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ABSTRACT

BELIKOV O.E. Improving the effectiveness of computeystems and
networks for the prevention and treatment of phototherdpgnuscript

The thesis for a scientific degree of the technical sciences candidate on
specialty 05.13.05 computer systems and componentBetro Mohyla Black Sea
National Univerdy. - Mykolaiv, 2021.

The aim of the dissertation researclis to develop theoretical foundations to
i ncrease the formation and physiother
the specified parameters through the implementation of architectunéibasl for
computer systems of phototherapy and improvement of their structural elements
through their innovative development.

The thesis examinegheoretical and practical aspects of elaboration and
developmenof scientific bases, methods, and technimablns of computer systems
and networks improving. It will provide effective functioning of prevention and
treatment systems through phototherapy. The author analyzed methods, models, a
technological solutions capable of intensifying microcirculation ggses. The
author establishes their shortcomings, the main of them are nonlinearity of compute
systems and networks models and their direct application at stages of automate
control systems (ACS) and low efficiency design and functioning tool elements
complexity in prevention, treatment, recovery through phototherapy due to their

innovative development.
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The study objectsare computerized systems and phototherapy devices that
provide the procedure prescribed by a doctor.

The research subjectis methods ad means of developing architectural
reali zations of phototherapy device
implement prevention and treatment technologies. The general scientific result o
the work is the solution to the actual scientific and pracpoablem of the creating
computerintegrated systems, models, and methods for phototherapeutic equipmen
procedures and modes and its verification control parameters.

The introduction substantiates the relevance of the chosen topic with the
dissertation ands connection with state research programs and topics. The purpose
and tasks of research, characteristics and the received results with scientific novelt
theoretical and practical value are formulated.

The first section reviewsthe literature analyzemodern methods and tools
for the implementation of phototherapy procedures. The analysis of recent works o
scientists from the USA, Great Britain, Italy, Germany, Poland, and Ukraine allowed
identifying the main unresolved problems and shortcomings sfiegisystems, to
identify trends in consolidated development of compintgrated technologies
and computer systems following the requirements and needs of effective conductin
phototherapy procedures. The main disadvantages of modern phototheramg syste
currently used at NASA or in US hospitals, Celluma Canada or London, and which
limit the disclosure of the benefits of phototherapy, are the inability of such systems
to generate and control radiation fluxes by intensity, dose, spectral composition ant
time course of the irradiation process. Besides, they cannot provide feedback in th
system on the patient's condition and the biological tissue. The author has define
the perspective directions of development of architectural realizations of
computerizedsystems consider their current development level of elements basec
on the comparative analysis. The author defined the architectural solutions that ca
ensure the implementation of advanced phototherapy technologies as the basis fi
constructing advancegortable and stationary computerized devices. There are

several ideas behind computerized devices' development to increase thi
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effectiveness of phototherapy and treatment devices. The first is the idea o
irradiating biological tissue with a system of dete supebright LEDs or laser
diodes as irradiators, which has been proposed and developed over the last tw
decades by Professor A.M. Korobov and his followers. The second idea is a uniqu
architectural implementation of computerized systems to exparchpabilities and
increase the efficiency of electromagnetic radiation of the red and infrared parts o
the spectrum due to the external influence of specially oriented static and pulset
magnetic fields (belongs to Professor O.M. Trunov). It is basetiefindings of
studies of photons' model of interaction with radicals of photo acceptors of
biological tissue cells. Also, the author determined that to adequately respond to th
course of phototherapy procedures in the system, it is necessary to tiewicoy
space, based on feedback on the location of pathological areas, temperature fiel
pulse waves, blood oxygen concentration (oxygenation) and according to the
condition of the patient.

Thus, following modern requirements for prevention d@neatment by
phototherapy and established trends of consolidated development, for the
implementation of phototherapy procedures according to the doctor's prescription
computerized systems are considered suitable for the formation of radiation fluxes
accoding to parameters and spectral composition. Also, the requirement of their
effective functioning assumes that they must be suitable fgonoedural control,
control, and recording of parameters during the procedure, correction of procedure
parameters ith differential consideration of the patient's condition parameters. The
latter is the solution to the first problem.

The second sectionconsiders the innovative phototherapy devices
architectur al | mpl ement ati onsd dzedv el
systems that together implement prevention and treatment technologies. Tht
structural composition of the equipment for prevention and treatment using
phototherapy to a greater extent determines their ability to implement functional
tasks. The author &dlished the analysis of phototherapy equipment and element

base computerized systems tendencies development that specialists can sol
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irradiation in two ways. The first is the use of distributed, stationary radiation
sources arranged in a matrix. The@®d is the formation of stationary sources of a
specific spectral composition that emit ray fluxes to a system of mirrors moving in
mutually orthogonal planes, which rotate programmatically and provide bands of
formed varying radiation intensity on therace of the biological tissue.

The formulation and solution of problems of optimal design of such systems
are required to implement therapeutic efficacy and consumer accessibility.

