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New Scientific and Technical Developments in the Areas of

Electronic Systems Based on Mass Spectrometry
By Aldan Sapargaliyev

Abstract- TOFMS and EEFE-MS (EEFE-MS - DSSSO and KUTP electronic systems based on TO
mass and mass spectrometry) are now widely used in many fields of human activity. TOF MS
made a decisive contribution to many breakthrough achievements of science, in particular,
thanks to the use of mass analyzers of this type, the human genome and the genomes of other
organisms were deciphered.
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HoBble Hay4YHO-TEXHUYECKHUE PA3pa0OTKH B
HaIpaBJICHUAX SJICKTPOHHBIX CHCTEM,
OCHOBAaHHBIXHA MAaCC-CIIEKTPOMETPUHU

Aldan Sapargaliyev

[TpunsTHEe 0003HAYEHUS U COKPAIIEHUS

JICCCO — nuarHOCTHKH CTPYKTYpPHI, COCTaBa, COCTOSHHS
00BEKTOB (BELIECTB U )KUBBIX OPraHU3MOB);

KYTII — xoHTpoJi, YNpaBiACHHUS TEXHOJIOTMYECKHUMHU
MPOLECCAMH;

CGCS - 06001EHHO-IOTEHIIUAIBHOE T10JIE;

CO- KopIyCKyJsipHas ONTHKA,

OSTT CO- ofbmasi mpoCTPaHCTBEHHO-BPEMEHHAS! TEOPUsI
KOPITyCKYJISIPHOW OITHKH;

TOFMS —BpemsimposIeTHBIH MacC-CIIeKTPOMETP;

R — OtpaxarenbHBbIi;

MR — MHOTOOTpa))XaTeIbHBIH;

nD — n- MepHsIid, THEN=2,3;

TOFMS u EEFE-MS (EEFE- MS - siexrponnsie
cucrem JICCCO u KVYTII, ocuoBanubie ua TOFmace-
CHEKTPOMETPHH) B HACTOsIIIEe BpPeMsl HAYAJIM IIHPOKO
HMCIOJIb3YIOTCH BO MHOTHX cepax YyeJ10BevyecKoii
JAeSITeJIbHOCTH.

TOF MS BHecnu pemapmuii BKIax BO MHOTHe
NPOPLIBHbIE JOCTH)KEHHS] HAYKH, B YaCTHOCTH, WMEHHO
GJ1arogapsi MCHOJIL30BAHMI0 MACC-AHAJIM3AaTOPOB TAKOI0 THIA
GbL1a BHIMOJIHEHA paciiu@pPoOBKa reHoMa YeI0BeKa U TeHOMOB
APYIrHX OPraHU3MOB.

IpennaraemMple HAMH TPAHIHIHAILHO HOBbIE KOHIEMIHMH,
TEXHOJOIHH, TeOPeTHUYECKHEe W IKCIEPUMEHTAILHbIE PaGoTh
CO31AK0T OCHOBY JUUISl OBLICTPOTO MPOXBHKEHUS 110 MY TH;

- CO3IaHHS HOBOIO MOKOJEHHSCBEPXBbICKOPA3PEUIAOIIMX,
CBETOCHJIbHBIX, KOMIAKTHBIX u c HOBBIMH
(GYHKIHOHATLHBIMA BO3MOKHOCTSIMH Pa3IHIHOTO
naznavenus TOF MS wu EEFE-MS wu wmmpokomy
HCHOJIL30BAHMI0O MX BO MHOIHX HOBbIX cdepax, B
YaCTHOCTH B OBITY;

- KOHTPOJSI W YyHpaBjeHUs J0O00ro TeXHOJOIMYeCKOro
npomecca, B YACTHOCTH /UISI CO3JaHHA HOBBHIX BH/IOB
BelIECTB H MATEPHAJIOB C 3a/IaHHBIMHU CBOWCTBAMH W T.
IL;

- KOHTPOJS M JHATHOCTHKH COCTOSIHMSI J1I000ro 00BheKTa,
BKJIIOYAsI HEKMBOr0 M JKMBOI0, B 4YACTHOCTH JUIfA
MeTUIMHCKOT JHATHOCTUKH, OMOJIOTHYEeCKHX
HMCCJIeOBAHNIN U T. 1.}

- HOBBIX HAYYHBIX OTKPBITHIi B 00JacTX OHOJIOTHH M
MeIHLUHbI, OCHOBHbIE 3aKOHbI KOTOPbIX MaJIOM3BECTHbI
YeJa0BeYeCcTBY.

Author: e-mail: oiarna.ass@gmail.com

I.  Axryansusie [Ipo6nemsr Hayuno-Texuuueckoro
Passurus Hanpasnennit TOFMS U EEFE-MS

B Hacrosimee BpeMmsi TIOKazaTend  (DYHKIIHO-
HanbHbIX xapakrepuctuk 1OFMS u EEFE-MS Bechma
cnmabple, uYeM TpeOyemble, CBsI3aHHBIE C MpPOOJIEMaMu
OHOJIOTMH, METUIIMHBI, KOHTPOJIsI 6€30MaCHOCTH (KayecTBa
COCTaBa) MUINEBBIX IMPOJYKTOB, KOHTPOJISL U YIPABJICHUS
TEXHOJIOIT'HYCCKUMU HpOHeCC&MI/I HpI/I HaJIMYnUn
OpPraHUYECKUX BEIIECTB.

Bo-nepevix, w3BectHbliina poike - PegasusGC-
HRT”(LECO Corporation,CIIIA, 2005 r.),0nuH u3 BUIOB
MR TOFMS,BbINoSHEHHBIHHAOCHOBE, TPEIOKEHHON B
1992 romy Ka3axCTAHCKHUMHYYCHBIMH  KOHIEMIuu«2D
MRwmacc-criekrpoMeTpum», HNMEETPEKOPIHOE, cpenu
TOFMS, nnstHacTosIero  BpeMEHH  paspelieHne  —
okos104 5000 (ms1300a.e.M.).

Jnst aHanu3a OpraHWYECKHUX BELIECTB HEOOXOIMM
TOF MS, ¢ paspemieanem100tsIC. B Gonee. Bemenctaue
OTpaHUYEHHBIX BO3MOKHOCTeM wnHCTpyMeHTapueBCO, 10
HACTOSIIETO BPEMEHH OHHUBTOPTIINCHBOCHOBHOM- BHEXKHB-
VIOTIPUPOIY, TPUYEM, TOJIEKOBOOIACTHHEOPTAaHHIECKUXBEIIE
cTB. J)isl IIMPOKOTO BTOPKEHHS B OOJACTHUHCCIIC-TOBAHUS
OpPTaHWYECKHUXBEIIECTB W JKUBOH TNPHUPOIBI —OOINBIIOINH-
BaXKHENIIEHCOCTABIAIOIIEHIIAHETEI3EMIIA,  HEO0-0X0IMMO
paspaboTaTh PEBOJTFOIIHOHHO HOBOE TIOKOJICHHE
uactpymentapues CO, OmHHM H3 KOTOPBIX SIBISIETCS
TOF MS.

