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Using Modular Multilevel Converter as
rectifier in smart transformer when
connected to medium voltage network

Abstract

Smart transformers, are considered as keyroles in the futuristic
smart grids that contain renewables, which are essential part, of
distributed generating sources. Rectifiers on medium voltage side
in these transformers must have the ability of control active and
reactive powers and must compensate reactive power in the
network when needed.

Modular multilevel converter has many features such as small size
filters and low voltage rating semiconductors and a modular
structure as it use a medium voltage DC-Link that gives MMC the
advantage of connecting to the renewables.

In this research, we will study the ability of using the Modular
Multilevel converter as rectifier for the smart transformer as we
will select its components using a suitable controlling technique to
control the output DC voltage to be connected with the high
frequency hight to low transformer

Key words: Modular Multi-level Converter, Multi-Carrier Pulse
Width Modulation, smart transformer
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Studying The Effect of Changing
Parameters (Temperature- Mixing Time-
Washing Times) on the Yield and
Heating Value of Biodiesel Resulting
from Used Frying Oils

(1) Essam ALMANSOUR (2) Ali Assi

Abstract:

A set of lab experiments were applied for producing biodiesel from
waste and used oil. The produced biodiesel can be similar to fuel
diesel starting with useless and waste oil without affecting negatively
nutrients which are available for human consumption, moreover a set
of process were used such as : (distilling and filtration) process |,
(heating value and cetan number) measuring. In our research the high
yield obtained from sunflower was 91.2% and from seed cotton oil was
95%.

The results showed that yield and high heating value for biodiesel from
waste oil are less than biodiesel from used oil, besides using waste oil
for producing biodiesel can cause additional economic burdens

comparing to biodiesel from used oil.

Keywords : biodiesel,(used &waste)oil , yield , reacting temperature , mixing time,

washing times

(1) Professor in the Department of Mechanical Power - Faculty of Mechanical
Engineering —Al-Baath University.
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Monitoring and Analyzing social
media networks data for
evaluating public health

Eng. Farah Al-Nefawi
Dr. Mohannad Ragab

Abstract
With the increasing use of social media networks and the development
of such applications, there is a huge amount of data that users publish
and share daily, and several studies have emerged to process this data
and extract useful information from it and the general opinion of users.
One of the most important topics that people raise is public health and
common diseases, so we shed the light on it, especially during the
period of the spread of the Corona virus. In this study, we collect data
related to the Corona virus from the Twitter platform and apply
processing operations on it, and then we test several classification
algorithms and find out the best of them, in addition to testing the idea
of topic modeling to find out the most popular topics during this period.
The results of this study showed that logistic regression algorithm is the
most accurate among the tested algorithms, and that the spread of the
virus, number of deaths, methods of prevention and other

recommendations are the most discussed topics by people.

Keywords: Machine Learning — Sentiment Analysis — Topic Modeling —

Public Health — Corona Virus.
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COVIDI19 e 3aaill jaang aay il e

gl 2 G bl o Al dalledl Clsha Guki sy bud 13

) & il dud o Jeaall & Lldadg (Clusters) adlic 3 culy il
disease  (ayll lml S (disease statistics) (uajall cililas)
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(Advise for  ilayl cuail ailai ((prayers) iedl «(locations)

-((advertising) <llea «prevention)

(o dcsendl (labels) climan slacly culks clailill Gl sshd L

oS 5 LRSVMNB Al b cile)lsa cappail Lealadiad o5 ey bl
el gl e clapaill juae gl Gl 5880 sshall 5 (LR el
Bl bl Qe culy Wbl dale el adle) ddaall )i (e cdaaSa

AgaplsY) o Asall elpa Ak £ L

e My e liay) Jualsill Jils i) ae 23L1AY cileheal) Ll sl
ol e copes Al e Gl Jalad Ayl aaiaall e Ll als
el Gpass (mip JaYl des @3 JUbY Glalll g dklall clegleal
e [9] bl adde @3Sy Lo 1 ecaligll o 2yl o lae dstlaall calalallly
z3salll aladiuly All Al Gl a6 e & Cia Apgeadl dge Gl daala
dasipe Lol Gl gl Gaday clilall 4l dallaadl cilgha Gl axy Juadd)
cilS (layaall gead) ol Sf human annotation ukss & (e s § saasally
e aig «C4.5 , Rf, SVM , NB, BN , KNN deadiiall &l ledll
SVM+RF leladl (S 5 HLaadl aaa 735 Jial 33V e lsall
¢t [10] Zuuall Jawaharlal Nehru Zaala gialy i ) dual) W
il Ayl . gie aal) e glaall ) AnY Ul e Jolaill clghad Jualuss 0
Sl g Aubud Lo L tweets 1ds e 3)le (dataset) cllull de gans
s cadanl) gl ey Gula 23 clld any o(hydrate) zhanuy dalay cilay sl

L sa5) (sentiment analyze) jelidl Judad ol & Glilall Al Aalleadll
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e dsanl) b ((liuhy palall el Gulill 4 4 Gl Al Jeal) 4l
Glogleall zad & (A ¢ ¢ Lala) 4ol JSa 5 Clapaall e LSl e glaal)
e Glagladll (aje s (sentiment map) jeliadl daya e Jgasll A5L
ddhie JCU @lapll i (Sll) COVID-19 gansa; alaa¥l mungl iaya
Lli agd 8 sacluddl ald e Al ((Clusters) adliall alasiuly gas o
Glalia) Aasday eyl ahl Ll (& die Al Cilgady Canial)

AL

Tppaal) Balill daslag Aol Jiad O] daels (G ASjde Audp s

@l (Mankundu) suisSile iralas il A gl dealag
Glagill jelie Jlail Gaeall bl aladsiad & ([11] oggdl (Bangalore)
letle dduall Aalleall cilshas Baadaliy Lkl aaand g Lig)sS (ug s dalatial)
5 [16] Text Blob iy alasiuly il dnbey dulal) o) i
dalal Glapaall A€ ma s AFINN 4l culS Sua gty 43lidlls AFINN
eadsadl T da i) il o Caneatll liaj e Gulid & S e s el
Liliay A8l Glusy zalall s Sy Doc-2-Vec 5 Bag-Of-Words

.Bag-Of-Words ciljue te dihall LR 4 lsd cunai (o SV 480 cuil<

duaal) gk g s 4
el canlsll Jabyall (e Taxe @llia o 5L drayall Al e Liaiiu
zhaiuly leadaniy Ul Aty Gadln danall bl Copa Al 4 L