The author established that the proposed computerized system's
progressiveess is due to introducing functional elements that will ensure the
irradiation spectrum's formation, control of the irradiation parameters on the
biological tissue surface, and the distance from the surface to the irradiation intensit;
sensor. The introduion of additional control of pulse wave parameters, blood
oxygen concentration, temperature, and the additional magnetic field parameters ar
wireless communication fundamentally changes the functions and therapeutic
capabilities of the devices.

However,the author showed that such a solution could increase the patient's
irradiation efficiency by forming constant and variable components of the magnetic
field with the magnitude of the stress vector calculated by a computerized system
Furthermore, specialis realize such influence as managed and controlled in time
and space by a computerized system based on feedback data. Matrix radiatic
control specialists can implement using microcontroller tools. Moreover, the
exchange of information between the dewaoé the doctor to be carried out using
wireless data protocols and mobile devices.

The author studied the applicability of semiconductor LEDs with high
radiation power. Also, he solved the problem of controlling the matrix of such LEDs
by a microcontrder using amplifier circuits. The control through analog and digital
outputs of the formation of a given law's periodic signal, close to the harmonie pulse
width modeling and the passive filtering schemes, is investigated.

The author investigated the prelbi of modeling the irradiation waves of the
set of LEDs of the three PWM modes matrix. The author showed that the PWM



21

signal requires smoothing for all three possible modes of formation to smoothly
increase and gradually decrease signals, which will aeneith biological signals,
such as a pulse wave.

RC units with a minimum resistance value should be used to smooth the signa
ripple. Also, a good rating of electrolytic capacitors.

To reduce the values of Rilbiks resistances and capacitances, you shaedd
the maximum frequency. Also, it would help if you used the "Fast PWM", the mode
of PWM signal generation by hardware SPI and UAR€rfaces or LED drivers
WS2811 and WS2812.

Thus, the proposed architecture's priority components based on modeling an
comparative analysis are specified as swufigp 8-bit microcontrollers. Or it could
be 32bit microcontrollers and platforms based on them. The latter is the solution to
determining the structurethe second problem of the study. The solution of the
problem of forming waves of influence as an alternative solution. This solution to
save the number of control channels of matrix emitters simulates the application o
chip drivers of address LEDs or stepper motors. It was found that the WS2812 chip:
have a hgher speed compared to WS2811. But are not suitable for powering matrix
emitters.

It is demonstrated that to determine the spatial location of pathological areas
the existing means of obtaining. Processing and transmitting images in the visible
and infraed parts of the spectrum need to be improved. It has been shown that thi
additionally selected laser rangefinder and the means of moving in space infrares
temperature detectors and emitters provide an increase in information about the sta
of the tissueAnd also need to be included in the list of feedback parameters. A
problem was posed to increase the probability density of cell activation by photons
during phototherapy. The problem of current flow in a circuit with inductance and
capacitance dependent ourrent was solved.

Based on the simulation resultso6 a
of analytical and numerical methods of description and modeling of transients in the

pulse current circuit allows modifying modern drivers. And alsoaagptheir
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application, including for powering phototherapy emitters.

Based on the assumption of continuous intensity distribution laws existence,
there is the problem of optimal distances between the axes of LEDs in the emitter
It is constructed in the fan of matrices, with a setting and solving by the method of
Lagrange factors.

The third secton consi der s t he devel opment
architectural implementations. It uses network technology to calibrate point, array,
and other emitter systemSuch systems have been studied as an element of
computerized systems. It implements prevention and treatment technologies. Th
results of 3D modeling of their characteristics are presented. Stands for experiment:
research are developed. It is shown oaneples of discrepancies of actual and
passport parameters of single rectifiers’ spatial distribution. It is impossible to
provide an adequate prescription of the therapeutic effect without carrying out
verification and calibration. The main methods of lwation and calibration of
semiconductor emitters have been studied. The shortcomings of these methods ha
been identified. Ways of improvement at the expense of the latest computel
components and tools have been proposed. A microcontroller stand has bee
developed to verify the energy power of a point emitter.

Studies of eight selected types of emitters of the red and infrared parts of the
spectrum were recommended for further use.

The functional scheme and spatial model in the licensed Onshape envitonmer
and the microcontroller part for the radiator's energy power spatial distribution
verification are developed and researched.

On the basis of the conducted researches, the spatial diagrams of radiatol
were formed. It allowed increasing the accuracy ainfation of the area of matrix
radiators.

The use of a welknown method of determining the wavelength of light
passing through a diffraction grating with means of fixing computer components and
image processing software (for example, Photoshop demo) dllog/¢o obtain

numerical values of emitter wavelengths for phototherapy.



23

There are studies of matrix emitters using imaging and modeling tools in the
Maple system experimentally established a range of distances to the biotissue for tr
emitter's location losystem. This made it possible to ensure the optimal density of
energy distribution on the surface. The effectiveness and practical necessity of th
developed methodology for the verification of phototherapy equipment were
confirmed.