Bo-émopbix,BecbMa OTpaHHYECHBI BO3MOXHOCTHO/I-
HO-BPEMEHHOTO  MHOTOKOOPIMHATHOTO  aHalM3a  TI0
obbemy.Bce mporiecchl pasBUBAIOTCS B 3aBUCHMOCTH OT
BpEMEHH, a Takke B O0BeMe H3y4yaeMoro oOBeKTa C
U3MEHEHHSAMH B TMPOCTPAHCTBE (CIEACTBHE TpoIecca
pacnpocTpaHsieTcss B MPOCTPaHCTBe). B 4acTHOCTH, 4TOOBI
KOPPEKTHO KOHTPOJMPOBATH M YIPABISATH MPOIECCAMH B
BEIlECTBaX M IKMBBIX O0OBEKTax, OCOOEHHO ObICTpOIp-
OTEKAIOIIUMH TPOLIECCAMH, HEOOXOAUMO OIHOBPEMEHHO
KOHTPOJIUPOBAaTh (OMpeAeNsaTh X0 NPOLecca) B Pa3IHYHbIX
TOYKaX.

B macrosimee Bpems, Bce m3BectHbie MS, kpome
UX MapauielbHO-MHOTOKaHAIBHBIX KBAJPYIOJIbHBIX BUJIOB,
SABJIAKOTCA OAHOKAaHAJIbHBIMU KaHaJ'IBHO-O}]HOTpaKTHI)IMI/I nu
BBINIOJIHEHBI C O0ECIeYeHHEeM BO3MOXKHOCTH OJIHOBPEMEH-
HOTO aHaji3a TOJILKO OJHOTPAKTHOTO HMOHHOIO IIOTOKA.
MHorokaHanbHas, KaHATbHO-OJHOTPAKTHAsICHCTEMa  KBaJl-
pynonbHeIX MS, Kak M Bce M3BECTHBIE OfHOKaHaANbHbIE MS

© 2018 Global Journals
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C KBaJIpyMOJbHOH HOHHOW JIOBYIIKOH oONamaeT. MajbIM
OuUana3oHOMPETUCTPUPYEMBIX MACC, HEBBICOKOH TOYHOCTBIO
ompenenenuss Maccel — < 20 PPM, HHU3KOH BEIMYMHOM
COOTHOLIICHHS! pa3peleHNe/ce0eCTONMOCTb.

B-mpemovux,y TOF MSorHOCHTENBPHO HEBBICOKHE-
CBETOCHJIaN TPAHCMHCCHSI.

II. IIpemmoceuikn K Hammm Hoseiv RESEARCH, AND
[NNOVATION Pa6oram B Hanpasnernnsix CO, U

Bpe\lﬂl'IpOf[eTIIO?IML\CC*CﬂeKTpO\IeTpI/IVI

W3BEeCTHBIE OCHOBBI KOHIENIMU TEOPUH MEXAHUKH
CGCS (CGCS - 00001IeHHO MOTEHIUANBHEIE I0Js), a
TaKKe OJWH W3 ero BaxHelx pasgenos CO(CO -
corpuscularoptics) coJieprKaluecs COBPEMEHHBIX
yueOHHKaxX TeXHHUecknx BY30B Bcero mmpa, MOCTPOEHBI
Gonee uem 100 et Hazan.

KazaxcraHCKue ydYeHbIE,HaUMHAsi C BOCBMUJIEC-
ATBIX To70B 20-T0 BEKa,BHECIU U BHOCAT OONBIION BKJIAJ B
passutue Teopun CO.

v B BochMuzecateix rogax 20-ro Beka, paspaboTanu
HOBBIM MaTeMaTHUYeCKUN METOJA — METOJ LEHTPaIbHOU
9acTHIB (aBTOP OCHOBHBIX HJEH M DPYKOBOIUTEIb
pador fxymee E.M.), pemmB MaTeMaTHYECKYIO
npoOIeMyonucaHus (PU3UIECKHUX MPOLECCOB B 00IACTH
¢ 0cOOBIMH TOYKAaMU NPH JBIKCHHH YACTHI[ B HHX,H
CO3Jany COBPEMEHHYIO OOLIyI0 MPOCTPAHCTBEHHO-
BPEMCHHYI0O  TCOPHIO  KOPIyCKYJSPHOW  ONTHKH
(OSTTCO). OcHoBHBIE pe3yJabTaThl 3THX paboT
u3noxenbl Camaprammesim AL A B 1987 1. B ero
nuccepramuu!' Ha comckanue crenenu nokTopa (us.-
Mar. Hayk W B 0030pHbIX craTsax?1'%kymesa E.M.,
HANKMCAHHBIC MO MPCMIOKCHHIO W TPU IOALEPIKKE
pelakiMu  MEKAyHapoAHOTO >KypHaima <«Advancesin
ElectronicsandElectronPhysics».

v" Ha ocuose OSTT CO,s 1985 r.Canapranuesbim A. A.
npeanoxed U 1987 r. mox ero pyKOBOJICTBOM OBLI
CO3/IAHOIIBITHO J1TAOOPATOPHBIN 00pa3el OPUrHHAIBHOTO
TOF MS-FTAc (oxycHpOBKO# KOJIBIIO-KOJBIIO U
BIEPBBIC B  MHpe  ObUla  HKCICPUMEHTAIHHO
OCYILIECTBIICHA MPOCTPAHCTBEHHO-BpeMeHHasT (GOKycHp
OBKa HMOHHOTO IAKeTa C IOMOIIBI0 HEOJHOP OJHOTO
(6e3ceTOYHOr0) DIEKTPOCTATHIECKOTO OTPAXK ArOIIEro
monst  (momHoro 3epkama). TOF MS-FTA 6w
ycoBepiieHctBoBad B 1990 roapy.Pesynbrarhl 3THX
paboT M3NOKEHHl B JOKTOPCKOH amccepramuu!''m B
OTYeTe Mo HayYHO-HCCIeI0BaTeNbCKol paboTe!™?.

v' DrupaboThl BIEPBBIE JKCIIEPUMEHTAILHO IOATBEPIU-
muBbIBOABIOSTT COu OTKpBLIMIIEPCIIEK-THBbIIAIbHE-
fmeropassurusuHcTpyMenTapueBCO.OTMeTHM TaKike,
9YTO  CErofiHs, MPAKTHYECKH ,BCCUHC-TPYMEHTHI-
COc031a10TCACHEO THOPOJHBIMHUTIONSAMH (6€3 CETOK).

v B 1992ronyJI.M. Hasapenko, JIM. Cekynosa uE.M.
SIKyIIeB  TIPETIOKUIH (SU1725289 A1, AC)
Beicokopaszpematonmii  2DMRTOF  (2DMRTOF -
JIBYMEPHBII MHOTOOTPAKATENIbHBII BPEMSIIIPOJIETHBIN
MacCc-CIIEKTPOMETP)  C  BPEMS-POCTPAHCTBEHHOI

© 2018 Global Journals

(OKYCHPOBKOH, TIe OCOOBIC TOYKH PACIOJOKCHBI B
OJIHOW TIIOCKOCTH (B 2-MEpHOM MpOCTpaHcTBe). B
HACTOsIIIee BpeMsi HamboJee BBICOKOE paspelicHHe,
oxono 45 000, cpenu M3BECTHBIX HA MHUPOBOM DPBIHKE
TOF MS, umeer “PegasusGC-HRT”'(LECO Corpo-
ration,CILIA), TexHHYeckoe pelleH He H TeopHs
KOTOPOTO, CO3JaHbl Ka3aXCTaHC KMMH CIICHUATHCTAMH
B SU1725289 A1, A.C..

