38 Marematiune mozpemoBaHas Ne 1(44) 2021

DOI:

UDC 004.92+004.942

K. Krasnikov, PhD, Associate Professor, kir kras@ukr.net
Dniprovskyi State Technical University, Kamianske

VISUALIZATION OF EXPERIMENT RESULTS IN SCIENTIFIC E-ARTICLES

Computers bring brand new abilities to represent data calculated by mathematical models. A
simple static figure can’t show all the details of 3D model and evolution of a complex physical
process, which can significantly limit spreading of scientific results and usefulness of e-article. A
present work considers data representation for readers by multimedia web components replacing stat-
ic figures in e-article. The viewport consists of built-in components of popular Internet browsers, ful-
fils presented functional and technical requirements, including a support of free media formats. Its
user interface structure, similar to the video component, is shown and explained. The content played
by viewport is organized in snapshots, which contain arrays of floats and other data. These snapshots
are used to update a virtual 3D scene. The scene consists of camera, lights, static and generated
meshes including colored quads and arrows for speed field. As result the presented illustration shows
implemented viewport with rendered state of a metallurgical process at a specific moment of time.
Comparing to existing works it is considered providing audio-comments for the viewport in e-article,
which expands circle of its potential readers. The proposed component can play an evolution of 3D
field of scalars intuitively controlling the playback including position of a virtual camera. It has two
standard modes of playback: automatic and user-dependent — secking needed moment.

Keywords: interactive data representation; virtual 3D scene;, multimedia HTMLS5 compo-
nents, academic e-articles.

Komn tomepu oarome no6i modicniugocmi npe0cmasusimu 0aui, po3paxoami 3a 00NOMO200
mamemamuunux moodenel. Ilpocmuil cmamuynuil pucynox He modce idobpaxcamu eci demani 3D-
MoOeni ma egonioyii CKIaoHo20 pi3uYHO20 NPoYecy, Wo Modice 3HAYHO 0OMeNICUMmU NOWUPEHHS HA)-
KOBUX pe3yIbmamie ma KOPUCHICIb eleKmponHoi cmammi. Y yii pobomi po3ensdacmvcsa npeocmas-
JIeHHS OaHUX OJIs1 YUMAYi8 MYTbMUMEOIUHUMY 6€0-KOMNOHEHMAMU, WO 3AMIHIOIOMb CIMAMUYHI PUCYH-
Ku 6 enexmpounniti cmammi. O0nacms nepeanady cKkia0acmvcs 3 60Y008aAHUX KOMNOHEHMI8 NONYJAp-
Hux Iumeprnem-6paysepis, 6i0nosioae npeocmasicHUM (OYHKYIOHATbHUM MA MEXHIYHUM SUMO2AM,
BKIIOUAIOUU NIOMPUMKY Oe3KoumosHux media-gpopmamis. Iloxkazyemovcss ma NOACHIOEMbCS 11020
cmpykmypa inmepdbeticy Kopucmyeaud, nooioHa 00 8i0eokoMnoHenma. Byicm, saxuti 8i0meopoemucs
obnacmio nepeznady, OpeamHiz08aHUll 30 MOMEHMATLHUMU SHIMKAMU, SAKI MICIAMb MACUBU YUCel Ma
iHwux Oanux. Li 3nivku suxopucmosgyiomscs 01 oHognenus gipmyanvhoi 3D-cyenu. Cyena cknaoa-
€MbCA 3 Kamepu, 0xcepen C8imia, CMamuyHux ma 2eHeposaHux Mooenel, GKIUaryu Koaboposi Yo-
MUPUKYIMHUKY A CMPIIKU OJi N0 WeuoKocmi. AK pe3ynvmam, npedcmagiena imocmpayis 0emon-
cmpye peanizosany obnacme nepe2isioy i3 npopuUco8aHUM CMAHOM MEeManypeiuno2o npoyecy 8 KOHK-
pemuuti momenm uyacy. llopieuano 3 icHyouumu podoomamu po3enidacmvcsi HAOAHHA ayoio-
Komenmapie 0isl obnacmi nepeanady 8 eneKmpoHHitl cmammi, Wo Po3UUpPIOE KO0 11020 NOMEHYItIHUX
yumauie. 3anponoHOBaAHUL KOMNOHEHM Modice 8iomeoprogamu egonoyito 3D nonie, inmyimueHo ke-
PYIouu 6i0mMEOPeHHAM, BKII0UAIOUY PO3MAULY8AHHS GIPMYATbHOI KAMepU.