The proposed compuieing stands for the verification of emitter
characteristics. And also, research results stimulated to offer a system of
phototherapy devices pmrocedure rapid verification.

Thus, creating a model of emitter elements, the development of the
architecturaimplementation of microcontroller and software parts of the stand for
verification of the spatial distribution of energy power of point, unit and emitter
system allows based on experimental studies to form spatial diagrams of emitters
And also determintheir suitability for procedures.

The fourth sectionis devoted to the creation of models and the design of
computerized phototherapy systems. They implement the obtained theoretica
provisions of the research results. It is shown that the results of\vimgrthe
proposed architectures of computer systems with the help of mobile applications ar
implemented in photo dermatology (fig. 16). The conditions that will ensure the
perpendicularity of the incident rays on the human face's surface have been studie
and determined.

The implementation of the conditions of perpendicularity of incident rays
allowed to development a spatial model of the mask. Also, to perform scanning as:
basis for flexible boards with builb emitters. Besides, to develop, manufacture
both electrical schematics of power parts and microcontroller units.

Based on neonatal rehabilitation requirements for the treatment of neonata
hyperbilirubinemia, changes in the architectural solutions of the functional scheme
were determined. The prajewas proposed in section 2 of the computerized
phototherapy system.

Based on the analysis of SMIEDs properties, it is proposed to use a
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specialized substrate with fixing of the emitters. It is suitable for disinfection and
disinfection, due tavhich the spectral composition of the radiation changes. The
introduction of the proposed changes and highly effective emitters allowed to
implementation of flexible encapsulated matrix emitters. Contact radiation protects
the child's eyes from harmful ght light. And also increase the effectiveness of
therapy by at least 15%. The integration of sensors into the encapsulated emitter ar
the availability of control via a mobile application allow you to monitor the therapy
process remotely and even at home.

The proposed technical solutions of this dissertation research have beel
implemented in phototherapy devices for therapeutic medicine.

Microcontroller devices for the restoration of the human spine were
demonstrated. In the same way, portable devicdsdal microflow restoration and
an instrument for the treatment of human ENT diseases have been demonstrated.

The developed design solutions were implemented during the development o
loT "Ultimate mask" and "MedLED". It was in the eponymous startups
(www.facebook.com/ UltimateLEDMask) (www.facebook.com/ledsforkids).

The main scientific and practical results of the dissertation are formulated in
the conclusions.

The appendices contain the acts of implementation of the results of the
dissertation. Besides, a list of publications on the topic of the dissertation and listing:
of programs for microcontrollers.

Key words: phototherapy, computerized system, patient feedback, LED,

resonanceonformational influence.
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Gjc' Miste' o dzgj MdeO’ Is!wQ dzdthted sdis ! IS'e ' ade
BO2BLkIsdy & &sHjtd LOY' 2). ¢ Resslf &AL Gid;
&0 tetPh. 1.

N +5v

o —

) Reset

SB1

'

t diplsL12iwn j &30  tod‘ H dzO dzdz*ReSetlztsf ¢ d  dzC
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[ dzw Ists@ 5, htsB dz2OIsdmM¢ Odedzy Cdzsf & 4
odH  dzdIsd fjodzed?2 tjc' Miste HdAv & yddz o
zOlIs d ¢ O dzdz' L dzOyj dedzv dz' yddzr dzgd € 0 f tso d
d&z' dzrddzd ¢ dBRZOReE6GN®‘ kstsmW :

.def ResCnt=R21.

dlsOodilsd ' dz€ tej d3j dzls H Odzts ¢ BResef'dzjd3ig Is izl ,
sME"  dz ¢ SCydz0 L . ¢ deopn™ CRO'Btcr c S zIs
ZzOIsdMme Odzdz' ¢ dzetstf € d, &z fs@dnH O dadg'C ' dits >k JO  deddL
" HislD'R Ctyjd L sydrs teddd@dztolz ' dz€ tej dzj dzls Iz
YydtejL LOBddSEZ, LO ydrs bkdiktse §sdid dzC s9°
yomkz L Obteddsd, Czpd thicdzs b | ezlz ig¢f dzh ted € @z

l jtehsyjtceosotss L OHOYY ¥ HjlsOdz' L Oy* "’
LtcOL C " o f tod dzOH * © Wilstslsj cOf Istc OH d
B CtosCsdstetsdzj cz. [ tsmMe ' H ' Mdzzs ydr ftots
hts Hdzw fMlse tstej dzdzlzd O Otc Qflsaidixlzy d Y BBBM 0 T
" dziz & Is e L dydc@d '~ QfdaO Isof s tehdy d u | BEB O BB s
Raspberry Pi