v B2010r.Ha OCHOBE OSTT COnpemroxena
(SapargaliyevA. A, US 8,598,516 B2 u ap.) koHIr en
usi«3D5 Rmacc-cniekrpomerpun», BTomunciie(a)3D-5 R
R(Multi-Reflector); (b)xonnenuuroMultipathmace-criexr
poMeTpu; (C) HOBBICBUABIKOPIYCKYIIIPHO-ONITHYE  CKH
X3JIEMEHTOBHY CTPOICTBISpeau3alMUTIPEIOKEHHBIX
koHuenimi. Konnenmmsa«3Dmacc-CrieKT poMeTpHU»TIP
€TOCTABIACTIPHHIUITHATEHOHOBBIEBO3MOXHOCTU/IIISPA
3BUTHAMACC-CIICKTPOMETP HMH, MOCPABHEHH FOCAPYTUM
WHM3BECTHBIMUKOHIICNIIMSIMU. HaocHOBeMaTeMaTHueck
Or0 M KOMIIBIOTEPHOTO MOJICITUPOBaHHMS ITOKAa3aHO, YTO
cuctemMbl 3D Macc- CHEKTPOMETPUH MOTYT OJHOB-
peMeHHO  obiamath ~ MHOTOKPAaTHO  MPEBOCXO/
SIUMpPAa3pelieHHeM (BHECKOJIbKOCOTTHICSY) HYYBCTB
UTENBFHOCTBIO, HOBITHO0ICEKOMITAKTHBIM, €M JTyUILITHEH3
BECTHbICAHAIOTH. YmomsHyTaskoHi emims Multipath
(MHOTOKaHATBEHOT0) M SMHOTOKPaTHOIIOBBIILIAETIPOH3BO
IHUTENBHOCTHPa00THIMS, HOCTOBEPHOCTHIIONYYEe HHOMCE
TOIMTOMOIIBIOMH(POPMALIMUHIPHBO U TKHOBEIM(DYHKIIMOH
AILHBIMBO3MOXKHOCTSIMMACC-CIIEKTPOMETPHUH.

v TeopeTHYECKHEUCCIIEOBAHHSI ~ TMOJl  PYKOBOJCTBOM
SxymeBa E.M. , mpoBenennsie B 2005-2013 r.r. Hao ¢ H
0BeOSTT CO,(nanpumep™®,)  onpeneMINIPHHITAITH
aNbHBICIyTH CO3[aHuss HoBoro Buma TtereBoro CO
MHKPOCKOIa M YBEIHYCHUSIPA3PCIICHHEITEKTPO HHBIX
MukpockonoBsaiBanopsaka (100 pa3), mo cpaBHEHHUIO
C M3BECTHBIMHU B MHUPE aHAJIOTaMH.

B Hacrosiiee BpeMs «METOH — LECHTPaJbHON
gactuipl», OSTT CO W HMX3HAYNMOCTHIPHOGPETHOOIIE
MHpPOBOEIp M3HaHHWEe. Ha MX OCHOBE B MHUpE IOCTPOCHEI
MHOeCTBO yHHKaIbHBIX CO cHCTEM, KOTOpBIE BHECIH
3HAYUTENBHBIN BKJIA]] B IPOrPECC YEI0BEYECTRA.

KOHLLSI[LLI/IH/TCXHOJIOI‘MI\;I 51 I/IX Haytmo»

[Ipennaraemeie Hamu Hosrie

Texunueckne Pemenus

JUis  TOBBILIEHHWS pa3pelleHus, CBETOCWIBI U
(DYHKIMOHAJIBHBIX ~ XapaKTEPUCTHK  MacC-CIIEKTPOMETPUH
HAMH TPEJIOKEHbl Pl HOBBIE KOHIEMIHU/TexHomoruitl'®
8y  paspaGoTaHbl HAYYHO-TEXHHYECKUE pEIICHUSMX
MIPAaKTHYECKOH peaTn3aliii.

- nD5RTOF(ND — n-mepHas, 5 —netnesas,R — orpaxa-
TeNbHAs) MacC-CIeKTpoMeTpusi, B Tom uymcie 3D
25MRTOF (25 -nByxmetnesast, MR-MHOTOOTpaXaTeNh-
Has)  BBICOKOpa3pellaloIias ©  CBEPXBBICOKOpPA3p-
elaronasMacc-crnekTpoMeTpusi, rue N=2, 3;

- Pj(Pj-mMHOTOTpaKTHAsMIN MHOTOKOODMHATHAS) Macc-
CIEKTpPOMETpHsI, Ilie [>1 — KOJIN4eCTBO TPAKTOB
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- Fk (Fk—cBeToCHITEHAIMHOTOCBS3HO-KPOCCOBEPHAS-
Macc-CIIEKTPOMETPHSI, B TOM YHCIEIHEPro-QpHiIbTpoBas,
rae  K>1KOIMYeCTBO CBS3M MHOTOCBS3HHOTO CCUCHUSI
WOHHOTO  TPaKTa,BBINOJHEHHAs C  OOecHeYeHneM
BO3MOXKHOCTH OTOOpa IIOTOKa HOHOB Ha BpeMs-
NPOJIETHOE AETEKTHPOBAHWE C 3aJaHHOW WM peryJ-
upyemoit  o0macTbio  (BeIOOpa  DHEPrETHYECKOit
MIAPUHON W TIOJOKEHUSI STOW MIMPHUHBI) SHEpreTHYec-
KOTO pacmpeleficHns] MOHOB B moToke.llpu 3rom, mo
MeHbIIel Mepe, oauH MS-kaHanm BBINOIHEH HEPro-
(DUITBTPOBBIM:

(@) ¢ mnpenBapuTenpHOMIHEProdUIBTpaLHeii(3HEpro-
GWIBTPAlMANPH  BBIXOAE W3 OPEIBAPUTEIHLHO-
dbopmupyromero 0joka Mmepeln aHaIM3aTOPHBIM
KaHAJIOM)

(b) ¢ mocre mucmepcuoHHOW 3HEProdUIbL Tparuei
(3HEpro-GUIBTPAIUSITIOCIESIUCIICPCUUBAHA JTH3aTO
PHOOM KaHala U Iepel ASTEKTOPOM).

- 3DS/TOF-F (S/TOF-F -  crynenuarass Bpemsmp
OJIETHAsl ~ MAcC-CIEKTPOMETPHS (IIO3TAITHO BPEMOIIP
0JIETHON (DOKYCHPOBKH), BBIMIOJHEHHBIE C OJHOW WM
6onee mOBEpPXHOCTAMH 3(P(PEKTUBHOTO OTpaKEHUS H
OMHUM WM Oojiee OTKIIOHSIOIIUMH U (oKycupy

IOIIMMHUIBJICMCHTAMM.
B 3aBUCHUMOCTHU oT cocTaBa OTpa)KaTeHCﬁ,
OTKJIOHAIOIIUXH (1)0KyCI/IpyIOHII/IX 3JICMCHTOB n ux

pacrionoxenust, npencrasutend, 3DS/TOF-F memsrcs Ha
HECKOJILKO CEMENCTBA.

3D5RTOFMS, BemmonHeHHbIEHA OCHOBEKOHIIETT
nn3 D5RTOFMacc-criekTpoMeTpun, o MpUHIUIY paboThI
JEJIATCS Ha TPH TIOATHIIA.

