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JInst ToITydeHns TUIICOCOAEPIKAIUX IEHOMACC MPEATIOYTUTENICH BOIHBIM PacTBOp MeHOKOHIEHTpaTa «F1», Tak kak (popMOBOYHBIE
CMeCH Ha OCHOBE JIpyI'HX NeH000pa3oBaTesiel pacTpeCKUBAIIICH IIPH 3aTBEPACBAHUH.

HeonHO3HAYHOCTh BIIMSIHUS TMEHOKOHIIEHTPATOB PA3IMYHOTO IPOMCXOXKJEHUS HAa COCTAaBISIOLIME CMEIMIAHHOTO BSKYIIETO
00ycloBIiIa HEOOXOAUMOCTh  PAa3/ebHOTO IPUTOTOBIEHHS IEHOMAacCc Ui Cyldb()OMarHe3MaabHOTO TEHOOETOHA IyTeM BCIIEHHBAaHUS
CYCIIEH3UH BSXKYIIMX.

Cnoco6 mpuroToBieHnst (pOPMOBOYHOI Macchl MpPEIyCMAaTPUBAET Pa3zelbHYIO MOATOTOBKY M IIOCIEIYIOLIEe CMELICHHE ABYX
IeHoMacc. Marse3najabHyI0 IIEHOMAacCy Ha COJICBOM 3aTBOPHTENE M IIEHOKOHIIEHTpATe «YHHUIIOP» CMEIIMBAIOT C THIICOBOM IEHOMACCOM,
MOJTy4EeHHOH Ha BOJHOM 3aTBOPHTEIIE M CHHTETHUECKOM neHoKoHIeHTpare «F1». PazpaboraHHbIi crocO0 MPUTOTOBIEHHS IEHOMAcC
M03BOJISIET TOBBICHTH NMPOYHOCTH CYyIb(OMAarHe3MaJbHOTO SYEUCTOr0 OSTOHAa M JIOCTHYL ITOKa3aTeledl NMeHOOeTOHa M3 KayCTHYECKOro
MarHesuTa (Tabm. 3).

Tabmuma 3. ColicTBa Cynb()OMarHe3ualbHOTO IIEHOOETOHA M3 IEHOMACC Pa3AeIbHOTO IPUTOTOBICHHUS

CocrasB BspKyIIET0, % Ipenen
MIPOYHOCTH
Cpennsist p o
. npu cxatuu, %,
KayCTHYECKHI N IUIOTHOCTh
CTPOUTEIIBHBII T'HIIC 3 neHoOeToHa
MarHe3ur MeHoOeToHa, KI/M
B BO3pacTe 28 cyT
100 0 493 100
80 20 501 83
70 30 489 103
60 40 481 78
50 50 475 56
40 60 463 48

Bv1600bi1.

BrlpaxeHHass XuMu4ecKkass akTHBHOCTh M peryjlupyeMas IUIOTHOCTh COJIEBOTO PacTBOPAa MAarHe3HalbHBIX (POPMOBOYHBIX Macc
MpeonpeaeisieT HalpaBICHHbBIH BEIOOP MOpooOpa3oBaTes ¢ BHICOKOW BCICHUBAIOMIECH CIIOCOOHOCTBIO U YCTOHYMBOCTBIO B Cpefie
3aTBOpPHUTEIIS.

MHOrOKOMITIOHEHTHBIN COCTaB MarHe3uajbHBIX CMECEeH pacIlupseT BO3MOXKHOCTH BO3/IEHCTBUS Ha IPOLECCHI

nopusanuru 3a CYET UBMEHEHUS COCTOSIHUSA, PELECTITYPBI U IIPUEMOB IIPUT'OTOBJICHUA (l)OpMOBO‘-IHLIX Mmacc.