U J dzH § dzy ' tesLodlsClz M! BEBHjdedgy [sO h
Arduino §dzOls ftsedbwL Odets 'L MMdzOh j dzdzv
h Is¥fls ' o ootsHEZ/ adoBH Iz, w g By 2Is! IS
tesLh dtocjdgdzg? (shields) OBt  d&zOlsOdd H dzv
Mard BOBBd, wEC' " dzsjcetekzels: Mw HEts L O6Odz dzt
fsmMdz o desets ' dzlsj oW j 2 MHz' B Bd 2OC & d dz@ dz(
sSOC sy HtdHOIAZO HAY L OosOdsOy j dedzy ftots
tctsB dzw¥ Is ! Arduino ftcdo OB dzd 9 d d&3qd H dzw fr
JSMf z0IsOy’"° ftoddzOH' &8 WilktslsjttOf '  ~ . s
LOftotsctcOBtso Odz' 3RO HHid ctai@ddgiAos O dzdzv C
L OL &zOydisd, hts ftetsj s Arduino LOBjLY ]
(I DE), LOMdetso Odzey &BO. {1 5HEIs’ 2 BeBCceB dzl 1
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fesyjMm Mlsotte] dzdz?" §eSctcOBdkEEE L OB gas i[5

hs Isjy BHd "¢ L fjtejoOc LOMstsMmizo Odac
l jtojoOcetss ' BHAdcyOMmds dj Hisdz Ctsdg, W
dZzO0 Mm! ts6 tsH dg " hdziz BOGOIts f dzOIs =" HA

jCo' 9 0dzj dzls dealstzef LAr deifE sedMistso o Olsd v ¢
f zOl Ardui no -8 l&z@E On sd'M® tE S B dzls ts 5 dzj ts O

ATmegal6s8, ATmega3?28, ATmegal280, A’
Wdzihodgé wis' hisd W Is Odzd -tdstL taigtsy ddefd2e Ay Is@udidn
At me l SAM3 X8E Blzo ftcj HiNlsOo dzj dzd 2 Iz

flsOdzH OelsdL Oy' W o ZOfMisdosmisj?2 kOCBEE d
fedd&OH' & k kskkz ydhd CcEfoslsjtdLso Oc
fcbedd o5 CtecSdlstesd) etsd, M5 ' HY&EJ:

Wislsts IsjteOf "’ ‘ AVR. 1 dzr b fls f dzOlIs
oditcdmlstso z¥ Is B St dstetsdzj t6 AVR
oS tstcdmlstsoz® Is! Mw AT Mega 328p. Due

B CtosCcdstesdzj e ARM Cort ex. Ad 3 tcize Otz
ofMm! sets 90N sets M &ZOH jdzsets CBHE SO o9(d¢
f tetsc tc Oz o O dzdz™ Arduino dzOH O 9 0d3 HBI
B CtesC sdzlstetsdzj tc ©, -WpEWdsmpOs Wdj tQdEdrtaEsts O Y
potsHEZ/ adeotsHiz L Oc Odzo glzis § tedzf/tcodd. adgOHYj cazzaw)
(9Cdzs yos yd 1 2C 1O SPI) sO §tshdz Hise dz
Yyofmstslsss 16 [ 1y §° HECdz¢ yj dzd 2 o dzgr s @IS isia
ftoesetcORBde Ctsd3OdzHd. 1 da sz  jtej HB OYJ ¢
o d¢C =IO dztf tetsG e OA3 . 1 dze bt ofmls f &zOls Ar d
dzO d&zO G tsH ¥ J dedz™ d3, ofNd ' HCd yjdzddd HEs Ct
flJtehk ftesctcORdE (Bdetslsdls! Mo ' IsdztsH ‘s H)
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IToxomHHS Mogens | ®opmMm daktop | Ethernet | Wireless | GPIO
B TakK ..
Crangapt : 26 MIHIB
A H1
_ (85,6%56.,5 mm) _
Raspberry P11 B+ TaK HI
A KomMmmnakt ,
65%56.5vm) |
Raspberry P12 B CraHgapt TaK Hi
Rasob Di 7 Zero Zero _ HI
aspberry Pi Zero Hi
P W/WH | (65%30 ay) Tax B
40 mHIB
B Crangapt TaK
Raspberry P13 A+ Kommakt Hi TaK
B+ Crangapt TaK
B (1 GiB)
Raspberry P14 |B (2 GiB)| Crangapt TaK TaK
B (4 GiB)

] &zOIsW stedz® Raspberry
oditedmlssozo Olsd M'-Mpt€o jdig ,H ' DOy delsizistedz] t© jBT
fprtsodhj B34 tedNdod?
fjtohmMcdepz CsBf o6 Isjtc IsO
hdqtesC O totsL fsofme HY j dz' MisH

SO SNO)

HOdz] n ,

Pi

L ' dzh isfetdds Bysdgdzds dzO B tSte ts d3
l sl W ¢ 5 d3 oEshijs @isfl &

f zOIs ¥ tste dB3q
BEsHj d&
fesyd Msksd,
s j eOlsd o dats’
y stefmls € s gHsdzYs Hith)'S &z O dzdz
f zOls ¥ tste B
HDMI

