laser
distance sensors, if available (Figure 2), act as input data.

Figure 1 - Application interface Figure 2 - Understanding image depth

3. Estimating the illumination allows the smartphone to estimate the
illumination of the surrounding environment. Without this feature ARCore will not
be able to build a plane with coordinates.

As an intermediate output we get a set of planes that contain coordinates and
can be used to establish a model, track a model, or a point in space. We also get an
opportunity to see the depth of the plane recognition, and see what ARCore sees and
how it builds planes in the environment. The scheme of the organization of input
and output data in the developed application is shown in Figure 3.
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Figure 3 - Data processing scheme

Figure 4 shows the structure of the project.

RoomBuilder

Animations Configs Markers

R ZES

Materials Models Prefabs

Scenes Scripts Textures

Figure 4 - Structure of the developed application

The developed application has two work scenarios (see Figure 1). They are
Manual placement of models and Tracking markers in the environment.

Manual placement of models. In the Unity editor, we will create a new scene
for manual placement of models. Add a controller with an array of objects.

public class ModelButtonHandler : MonoBehaviour
{
public GameObject Model;

public Button Button;}
This model adds a construct to the Unity inspector to bind a button and a 3D
object.
In the Update method, which is called with every update of the application
frame, we will describe the logic of adding a model to the specified plane.
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if (hit.Trackable is DetectedPlane)
{

DetectedPlane detectedPlane = hit.Trackable as Detected-
Plane;

if (detectedPlane.PlaneType == DetectedPlaneType.Vertical)

prefab = InstantPlacementPrefab;

}

// Instantiate prefab at the hit pose.

var gameObject = Instantiate(prefab, hit.Pose.position,
hit.Pose.rotation);

instGameObjects.Add (gameObject) ;

It can be seen that under the condition of touching the specified ARCore plane,
the selected 3D object is added to the surface and fixed at the initial coordinates.
The Instantiate method allows you to create objects in a certain location and with a
certain rotation. The diagram of the location of the models is shown in Figure 5.

DetectedPlaneGenerator

+ DetectedPlanePrefab:GameObject

ManualARController | -_newPlanes;List<DetectedPlane>
# _clearSpaceButton:Button + Awake():void
# InstantPlacementPrefab:GameObject + Update():void

+ FirstPersonCamera:Camera
-instGameObjects:List<GameObject>

ModelButtonHandler

+ Awake():void

+ Update():void P
- OnClearSpaceButtonPressed():void +Model:GameObject
-OnModelsButtonPressed():void - +Button:Button

Figure 5 - Class diagram in the scene of manual arrangement of models

Figure 6 — Manual placement of models
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Tracking markers in the environment. In the Unity editor, we create a new
scene for tracking markers and placing models on their surface. First, you need to
add an empty Canvas and an ARCore Device object. At this stage, we add to the AR-
Core Device in the Markers Tracking Session inspector. It is a configuration file that
is responsible for various parameters such as camera autofocus, face detection, im-
age depth, and marker database. Next, we need to create a database with images for
tracking. In the project window, select the desired set of control images (PNG or
JPG), right-click and select Create — Google ARCore — AugmentedImageDatabase.

As in the previous example, we create a scene controller and add a C# script to
it. In the Update() method, we define the software part of searching for images from
the device's camera.

Session.GetTrackables<AugmentedImage> ( tempAugmentedImages,
TrackableQueryFilter.Updated) ;

In the same script, we will define an array of 3D models, and attach them to
images with a simple cyclic iterator.

public MarkerVisualizer[] markerVisualizerPrefabs;

If the recognition is successful, we add the model to the scene at zero coordi-
nates (the center of the marker).

if (image.TrackingState == TrackingState.Tracking && marker
== null && 1image.TrackingMethod == AugmentedImageTracking-
Method.FullTracking)

{

Anchor anchor = image.CreateAnchor (image.CenterPose);
marker = (MarkerVisualizer) Instanti-
ate (markerVisualizerPrefabs|[image.DatabaselIndex], an-

chor.transform) ;
marker.Image = image;
_visualizers.Add(image.DatabaseIndex, marker);
FitToScanOverlay.SetActive (false);

Figure 7 shows the result of the marker tracking application.
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Figure 7 - Label tracking

The developed application also has a mechanism for handling exceptional
situations such as conditions of insufficient lighting; conditions of poor surface tex-
ture; conditions of ultra-fast movement of the camera of the device.