Knrouosi cnosa: inmepaxmuene npedcmagnenns oaunux, gipmyanvua 3D-cyena; mynomume-
Oiuni komnonenmu HTMLS; axademiuni enexmpouni cmammi.

Problem’s Formulation
Invention of the book printing gave magnificent opportunities and new horizons for the
science development, including information distribution between scientists even over centuries. One
could continue and finish a complex work of other or make generalization of famous solution of prob-
lem for other branch of science. Without an academic publishing a contemporary science couldn't be
so developed and diverse. A modern science can solve complicated problems and predict an evolution
of multifaceted processes in time. A compound multidimensional mathematical model of a complex
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dynamical system produces a large amount of data, which needs to be visualized in comprehensible

manner. To present such evolution of a process, including 3D models, in article the scientists com-

pelled to place few figures showing considered system states at certain time moments. It increases the

count of used pages in the article. Usually the figures are static and reader cannot see the whole 3d

model of the system or choose other moment of time. 2D charts are good at visualization of few va-

riables evolution in time. Therefore scientists need new opportunities to publish their research results.
Analysis of recent research and publications

There are many solutions to the considered problem. Authors of [1] use 3D features of PDF to
present models for liver surgery. PDF is a very popular format and is supported by the most Internet
browsers, already installed on many user computers, for reading static text and figures.

Authors of the work [2-3] propose “animated figures” to enrich experience of readers. Authors
mention increased memory consumption of using such figure because it can contain a large video
fragment. Also they talk about distractions that can arise during looping, when after the end video goes
to its beginning.

The works [4] review efforts in incorporating of dynamic figures in articles as well as advan-
tages and disadvantages of such embedding. Authors mention nonexistence of international standard
for this. They underline an importance of “wider adoption of dynamic figures”.

The authors of paper [5] use a graphic library, which allows him to embed 3D models in PDF
without commercial software. They present a multistep explanation how to create 3D figure and refer-
ence it in a LaTeX document. Also they list 15 keyboard shortcuts for mentioned graphic library to
manipulate 3D model and view. A lot of figures show successful result of the work.

In the paper [6] authors extend default capabilities of 3D PDF for making series of teaching
slides. Two modes are proposed for creation of presentation and its viewing. Properties of each slide
are stored at XML file.

Author of [7] also use 3D PDF to visualize mathematical concepts for educational purposes.
He presents a process of composing “dynamic PDF training documents”. The author points out the
problem of data converting to needed 3D format, especially when commercial software is unavailable
on the computer.

One the main disadvantages of 3D PDF is that modern browsers don't natively implement 3D
visualization of models embedded in PDF. To see and interact with them the user must additionally
install a special program or plugin for browsers, which creates complexities, including additional peri-
odic updates. May be it is the reason for limited popularity of such approach. That’s why online pub-
lishers find ways for viewing 3D data in PDF or other formats.

SWF files also provide rich choice of different multimedia elements, including 3D. This tech-
nology has been supported by browsers for many years. Unfortunately it is discontinued starting from
12 January 2021 and not recommended for a further usage in favor of HTMLS5 and JavaScript pro-
gramming languages.

Some online publishers of academic articles provide ability to submit paper with embedded
video or 3D models in U3D format. This is great step in the direction of innovative presentation of
articles.

Formulation of the study purpose

Today hardware and software is developed enough and spread of smartphones, tablets and e-
readers leads to easy reaching of users by new multimedia technologies. So the work is devoted to
description of data visualization in scientific e-articles using computer to achieve a richer user expe-
rience than just reading e-article with text and static illustrations.

Presenting main material

The object-oriented paradigm (OOP) simplifies programming of a complex component for da-
ta visualization. To replace a static figure in e-article it is proposed a component named “viewport”
(Fig. 1), which is similar in functionality to built-in “video” element of HTMLS5. Both can play content
but the former allows reader to control point of view and other parameters of model. It consists of four
subcomponents intended to meet the following functional requirements:

- showing a static figure or poster in e-article;
- starting and pausing playback by clicking or tapping on a button;
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- playing a supplemental audio if any. Audio volume is changed by a vertical slider and can be
muted,;

- searching for a specific time by dragging a slider on a timeline. An initial slider position can be
nonzero and set ahead by author of e-article;

- configuring speed of playback and color mode of background.