H dzw

L tef
f dzOIs W tstc d3d

Raspberry

odojH,j dzdav
] ste’ o dzgV dz' dzd 2
Is @Bl.1. Raspberry Pi4 Model®8d 2 h 59

S¢ dzW H

B Iz dzts

Pi

sls to d B3O &zO

Bsdz s,

BOGCOITts

Pi

dzh 56 5.
f swimdz
nOtcOCIsjtedmisd
odyfkh jdes (ts
L dzd o3k & tcw3dzd @€ s s pdzd o ts
Raspberry
9B lzHBO Odzed d3
f OOV Is

5B dzOH
® p G ¢ o @Ry d3ts A3
IsO ' HiIsted d3¢ 5¢
B jeOy' 2 dts’
Is © ¢ tstfyts teolss tHH Wids@
o' HJj tsMd e dzO dzlz .

ndmlsd

T O©OCIjtedmlsdCc

z yJ tco dacts 20O 19 dzdec
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ytslsdtc! sn WHjtedzddy B YRPMdtctdSd3 | ARM @ dsrictls
Wi-F i Bl uetooth 5, ftsedzdd3s ¢ ¢OB" ' Isdzd a3
B3 N J O), Hotsd3O USB 2.0 {ftstlsd, 2 dets OB t
Bsdz' sstcO® YyjtejL Ok fstls"sa HDMI (Isdf
4 K. Pi 4 1sO0Ctsy YdodG; M syl @O L ff jstelis’
f slskzy dz' Mmis! fdtedWjt 2dzdds fJtedMmlstesw oz &
9 Hiftseo Hdzd d3 B dzsk 3 3 Mp 59 dzgizdmilpls ttc,v L OMtsB O
HOdzed d3d , Gs'ddp'sAfitshiglds o RO B j LMo dzlz f | to

1 jtemy j CIsd e dzd dzd H dzw L Ofilstsmiz o O dadaw
tcsL Gdzv H O Is! MW ftesy Mste' o ARM. W m W H
(Reduced |l nstruction st §emlwuisio ®gzO
Mty detsets dzOBtstclz CsRBOdzZH) . 1 S Bstcd Mis(
ftosyd Motc®, wEC' d@sykls! odStdzze Olsdmw L C

1l jtojdesm © BEH' wEsdhiz fttsj $Ils' HESHOISC
Ctsdzyd fadsEOdzi H § © 8 ‘ Bsy &z o ' Mise Rl SC tok
fitcdoOetsr . | d2OmMdz' H5C -fesgMiftEsa tc®d3ip |
mMilsls’ o oddksed HB W jCIlsde desmis® Ctsi3f
CIl SC (Complete Instructi egsydfstcCo mpu-
ZOB stetsdz o' L dzgdrn BOh ddzdedr S tSBOdZH L &3 o
o d¢ BsdzOdzdz" ) , h s Codzso dzgd d3 dzj Hisdz' € tS0
Otcrn " Isj S ztetss ( dzOff ted & dzOH , | nt el X 86)
LOMBB ' 9 -teizistcts Bzt odalsd Ac s@BdUs ' MW 2O JtesHE
Y Ofmls 0dkd [

102B " dz2h ftcdoOBdzdodds to' h j dada” d3 H dzw
Codzlstesdzj o L Otern ' IsjClsktetst L 9" HECtdIsd«
B3 Mlswis! y' B Ctesmnm j d&3d At mel dztlzv § s OH dz€
BJLEBhIssodzddz dzOB stetsd3 * dzfilstclz dzj dzls* & H dz
10 9o " Hd3 dzgz 9" H 1 s, Y’ ftesyy Msted |
s j tcOlsd o dzts” f Odzo W Is* sO &y ddetsmisj 2 L
Mis' dz OBt detsklss&t®YJ 1 BEZWdz/Ishdjn , § tldsttsy dets s
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Raspberry Pl tesL tesBddzd HEXJ HJhjok
ftesy MsteOr ARM, w¢' d&Osls! dzOBOGOIsts B
Hdzw ftsfls' 2 deséts LBjto' ¢Odadzy HOdzd Ry’ Adets 't
mMdMmilsj d&g3d Li nux.

Arduino BO tc' L dets 30 dz' Is dz' WL duydz
oS sdzOdzdzy n. [ Mdzso dzd?2 d3 C S sdzlstetsdzj te,
! sésHde "dg'" 2 Hjde JCLjBIdzvted ydr Qj ts
LdzO2Isd LO y' dztsy RBjd"y $2 L fwsodz Mmlsk
f zOIs ©dzd , hts 3 Mlswis! "R B9 oW L QK de@Lf
Hjhjoehyj, dg 3y Raspberry Pi.