Pozhidaev M. S.
Post-graduate academic degree in technical sciences, ALT Linux Company, Tomsk State University
TEXT-BASED ENVIRONMENT FOR BLIND PERSONS: CONCEPTION AND OPERATING SYSTEM DESIGN
Abstract

The paper covers conclusions of the attempt to create a prototype of text-based user environment without graphical objects and
operating system based on it. Acquired results prove conception of handy device for wide range of blind users. Technical details of further
research are suggested.

Keywords: accessibility, blind persons, GNU/Linux, Java, operating systems.

Introduction

Various information technologies became an essential part of social and professional life but level of their accessibility for blind
and visual impaired persons remains still insufficient. Some results and experience in this area are acquired so far, nevertheless, blind and
visual impaired users are not able to fill themselves completely free using PCs and mobile devices. That fact can be treated as one of the
reasons tackling high integration of disabled people into social life.

Currently the popular way is to install some screen reading software such as Jaws for Windows by Freedom Scientific [11],
VoiceOver by Apple Inc. [2]as well as Orca [15] — the favorite solution of GNU/Linux users. This software takes the information on screen
and transforms it into speech form, describing any action user does. Today there is the ubiquitous Graphic User Interface (GUI) almost on
every computer and it is the most important problem we should take into account here. This type of user interface (Ul) was designed to be
controlled mostly by mouse as well as other pointing devices. This input method is rather convenient for sighted users but for blind persons it
is not the case. They are enforced to navigate over graphical objects on a screen such as window widgets, menus and dialogs by keyboard
only and this work takes a lot of extra time. The mentioned way can be considered as appropriate for work at home or at office but in
crowded and noisy environment such as at international airport, show or conference it is turned out completely unacceptable. In addition
running OS with full GUI takes more hardware resources than it is needed for accessible solution itself. This paper offers an accessible OS of
a new design based on GNU/Linux and covers the experience already got by creating preliminary prototypes.

1. First prototypes

The work on the initial prototype was launched in 2008 as an attempt to create light accessible distribution for blind users [21, 22,
23, 24]. It uses GNU Emacs [8] as a main user environment with added special extension called Emacspeak [6] developed by T. V. Raman
from Google Inc. The system is based on the Linux kernel and is applicable for installation without any external sighted help except boot
device selecting in BIOS setup utility which does not use any features from external software and evidently is not compatible with any
speech based accessibility. The installation process is performed by copying live-CD environment to a hard drive as it is with several minor
fixes. We will not describe this technique in details here since it is widely popular and well-known approach. The only important thing is that
cloning process doesn't require any Ul and can be done by single command launch with provided set of necessary parameters.

The environment was enhanced with some additional software developed by the authors as part of work on the system being
described. This software includes tools for text books listening with text-to-speech (TTS) engines, main menu plug-in for quick applications
launch, media player control service (will be described later), the set of auxiliary scripts and so called speech server. Speech server is needed
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to manage stream of speech commands in real-time mode and to prevent simultaneous speech signals overlapping. It doesn't synthesize
speech by itself and uses external TTS engines, in particular RHVOice [16].

Although this distribution failed as instrument for wide range of users it brings important experience proving the general
conception is right. As known, GNU Emacs aims to be a flexible text editor but during developing process list of its features went out of
editor purposes. Now it contains file manager, mail and news reader, calendar, FTP client and very restricted web browser. The crucial
advantage allowing consider it as an accessible environment is an ability to bring to user every working object in text form. For example,
mail message can be easily constructed as text file with recipient address on the first line, a subject on the second and with message content
on all other lines. Nearly all needed operations could be reorganized this way if they don’t imply graphic material. GNU Emacs also shows in
text form web-pages aligning content as one text document and excluding pictures. While user navigates over prepared text object the speech
extension listens all cursor movements and forwards stream of commands to speech server for further translation into audio form for user. If
user moves from one text line to another he hears line text under new position and hears new character in case of moving left-right on one
line.