The canvas is the built-in element, which occupies a whole space of the mentioned viewport
and supports rendering 2D or 3D content. The audio is built-in element and it's needed to listen op-
tional comments for a figure. Audio is synchronized with the playback. There is a toggle button for an
interruption and continuation of the playback as well as the slider to seek for an interesting moment.
Also the options button gives control over playback rate and background color.

|
Play/Pause
button
[ | [ |

Fig. 1. Proposed Ul component structure for data presentation

Canwvas

Content for the playback is stored as collection of snapshots (Fig. 2). The collection can be op-
timized to reduce its size if the standard zip-compression is not enough. To start playback it is neces-
sary to download only a small part of the collection, so for purpose of saving Internet bandwidth the
component requests limited number of snapshots at once. It is analogous to the method a web server
uses for a video content.

1-stsnapshot i-th snapshot M-th snapshot

Size of field data
depends on dimensions

Stores array of foats

Field of gas fraction
Field of addition
concentration max, average values
Fields of speed
components

Fig. 2. The sample data snapshot collection of fields relative to mathematical model of metal-
lurgical process

Also can store min,

Also OOP helps in rendering set of triangles, which can share properties and logically
represent a single 3D model. Thus all data needed to complete rendering are kept in corresponding
objects, which are organized into a virtual scene (Fig. 3). Every object has attributes, for example,
transformation and can be composed by other objects:
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- aquad has orientation, position
and consists of two triangles

F .
Vi with shared normal and color

to represent scalar. A triangle

has three points, which is used
; Arrows : )
{ to determine the normal;
/ - an arrow has color, angle and

position consists of two con-
nected lines, defined by three
points, which show direction
and magnitude of a local vec-
tor;

- billboards are used to make
text labels, which are always

__-"
\ . :
. oriented towards  camera.
' These labels with numbers are
\ shown on the coordinate axes
and above the quad under the
.-""' pointer to show related scalar.
A Light ~ Ray intersection is used to de-

COUFCES . termine which quad is ho-
vered. The efficient Moller-
Trumbore's algorithm calcu-
lates distance to intersection
point;

- a camera has position, up unit
vector and look-at unit vector.

A perspective camera also has field of view. Orthogonal camera is helpful when one needs to see
the scene from the top, side or other point of view without perspective transformation;

- a light source has color, intensity, position, direction unit vector or distance (for point light). While
two directional lights is enough to view the scene from different points of view the point light
source allows to additionally illuminate specific parts.

Above position attributes are points with three floats — coordinates in space relative to refer-
ence frame. For orientation change it is used a versor — unit quaternion, because of its lock-free be-
havior.

M Directional

Fig. 3. The virtual scene structure for 3D rendering

Visualization of calculated scalar field and accompanying 3D content is done in few stages.
The first stage is preparation of meshes, including import of static 3D models, generating quads and
arrows. This stage is executed once and can be time-consuming, so loading notification can be used
for reader to wait.

The second stage is updating time, color of quads, vector length and orientation, visibility of
objects according to the selected plane of cross-section made along coordinate axis. This stage is
started when it is needed to render new frame. The hue-saturation-lightness color space is used get a
color for each scalar s. There is function, which returns a dark blue for the minimum value and a red

— for the maximum:
c=HSL[2(1—w];1;O,5], (1)
3 Smax - Smin

where ¢ — color, s — considered scalar from field, s.,;, — minimal scalar, s,,,, — maximal scalar. On
the plane two metric components of speed are needed to calculate an angle 0 and a length / of a local
arrow:

w

0= arctan(ij , 2)
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I=lu-utww, 3)

where # and w — components of speed got from appropriate fields of snapshot. Length / is multiplied
by some number to regulate appearance.

On the second stage optimization can be made for automatic playback. If the selected speed
multiplier of the playback leads to a very fast (for example over 60 data frames per second) change of
data in the viewport then more snapshots can be skipped to save resources. From the other side, if the
speed is lower than the rate of snapshots in calculated data then a simple interpolation between two
snapshots is turned on. This improves smoothness of playback.