1.2.2 AttedBzo Odzdzy flstekzClskted kO B~ tok
Bjejy' ' COHOd& o LooOWL

i sLodlts nOEOCIjtedmlsd¢ L Oftse ' o
fslsd dzy’ Odz! dzd 3 [1028kp dzyf o Bfplsisdsd] f tod dzOH * ¢
Bso d &5 o dzOfif lsi fEDE i lel2j dGsch . Olss L OB ko Olsd '
B HdUdes G 5 Y[1OF.( dz@ 17 jixtzdzy o 6 wia t£dzj falts ey tsCoimsAzIO
Cdif 6 Isjted L tsasdates Ryt c gsef Mils Oo dzj dz' M+ ¢
sdf Ok Of OwOlsdzd = o' hESEB104]0 &©dzg ESREPS |
hts L OBYld iz dofilscWls® ' fldzy ydds o Ctess
5OCty 'L O@WEEd Oolstsdzs B3dz € tfdmsafitair) dedd to ts £
L § oM HY jskhfEz0 Sisdidgjls ‘oY DS 6 &Q B dzO

] " Hd dedz Mls' ' LdesodH' ® vydn § d&Ok {1
GPI O, €' dz ¢ f)kf'Odd® is0 dzts ' Isiftelzj &  hotis bW 188 @
sjndg ydsd sheseddeshls' ,( sfosedd v L10dR IsL® WL
fesctcOdizo Odgdzy, otdzd of' HKROCES'
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s OB &z iMOKOLIsjedMisdSd & Ctoss sdzls tots dzj t

Hampyra

17
2.0

CrioknBaHMIl CTPYM

10 MxA - 170 MA

Dent maM'sITh

16 Mb makcumansho (512 xb)

[Ipormecop Tensilica L106 32 bit
YacToTa mponecopa 80-160 MI 1
OrnepaTnBHA IaM'ATh 32 xb + 80 xb

KuipKicTh BUBOIIB

17 (3 pr3EmME QyHKITISIMIT)

AL

1 3 1024 xpoxamu (10 611)

[Tintpumka 802.11

b/g/m/d/e/vk/t

MaxkcumanbHa KutbKicTh TCP makmroueHp 5

 clze d?2
9 Cdzt yO
sO¢tsy HBO' 8
oqdd3 tot o9 DS PARLIIS
omf jSIs" 98 ESP32
fsHe " 2dzdr WHJ to

sj, ht

1y,

9 Otc’ Odzls Of Otc Ols dzts EFP32(c Is © p dzdz™
f* " Histedd®3¢EZ Bl uetooth
C Qdid dg'tsep 5@ dz0 dity dotg dst® s te j dzdz™ .
12-48698B) (0 Hddd3 L
9 dz totsL 9 ddzzo

d L 9y

dzO2 B

v OB dZd YMOLOSISjedmisdCd & St sdlstctsdt

Hanpyra

33B

CrioxnBaHUM CTPYM

5 MKA - 260 MA

@DIem namM'aThb

64 Mb makcuMmansHO (1 MB)

IIpomecop

Xtensa Dual-Core 32-bit LX6

YacroTa nmponecopa

160-240 MI' (Ha s1ApO0)

OmnepaTyBHA 1AM 'Th

520 xb

KiIbKICTE BUBOIB

34 (3 p13HUMH (QYHKIIISIMH)

AILIIT 10 18 xunams (12 011)
ITiaTpumka 802.11 b/g/n/er
Bluetooth v4.2 BR/EDR T1a BLE

wn dzkz *

sO¢ ' w Qo We mo s

HyC " dz2 CO s 2dzv tedzd -

s© NodeMCU.

g5 H A@P? [
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v OB &ZdiMOLOLIsjtedmisdSd § &zOk & € tes¢ & dal

] zOIsO | | OW o dz' Ml A" 2O |s' dz@ €' Mg
Raspberry Pi Zert - 32% 40
Raspberry Pi Zert + 369% 40

WH
Raspberry Pi 3 + 47 $ 40
Raspberry Pi 4 + 62 $ 40
Node MCU + 6% 11
Wemos D1 + 6% 16
Wemos D1 mini + 7% 13

1 OWodz Mls! dgO2B " dz s ¢ dzr Csfls’ ff sto
zO02B ' dzh ftedoOBdZdoaodd Hdzv Htetsj CIs" & L ¢
Lo StcEloodd Vg E@®B3dz. 1. 4)

1.2.3 wdsjte¥ji2Md §ijttjHOY HOdM]R
[MC & ¢ 2Ok slstc’ B d&zO e SO’ & dgo
o dBtcOIsd ftcOo ddz' dzgd? B j L HibisH f P2z * dzls joip &
jHtsd $d odSttedmisOdedzy § 5 kv tedzd 0. 1 totsk
U OB IHRMOELOSIsjtedmisdSd ftoslssSsd o fjt

l etsists 1 jtoj o Oc(d 1 J HBSdZ €d
B
tc s . ¥ . ‘
HTTP Cjtezo Old { ted-f l slstejBlz fts
1 e HeMiskzf &2 HB
W C sz . ld3 diphf Ldzs | e dzi ls
Bts ) dzd o Wfigls'ds” € 4 d
ftotsGtcOR3dzts G 5
CS ftOo ddzts
Colssoddy fftofs
' LOBJ LY J U dede?
1 .
MQTT [ieCd?2 o o SB G b Ud  dst
COMIssdz" L Oy
tc' N j dzda
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]l sBkHtso Odad 2
LoRa l jdzd e d2 tOH' B ftiod 2-iPigj H O¢