Aajlasls AV alad byl iy Gl
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rad) @lily diuags 1.4

mlx Gob e g daie e Clbdl zhadul Cadll 1 8 L
Ll gy b Fige jug clusy ade Jaall Jaid aay Cus (Hydrator
Uis )5S gounge s byilall cllsally Bl i) clagadl) 2l et cilile ailacy
CSV Lapay Lehainy o5 b (s i duaie (e lealdiuly aly a5

drala (e alBIY) e degens A8 W)SY uw Al Gl A6 il
quarantine ) Jis alite Gl b lldg [13] g daie (o leraay Liysall€
lde g3 dalie & 5 lape 5 (,COVID-19,Wuhan ,outbreak
galasiin

IS e dele G (ald cale jig (53 [14] GitHub adse (0 Leliaatiy Liad
Caloy YL L sgiall bl Lol Dlasy cpugydl) HLaml ey die ag
&5 2/10 Fpby cile (Jlal Ja o) ol dased S 2l spdic dalall de L)
adl U a)laY) samis Ay pall e saee ) Cilda dey agaad @5 (215 Gy cale
bl Ay 55 deuld o bl Gy gyl LI e (i alaie) &
Alall DeYly SN 3553 555 (2020 sle e 35251 V) LgysS (g b
IS ofilatie lly e gens g Ulelad 28 130 5 (2020 ale oo 8 57 62Y))
Aad) Jal e saa e

) Jie i) e Tase e senall (4ila (e JS 8 il yeaie S dllia
bayill it Fo)l (Cpaliall ae (Apad i) A)ga aadiuddl Ciuagh (it
sayaill Hds 3ale) Gl e caadiidll adge Byl (et upall juae Al
apaill a8 Fl Ly bl Jilad 3 G 30 cljaall laaly Lidd L&)
Byl s dale] Gile dae aadiiall aBse il (ai Bayaill juad cdalll
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35251
48 gana
el
926 | 952051 | 1468798 L)
847

: Data Pre—Processing ULl 4l dallaal) 2.4

il Adeny o2l U8 Sl e Aipsal) Aallaall Clsha o 22 Gyl

e Aallaadl 8 liegh ) el Balal ity ledy cclya) lsall Cappis e Liall
syl XS ccategory ) object (. language 3wl Jaai e JGall Ja
dangll (g Jasd Fylill e Loy «datetime ) object . created_at

(5“ L_i\).iaﬂ\ a.AAj s‘\:\.uvh

3anail) al (e Aaldll jeapll IS A) 5kl aad, ¢ (Filtering) 3181 =
il gay i Cagpall e Yl
Syl Gai (e @USEr ol mentions i ¢ aadU ,Lay) Aly)-

il ai e URLS o dasls 1l 41—

85



dalad) daal) auiil Lelaia¥) Jual gil) cilSadi & i) Jalak g 480 e
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Aoad) Lall) gyt e Jyskailly 3 a5l
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Aall Aol laps 51 s N e T Tl T s Ay sl
Claglaal (e dlla LS L35S AalSh o3 4] (e AaSal) (a3 LAy pal)
IS S0 LS (e Sluad cCapiail) Llee 3 aclis 8 3 LNV

l Caiadl o 1l 68 G Ll iy b pasiall) aia S

A3l (a gl anniy ) 39ladll 028 Cargs ¢ (Tokenization) aladil)

Ngin culehall e 5y ddaal Gl ) bl de sane b
oSl Lo lgdpaal L LS o) adailly sy ¢ (Stemming) apiadl
LS e () aandl Jygad iy ALl ilacay Jladl cily s I35 s

.(Lowercase) syra I (Uppercase) sl cojnl) Jyead 2y

&) symptoms s make ] making culgad rculghadll diles 8 JBaS

.~ ... unit state 1 United States 5 symptom
£ s ‘5
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: Sentiment Analysis jeliall Jda5 3.4

e Sn @y Laphall GGl Asllae o (Sa e sa eliadl Jias
Y s daie (e leabaiul 8 A @bl o) L pagaill i elid) Caas
daxiiall llyl) de ganal Lglaly Liad 1A jelial) asee f 33 e (g5a3

1fie dagall 22 lady dalie il lsa sac clliag

: AFINN Sentiment Lexicon =
galasioat ad o5l cLis Adieadll 40 lalladl a6 s 4

selidl Jle 05 5 ey Akl Jeliall Jle 5 =5 Gy [5,-5] o
Anlady)

: Flair =
Anie b Ll Jhe by el o adies B (jn g el
clall s lalie 20a ]

: Vader Sentiment Lexicon =
Gl b VA lalinal lag diiadll LI e gje p2dd 406
sl compound iag s s el Canan dal e
coail e ol e (3e o ADIA e YD azenil] dua )

: TextBlob =
deall alay chae 355 NLTK J8 (0 dasede juaall dagite 458
rule—based Taw adiad cdasilly Cayailly selidl Jidady 4
ad 5 (polarity) [-1,1] Lkl Clusy o588 sentiment analyzer
»3a s (intensity) 43Ul (subjectivity) [0,1] 481N Jie gyl

[16] saill IS e pon’y Joussiall dipplay (s2a Sl GaIS S ol

87



dalad) daal) auiil Lelaia¥) Jual gil) cilSadi & i) Jalak g 480 e
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Ll elidl e Ju -1 dedll Iy —1 o pli ded Akl
Jaall L (positive) dulady) jeliadl Jte Jui 1 4aadly (negative)

.(neutral) Zuball jelidl Je Jui 4d
Sy ) g liag 43Sl TextBlob oo 43jlie 482 Zali (e Juzdl Flair
TextBlob isSa e alaie¥) & cundl 13gl; TextBlob ;e Lujii 3y 100-
bl oda yaca e L) Ciliiad (il
: Feature Extraction il z)adul 4.4

Alee B Leahdiny Sl degene (o Gl Zhatuly Auhall oda a8
DSl e a8 Al CountVectorizer 4l aladiuly  cuyuil)

Loty il il 2l cliladl Lo Taldie) lgandi aey A5l A3l
Glalbiadl & lixel document-term matrix ddsgiac Jde Joass Gua
de sana Clapis 0o Bl ledsiias (gandl U Aije il de sana A 3l
A pall 331l e pllaas IS ISE e 222 e DA S gady culilyl)
Automatic ) ¥ canaill @bl cpa A leadadna) g s

Apaae af USG5 e diee il by (58 o zbas all (classification

e Sl Zhasuy [15] sklearn.feature_extraction aiSa aladiuly Lid

Al 038 e deadiosd) Cilay )
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: Predictive Model Construction i.iill z3saill ¢l 5.4

Supervised Machine Learning il ‘;2\ alatll sl aladiuly L

Caa e liall CaliaY aaladin) (S (llg oda Lipyat A (g5l dgaill olid
eyl Jualgll @l e daally ddlaiall culidedl)