1) omaompoekionHo-aByxTeTIeBuansie3D5 RTOF, (BBH
ne 3D5LRTOFMS), BeimonuenHbie ¢ JBYMs WK Gosiee
MOBEPXHOCTAMH 3(P(PEKTUBHOTO OTpakeHUst ( ABYMsI
Wi 6oJiee THHEWHBIMU HOHHBIMH 3€KAJIAMH)

2) wmHoronpoeknnonHo-aByxmneriesuaapie3D5 RTOF, (B
Buge 3DS5rRTOFMS), BbIMOAHEHHBIEC OOHUM WITH
OoJiee KPHUBOJIMHEHHBIMU IOBEPXHOCTAMHU I(PQPEKTUB-
HOTO MHOTOOTP&XEHUS (C OAHUM wiu  Ooiee
KOJIbBIICBUIHBIMU OTpa)KaTeJ'H)HI)IMI/I HNOHHBIMU
sepkanamu). [pencrasutenn 3D5rRTOFMSaenstcs na
IBa poja — KPYIJIOM WIH MHOTOYTOJNBHOW MOB-
epXHOCTAMHE 3()(HEKTHUBHOTO MHOTOOTPaKEHHS

3) crynenuaro- BpemsmposetHeie3D5RTOF(B  Bune3D
5S/TOF-FMS) Bbimonsennsie ¢ aByMs win Gosee
MOBEPXHOCTAMH 3(PPEKTUBHOTO OTPAXKESHUSI U C OJHUM
Wi OOJNICOTKIOHSIOMIUMH U (DOKYCHPYIOIIUMHU
DIIEMEHTAMHU.

V. Ocuosubie Texnuueckne I Kommepueckue
ITpeumymecrea Hoebix Konnenumn/Texnonoruit 1
Nx Hayuno-Texnnuecknx Pemenniinepen
Nssectupivu Ananoramu

Henocrarkom 2DMRTOF-koHuenmu ssusercs 1o,

4qTo ycpez[HéHHasl TPACKTOPUA TOTOKAa HOHOB JICKUT B
O,E[HOI\/‘I IJIOCKOCTH, TTPU 3TOM B 9TOM INUIOCKOCTH JIMHECHHOE

HOHHOE  3epKalio He OKasblBaeT (oKycHpyromiee
BO3/ICHCTBUE Ha IIOTOK MOHOB. JTO MPUBOIMUT K TOMY, YTO
IUIs  paslelieHus, MAJalollero B HOHHOE 3€pKalo |
OTPKEHHOr0 OT HEro [MOTOKA WOHOB, HEOOXOMUM
3HAYUTENbHBIA yron oTpaxenus o (puc. 1). IIpu sTOM, Kak
ciemyeT u3 puc. 1, mocie Kaxaoro OTPaXKEHHUsI OepedHas
SHEpPreTHUYecKass AWCIEPCHs pacumupseTmupuny (3¢dexrt
“XpOMaTHUecKOro pasMbITHs’) MOHHOTOMOTOKaW mocie N

OTpaXECHUH BEIMYUHY CYMMapHOTO PACIINPEHHS AhN no

HHOT'O ITOTOKAaMOJKHO IMPEACTAaBUT B CICAYHOIIEM BUJIC.
Ahy ~ N(As,)sina (1)

rae.

- CTPEIIKN ITOKa3bIBAIOT HanpaBneHnﬁ JABUXKCHUA

HOHHOTO ITOTOKAa.

- h

c — pacCTOAHNUE MCKAY ABYMS IIJIOCKOCTAMU Sgl u

ng 3¢ GEKTUBHBIX OTPAKEHUH MOHOB C PA3IAIHBIMH
Ha4yaJIbHBIMU SHEPTHAMY,

- ASg —ddexTrBHas  IIMpUHA [OTOKA HOHOB C

PasIMYHBIMA HAYaJbHBIMH SHEPTUSAMH B OOJACTH €ro
OTPaKEHUH B MOHHOM 3€pKalie.
- N — koaM4ecTBO OTpasKEHHM.
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Pucynor 1: Dddexrr “xpomarnueckoro pasmertus’, xapakrepubiii st 2D MR TOF-koHemnuuu, B 4acTHOCTH IS

“Pegasus GC-HRT”

Kak  mokaseiBaer  BeIpakenue (1), mocrme
HECKOJIbKHUX OTpa}KeHI/Iﬁ mUpHUHa pasMbITUA MMOTOKAa MOHOB

AhN BO3paCTCT HACTOJIBKO 4TO, ,uanbﬂef/imee YAJIUHCHUEC

TPACKTOPUHN HOHOB HE UMECT CMbICJIA. 3TO OrpaHNU4uBacT
paspenrenne TOFMS, moctpoennnix wa ocuose 2DMR-
KOHIICIIIIUHA. K TOMY K€, IpHU 3HAYUTCIIbHOM KOJIMYCCTBC
OTPaXEHHWi, BBHICOTA aHAJIM3aTOpPa IO BEPTHKAILHOM
IUIOCKOCTH OYIET BecbMa OOJBIION.

B macrosmee Bpems 2DMRTOFMS  cosmarorcs
kommanuedi Leco, CIIA, nox uasBanuem ‘Pegasus” mo
2DMRTOF-koHmenuuu © WMeeT OrpaHHYEHHOEpaspell
enue, okoio 45 000.

S

MDOKyCHpOBKa TIOTOKA MOHOB C MOMOIIBI0 HOHHO-
ONTHYECKUX JIMH3 TMOCIE KaKAOTO OTPAKEHHS IIOTOKA
nonos, npemnoxennas US No. 7,385,187 B2, ne npusenu
K YJIyYlIeHUIO paspemiaromnieii crocoonoctu PegasusGC-
HRT. IIpomexXyTO4HbIE MOHHO-ONTHYECKHE JIMH3LI TIOPOXK
JAI0T, XAOTHYECKHE M, B IPUHIUIE, HEYCTPAHUMBIE
BPEMSNPOIIETHBIE abeppariuii.

Ha puc. 2mnoka3aHa3aMKHYyTas(BYXMETIEBHIHAAL

pO- eKLWOHHas XapakTepHasopMarpa €KTOPUM IIOTOKa
nonos B 3DV2RTOFMS.

- I - ; I
.:'i_l ! I _.-n# | E:-l i E .-
L | 2
\‘&_1 . | "f_: H — 1 “‘__ﬂ:f”’
' | ‘Tﬂ'_i | , Z03
R e R
- | Kz . Z
| —f—=7 |
e i ) AN
A | A . Ay
|- |
| : |

—

Puc.2: AByXNeTIEBUAHASNPOCKIIMOHHAS XapaKTepHas (popma TpaeKTOPUH ITOTOKA HOHOB

Ha pucynke 2 BBeJieHbI 0003HAUSHHUS TTAPAMETPOB!

AZ — TIOCKOCTh  JBYXMETICBHIHOCTHIIPOCKIIMOHHOM
XapaKkTepHOH (OPMBI TPACKTOPHH MOTOKA HOHOB,;

A/ BepuIMHBl  3(PPEKTUBHOTO  OTpaXKEHUs,  TIIe
j=12,3,4»
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K12 u Kn/l CAVMHUYHBIC BCKTOPDbI, MOKA3bIBAOT HAIIPABJICHUSA
JBHIKCHU IIOTOKA UOHOB,

ASg — o¢dexTuBHas IIUPUHA [IOTOKA HOHOB C

pasIMYHBIMM HAaYalbHBIMH OSHEPrHsMH B 00JacTH ero
OTPaXKCHUH B 3epKalle.