MdedzOdzz (~1 1 tsbtejBlk' HTB
BsHEEY L 9og

[ dzv Widl y' tsdzlzo Odzdz” f tocd dzQuidils el s R tE] B ¢
Wi Fi B3d o ) Iz CS 1§ tcOo drdets dgjdiy’j yte ts Locdhliddst
tetskzlsj te. 3@ OwAffiis ¢ OL.Odgr | BRdfts IetsB tsIsd dzs 6§ O
isklsjte "  HO  Hdzz  Is' MW HB d§ B YO&'SwWdyy je
BsHjdBB. 1" dz2 odltieh bz dadzigj cddgtsz H B ° dzgh
BJLHtSIssoatsets wdzlsj tedzi Iskz L H' 2Mmdzs " s+ mMw L

IHTEpHET
r r loT npucTpiit
@
P
-
'\] bl .
—b {—
I PoyTtep i
y

PoyTep
- MoBinbHUi 3acTOCYHOK

NokaneHa mepea
i

TNokanbHa Mepexa
.

Y
[K 3 Be3gpoToenm
MIAKMYEHHAM

| Arduino I | MK 3 apoToeuM
NiAKNHYEHHAM
-

{ Iz diBiC) disC MR j &3Ct d iz dasic) dsC BF kHBO!
fedmbbes® yJdL dcfedhses’ & udwLdL &

SdtekzoOdzde? fdMmistes™ &3 YJjtejL dzstOodz dz
Csted Miszeo OYUO. [ dzv bkimizds dedz" yda t8E Bj ¥ J
Mjtee jto. 1| OIS BjH@detstedsRddd L ftodS dzOH' & € j
i tg jo@de''h eHOJdB MitejH §Jtejd yudddr o
HTTP.
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loT npucTpin MoBinkHUi 3aCTOCYHOK )
IHTepHeT
loT npuctpin

i E
I i N
A
| ‘ ‘ °
Touyka gocTyn
PoyTep a PoyTep 6 $ foctyny

IHTEepHeT T—)‘

Po6ouya cTaHuia
t Mz diSitu f1j.BO S jte t d Mk dABCH A1j. BO tetsB -
ftedmstes’ & Yj tej Hsflskf &z

IlokanbHa Mepexa a
A
Y
JlokanbHa Mepexa 6

Ki?2 fJoslssCtsdz dzOHO L Bsclz Cjtelkzo Olsd
B eyt Mmjteoajte. wvddz MOBILB §sh e
Codzlstetsdzs 9 Olsd ftedmiste® 2 ( Cstedmlszoa Oy O
C" BBdzOIsOr OB dzO9 ' Is! 16tzteH Odias ng . Vv § ©OM = §
odiBtedmlsso z° Ist MW § " teHtsClzdis judd * ds' i@ tsAHS dis dotts o
ftod Mistcmy Mmist Is - Wi Fi BsHEZdz . 1 0290 0y dzd ¢
LOBJ LY Jyo-Pdlsteg s PtcmisOdzH Otelslz | EEE 8 (
2.4 11VYV. v B' dz htsfls*® ftetsj CIs” 9 ts-Riktc O
TL-WR84IND [105] ( to.d )17). mOtcOSCIsjtedMmisd ¢ d 5B to C
ftcl] HIMIsOo dzj.6lz" o IsOB &z

s OB ZHAIMOEOSIsj dMisdCd dsbink TLsWRSHLND IS s 1o ¢

d4IsOdzH Otels 802.11b, 802.11g, 802.11n
[ OCMd BOdz! dzO f tetsy 300 ' s
YOMlssls©O Wi F 24 11V
wdzls jteW j2m ¢ HE Fast Ethernet
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t d MzBABK] Oh tclkzls drP-lnk BLEWR841ND[105]

[ dzvfnp'eh fJtotsj CIs' o,  Dbots hipjz@0ON dzd sz L&
BJLYJCOOFH Odzf BhJtoj ded d&zd dzO ! sesHdz h dg' =
e ftcso OH)Yy ko Odzdm! £ ' Lddr ftotsj ClsOr Is

hdWtclzo Odzdg? totskzlsjtc©O® to' adz" WPA2 ( dzO?2

fjteJ HOYO HOdedr ydtejL HTTPS (BJLf{jyc
of tctso OHY jdedz?" SSL MmjtelsdW' SOz Hdzv f°

[ GHOLC B BEEESOCER sjnd ydesets t' h
Bj o " wWCeE okt Bdzs otOntsokzeo Ols(d, ts fi)
off d&zd e O ZO LOLttdd®kSlz d Y Lo jtodsj dadz” d3 ¢
L OL dzOydisd, hts Hdzw ftod dzOH' © dadd H detslztsB Iz
Csdzso dztst f jtojh CSHESY | O dzj Hdzv f ted dzOH
odfftotsdz’ dzgt 8 yddzd dBOItedyw disdq o tsdzO® dzj B IEzH