The third stage is projection of meshes on the plane of a virtual camera and then rasterization.
This stage is perfectly done by any graphical processing unit (GPU).

After the first user-initiated activation of the viewport arrows and quads are created based on
the coordinate system and geometry, which were used for calculation of a typical mathematical model.
Only color of quads as well as length and direction of arrows are updating during automatic playback
or dragging of slider on the timeline. The 2D graphics has some advantage over 3D, because it is
simpler and always accessible from the canvas. In the case of a short animation a fully-featured canvas
component is unnecessary and can be replaced by GIF-animation in image component.

To reach a broader audience the component should fulfill the following technical require-
ments:

- support of three or more popular internet browsers;

- support of free media formats;

- running of JavaScript code must be enabled in a browser to bring interactivity and to render 2D
graphics or 3D models on the canvas component. Also it is used to attach listeners for pointer
events.

Results. To test proposed technique an article devoted to a 3D mathematical model of com-
plex metallurgical operation (ladle treatment of molten steel) is chosen. The static figures are replaced
by interactive viewports for 3D rendering and manipulation. A ladle is represented by a cylinder mesh.
A cross section of scalar fields (gas and addition) is drawn by colored quads. Arrows, rendered by
lines, represent vectors of speed field. To render the content there are many free libraries today, which
also simplify managing of hierarchical 3D data. An evolution of mentioned fields can be seen using
the time slider.

The fig. 4 shows working example of viewport made using proposed approach. At the bottom
of the fig. 4 the controls can be hidden when pointer is not above them. A red line is x-axis, which
coincides with the radial axis; a green line is the y-axis; a dark blue line is the z-axis.

Conclusions

Topicality of the research is grounded on a natural inability of regular papers with static in-
formation to represent peculiarities of dynamical multidimensional processes considered by scientists
in their papers. In addition the level of today technologies development creates good basis to enrich
reader’s experience by interactive viewports replacing static figures. The proposed technique can be
used to implement web components, which allow reader to orbit around a 3D model to see all the de-
tails of the system state and analyze process evolution, which cannot be done with a video or an ani-
mation and, of course, a static figure. Playing audio expands user accessibility for those who poorly
see or want to listen comments. Mentioned advantages greatly improve usefulness of e-article even
though a relatively more time is needed to prepare data for the interactive representation. Also two
components can be time-synchronized for comparison of data representations in evolution.

If to compare the proposed viewport component with the built-in audio/video component of
HTMLS, one can see additional selector of playback speed and background color. The viewport has
controls, which fulfill requirements listed above and it can be used directly with some styling, for ex-
ample, transparent background.

The viewport can of course also be used for a presentation of experiment results obtained in
laboratory or industrial conditions without excessive simplification or processing of taken records in
the case of regular static illustrations.
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A further investigation is planned to make the viewport simpler to use and embed to a wide

number of papers. It needs to be less time-consuming to prepare 3D data, for example by letting au-
thors to choose ready-to-use models and parameters of typical processes. Proposed approach can be
further extended for other branches and specialties not limiting to the metallurgy.
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Fig. 4. The viewport renders 3D scene with cylinder and different fields involved in process
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BI3YAJIIBALIA PE3YJIBTATIB JOCJIIAIB Y HAYKOBUX E-CTATTSAX
Kpacnikos K.C.