This system became a working platform for its developers for several years and it makes possible to get some conclusions about its
advantages and disadvantages. The main advantage is a very high speed of working process. With some user training speed approaches to
speed of usual sighted work. It can be explained by user interface simplicity since it doesn't have any GUI elements any more. A user doesn't
take care about what objects there are on a screen and how they are organized. Even more, any association between objects and their graphic
representation is not required at all. At same time light environment yields low system resources consumption and it makes possible using of
cheap mobile devices. One of the installations was performed on ASUS EEE PC 1025C netbook ($330 in Amazon shop) and it was
successfully used in travel and during conferences participating. That experience implies tasks successfully done during flights and work
inside of crowded and noisy airports including three of busiest airports in Europe (London Heathrow, Paris Charles de Gaulle and Frankfurt-
am-Main) and three international Moscow airports. The set of performed tasks covers maintaining wifi-connection for mail and news
reading, handy notes, mp3 and text books reading and rarely voice recording.

Actually, a wide range of accessible tasks can be easily explained by large variety of software available among GNU/Linux
distributions but some additional possibilities should be mentioned especially detailed. There are two graphic software packages: Latex [12]
and Lilypond [13], capacitated for taking input material in form of text files. Latex is a publishing system for physics and mathematics books
or papers and Lilypond is a music score typesetter. Both of them gives a very high quality of an output and remains accessible for blind
users. Known experience proves they are a real way to create materials even at scale of dissertation. Final sighted checking of an issue is still
required but work is done mostly by blind persons on their own. That software is a very special case due to high required user skills but we
would like to mention it here. Latex can produce also presentations in pdf-format (proved by known experience of blind users), can include
graphic figures constructed by text form commands and embed music objects from Lilypond.

We took a look what this system offers, but more important is the set of discovered disadvantages making prepared system
inappropriate to be used widely. The developers team is about to give up any active work on GNU Emacs approach due to following reasons:

1. Weak protection against improper user actions. Even a very easy inaccurate step breaks proper system behaviour. GNU Emacs
completely relies on user awareness what he does.

2. The platform is not suitable for developing complex user applications. The GNU Emacs is a Lisp run-time environment
purposed for managing a set of text areas. All of such areas called "buffers” linked weakly with each other and any attempt to create an
application with more than one buffer gives generally unstable product with a lot of glitches. The system must be capable for quick
extensions creating because user needs various add-ons for social networks instruments, blogs reading and other web-services access.

3. Web-browser without Java Script support. Web-browsers became something grater than applications for HTML-pages viewing
and may be described in turms of a platforms for launching web-applications. GNU Emacs has a text-mode browser that can be used for
HTML-pages parsing but nothing else.

4. User unfriendly interface. The environment of GNU Emacs can be considered suitable only for professional users with high level
of experience in GNU/Linux. No national language support is available.

5. No support for some closed but freely available application such as Skype and maybe some others. Skype has an accessibility
support but it cannot be covered by any GNU Emacs utilities.

6. No support for popular office documents formats.

Since a lot of free and open source software is available publicly it should be involved in new accessible environment creation. In
two sections below we will describe new Ul approach and general design of accessible OS free from disadvantages listed above as far as it
possible.

2. New user environment

New user environment should consist of following items on a screen:

1. A set of tiled working areas.

2. Easy access command line for quick operations launch.

3. A popups support for dialogs and interactions raised depending on applications functions.

4. Main and context menus.

Nearly all of these things came from GNU Emacs as they are but they should be managed by general application mechanism which
GNU Emacs doesn't have. Every text area should be strongly associated with some application and must be closed on application shutdown.
All text areas are displayed in tiled mode on the screen and currently active application decides which of them and how must be shown. User
should be allowed to switch from one application to another quickly (for example, by Alt+Tab key combination) with consequential
switching of all corresponding visible areas on a screen. One more important feature is a quick text search through text in any visible area
without application support.