[15] sklearn diSe alaaialy V) Al Gliedylsd (e (g5uiil) sl ol o

Aananll sl Axls

: Predictive Model Evaluation s3.iil) z gailll ands 6.4

20 5 cpall % 80 ) (123 LedVl) (V) clilul) de sene apiiy Lid
%
Glinad) 4y Cagy k—fold cross validation 4l L LS .Canadll lady
A e Alie Gpb o el lebis daea 530 e Giailly dasll

-(Accuracy)

: Topic Modeling aualsal 43345 7.4
4.i (unsupervised technique) Gl daala e s e BHle
Gub oo Laill bl e ddis Gl didaty A58 [15] sklearn 4l
05 Lew 4S5l Cfaally claall b clusters cile seas & (asaill gaead
asity s eyl sl aadiuall Gegall s3a ALl & Jy clabel i olsie gl ek,
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4zl angY les clusters cilesenall o3gl Lanlidll gaalsally (pliall Ul
Sle 258 Al [17] LDA (Latent Dirichlet Allocation) 4. lsa (Gadai &
tlaa ol Gual il
Lol i Jass Lle Aalaie LS (g9a5 ) Gaseall @
o Jans Wle Ggon 5 85 ) LS (0 Sle gana goad Il Gasealll ®
CO)siad)
'economy’, i e Gl (gsa Jlee) apalses ApalaiBY) apalgall JliaS
sae A Lgw )5 o) @l s2a "profit’, 'the stock market’, 'loss’

&9;.4}45\ ji 444l 0‘5-‘1@:‘:’ Lq.\_) uaya.d\ Y ulﬁ Silala JT U@ gl

s lgiddlia g a5
Al dae) 1.5

Gl degana Ao 2.4 5yl 4 5)Shall ddnd) Aallaal) lglad (Badali aay
A5 (sentiment analyze) el Jalas Sl ylsd (saa) Gubal & cdaadinll
el @l (b ¢ Al ¢ dulay) ) Ldnadl bl Je[16] TextBlob

: s
Gkl A e bl Capiad caws =2 Jsaa
Al leay) seliall Clinas
48.04 241588 neutral daba
26.16 131556 positive dulay
25.80 129758 negative il
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(2= Jsaad) B WS) ) @ilily ls pae o aaball pas colsl S
oaii Gada 33 llily ccaupll bl cliiadll et s of (Sadd) G
k—fold cross validation a; cllull Adliae awdi A8y (Kl i) Al
Ay SVl il cand o JS o Qllall QS jope e duans S
prnily Sy o)) Chsial B3 s Ahpedds SU) Gila Gl Ll 8 o
aladl
&y Al aualsall S ddpeal Topic Modeling 3)S8 Gudaiy ey L
(S call ety Gl Je geaa e ST elldy cilagjanl) 8 Ly J gl

gt 2.5

By Glily degene o A Al el Gk &5 3 Jsaall s
: train—test split sl 48 )lay gyl L)

train—test split awdy AV Al Gl i il =3 Jsoa

Accuracy daa)yleall
0.973902 Logistic Regression
0.959903 Random Forest
0.954644 CatBoost
0.913771 XGBoost
0.763226 Naive Bayes
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Laplsn e S T 0.01 Glsis Sl 348 @18 )l i sy
by Ly il ylsall Bl e J8 Gl a5 0.76 48y ciiia 3 Naive Bayes
0.97 a8 & Y _a logistic Regression iw)lsa culS Ly « 20%

Q1] bl e G5 Lo 3a
k—fold cross validation 21 e il lsall et @il ae 430 LT s
s el el ol By e gpmy 3 4 Jaaall b LS il (<8

:llal) avadi (e dgyyhall

k—fold cross validation a1 ae V) alai ilae) lsa g5 =4 Jsaa

Accuracy Qe )lsall

0.974311 Logistic Regression

0.960531 Random Forest
0.950523 CatBoost
0.913124 XGBoost
0.761679 Naive Bayes

20% sy gy (=ids Naive Bayes aw)jlsa gl @ilull Jeaall 4 WS

praill Al (e LBy cadlin) Glwlsadl Ay Ay caba)ladl JL e
Loe S ST 51 0.001 Tan Al dpiy (LL5a) 20% 5 <y 80%) aliiey)
lilla 3 Aoobas Al Anlay) ) Adiadll clagyaal slael gsbas axe of masy

QQAJJBJ\MMMJ&LL}QAJ&}_‘%Y FRYY
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zhiiu) 4 Topic Modeling as Wjlas) & ) 4l s€all ) Jlasyl
Slo llas (Ug) pomse Jsn el Clapas 3 Hlim) gualsd) i
15 Jsanll o Ll A gl bl

Ay ) Al L) Ay 558 aanlse =5 Jsoa

& Oy (S Lagll HLiml Ayl
—1- gyl
Cmall
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il ol lilay! —3— gl
Jiiall Ayl ilias —4= & pasall

A e 3525 1 Ledl) 4 e Goatl) 5 palsdl aal Jsaall maas
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Ll yylally (alel) g pngad s o ddias 3% —6 Jsoa

laY) say il Aalleall 2z 32y 23l
el
RT @ScienceAlert: Here Are here are the negative
The Symptoms of The symptom the wuhan
Wuhan Coronavirus, coronaviru accord
According to a New CDC new cdc warn
Warning
https://t.co/ZMIBZTkJcq

hai (gsay ) bl g s sall ai Lgaly Catin 7 Jpaall 8 A0 syl Ly

plad s il ol

Jyaal a5y iliaill ¢ guiasal lgisnds o ddian Bypas =7 Jsaa

-

£ q.-!:‘@
lay) sy el Aadlaal) ey 3y pail)
el
RT @JackGrealish: Stay stay home protect the Positive
Home. Protect the NHS. nh save live
Save Lives. #stayhomesavel

#StayHomeSavelives
@NHSuk
https://t.co/AIN4AzwNCcR
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e lidll
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Al 2020 daw ge 8 5 7 Led) B LI 85,0 858 it aalse

110 28y Jpanlls dange syl

Al ) A5l HLIEY) 35 )3 3538 aaalse =10 Joaa

elia¥) Jualgill Cadas —1- gyl
Tyla ) N lally il gl e 3~ g pumsal

ALl e ha] ¢ pngal Lenss o ddian a3 11 Jeaa

LY syl Aadleall aay 32y il
It's just a piece of fabric, just piec fabric peopl
people..but it can help but can help other
others. #WearAMask #wearamask
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Aalel o))l milal ety S ggmgall Aagls 11 Jsand) 8 dad) 5oyl
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RT @JulianCastro: Texas texa now ha more daili
now has more daily coronaviru case than
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when it was a global

epicenter of the pandemic.