1.3 [y &z O jWjClsde dzesfmls" Isj - dzsdztsc ' 2,
fstc' adgv dz' desegts OdzOdz' L2 IsO LOHOY' HBMd

[ dzW odESdd € Mmded n fsCOLddC " o o dL
MC sted fgstizdzddl * Ctso Oded &3 d3j Is s H 5 d3, h ts 6L O G
oftesg Gasygzy sy dz2€d JWJCIlsdo dagffls 'ff totis"yif, dgd
108].
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V VB, OB L da@y sQ ldc GBS jsBE dzMmds
Cdz' sddaC Yitldststed WS dR Blkdts OCIsdo o Odzts.
N.. B&se' tds fls! dzOY o dzsflsp,. O IsBO ®OES o @
Cktef ftesyjHbkte W sk, ISP dz0yd &t dad ydzdztso
ydn fsLdOyjde jWjSlkdoeds Ml y' dg&‘ Is! fv

NaPa
Cala

E=

s'dz ¢ Mls! OCIsdo 5o OUHEH @ddesBsTHAE Y| 1S BLO
tetsL f SH ' dzz ' dzls § dzfyd o ddisflst) d&z@ @ ff s intsdsdg”
fitef JdHdSEdzwtcdzO Hts dzOf oW Bz G tetsd3’ dzj dad
sfdmkz‘ s My L Of Bdzgd Jitalgj@eddj O o d L dzOYOFE Is! |
CjW' yscodad dz@dazy My BOPESC s fdej SA{HOdz dzts

Ta/2 ﬁ'éz(rﬁ’)l,ﬁ?(vwd/ dxdydexp( {ze+ag X d

/Y20

Na=

et

KdBse ' todg fls! OCIde Oy'

y ()1(xy2 l)d/ exp(- (ae+a$'dx).

v £x Y, 2)
l JlstcOIlsd dzO0 ftotso j H jodpddy ! ety HEzte L

q n
Ca =VWTa +a- V]TJ -ak|C| '
j=1 i %

HiV, - LOBB' Isdz0 1 dzOl 0O ¢ tsHod@imfls j-figse i)
J Sy &z Ol Oy et  w@BREEONs'dy " ¢ dzls | iGdsE tsls dsLdC
5B ZOH dED-RAFE, 5 o Otcls' fls! .
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l d mdztstot€ dietsL H' dzz 1

1. | tsdzseo dess dzj totsL o' WL Odess ftetsB dzj o
fted dzOH ' o W Usls IS tisQ o aMssodsH dack Adnjdtdndsd) ~d3, W ¢ °
LOBJ LY jydlsd MEtststcHddztso Odzed?2 o f dzd o .

2. 10vwads Mls' sy ddotmlsj2 LOBjLYJyt
5B ol dzlsis's ' OdzEsj H d € O dsjdzle isdelasjcOsl ddy @ dzts ¢
fOO®Rjlsted wSdr ' tjckd soOdddkd kO ¢
fjjessd & yOf' oLh s jHispydsdasdglsls s
Ykl wOf "
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tdrrwf 2

t{1JRU s ¢tmworsvsuvt1RM T[] w ¢Aws
nfovlortoerww, cs rfrfrrvu sffrodurt R,
zy trofuyvow? vemiJfJLwwy It LAawf ¢s5URS

Astodzo Odzdzy W kS y' s5dzOdzt dzs’ MlstekS sk
fiocdmstes” 8, hts LOBjLY Jjykzels! ftcsdg dzj da
o 5o OH Y j dadz™ CiY 65 Isj tedzd A mdmlsj d
ftoslW ' &ZzOSIsdSd ' dz SkoOdadzv, h sz tegj Oz’ hL'iz2
odL &zZOYyoOs Is! Wy dzdeshis' t©jOd LOYy" = Wkd
ZOMdz' HSC OdOdz Lz IsjdeHjdzy' 2 wsLodlsCkz C
CodBBf 68 sjtedL 5o Odzdn MdMmlsjdg, "t §sHOdS L
By &Z0 o6 LHPBEOOIS v R6d&Rd P Jgkh d2 " dwna
L OfMisskzeo Odzdz’ tetsL f SH' dzj dzgd m, dzj tekzm s A

2 d3OIstedye , O fJjted &3 M j dadzw feslssClkz o
Ff stcWHC S Odzls @G 15, &ZOf tcd ¢ &zOH, BYjteGiso B¢
[13) . 1 tekzecd?2 hdwrh fsdZvcO' Ek LOMsmize Odz

M jCltcOd WdEE s h S dz@ § etsd3' dz* “ds ‘o fdEds 5B d 1
o sBRI R btk ciepsz dzd B f dztsh  dzOF O HL
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