The term "text area” we used here implies rectangular area on the screen filled with some text shown by monospaced font. Text
color and size should be available for changing easily by system-wide commands without any application support. On screen content can be
used by users with low vision (not totally blind). For low vision users very useful can also be a feature of highlighting with easy grey
background row and column where cursor is placed.

A command line support plays highly important role in suggested approach. In contrast to widely popular GNU/Linux shell
expressions command line we are describing should accept short words suitable for quick typing. Inside of noisy room it is easier to press
Alt+x on keyboard to invoke command line, type "news", "mail", "message or whatever else user wants to launch new application than to
look for required item in menus listening speech output. The keyboard combination Alt+x is taken from GNU Emacs and no doubt it is really
convenient way. We consider command line here as particular case of "popup" areas. Popup areas are text areas shown on screen at bottom
for a short time and purposed for additional user interactions and conversations. Various types of menus can also be implemented as popup
areas.
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Java SE [10] is chosen as the main programming language for developing accessible environment itself as well as for all user
applications. There are a lot of well-known Java libraries available publicly providing various functions needed for user applications. We
mean here JavaMail [9] for mail reading, Rome [18] for RSS parsing, Apache POI [1] for office documents filters, etc. A user interface
layout for each particular application is not described here since in most cases it is quite obvious. For example, mail reader should consist of
three areas: mail groups, a list of mail messages in a group and selected message text. File manager looks like usual twin-panel manager with
additional area at a bottom of screen for list of active tasks (files copying, moving, etc). General user navigation over text objects and whole
system can be taken from GNU Emacs and left almost without any changes. It is a very good part of GNU Emacs legacy except of one thing:
spoken text must be constructed by application and it may be different than text on screen. In GNU Emacs user hears always a text on screen.

3. The system core

We should take a close look at system core working behind accessible Ul. It consists of several components listed below:

1. Event queue launched inside of Java virtual machine in separate thread.

2. LDAP interface for flexible storing of user data like address book, calendar, etc.

3. D-Bus [7] interface to a number of system services.

4. Auxiliary service for media player control.

5. Speech server.

6. Speech-enabled window manager for X.org.

7. Small screen reader based on AT-SPI [3] services.

Event queue stands here for central dispatcher of events and the most important of them, of course, are user input commands. That
queue should be also accessible for events exchanging between several applications being running in the environment. It is very important
thing because this feature is the most proper way for multi-threaded applications synchronization.

Now there is a general moving in GNU/Linux world toward D-Bus system services and that fact makes a lot of things easier for
system developing. Using D-Bus which has good support in Java we can get a easy control over key system services like Udisks [19] for
removable drives, Network Manager [14] for network connections and others. Systemd service [17] should be mentioned here as an
especially hopeful suggestion, however it needs more time to clarify whether Systemd is really able to become a reliable low-level
component or not.

Media player service must take care of any user commands to listen music file or speaking book. It should be controlled also
through D-Bus and invoke real media player (very likely VLC [20]). Media player can not be launched directly since blind user needs some
features for speaking books (literature recorded by narrator as audio files) including bookmarks managing, etc. In addition there is a special
format of books for blind persons called Daisy [5] and it also should be supported at the level of media player control service.

4. Web-browser and AT-SPI applications

There is a couple of special cases when user has to deal with tradition GUI anyway:

1. Web-browser.

2. Closed popular applications (Skype).

Without these applications support our system can not be considered completed. In case of web-browser its nature doesn't allow
express its functionality in any text only form. Skype due to its license restrictions should be taken as a whole binary application. So we have
to implement some support making these application available for blind users although both of them are exceptions in proposed conception
of text only interface. Fortunately GNU/Linux GUI has additional service called AT-SPI helping disabled persons operate with GUI
applications and it remains still available for us. If we choose Firefox as suitable web-browser we can use it and Skype through AT-SPI
functions. Regarding web-browser we should notice to be fair there is one more solution — ChromeVox add-on [4] for Chrome/Chromium
browser, but its less comfortable because it generates speech by itself and doesn't expose any data outside of browser. That means there is no
way to pick up browser data from external tools, for example, to be copied into custom buffers like clipboard. Since we rejected any existing
GUI we can not use prepared screen readers used for transforming AT-SPI data into speech and have to implement its replacement.