RT @GraWitMik: usa brazil set have
@RichardBurgon UK, USA, largest covid death per
Brazil set to be have largest population...
Covid—19 deaths per % of
population of all western
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Abstract:

Mixing different types of insulating mineral oil has an effect on
their properties. In this study the main aim is to determine the
optimum ratio of the mixing mineral oil, we measured the moisture,
viscosity, density, acidity and breakdown voltage, for four different
types of mineral transformer oil, accordance to the international
standard using the equipments laboratory.

The result of 50% added mineral oil with 50% mineral oil inside the
tank of the transformer has been selected as the optimum mixing
ratio for the case if the added oil has a high breakdown voltage
value with the value of breakdown voltage oil inside the tank of
transformer.

The result of 5% added mineral oil with 95% mineral oil inside the
tank of the transformer has been selected as the optimum mixing
ratio for the case if the added oil has a less breakdown voltage value
with the value of breakdown voltage oil inside the tank of
transformer.

Key words:
Breakdown voltage, High voltage, Mineral oil, Transforms oil.
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Analysis and evaluation of the optimal
visible wavelength for communication
through free space

Eng. Modar Dayoub

Abstract

The properties of the laser light, in particular, the narrow spectral
width (great accuracy in the wavelength), and the propagation
within a narrow beam for it to transmit data to long distances, and
thus the choice of the laser transmitter plays an important and
fundamental role in The design of free-space optical systems
because it determines the length of the working wavelength, and
also usually determines the type of modification used.

Therefore, it determines the type of photodetector and the
modification detection mechanism used by the receiver.

In this research we designed and implemented a laboratory
communication system with three wavelengths: (532, 650, 405)
[nm] The study of the efficiency of the laser transmitter and the
ability of the laser to send as much information as possible to these
transmitters of different wavelengths, and then determine the most
suitable and stable transmitter based on the laboratory results and
the graphs.

Keywords: laser communication, visible wavelengths, modulation
techniques, free space, quantum efficiency.
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G [2,3,4] @lul sae sag ([1] Agall z1s0l wedill (e Al Loy
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@>sal) Jshall JLEal Jsa unia agd 13 o Gnll a8 ull) dead) S5
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Sl Afigign g eV Aadl) 3 imsall Je kY ol wlial sle) ¢
3y Al AEeY) 1 8 al sy il saleY dgys el dalal) calk [6,7]
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aladiuly jall sladl) ye 43 guall L) b Joaeill Gglad Al 3 .3

:[5] (405 <532 <650) [nm] 4Adkida 432 ga J) skl

U ol ulSat) e i) il sl Gaall adie) [5] Al oda b
asall JIsld (goal) CDAl Adlial) cagll Cagyls Ay sal LS i sall
lilaal €l 5l pled 2eli e aalll gl U Ayl cleriied)
Bl

slaill & gad) juad e Jladl Hla asead duball oda 8 Gl o
=l e pall unlalines oSl (il ) Gea i d el dialaan Ll )
YLD Al £ (650,532,405)[nm]

A< daliadl Cljeaill 385 A8 el Ailiall e VLAY LagleiS el Gaa
Dod) Ay gilad o aUaill e 230.[8,9,10] dlle Jaaad 3ol Aiasdia
3)li) o Cipall (SLO Jadl bya Adlise 585 (Sayg + e 200 Adlusal (250
Ll slaal)

el dlae) 1.3

Alde dase dlobl aladinly Galll A6 [5] dpmasell Aol oda
sl o adiey sl s Gpb oo Gsall Jaid (650,532,405)[nm]
Ggall iy O58Sae (e zyilall alladll S Cun (goadl DR e (ulSadY)
o Jhy) Sleas (B Ggpa 5Se 4 Juaie 80 [W] delainl Gigall jSa )
e Gyall daasll Gpb ge JUEY) Dlea 4 40 [W] delkinhy JAT adias

123



Al sladll ye cYLaBU Sl el A gal) Jghall anli g Judas

e sadinal) (ul&ai¥) alls sk e Gigall Jaig Jaaed e Jgie Caaaliall o)
JSE miag ddelend) o dygina 3l)e Bual Gyl e Gl 2ty Hliga 3alls
palaill alal)l Egaiall Lladdll Y

Voice Signal = A upl?ﬁ« ks Laser LA Meodulated Signal
80 Watt by Reflection
—p
DataIN l
Atmosphere
Channel
Data OUT l
Demodulator Amplifier Detector | Dish Reflector
— e
40 Wart '

[5] duaill dsxall Ll (1) J<al)

e (i) s 80 (ol e Cigen S phatinly el e s1a) 3
Cipnall 5Sa g et 3l g lad e Aiguall LAY) Jyanl Capal) S
o ol plad hiy Ladies ea3fill ey Jigh Caga 3hall (8 cigaall zja09
sala o olyshall go claasill oda ddaule (Saiy Cage illl ¢ ki Gla 315l

< ohigd
o aadiuall Jowill 1 Basa wasily (a3l Gl Joaedll (e gl 138 e
Julaty Gl A8 5 Jllly Hleal) (PA sarae lilial dage Joba JS 3 Ll
S B st ARl Gl Gline e Jpeandl & ) gl
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Loan ool dedl 5555 pand agS ISl lae (i sladialy ol Calil
A ol g lad Calady gl asedill e Galdill dllyy gl Casl) e

oo Lot e ngall kY1 S 5018 Ljliay o6 WS aaylay) Jus olaf e i
Al J< ded Jumdl yans Jal

Cagyla had Adlial) ae Jlel) P e Job S8 Luld 3 ¢(2) JRal) A
(%35 dashyll el [oS1 L)l de jus 25° 5yall) sarms dyen

U Lastiall 505 650 [NM] asall Jshall shaall 5ol JLaI pe Jaadls
Cus gsall G & Hlall G5y (e Al el e 455l (532,405)[nm]
palishall Lgal) JRY) Go ST il puad¥) Al kY it
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sl (mlidsly « 650 [NM] asall Jshall 8hsadl 3Ll Laadl J<Al (g
LA 8 LRl B3l e el e il (532,405) [Nm] dassell sk

telal iy Galisial ) 23LaYL (goal
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w532 1M

s 405 nm

50

100 150 200
distance m
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e A ddluse Jal e Sledll DA ase Jsha IS 3 US Ll 5 ((4) JSa)
(%35 Akl delu [S11 2Lyl depu ¢ 307 Bhall) same Lo Cigyk