I'maBebM moctomHcTBOM NDS5RTOF-KOHIENIMHN SBASIOTCS
TO, YTO, 110 MEHbIIEH Mepe, B OJIHOM M3 IUIOCKOCTU
OPOCKIMOHHAS XapakTepHas (opMa TPAeKTOPHH IOTOKA
HOHOB SIBJISICTCSI OAHOIICTIICBBIM WIIM ABYXIICTICBBIM U B
9TOM MPOEKIHOHHOW IUIOCKOCTH OTCYTCTBYeT 3(deKt
“XpOMaTHYeCcKOT0 pa3MbITHs IIOTOKa HMOHOB.JTO CBSI3HO
TEM, 9YTO TOCIC KaKAOW TMapsl aHTUCHMMETPHYHBIX
OTP@KCHHH [MOTOKA HWOHOB, TMPOHCXOJUT  B3aHMHAg
KOMIICHCAIMS ~ [IMPHHBI  XPOMATHYECKOTO  Pa3sMBITHS

noroka nooB AN, o6pasyembix mpu KaxaoM U3 9THX
orpaxkenuit. 1o cpoiictBo ND5RTOF-koHenmu naroT ei
YHUKAJIbHBIE CBOWCTBA, BKIIIOYAsi KOMITAKTHOCTh M BBICOKOE
paspelieHus 10 CPaBHEHHIO C IPYTUMH KOHIIETIIUSIMU.
YroOBl MNpEACTaBUTH HEKOTOPBIE CBEICHUS 00
OTJENBHBIX TEXHUYECKUX PEIIEHUSIX BBIIIEH3IOKEHHBIX
KOHLIEMIUH PAaCCMOTPHUM TOJILKO HEKOTOpBIE MpecTaTeNei

TOFMS.

a) 3D 25r MRTOFMS csepxsvicokozo paspewenust
(3D 25r UHR MRTOFMS)

Konueniuss ~ ocHOBaHHas Ha  3-X  MEPHOM
MHOTOOTPaXEHHHM HOHHBIX MAaKeTOB U  00ECHeYrBalOT
YBEJIMYCHUST Pa3pelleHus, 3a CYeT OOJNBLION BpeMsImpoJe-
THOM JUCTIEPCHH TI0 Macce MOHOB B COYETAHHUH C BHICOKOTO
MOPsIKA BPEMSAIPOJICTHOW (OKYCHPOBKOH 10 pa3dpocy
SHEPrUM MOHOB. YBEIMYEHUE BPEMSINPOJETHON AUCIEPCUU
[0 Macce HOHOB PEAT3yeTCsl HA OCHOBE YBEIUYCHUSI UTHHBI
MYTH U BPEMEHH MPOXOXK/CHUS MOHOB B aHanm3arope3D
25MRTOFMS. TIpencrasutenn 3D 25 UHR MRTOFMS-
OyayT uMeTh Maiyble rabapuThl U BBICOKHE Pa3pelleHus,
yem m3sectHbie TOFMS.

&f
Y

Ceepxsbicokoro  paspemenus 3D 25rUHR
MRTOFMS  sBisercss OmHMM W3  THIIOBCBEPXBBICO
kopasperro-mmx  3D25TOFMS,  koTopsrii 0 BULY

oTpaxkareliel W MO NPUHIMIAM paboT IENATCs Ha TpU

MOJTHIIA.

1) 3D 25¢ UHR MRTOFMS - o0aHONpPOEKIMOHHO-
JIBYXIICTJICBBIE, BHIIIOJHCHHbBIEC YETHIPHMS IMHEHHBIMU
HOHHBIMHU 3€pKallaMH, PACIOJIOKEHHBIE HA BEPIIMHAX
[PaBUIBHOTO YETHIPEXYTOJIBHUKA,

2) 3D 25rUHR MRTOFMS - MHOrompoeKkiuuoHHO-
JBYXIIETJIEBbIE, BBIIIOJHEHHbBIE C JBYMS CHMMETPUYHO
PACIIONIOKEHHBIME  KOJIBIIEBUIHBIMA ~ MHOTOOTPaXKaT
eNbHBIMA MOHHBIMH 3epkajamu; Ilpeincra BUTENH
3DmM5rMRTOFMSaensrcs Ha nBa poaa — Kpyriiod u
MHOTOYTOJIBHOM ~ MOBEPXHOCTAMH  3(EKTUBHOTO
MHOTOOTPAKEHUS;

3) 3D UHRS/TOF-F- omHOMpOeKIHOHHO-IBYXITETIIEBEIE,
BBIIOJHEHHBIEC YETHIPbMS  JTMHEHHBIMH  HOHHBEIMH
3epKalaMM U BOCEMbIO LWIMHIPHYECKMMH KOHJIEH
caTopaMH.

UTo0B TIpeACTaBUTh HEKOTOPHIECBEIACHUS 00
texuunueckux perrernsx3D 25 UHR MRTOFMS, na puc.3-
Scxemarmueckuii  mokazansi3D25rHRT  MRTOFMS B
NPOSKIMH HA TOPU3OHTANBHYI (puc. 3 W 5) u Ha
BEPTUKAIIBHYIO IJIOCKOCTH (pHc. 4):

- kpymo-rpaununbiit 30251 HRT MRTOFMS(puc. 3);

- N -rpaHeHO/CEeKTOPHO-TPAHUYHBIH (MHOTOYTOJBHBIH)
3D25r HRT MRTOFMS, cexropusie 3¢bdexTuHbIC
MOBEPXHOCTH, OTPAKCHHS KOTOPBIX PACIOI0KCHBI
BOKPYT OJHOTO IeHTpa (puc. 4).

Puc. 3

Puc. 4
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Puc. 5

Ha puc. 5 nmokazaHa cemuyrosipHasi OTpaXkarouias
Koneuno,

TTOBEPXHOCTbD. Ha KOJIMYECTBO yrioB
MHOI'OYT'OJIbHHUKa HCT OIrpaHUYICHUS. MHOFOyFOHBHaﬂ
OTpazkarouias TIOBEPXHOCTH TIO3BOJISICT IpOIyCKaTh

IMHUPOKHEC NOHHBIC ITOTOKH.

Pe3yibTaThl MAaTEMAaTHYECKOTO W KOMITBIOTEPHOTO
mozemuposanus 3D 25¢R UHR MRMS nonoxkensl Ha
MexTyHapoaHoi koHpepenuu™ u omy6nukoBaHB Ha
HECKOJIBKAX HAay4HBIX XKypHaiax. OHu mokaszamu, gro 3D
25¢R UHR MS wMoxer omHOBpeMeHHO —00iamaTh
MHOTOKPATHO MPEBOCXOAAIINMPAa3peIieHneM (BHECKOIBKO-
COTTBICSY) HUYYBCTBHUTEIHHOCTHIO, HOBITHOOICEKOMITAKTHBIM
(2 m Oome pas3), uyeMm JIy4lllde M3BECTHBIC aHAJIOTH,
nampumep, PegasusGC-HRT.

Co3/1aH OITBITHO J1A0OPATOPHBIN 00pa3zell, KOTOPbIii
MOATBEPIMI  WCXOMHBIC  TEOPETHYECKHE  pacueTsl |
TNEPCIICKTUBHOCTD BBI6paHHOFO HOBOT'O Hay4HO-
texuudyeckoro Hanpasienus. (Www.OiArna.com; /(https://
drive.google.com/file/d/0B47EiIWNeAC2gMzIhSINuNnd
CTUO/ view?usp=sharing).

V. Beicokopaspematomue MULTIPATH Miu
Kanansno-Muororpaxrasie (Heckomsko Mornbix

Tpakros B Oxnom Kanane) Ms (Ms-P))

Ynomsuyras — kouueniusMultipath(muororpakTa
Oro) Macc-CIIEKTPOMETP-UH MHOTOKPATHOIIOBBIIACTIIPOH3
BOAUTEIBHOCTEPA0OTEl  MS,  0CTOBEpHOCTBIIONYYCHH O
CeronoMouIbIoNH(pOpM-aIMUUITPUBOANTKHOBBIM(YHKIIOH
AILHBIMBO3MOXKHOCTSIMMACC-CIIEKTPOMETPHUH.