Conclusions. The work proposes a cross-platform Unity application for dis-
playing 3D models of augmented reality using ARCore, which enables the user to
understand how ARCore works (how ARCore sees the environment, how the process
of recognizing and constructing the depth of the environment, placing or tracking
geometric models using ARCore takes place). The developed application provides an
intuitive, simple graphic interface for the most convenient user experience; the abil-
ity to choose geometric models for location; the ability to track markers for the loca-
tion of geometric models; the ability to understand the environment. Further re-
search should be conducted in the direction of expanding the description of the
available elements responsible for configuring the application.
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Kpocnaamgopmnuii Unity dodamoxk 0nsa eidodbparceHHs
3D-mod0eneii donosHeHoi peanvnocmi 3acobamu ARCore

3a ocmaHiti uac mexHoJ102isi 0ON0BHEHOI peanbHOCMI 3poOUNa AKICHULI KPOK y po-
38uUmky, wo dazo iti 3mMozy 6ymu KOpUucHow y 6azamsox cepax ¥cumms (apximekmypa,
apxeosiozisl, NPOMUCN08icmb, WmyuHe cepedosuiye, HaguaivHe cepedosuuye, cpepa pos-
8az ma iH.) nidsuwyrouu epekmusHicmeo 3dilicHeHux po6im. Jodamku donoeHeHoi pea-
JIbHOCMI YHIKA/IbHI MuM, W0 aHomyiloms a60 00n08HWIMb peaibHiCmes Kopucmysaua,
wo nidsuuye koegiyienm ix 3auikasseHocmi ma Hadae 8iduymms 6e3nocepedHb0i 83ac-
M00ii 3 HaBKOJUWHIM cepedosuwyem. [Ipakmuka nokasanda, wo mexHonoziss 00n08HeHOT
peanvHoCcmi Mae HeoOMexceHull nomeHyianr ma nompeodye nodanvuiux 00CioxHeHb 8 Ha-
NPSAMKY CMEOopeHHsl iHHOB8auiliHux immepcusHux dodamkis. B daHili pobomi 3anponoHo-
gaHo kpocnaamegopmuuii Unity dodamok dns 8idobpaxcerHs 3D-modeneti donogHeHOi
peanvHocmi 3aco6amu ARCore. Jlna po3pobku dodamxy “Room-Builder” 6yna obpana
naamgopma Unity ma mosa npozpamysauns C# (015 HANUCAHHA CKpunmis) 3 8UKOPUC-
matHam namepHy MVVM (0115 no6y0o8u KiCH020 38'93Ky Mixc inmepgeticom ma 6i3Hec
J102iKO010, WO 8 C8010 Uepzy 00NoMOoxce hidmpumysamu Yucmy ma 3po3yminy apximexmy-
py 3acmocyHky). Takox dodamkoeo 6ynu ecmaHosieHi HacmynHi modyni: Android SDK;
Android NDK; ARCore foundation; ARCore XR. /Ina ynpaeninus po6omoio dooamkom i
liozo emicmom 6yn10 po3pobyeHo KopucmysaivHuybkuti inmepdetic, ujo Hadae Moxueo-
cmi Kopucmyeauy ompumamu no8Hulli KOHMpoJis Had cucmemorw. B dodamky HaseHi dea
cyeHapii pobomu (pyuHe po3mauily8aHHs mooeJeli; 8i0cCmexeHHs MapKepie y Ha8KoJUlL-
HbOMY cepedosullyi), a MAaKox MexaHiam o6poOKU BUHAMKOBUX cumyayiti (ymosu Hedo-
CMammuwv0oi 0C8iMAEHOCMI; YMO8U N02AHOI MEKCMYpPU NOBepPXHi; YMO8U HAOWIBUOKO20 pY-
Xy Kamepu npucmpor). IIpakmuuHa 3Hauumicms 0aHo20 NPO2PAMHO20 NPOOYKMY NoJisl-
2a€ 8 momy, wjo cmeopeHuli dodamok Hadae MoxUBicms Kopucmyeauy 3po3ymimu siK
npaute ARCore, nobauumu me - sk ARCore 6auums HA8KONMUWHE cepedosuiye, K 8i0-
0y8aemucs npoyec po3nizHasaHHs ma nobydosu 2a1ubuHu cepedosuuid, po3miujeHHs abo
gidcmexcysaHHs zeomempuyHux mooeseti 3acobamu ARCore.

CoipinneB B'ssuectaB BacuiaboBuMY - K.T.H., [OLIEHT, MOOLIEHT Kadeapu
MIpOrpaMHOTO  3abe3levyeHHsI KOMITIOTepHux cuctem HTY  "IIHimpoBcbhbKa
MOoJIiTexXHika".

Cagunuenko JJanwio BanepirioBuu — marictp, HTY "[IHinpoBcbKa MmoJiTexHika".
CmipianeBa Osnbra BonoammupiBHa - K.T.H., JOLIEHT Kadeapu eaeKTPOHHUX
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