650 [NM] 2 sall Jshall 3jaall 36l S 138 (p0 LDy
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Sl 8 Al Qi OB G pall 15l Ay giall Al 5080 56 S (5) JSal

[5]
532 sl Jshll 5L e 405 [NM] asall Jshall 0S5 s ()
shsaall 3l JKEN e 1aadl WS cipiaall Aajall bl Ay I as [nm)
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Cagyla nd 650 [NM] asall Jshal) 35 L) Ayl oda b Cald) Juags
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Al el aleday 136 Ja A ghal) duasal) J)ska)
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rad) gihhy Nsad

oo Al sl Jiag 53 Gl A ganall i) (6) b JSal masy
( laser diode « photovoltaic cell) dsisa 4y i<l jalics dklSic &bl

(VBA EXCEL) —ulslls

4BItDIAC vCo DUTY CYCLE Op.Amplifier
PORT 811 =
VN Tp
PC Computer | USBPRO 1
AVR MCU Laser Diod
VBA+EXCEL ! -
b 4BitDIAC V. REG. Out Amp. : -.— L
|
o |—I
PORT 10 ADO-AD: |
I
I
L__f__

ool JuaiV) sl 3 saial) Lahad) (6) JSal

5 ool 5ol 83 e bl IS 065 Aeshaial o Gold) Jaladall (e Laadls
sy bl ki e glag (silicon photovoltaic cell) g5 (e Apa il
BEY Saidl ) qalall b ge Al cDlodly oSadl elsd Jl
b by EOUI A5l cluyall ae abalaly oysn 53 (Atmega 328p)
Juiiuly assi Al (VACTECT — 21G72S) dalsagisall Ll Lual Jlasy)

byl e Adi ) ByLEY)
VL) ol ojlgie) oSy Jaall 138 Ul 3 depenal @ 3 il o ) s

slsell e pinn ) A5l adall o dleSll GhlaY) Jeead 2y 4l o€
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Ghlal ) lebsas salely AipinyeSl Al saclue Lliin) sale) Sy (5oal

Adles

%

sl all) 3ald 5508 1.4

lae 8 el AL Caad @l aladin) 2 Gl 138 3 il ) 5Lay) cany
« Green:532 nm «Red:650 nm) & lly (VLC) Al dmsall JskY)
visible light ) 4l dasdl JibYl les) & s (Violet:405 nm
Aakai) Lleall ciliplaill e LIS 5 Jlaadl 138 ZyaaY 1)k (cOmmunication
- (Aablls bl 3l Bapaa £S5 5)l) @il g 2T cany o e 3aLAl
P Omand (e B3l Bl (oS5

(el Ao Uain) Ao Uainl oSl L]

(Dl 235) 235l Sl L2
Jals (Visual Basic Application) dseyll 4al alaaial o4 cpesdl) DS 4y
I (Atmega 328p) aSaially caulall o calalaall Jal g (EXCEL) (ks
(7) JSally dgly Jashas JS5 Hlas¥) &3 lelals AVR Arduino e adia
(Visual syl 48l aladinly lparaaal 23 Al dsegnyl) dpdalaill dgalsll sy
o) S WD e Ally (EXCEL) gk Jals Basic Application)
COlpall 2055y Aellinly aSaill DA o oy LS Lgdlihly Lehaiy <l
gyl
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Laser Max Power 100 mW Com 4 Oped Lase
Laser Max Freq. 6 Mhz \\\\ \N L‘\}H"ﬁ;\-‘ Act,u Close Test
/A Pawer 10p

ID/A Freg, 6f \\ \\\\\\\ LL‘RH 30 Power

RITEST GTEST BTEST o e |

Power: 50 mA
Frequency: 6 Mhz
mW mW mW
60.0 600 60.0
300 500 500
400 400 400
300 300 00
200 100 ¥ 0330803848 100
100 100 ’/ 100
00 00 00
50 & 10 140 1m0 200 50 & 10 M0 10 200 0 & 10 140 170 200
mA mA mA
M Laser R. 650nm ‘ 0 Laser G. 532nm ‘ 0 Laser B. 4050m ‘

Gl aSatially Condall (] Ay genl) Adalall dgalsd) (7) JSa

(Atmega328p)

tde UaiuNl asail). ]

Atmega ) aSaiall (ADO - AD3) sl Gl (e delain¥ly Saal) oy
Jsasall el il Jaall e abaall eyl 5L 3Q0 s (328
Gl Akl dalaly oSaill 2y Gus (ULN 2003A) dlsid) slall - e
) Ae g CDapall a3g) (Joll) 5oLl s oSl AalSe) Ly syl

oAl Aol
@5 dune el B LD LKA aally )l A S miag (1) Jsasd
Jaall Glaglia Jlesil Claiiad ) (Jsaal) & Gaall) )l SUE 2SI Gl
(R6,R5,R4,R3) = Lolii Ligjse cilaslia anjf (o oSl Ll — o))
¢ Al ade miy b (ULN 2003) aklsiadl splall @iyl oo jhall 2dais )
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de Uiy Sl Jal (e AU ) 058 U8 g iy (sl (B o) ia

(e8] sl pladinly sgall ad st o) <5l

seadl b Al TS ol el S 35 (1) Jsand

Voltage regulator (V) Binary code ( port ADO-AD3)
10.7 0000
10.4 0001
10.2 0010

8.3 0011
7.56 0100
6.89 0101

6.1 0110

5.5 0111

5 1000
4.66 1001

4.4 1010
4.22 1011
4.1 1100
3.92 1101

3.8 1110
3.7 1111
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b s2inll 5yl 8 Ay KT ealiall oda (g saliia) 2 Allall oda d : Adiadla
& Al salall Ly (aSadll) s wie V) 3l 63 (g5l Jupall G
3ol 5 daglaiall oda o alaieWl ol Ja eV sl 03 Juall Gyt
e lin) arws Ml asesdl) Jalsny Tl JAY) 5l et b il oda (e
a8 JieY) agal) Jolall aand aiey Janiil) Sl saly ve el dggl

LN

sl asadl).2

(Atmega 328p) Saidll (108 — 1011) sl Gyl e 235l oSail)

Bl il Jdl e Babaal) el LD 35S0 i
Tlae Gob oo ikl gy gl gliadl B S 3y (2) s
s Sy (Atmega  328A)  SSandl Aslall Ll Ja)
& Cua Abit (2R-R) sl JBli — )y Jawe e (1011,1010,109,108)
Lgysall Slogliall 4805 (e Ya (2R),(R) cileslic 483 aladin) &5 Jasell 13
Gloslial ae (RI5,R14,RI3R12) a5 (el Gt LI closlig) Lol
ABLG L3 0sS5  oabyll SED S0 13 Gulitys « (R19,R18,R17,R16)
(Voltage Controlled (VCO) 1 Gpb oo Laga 2l Satll i = a4l b
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235 4l RIS iy a8 LD U (2) Jsaald