Hampumep, 0 IHUIMA3IEPCIIEK TUBHBIXIPUIIOKEHUY
NOMSHYTOWKOHIICIIIMA C HOBBIMH (DYHKUHOHAJIBHBI MUB
osmosknocTamu, ssercsiKnife (IntelligentKnife, http://en.wi
kipedia.org/wiki/lknife) ,paspabareiBaemeiitVatersCorp.ikni
fe—3ToMHCTPYMEHT, CTOCOOHBI aHATU3UPOBATEYEIOBEYECK
YIOTKaHbBpPEaTEHOMBPEMEHUBOBPEMAMEANLIMHCKOWOTIEpAITH
n.HaocHoBeMacc-CIIEKTPOMETPUHOBICTPOHNCIIAPUTEIBHOM
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nonmsanmu(REIMS http://www.chemport.ru/datenews.php
news=23584),iKnife,6yxydannHTerprpoBaHCOCTAH AP THHIM
HBJIEKTPOXUPYPTrHUCCKUMHUUHCTPYMEHTAMHI, HAOCHOBECOOpaH
HOTOMIIPOAHATN3NPOBAHHOTOIBIMA, CTIOCOOEHMIHOBEHHOOTIP
eIeTUTHCTATYCBBIPE3aHHONTKAHH.

Ha puc. 6-8 mnokasaHbl HEKOTOPBIC TNPHUMEPHI
BO3MOYHBIX BHJIOB, HAa TIOBEPXHOCTH CEUCHHH,
MHOTOTPAKTHOTO HOHHOTO IIOTOKAa, TJE, COOTBETCTBEHHO
j=4,]=6u]|= 2, raej — KOIUYIECTBO TPAKTOB.
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Puc. 6 Puc. 7

HauGonee mpoCTHIMH  BHIAMH  BBIIOJHCHUS
KaHaJIbHO-MHOTOTPAaKTHEIXOTpaXkaTenbHBIXRMS-[P,  mpen
JIOKEHHBIX HAMH, MOTYT OBITBOJHOOTpakaTenbHbl HRMS-
Pjc omHuM ITHHEHHBIM 3€pKaJOM H IBYOTPaKaTeIbHBIN
neieBoit MS ¢ ByMs IMHEHHBIMU 3epKaTaMH.

IMpennoxennsie Hamu MuOrotpakTHEIeRTOFMS-
Pj obnamgaroT: ¢ MIMPOKAM OuanazoHom PErHCTPUPYEMBIX
MACC;BBICOKOM TOYHOCTBIO OINpejeleHnss Macchl — < 3
PPM;  BBICOKOH  BEIHMYMHOH  COOTHOIIECHUSpA3pElIeH
ne/cebecTonMOCTh (HanpuMep, 6ojiee YeM YeTHIpE pasa Imo
CpaBHCHHIO C TpEMA TMapalyICIbHBIMUA KBaAPYIIOJbHBIMU
Macc-CIEeKTPOMETPaMH).

b) Csemocunvnas mnozocessno-kpoccosepnaaMS(MSFk)
¢ anepeourbmpayueti, 20e k>1

OcHoBHblIe focTouHCcTBA MSFK, BBIIONIHEHHBIE C
obecriedeHHeM BO3MOXHOCTH MPOIYCKaHHs MMOTOKA HOHOB
Ha BPEMSINpPOJICTHOE [CTEKTUPOBAHUWE C 3aJaHHOW WIH
perymupyemoii  o0macTbio  (BBIOOpa  DHEPrETHUECKOi
[IMPUHONW W TIOJIOKEHUSI 3TON MIMPHHBI) SHEPTETUYECKOTO
pacripefiesieHuss HOHOB B TOTOKE (3HEPTOMMIBTOPHO-,
MS-kanan):

MSFko6smagaer g0 3-x pa3s  GoJiblei
CBETOCWJIOH, YeM ero aHaJord C HOHHbIM IMOTOKOM
LEHTPaJbHO  HOMHOCBSI3aHHOWIIOBEPXHOCTBIO  CEUCHHUS
KpyrJblit (OpMBI, TpPH €ro JAWaMeTpe pPaBHBIA NIMPHHE
MHOTOCBSI3HOW MOBEPXHOCTBIO CEUEHHST HOHHOTO MOTOKA.

MSFkc asneprodubTpanueit (c auepro-dui
BTPOBOM uadparMoii B 0ONAaCTH KpPOCCOBEpPAa HOHHOTO
MOTOKA) MMO3BOJSIET CYIIECTBCHHO MMOBBICHTH €ropasper
CHHE.

HauGonpmmit  waHTepec  ams  cxemsr  TOF
MSFkmpemocTaBisier 3aBUCHMOCTH  €r0  pa3peliaromnieii
CHJIBI W TPAHCMHUCCHH/CBETOCHIIBI OT MIMPUHBI SHEPTETH
YECKOTO  pacmpereieHuss (pacrpeieieHnsl  KOJHYeCTBa
HOHOB B 3aBHCHMOCTH OT OSHEPTrHMH HOHOB, CM. puc.9)
MPOXOANICH YacTH HWOHHOTO TIaKeTa (3aIITpUXOBaHHAS
06IacTh 101 KpUBOii pactpejenenus npu Temmneparype 20°
C) u3 ucTouHmKa, Yepe3 anadparmy.

Puc. 8
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Puc. 9

Ha puc. 10, 11 u-13 mnokasaHel HEKOTOpblE CAByMEpHOMcMMMeTpHuelpacnpenenenus noms;Ha ¢ur.10 u
HOpUMEPBl  BO3MOYKHBIX BHUJOB, JIByXCBsI3aHHBIX, Ha 11 — c JOOBIM H3TpaHCAaKCHAJIBHOW M JBYMEpHOHCHMME
MOBEPXHOCTH CEYCHHHMS, HOHHOTO 1MOoTOKa.OHH MOTYT OBITH  TpHeHpacnpeneaeHHsAMH 1o ;Hadur. 12— cBpamaren bHOU
ucnonb3oBanbl B TOF MSFK. cootBerctBenno: Ha ¢ur. 10—  cuMmeTpreiil pacrpemeneHus mos.

X - 20F X 20Q i ~ 10A
; . 11A
‘ 22F 210
:w/ T 4.—"‘“"'/(
l::. .
— —_ . _..}__ . :_ - _.L_._-....F
Em_‘,f\\ 4 o e il
23F
Puc. 10 Puc. 11 Puc. 12

Ha puc. 13-15cxemarndeckuii IpeacTaBIICHEI
HekoTopele mpuMmepsl  BeimodHenus |OF  MSFK, rme
[YHKTHPHBIME JIMHUSIMH TOKa3aHbl TPAEKTOPUii HOHOB B
QHAJIM3aTOPEe, CTPEIKU HA HHX IIOKA3BIBAIOT YCPEIHCHHBIC
HaIIpaBJICHUN JBUKCHUN HOHOB.
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V1. Mapxkerunr. Pomox Exeromnoro ITorpetnenus
ITponykuun Ms

CoracHO MCCIICIOBAaHUIO KOHKYPEHTHOM Cpefbl, B
2010 rongy pBIHOK €XEroJHOro MOTPEOJICHUSI MHUPOBOI
MPOMBIIICHHOCTH AHAJIUTHYCCKUX DJICKTPOHHBIX CHCTEM
coctaBul 0kojo $40 Mapa. € pErucTpHpYEMBIM 3a
IPOILIBIE OBl POCTOM Ha 7% NI,

Ilo cBeneHusM KpynHeHUIeH HCCIIe0BaTEIbCKON
kommanun peiaka  MarketsandMarkets, psiHOK  Macc-
crekTpoMeTpuu onenuBaerca B $4,9 mapa. B 2015 roay u
nocrurner $7,3 mupa. k 2020 romy co CpeaHETOAOBBIM
TeMIoM pocTa B 8,1 %20,

C pocroMm TpebGoBaHMi 001IeCTBa K O€30MaCHOCTH,
YIy4IlICHHEM TOTPEOUTEIbCKUX KAuyecTB TOBApPOB U
MUIIEBBIX MPOAYKTOB, CIPOC HA aHAJOTMYHbIC MPUOOPHI U
obopynoBanue OyaeT HHTEHCHBHO PacTH.
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System Suitable for World Congress Discussion
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Abstract- The difficulties encountered in building an intelligent speech recognition system and
identifying various accents in speeches has been examined by this research.