The last thing we need to get our design full is a tiny window manager. Main Java virtual machine we have described in previous
sections and additional applications like Firefox or Skype are independent processes with their own windows on a screen controlled by X.org
server. A special speech enabled window manager should be created to link all of them into one whole suite. Java environment could be
considered as main application playing predominant role and other applications became available easily with simple way to switch between
them with informative speech notifications. No need to develop such window manager from scratch since there are a lot of simple suitable
examples.

Conclusions

The design described here is in active development currently and authors intent to create a prototype suited for illustration what
such system could be used for (the project is designated as "Luwrain"). Meantime a lot of required components are already created since
almost all of the tasks are the widely known problems solved by large variety of FOSS projects. The only thing should be written completely
from scratch is the Java user environment and its conception is the main research goal.

A couple of related questions stays undiscussed with these paper. First of them is the braille display support. These theme doesn't
need any research since Os just has to support corresponding devices. The second is a using of tablet computers. This is a big problem
because this sort of devices can be used only by tracking graphical objects position on a screen. Any way this area needs a lot of deep
research respecting experience of the projects providing accessibility for multi-touch devices. It is especially important due to threat to low-
cost laptops by tablets in current market situation. As a matter of fact some companies are about to prefer tablets production rather low-cost
laptops.

However, a lot of cheap embedded computers based on ARM architecture are coming and they can be considered as real
companions for wide range of disabled persons. GUI doesn't play valuable role in their using and we may expect demand of any text-based
solutions.
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JlonieHT, KaHAMIAT TEXHUIECKUX HayK, MHCTUTYT ropHoro nena uM. H. A. Yunakana CuOupckoro otaencHus Poccuiickoil akajeMuu Hayk
Urj Co PAH)
OLIEHKA HATIPSIZKEHUI, BOSHUKAIOIINX B XPYIIKOM CPEJE P! Ei PASPYIIEHHH YJIAPHBIM CIIOCOBOM
YEPE3 LUIITYP
Annomauusn

B pabome npugedenvt pesyromamol cpasHumenbHo20 000CHOBAHUS 8EIUYUH OMKIOHEHUL NPOOOIbHBIX MPEeUUH om
NPAMOUHENIHO20 HANPAGIEHUsl NPU PA3PYULEHUU KAMHSL eCIeCmBEHH020 NPOUCXOACOCHUS UNYPOBLIM MEMOOOM C NPUMEHEHUEM JHCUOKOCU,
nAACMUYHO0 eujecmea u Kiuna. [isi 9mozo nposoouucy meopemuieckue uccae008anus o OnpedeieHut0 HanpsdiCeHul, BO3HUKAIOWUX HA
PA3IUYHBIX PACCMOSHUAX OM epuiul hopmupyemvix 6 Hém mpewjun. Pezynomamot uccredosanuii npuMeHsIomes @ 20pHoM oeie npu
OMKPBLIMOU pazpadbomie nPupoOHO20 KAMHsL OIOKAMU.

KioueBble cji0Ba: HanpsbkeHHE, pa3pylIeHUE, IIMYP, INIACTUYHOE BELIECTBO.
Keywords: stress, destruction, blasthole, plastic substance.

B ocHOBY nccnenoBanuii Oblia mooskeHa crenuduka TpEX BO3MOKHBIX CITy4aeB Pa3pyIICHH KaMHs €CTECTBEHHOTO
MIPOUCXOKACHUS JKUAKOCTBIO, ITACTHYHBIM BEIIECTBOM U KIMHOM Yepe3 IIMYPHI ¢ TPEIIMHAMHE, XapaKTePU3yEeMbIMI OTHHAKOBBIMHU
reoMeTpuIeckuMu napamerpamu. OTInyre 3aKII04Yaioch B CTETICHH 3al0IHEHIS (POPMHUPYEMBIX TPELIHH M CAaMUX IIITYPOB Pa3pyLIAIOIM
MaTepHaIoM, MOCPEACTBOM KOTOPOTO OCYIIECTBISIIOCH YAapHOE BO3ACHCTBHE Ha XPYIIKYIO Cpexy.