Voltage(V) Frequency(MHz) Binary code

0 6.0 0000
0.26 6.0 0001
0.56 6.0 0010
0.83 6.0 0011
1.1 6.0 0100
1.4 5.88 0101
1.7 5.76 0110
1.99 5.4 0111
2.3 4.8 1000
2.64 4.2 1001
2.93 3.6 1010
3.2 3 1011
3.53 2.4 1100
3.81 1.8 1101
4.1 1.2 1110
4.37 0.6 1111
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(wan3) Cmnd (B Ay S pualiall (e BalEY) (Sae Alla) 230 :adaaMa
Ji e Jupal) 3508 (of dallall il (dea) Ji e 58 S g5l Jusyal
YLy Al b cllbial aaf e any GAlly Clasleall (o (San 58 S

ey LAY Alaje 3
:(Silicon Photovoltaic cell) asdiwall gl cadlsl 1.3
(Silicon Photovoltaic g5 (e (Ssn e dlS Leadt o) Sl a4

b Y Jsaal) 8 A Gl 4 /VACTEC 7 — 21G72S/ a5 Cell)

A, 28 (8) J<al
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[11] asSalanall 3080 ¢ Uass (3) Jsaall

Parameter Value
Areas 2x4 cm?
Open circuit voltage Upc = 500 mV
Short circuit current I, =5mA
Standard condition E, =600 Lx
Parallel number N, =1
Series number N,=1
Load resistance R, = 0~1000 Q
Capacity 0.2 uF
Temperature T=295K
Field of view Y =90°
Distance d=1.0m

SV dsasl Jal e ZEN Oyl Gp A3l 8 30a) oda e sl &
adme o 408l oda Jeay 25 G il illl oda 2a3iaY glha) gyl syl
g oSaidll PiN(ADS)Jl I adiad) 253 (e & ey (ICL 7611) cililee
Alall) el e ) agall 38 sa glls aiall JleSH agad) (58 (ulé
Chall Jigad @ gl alll plad pailad gaa) (B sl A (b

oLl AL 85 S 5L 1) D dmgal) ST e il
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tashuail) Alage 2.3
3eall aal Jead seall adiy adamd) 1 aghy (ICL 7611) adiiosall adaal
Glosleall Jaae (AD5) Jaxe pe Bél55 Jia a8l sdie Jaay ) Bl

9 [V] 50 G el 13 2l pSanall AL

1 AdBlially malist) 4
iy Aulend) ;LE3Y) 1.4

Jala VBA(Visual Basic Application) daapnll dal aladiul & Gl s 8
Satdll o Cua Saially sl G bl Jal e (EXCEL) Gl
Aty (USB) I Gub e elakaly Jaiill ol Jiiy (Atmega 328p)
Lad )l Jashadll Gavads (Ko adl ) 3)LaY1 sy (serial command) deals
3 o Jashaall o3 Jaxiy dumandl als¥) Caua @iy mlae ol JalaeS pSaiall
13 Uiny 8540 [MA] I 2s0ms HLall G ety of oS s 0S5 5 [V] ol
el )i (102 <103 <104) : (A Lshall) da)¥) Lawads &
aSaill 7512 (108 <109 ¢1010¢ 1011) dpadyll dashall Cuavady <yl
a8 (AD3 (AD2 (AD1 (ADO) dashall L cdeasiioal) dy) ulll cdluall 2o s
Lall panadi & Ly o ulll cOlell dellinl Saill 2)lie lpanads

A g€l AR e Fadlal) 48 gual) ALl 5,L8Y) QLY (AD5) il
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: Zung;\m Dl pall 3o lagt) L-H‘JA 1.1.4

(BMH2z) culs 2358 dad xie A DL pall 56 Y 45 )lae xipus Allal) 026 &
e il 45,50 call (50 ~ 200 MA) oo (3208) Jseil) L iy
isally Juyal) G 2nly i ddlas die lldg Lyatll 3 Jalal)

A il L)) Jeagl)

60.0
b4.2
50.0 //
£ 400 /AL
: /7
§_ 30.0 / /
S 24.0/ /
2 200 /
o /£ 18]
100 11.9 ~ d 130
' L~ 4782
\ = 33| e 37
0.0 _Q_S_eq—rr bovsifoWE TN sssssfd ﬁ--......---’l"7'
[ A AR Véo \Wa Yoo
Electrical current (mA)
Red Laser — cceeee-- Green Laser =— =—Violet Laser

D pall Gl s AV A guiall e Wi ) sl bl Laladall (9) JSa
..:'\V“
e el it ljeS dea 5L Bl 3 Al 1) A alasiuly ¢ ABadla

deUainy) dod
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Sl il lally cilleadl G desana chal ey iyl Sl 45l
E el Aladl) At sl Ao U] Gad o Jemnl 5 el 038 e (Tunasdl
DA CDspall A gaall e Ui a5 1S Ay 3l

i) 4386 .2.1.4

i Lapys ol LSl Glal Y5l 5l el osinall Ll 5ol ae 4df JasdU)
el gaie ) by ol dee sl sas Sise plad) slaal & Ta
dexiiuall unliad) aal e sas (L) el JasY) L Jilie sl ag sl
Jisad ol 3l aaad 2y aADIA e Cua gl agall el yaal
Dl illy (L1) Al oo P& (o A el ) 48l eS de Uaia)
LN el e mpall delain) (& il 4d)

OSan aa al die ()3l Jupall Siginall Hlaa¥) ) Jpeasl) st rall o Cun
sie ddguall el e aalls kel e Jsanll Guaiodl e adl 6f ¢ Ll
O (e (Saa 38

Janas iy (530 (g5l agall o AL Al g i) e ol (s

Dl o Ay el ) 1) A Al Sl de et ) Jypndl 3

a5405  [NM] el 55l 4,650 [NM] sl Jsdall 53 aal)

. 532 [nM] _aal) sl
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(External AN cMupall dajlad) Llaliil) duagasl) 5ol ilua 3.4

:Differential Quantum Efficiency)

:(Red) saa¥) g mll) Juuyal) .1

el ol A galll 56 I Ciliea (4) Jsaad)