The research has adopted the MFCC extraction techniques using the energy values in the
spectrogram generated by the neural algorithm. The sampling procedures ensured that 1/16000
wave amplitude of a second intervals were enough sample size for speech to be recognized.

The deep learning neural network architecture is of 5- 9-6-3 configuration coded in python
functional programming language with 250 epoch runs, while the back propagation method of
iteration is used to ensure that the errors are brought to the barest minimum, with average value
of about 0.002 Or 0.2% which is okay for training model.

The system as a whole is designed as a multiline multiplexer suitable for holding
international congress meetings.

The MFCC extraction techniques showed that the energy values can be used by the
neurons to recognize the usable pitch in a complex sound clips.
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Deep Learning Algorithm for Speech
Recognition Multiplexer System Suitable for
World Congress Discussion

J.K'Adedeji® & E.A Adenagbe’

Absiract- The difficulties encountered in building an intelligent
speech recognition system and identifying various accents in
speeches has been examined by this research.

The research has adopted the MFCC extraction
techniques using the energy values in the spectrogram
generated by the neural algorithm. The sampling procedures
ensured that 1/16000 wave amplitude of a second intervals
were enough sample size for speech to be recognized.

The deep learning neural network architecture is of 5-
9-6-3 configuration coded in python functional programming
language with 250epoch runs, while the back propagation
method of iteration is used to ensure that the errors are
brought to the barest minimum, with average value of about
0.002 Or 0.2% which is okay for training model.

The system as a whole is designed as a multiline
multiplexer suitable for holding international congress
meetings.

The MFCC extraction techniques showed that the
energy values can be used by the neurons to recognize the
usable pitch in a complex sound clips.

Keywords: deep learning, speech recognition, MFCC
extraction, FFT.

[. INTRODUCTION

he Speech recognition in recent times has proved
it's' efficacy in all our day to day activities, its'
almost invading our lives, every individual has
directly or indirectly has interaction with it. It's built into
our mobile phones, game consoles, smart watches and
all Digital Signal processing machines. It is the tool we
use to interact with robots, though it's not a new field of
endeavor, it has been around for decades, but the field
iS gaining acceptance and recognition in present times.
There is need for Engineers and Technologists to
embrace this technology for accurate Speech
recognition in certain environments. Speech recognition
accuracy lies in the bosom of deep learning, which
makes it possible to predict accurately with almost 95%
confidence when we interact with computers. This is
achieved simply in this research by feeding the sound
recording into the neural network and training it to
produce the text and the owner of the voice. The
research also intends to look into certain difficulties
encountered when designing a system that recognizes
speech since certain factors; such as the speed in

Author o e-mail: adedejikunle2@gmail.com

speeches, which determines the mode of speaking and
it varies from human to human [1], the research will try
to examine this by using some kinds of extraction and
processing techniques in addition to the deep learning
neural network. In the study conducted by Vibha Tiwari,
he examined that the property of speech signal can
change as a function of time, and he used the MFCC
extraction method to study the properties of signals
such as energy, zero crossing, and correlation [1]. In a
similar research on voice recognition algorithm using
MFCC by Lindasalwa etal, it was established that
human voice conveys much information such as
gender, emotion, and identity of the speaker, the
research then used the tool of MFCC techniques to
solve the problem of recognition which is based on
human hearing perceptions that is limited to 1kHz. The
MFCC was then used to study the variations of the
human ears' critical bandwidth [2].

[I. METHODOLOGY

The model was designed for the purpose of
recognising when a particular speaker is on board, so
that other participants in a meeting can listen to the
contributions of that particular speaker, the algorithm is
also designed to recognise the country where the
speaker is from, since each country from the meeting
has been coded with a particular frequency range which
is unique to that particular speaker. Immediately after his
or her contributions, the deep learning can now give
access to the others for their contributions, thereby
acting as a multiplexer, giving access at a time during
the speech and denying others for a while.

a) The Coding procedures

The current speaker making a speech is
recognized by the machine as having a high value which
is coded with digit 1, while as at that time the other
speeches from the prospective Speakers are regarded
as low value, with code 0, that is the speech of an
accessed Speaker is given a priority as high value, while
others are given low values and the machine will deny
them an access.

The network Architecture assumed a continuous
variable of vocabulary size.
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b) The  Soft and
Development

The soft computing aspect of the system
involves; Speech recognition algorithm, Neural network
building and integration of program segments. The
system is coded using python functional programming
language. The neural network used is a four layered
neurons with two separate hidden layers of order 9 and
6 respectively before the output. The neural training
employed is back propagation algorithm, to ensure that
errors are computed through the sigmoid functions and
brought to the barest minimum to recognize a speech.

Computing ~ Requirements

c) The Model Conception

The research tries to model a speech
recognition system using the properties of a sine wave
and the energy values relating to the amplitudes of the
wave. The system used the efficacy of Fast Fourier
transforms to obtain the Spectrogram which contains
the full sound clip. The results from the energy

equivalent E = 2AZwere introduced into the neural
network to carry out the machine learning processes in
other to give an output which is to recognise what the
speaker is trying to say and the speaker. The Speech
recognition algorithm was design using the MFCC
extraction techniques which is based on human hearing
perception. The amplitude of a wave is related to the
energy which it transports; longer wavelength means
that there is lesser energy, but the low frequency waves
have wider T (period), while the high frequency waves
have lower period, this can be viewed from the energy
wave diagram below. A wave is an energy transport
medium which transports energy along a medium
without transporting matter. The amount of energy
carried by a wave is related to the amplitude of the wave
and directly proportional to the square of amplitude, this
property has been used to generate the Spectrogram,
which shows the amount of energy absorbed and
contributed by each number in the pitch of the audio
signal recorded.