Jlnst mpon3BoCTBA PacyETOB MCIIOJIB30BAIKCH CIIEAYIOIINE UCXOAHBIE JaHHBIE: JaBJIeHHEe, KOTOpOe HEOOXOIMMO CO3/1aTh B LIIType
JUIS Havala v MPpOJIOJDKSHHUS Mpoliecca pa3pymieHns mpamopa (He MeHee) — 45 MIla; panuyc mimypa — 25 MM; [utnHa hopMHUpYeMOit
Tpemuub — 0,2 M; Ipe/iebHbIE PACTATUBAIONINE HATIPSKEHHS A1 Mpamopa — o, = 20 MIla; nmpenenbHble CAKUMAIOIINE HAMPSKEHUS [T
Mpamopa — o, = 160 MIla; ko3 PUITHEHTH! TPEHUS O CTEHKH TPEIIMHBL: KUAKOCTH — 0, IIacTHYHEBIE BemecTBa — 1, KiuHbs — 0;
K02(p(PUITHEHTHI 3aIMOTHEHUS TPEUIMHBL: )KUAKOCTH — 1, TutacTuuHble BeniecTBa — 0,6, kiauHbs — 0.

Llenbro pac4€TOB ABNATOCH ONPENENEHHAE TOPU3OHTANBHBIX 0y M BEPTHKANBHBIX 0y PACTATUBAIONIMX HANPSKEHUH, 00pa3ylomuxcs B
BEpIIMHAX MPOIOIBHBIX U MOTIEPEYHBIX TPEIIHH, IPHHUMAEMBIX CO 3HAKOM «MHHYC». [IpH 5TOM yUHUTHIBAIUCH CBSI3aHHBIE C HUMH
OTKJIOHEHHST (POPMUPYEMBIX TPEIIMH OT TOPU30HTAIBLHOTO M BEPTHKATHHOTO HATPABICHUS.

3amauda penranach ¢ pUMEHEeHHEeM cucTeM qudepeHIIaIbHBIX YPaBHEHUH BTOPOTO TOPsIKa, Peaan30BaHHBIX B CPEACTBAX
KOMITbIoTepHOTO MosenupoBanus Comsol Multiphysics 3.5 [1].

J1J1s1 sKUAKOCTEH MOTYYCHBI CIIAYIONINE 3HAUCHHS HCKOMBIX BETMYUH (PUCYHOK 1).

Pucynok 1 — I'opuzonransasie (A) u BepTukanbHble (B) HanpspkeHUs, BO3ZHUKAIONIE B MpaMope IpH (OPMUPOBAHHUH TPEIIIH
KHUAKOCTBIO, BO B3aHMOCBSI3U C X OTKIIOHEHUSIMU OT TOPH30HTaIbHOTO (A) 1 BepTukansHoro (b) HampaBneHus.

W3 pucynka 1A BHIHO, 9YTO pa3pyIIeHHE MPaMOpa KUIKOCTHIO MPOUCXOINT MPU MaKCUMATBHBIX TOPU30HTAIBHBIX HAIPSHKSHUIX
o 102,5 MIla, a BepTukanpHbIX - 10 110 MIla (pucynok 1B). [Ipu 3ToM MakcHManbHOE OTKIOHEHHE ()OPMUPYEMBIX TPELIHH 110
ropusoHTany (pucyHok 1A) cocraBnser + 20 MM, a 1o BepTukanu = 75 MM (pucyHok 1b) Ha kaxasie 200 MM UX JJIMHBIL.
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