P(mw)| I(mA) | AP(mw) | AIGmAY | AP/AI | g xA/hxc | = 2D x40 X Amm)
Al h(J.s) X c(m/s)
08 | 50 11 30 | 0036 0.523 0.018
19 | 80 3.1 30 | 0103 0.523 0.053
5 110 6.9 30 0.23 0.523 0.120
119 | 140 | 121 30 | 0403 0.523 0.210
24 | 170 | 302 30 | 1.006 0.523 0.526
542 | 200 | 158 15 | 1.053 0.523 0.551
70 | 215 15 15 1 0.523 0.523
(Tthresnota= 85 MA) 4iall jlided o
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0.6

o526 /T8 T

0.5

/

0.4

/

0.3

Efficiency %

Q.21

0.2

0.12/

0.1

0.018

0.0

50

100

150

Electrical Current (mA)

200

ea¥) 5l Jupall Ll ANy dga el 50 1S sl sLall Jaladial) (10) JSil
(Mmax = 0.551)

:(Violet) awdisl) g5l Jupal).2

GAMM\ BN PRV AN | RIS (5) Jsasl)

paow) | 1(ma)| APGmw) | a1ma) | aP/aT | gxa/hxc | g =2E x 90 xAmm)
Al h(J.s) X c(m/s)
07 | 50 0.8 30 | 0026 0.326 0.008
15 | 80 18 30 0.06 0.326 0.019
33 | 110 | 49 30 | 0163 0.326 0.053
82 | 140 | 9.9 30 0.33 0.326 0.107
181 | 170 | 234 30 0.78 0.326 0.254
415 | 200 | 157 15 | 1046 0.326 0.340
572 | 215 | 148 15 | 00986 0.326 0.321

-(Ithreshold: 100 mA) ddall JWded e
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0.4
0.35

o
w

0.25

o
)

Efficiency %

0.15

o
=

0.05

0.%—\
c.254//
0.107
falal=ie]
0-053-
0. 008 __Q_QJS-/
0 50 100 150 200

Electrical Current (mA)

(il (3l sl L) A0V el 5 il i Sl Lkl (1) S

¥l )l A S 5 WSl Gl (6) Jsaad)

(Mmax = 0.340)

:(Green) jad¥) g5l Juyall.3

P(mw)| 1(MA) | AP(mw) | AI(mAY | APJAI | q x a/hxc | n=2h x 2(E) x Anm)
Al h(J.s) X c(m/s)
01 | 50 0.1 30 | 0.033 0.428 0.014
02 | 80 0.4 30 | 0013 0.428 0.005
06 | 110 11 30 | 0036 0.428 0.015
17 | 140 2 30 | 0.066 0.428 0.028
37 | 170 9.3 30 | 03l 0.428 0.13
13 | 200 7 15 | 0466 0.428 0.199
20 | 215 5 15 | 0333 0.428 0.094

'(Ithreshold= 135 mA) dfall jlnded e
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025

0.2 0:199
S
> 0.15
s/ |\
(8}
g 01 / 0.004 "
L

0.05 /

| 0.028
0014 | 0.0

0 50 100 150 200
Electrical Current (mA)

a1 g3l Juyall lall ANy e g 5 I eyl bl Jaladal) (12) ISl

(nmax = 0'199)

red laser == evioletlaser «s<-+- green laser

06 U.5Z0 O I:51
/\_\

05
2 / 0.340
Py / -
s 0.2 >
2 >
o ;;;/0.’107‘/ o4y

01 0.053 Y o

R
0 Q AL e 5o 0 0« 0028

° 50 100 150 -

Electrical Current (mA)

AN Ay alll el il ATY A e gaST) 3o eI ) it 45lanl @L}A\ kil (13) Jsad)
(nred > Mviolet > ngreen)
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) Addla .1.3.4

[5] sl el uhall Gilda 5 = St oda (8 chaiall A uhall o3 s
Gl s a5 eV A1l 5 I 53 g5l Jyall 31 a3 Eua
& Lo 13y (532,4050) [nm] U i_caisid) 501illy 650 [nM] a1 5l
aad) e 4] Jeal

Ayl 8 5oLl uld 8 deddie ) Adgyla W 8 CDURYT ) gl o
a1 gl plad ) (et diph o Goald) ade] S [5] dAmasall
Alae¥) o Candl s 8 Laiy saase il aly Aigea Aol (DA dibide dysm

el Sy 5 ia ol e

t @ dell) Juapal) 2353 Bl Jolia Al Aiga ) Ao Uain) 45)l8a 4.4

A vie DA Sl e Aaill el Ao Ui 4 s Allal) o3 b
e (Al Aasdll) ALLaY Aasall 335 ity Dyl LS (e (200 MA)
cCatisally Junpall G aaly e dilise 2ie elly (0.6~6 MHZ)
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Optical power (mw)
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U pall Alisall 3 puiall de Ui ) Ajliay (aldll Slal) aladal (14) J<al

(0.6~6 MHZ) (e 20,1l 32l Jalaa 45D

dis e yuy Jane (Ao i Aaliall Cagplall 8 [12] A8l dumape Ay S
della W) il Gob oo bl J8 dey o sal oSadl ey bl
sea¥) 3l o Cus Gl e b Raalii ) e Sl Gillas Jaag ALl
SV Jeail) o ally eV deliN) 53 Jawdl s 650 [nm]
i) i 5 sl Yy (Alalad) dasall 235005 50l Jla 8 D
el Wy (P = 45.6 mW) ea¥) all alaal) dgisia 1) de i) Gua
el Ny (P, =34.6mW) swddl 5l aball 4 gl

(P, = 6.4mW) =il 5l adaall i sigal)
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zoa Aelai) elliay aineli Ladaind o35 Wal jagiall s 55l o ) s

ceandilly paa¥) oyl Sl Gl e S8

o aien] A58l .5.4

vie abiall AeUainl) axy o3 g5l Jupall o ALl ciliaidl e cpy

(A = 650nm) (asal) Jshall 53 aa¥) 3lll 58 3035 Jalgad (iayacil
2adl) 3l A5 (A =405nm) asedl Jsbll 5 i) 3l 4l
JiY) asall Jshll 5 Juyall sa eal) 53l (< @iy (A = 532 nm)
G A peddl) dabse il cad jall eloadll 4 dgseall cNLaN)

celsel

Jal e B o 48 Jyan lati o5 [12] ALl Lmspal) Ciluall (e 320V

tolile s Apsall Jalgall 80 chns OGN A aliaal) A gal) JlskaY) s A3 laall

I g ) Jala 1 oSS (AB/KM) 2 1hie (g5 o) apesil (7) Jsaal
(650nm « 532nm 405nm) 4 sall