Pedepar

Komm’roTepu 1atoTh HOBI MOKIIMBOCTI MPENCTABIATH JaHi, po3paxoBaHi 3a JOMOMOTOI0 Ma-
TeMaTHYHUX Mozneneil. [IpocTuii craTnyHKi pUCYHOK He MOKe BimoOpaskaTu Bci gerani 3D-momeni Ta
eBOMIONIi CKJIaAHOrO (Hi3MYHOro MpoIlecy, U0 MOXKE 3HAYHO OOMEXHTH MOMIMPEHHS HAayKOBUX pe-
3yJBTaTiB Ta KOPUCHICTH €NEKTPOHHOI CTATTi. Y Wil poOOTi pO3risAaeThcs MPEACTABICHHS TaHUX IS
YUTAYiB MYITbTUMEIIMHUMU BEO-KOMIIOHEHTAMH, 110 3aMiHIOIOTh CTaTUYHI PUCYHKH B €JEKTPOHHIH
crarti. O0nacTe meperyisigy CKIAaeThbcsi 3 BOYJOBAaHMX KOMIIOHEHTIB MOMyNsipHUX IHTEpHeT-
Opay3epiB, BiANOBiNae MpeAcTaBIeHUM (QYHKIIOHATBHUM Ta TEXHIYHUM BHMOTaM, BKIIIOYAIOYH MiJAT-
puUMKy Oe3komTOBHUX Memia-popmatiB. [loka3yeThCs Ta MOSCHIOETBCS MO0 CTPYKTypa iHTepdercy
KOpHUCTyBaya, MoIi0HA JI0 BiJICOKOMIIOHEHTa. BMICT, SIKHil BiITBOPIOETHCS OOJACTIO MEPETIIsay, opra-
HI30BaHUH 32 MOMEHTAJIbHUMH 3HIMKAMH, SKi MICTSATh MAaCHBH YHCEN Ta IHMUX MaHuX. Lli 3HIMKH
BHUKOPHUCTOBYIOTBCS JJIsl OHOBJIEHHsI BipTyanbHOI 3D-crenn. CueHa cKiIaTaeThesl 3 KaMepH, JKepen
CBITJIa, CTATUYHUX Ta TEHEPOBAaHUX MOJENEH, BKIIOUAIOYH KOJIbOPOBI YOTUPUKYTHUKU Ta CTPUIKH AJIS
MOJIsl IUBUAKOCTI. SIK pe3ynbTaT, mpeAcTaBlieHa UTIOCTpallisi JEMOHCTPYE peajli3oBaHy 00JacTh Meper-
TSy 13 TPOPUCOBAaHUM CTaHOM METaIypTiiHOTO MpoIecy B KOHKPETHHH MOMEHT 4acy. [lopiBHsHO 3
ICHYIOYUMMH pOOOTaMU PO3TIIAJAETHCS HaJaHHS aynio-KOMEHTapiB AJisi 00JacTi Meperisay B eleKT-
POHHI CTATTi, IO PO3LIMPIOE KOJIO HOro MOTEHIIHHUX YUTadiB. 3alpOIIOHOBAHUN KOMIIOHEHT MOXKeE
BiTBOpIOBATH eBoMoLi0 3D moniB, iIHTYITHBHO KEPYIOUH BiATBOPEHHSM, BKIIOUAIOYH PO3TAIlyBaHHS
BIpTyaJIbHOI KAMEpH.

SIKII0 MOPIBHATH 3allpONOHOBAaHUK KOMIIOHEHT oOyiacTi meperniingy i3 BOYJOBaHUM ayaio-
Bimeo xommoHeHTOM HTMLS, MoxHa moOaynTh JOJATKOBUI CEIEKTOP MIBHAKOCTI BiITBOPEHHS Ta
KONbopy (QoHY. Y BiKHI MEperisimy € eIeMEeHTH YIPaBIiHHSA, AKi BiAMOBIIAIOTh (YHKLIOHATLHUM BH-
Moram, i HOro Mo>kHa CTHITI3yBaTH 3a noromoroto CSS, Hanpukiia, 3po0ouTe GoH mTpo30puM.

[Moganpiie gOCHTIHKEHHS TUIAHYETHCS 11 CHPOLICHHS! BUKOPUCTaHHA 00J1acTi Oryisiay Ta BOY-
JOBYBaHHS y HayKoBi poOoTu. Ha miAroToBKy TpMBUMIpHUX JaHUX MOTPIOHO BUTPATUTH MEHILE Yacy,
HaNpUKIaJ, TO03BOJISIOYH aBTOpaM BUOMPATH FOTOBI 10 BUKOPHCTAHHS MOJIEN] Ta MapaMeTpH THIIOBUX
MpoIeCiB. 3aMPONOHOBAHMIA MiXi]] MOXe OyTH MPOAOBKEHUH JIIS IHITUX TaTy3ei Ta CIemiaabHOCTEH,
HE 00OMEKYIOUHCh METaTyPTi€lo.
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