Climate Visibility (km) Attenuation (dB/km) ND.F.intensity filters
405nm | 532nm | 650nm | 405nm | 532nm | 650nm | 405nm | 532nm | 650nm
Clear 8 4 8 3.23 4.18 0.7 9% 9% 9%
Haze 6 2 7 9.5 11.86 7.77 25% 25% 25%
Thin Fog 1 0.5 15 20.21 34.7 10.501 50% 50% 50%
Light Fog 0.8 0.2 1 23.76 86.75 15.962 80% 80% 80%
Heavy Fog 0.3 0.05 05 57.83 347 34.7 90% 90% 90%
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HLO a5l epn o Tygal) Jalsal) (iany il Gl Jssall mlag,
il Gl i o Jalsall sda il lus &5 ¢al) ploadll b Al
O Cus (650 NM ¢ 532 NM - 405 NM) Gmsadl JIs kY1 e a5
(heavy fog « light fog « thin fog « haze «clear) ialudl Gy lall ¢
oo Pl ol Cppent (Saall (gay Al Grlayy Amsal) JIBY) Gl e i
ool dasl dualyisl (W s Al yal) 308l Baly) oyl

Gluhall i ae Gl s il Gl i Gilad) Jpaally cilaaid) )
3.l Slly 650 [NM] —asall Jshll shadd) sel€ll o i [5]AdL
b bl 33y e =l el e Aa5 (532,405) [nm] A _adisal)
LV oo S Jiniily jea 8Y) D) Jlp b1 S G (g2l DI
pastll el Bl G5 AL Lasl JIkY) Ly Al ) Al
LAdlia))

tAma el ciludal) aa il 45508 7

L) Jomgil) 5 il e Sl (ol NN D pall dpa saS1) 5 LS Ay Alls 8
3 il 53 oyl Jwpall aaad Cum e [B] ALl dpmapall byl (3ol
O yall Lmsiiall 501Ny 650 [NM] a1 oulll Giley say el e suSU

a3 b ad) Jeagil) &5 1 (532,405) [nm]
Loyl Auhl) 8 5 i€ uld 3 Lexdinal) diplall 8 CDRY) ) 4gsnl a
s Gagphd (g5l gl dll (g Al e Gl adie) Cua [5] ALl

S adl 1aa b Laiy saaae il Sleally Q) 8 dis Al DA ddbias
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aa delats Allad uld) 2y bl JS8 cony 8 win glad e slae Y|
Ael Jasil Al il (DA e agla)

Ol (el Jusyal) 23530 505 Jlie Aisucall deUsiaY) 4)lae) 4glil) sl 35
el salyy Guyha e bl g8 dey s Jane o g daalial Cagyla )
a4 Gealiiud) aiball 3lae 1aag [12] dpeapall duhyall (385 Al el 4 gucall
Sl AV delawd) 53 Jusal s 650 [NM] seal) 5l o aa Caadd)
se S Y (Aol dasall 2359) 20580 0l Alla 8 Dl SSY15 Jua 81 58
[12] bl Jas s

tGluagilly alaliingy) .8

@Yl asal) Jshally el ulall Jie Whall (e apaally J8lll Caliasl el 5l aas
o iy a3kl LS Jaaed DA (e Adle Shaagi e 558l Lebiaes 401<)
e @byl e¥las) 8 alaa o ) daad Gl (g5l agall =54
aal (8 aiay LELD; 8L iV LaY) Gahe¥ Tas Tade o5& by dhepud)
s Jalsal) Calatl eyl HlaeV) o Wialy Loy sy 3 cOlelell
Cagyla 1 lgiaslia o ally all eladll je cl¥la 31 6 g li€ (ae aaas
Jisns Jana st (o aall Glad) el 1 oBil) dabisall A_lialy dysal)
Jead Ll Hlaa iy (o2l diguin delind ) Aanall 4505eS0 delli Y|
enie sp el alall oo )5l gyasl 5 Slall Gubially a S8 ()50l 50l

(LLD) Dlasa¥) (e 4l iy s3I (AP /AT
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Lfpall cVla N Jlae g dpsie Jla) daghia Jladl 5 (3aw Los BUa )
Jska¥) Aabide 23l Oyl elal JLasY (uld Slea Abia calS Ay 4l
Gl ATV o linly ddea ) Chlall 3855 sanas Jaad) Gaas Cua sl
Iai Jlis) yeaunS (photovoltaic cell) s sl il Jia daulial) 45 gl
S Agiyall Afgall VLA dadal gl iy A8l Mgy CaSlS Lglaal
pSaiall PlA e (205 cdelainl) clupall Gawgyaadl cpiahlll & oSl
(visual basic P& (e caulall & 4y il &5l leds) &5 (Atmega 328p)
Juail daghie apenai dglee of Laag ((EXCEL) 4 diacad) application )
sl il s e Gl lasall e aell pads all sladll )3
Cun dalall (i e )50l el aaxd Jla b daliy g5l Juspall 2D
dcyus 2sall Cun e Laulidl Glialsdl sl S Giay o G
cdifiaally Jupall G haill lad (a5 4y sllaall dilanny)

¢ yaaYl) AN cly5ll G lall Alalall desesl) 5o Jangl) duhy S WS
eyl 238y Aaaly il i ) yelaly (uadY) ¢ oanadi)

AT Lude Cula any LN 5153 Ayl dashaiall odag Canll 8 ()6 o (S
Lo 52N 5 o slaiall ol gyl pustigh) aransill & CDLaes A oSy LS
Gliky Al dagall (e’ Gl Glllie 2B Lo 4pde ylad ela) B
Appmy adlsS sac aladial ol L Ay dahse dmge Jlshl sae o A,
A S LS il o (g A )laally i) (adlaiuly dmse Jlshl saad 5y
(A A e byt s Lmse Jlshal 5aa] (gl CailS)) Lpulua

Adpall cLa) 4 5l selal) dnd ek 8 dddiaa) Gl 5855
a5l (Visible Light Communication) 4yl 4y seall cY L) adiad Eua
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malas (e Y il s suall aasis i Light Fidelty (Li — Fi)igs e

ARl e iliaeg S5 4 bl Jail (LED)
(Wi —Fi) aedll calilal) Jis aUsi 8 deasioad) dgaill ge 46,0l o3a Calias,
Jall) Gilail Ay alal) Gl (358 asfis gl Clage o adiay (53l
(GaN) sl yyis CSsa5 (INGAN) sllad) psn] 20 G50 o Ae siuadll
o By 20 o gl Aaphall s3a of i) se Uiy dg5all dgguall LY b
s U lie Gl o w5 (LED) mbad (S s (L — Fi) 48
o alasanly (S5 Al mplbiaddly 43)lae Aall (o LS 85 Sl s

omd ISy bl Jl) 48] e Slad 2alall (e 23l a5 Ll
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