High Energy Wave

Low Energy Wave

JANVA
VARV

Figure 1: Wave Energy profile of Audio Signals

© 2018 Global Journals

d) The Coding Procedure for the Algorithm

The speech recognition system algorithm is
designed using a four layer neural network with four
input neurons and a bias which is attached to each

layer. The variable X, (size of the vocabulary) which is

divided into small words i.e. 2-100words with weight of
0.70, medium words ranging from 100-1000 words with
weight .25 and large words ranging from at least 10,000
words with weight 0.05. The un-forbidden code for
recognising a small word is (100) the small words is
coded with digit 1, while medium words and large words
are coded with O respectively for this system to
recognize the speech spoken in this research. The

variable representing the second neuron is X, (Channel

characteristics) is divided into low, medium and high
with weights 0.05, .25 and 0.70 respectively for the
neurons to recognize whether the channel is okay for the
speech to be recognized. The three input neurons

(Xp1y Xppy Xog)  Which are  the channels
characteristics, medium, and High vales of the input
X, are chosen according to the prescribed weights to

recognize and output value 1, with the patterns chosen
as; 100, or 010, for suitability for speech recognition to
be 1, for non-suitability, when the patterns are; 000 and
111 making it to be an XOR values. These required XOR
output patterns which mark the threshold value, for

recognized speech using the input neuron X, . For the

low

variable X, (the Speaking mode), his is divided into

Isolated words, connected words, and continuous
words are assigned with weights; 0.70, 0.25, and 0.05
with the suggested output digits; 100 and 110 is being
regarded as high value 1 and the patterns 001, 111,
being regarded as low value 0 or the forbidden codes
for the neurons to recognize the speech spoken.

The above outcomes are from the three inputs

neurons (Xa;, Xs,, Xg3) , Which are the speaking mode

values of the third input neurons. The forth variable X,

(the types of noise), these are measured in terms of
decibel values, the various divisions of the neurons are;
less than 10Db, medium10dB < X < 30dB, and high
values ranging>30dB. The last bias is always
assi9gned with digit value 1. The back-propagation
algorithm ensures that the input data is repeatedly
presented to the neural network in the training process.
In each presentation the output of the neural network is
compared to the desired output while the error is
computed to see whether the neurons are actually
predicting the speech. This error is then fed back to the
neural network and is used to adjust the weights such
that the error decreases with each cycle of the training
and the neural model gets closer and closer to
producing the desired output of the speech recognition.



The coding procedures as they are fed into the
algorithm can be selected according to the following

rules, X, Xoy 2y Xg 05 Xy 1 in the sequence one. It's

worth noting that the last digit in all the cases is the bias,
which is always digit 1. This is the way they have been
supplied to the code in the python deep learning
algorithm designed for this research.

e) Neural Architecture

The voice recognition system used in this
research assumes the pattern of recurrent neural
network, which conforms to the below architecture, but
in actual sense of this research, four inputs have been
used and the two separate hidden layers of the order of
nine and six neurons in the middle preceding the output.
They are many factors responsible for speech
recognition of sound wave, but the most important four
have been focused for the purpose of the research. The
fifth neurons are the bias to make it a non-linear model,
for easier recognitions speeches using the intelligent
deep learning of neuron-computing. The processing
neurons in the first and second hidden layers ensure
that the threshold energy values in the spectrum are
intelligently interpreted with accuracy in speed because
they are tightly connected for faster information delivery
to the output neurons.

For the purpose of this research, the training
algorithm has been coded in python algorithmic
language and the training was repeated with 250epoch
to minimize the errors and getting a better output, which
matched the threshold values in all the cases.

Figure 2: Network Architecture

Figure 3: Neural Activation function

The Neural network model using the XOR data
is repeatedly presented to the neural network.

At each presentation, the error between the
network inputs, the hidden layers and the desired output
were calculated, which is the threshold energy value
when it has been activated through the sigmoid
function. The computed values are then fed back to the
neural network for proper adjustments. These
sequences of events were done repeated until an
acceptable error has been reached, when the network
no longer appears to be learning, and the final output
computed.

[1I. THE SPEECH RECOGNITION PRINCIPLES

The following procedures were adopted for the
speech recognition machine to fully act as an automatic
speech recognizer; in other to fully develop an
automatic speech recognition algorithm, the first step is
to record an Audio signal from microphone, and store it
in a file, thereafter sampling is carried out to select the
portion of appreciable size, this is done using various
sampling theorem, since sound waves are recorded as
a continuous signals of varying amplitude, there is need
to convert it into a discrete time signal in other make
representation in digital form easier. The next step after
this is to carry out the Fourier Transformation (FT) and
Fast Fourier Transform (FFT), the extraction of the Audio
signal is necessary in other to obtain the energy
equivalent of the digitized signal which can be fed into
neural Algorithm for deep learning to take and speech
recognition to be achieved. These processes are
discussed as a separate segment below.

a) The Sampling Method

Sampling can be defined as the acquisition of a
continuous signal at a discreet time interval, since
sound signal travel as waves an in one-dimensional
plane. At every moment in time, they have a single value
based on the height of the wave. For the purpose of this
research a complex Audio signal of sampling size of
44 100Hz is assumed. The ideal sampling function

or(t) is a train of unit impulses defined as;
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o;(t) = Zé‘(t—nT), where T is the sampling
N=—00

interval. A typical sound waves recorded can be viewed

to have a complex structure like figure 1, but it involves

thousands of wave forms, because of this, there is need

to convert this to discreet time signal and convert it into

numbers and bits to make easier for representation, this

can be viewed in the figures 2 and 3 below. In this
research, for speech recognition, a sampling rate of 16
kHz (16,000 samples per second) is enough to cover the
frequency range of human speech in other to completely
design an automatic speech recognition system.

Sampled segment of the Speech
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Figure 4: Sampled Audio Clip and Discreet sample

In other to turn this signal into numbers, there is
need to record the maximum displacement at equally
spaced points through the sampling process, which is
shown in the figure 4.

By taking the a reading thousands of times a
second and recording a number of the sound wave at
that point in time, as in this research where a sampling
size of 16000 samples per second enabled the machine
to fully recognize the speech. To correct the errors in
gaps, the research used NYQUIST theorem, which
made it possible to perfectly reconstruct the original
sound waves from the spaced out samples, as long as

the Nyquist requirements are met; W, = 2W, .. .

After the sampling, there is need to carry out
some processing on Audio data by grouping the
sampled Audio into 20 milliseconds long, this makes
extraction easier on sample.

© 2018 Global Journals

b) Characterisation of Audio Signals using Fourier
Transform Techniques

The principles employed in this research
involves converting the time domain signals into the
frequency domain, and understanding its' frequency
components using the mathematical tool of Fourier
transform. This is important because it gives a lot of
information about the sound signal in question.

This is the most powerful mathematical tool
invented to characterise signals through transformation
from time domain to frequency domain. The FFT has
been used effectively by [4], [6] to recognise the voice
of some physically challenged people who can only use
their voices to register and attend examination. It was
used to analyse spectrum to continuous signals where it
was discovered that it was the faster mathematical
method that eliminates redundancy in terms of signals
which do not contain needed information. If given N
sample size in time domain, and it is required to operate
this in frequency domain; to convert each frame of N
samples from time domain into frequency domain. The
Fourier Transform is to convert the convolution of the
glottal pulse U[n] and the vocal tract impulse response
H[n] in the time domain. The mathematical
representation of this statement can be expressed by
the equation below:

Y(w) = FET[h(t)* X (t)]- H (w)* X(w),

The mathematical complexities of this principles
have been taken care of using commands in the python
libraries of version 27X

If X (w), H (w) and Y (w) are the Fourier
Transform of X (1), H (t) and
Y (t) respectively [2].



c) Extraction Method For The Audio Signals

This is the most useful tool when it comes to
building a speech recognition system,; it finds a useful
application in converting our signals from the time
domain to frequency domain. Since the signal must be
converted into usable forms of features vector, which
includes extraction techniques such as; MFCC, PLP,
PLP-RASTA etc. The Mel Frequency Ceptral Coefficient
is a powerful tool that has been used by many
researchers to extract unique features of human voice. It
is based on linear cosine transform of the log power
spectrum on the non-linear Mel frequency scale,
because of the equally spaced of the frequency band
which make it possible to approximate human voice; it is
useful in carrying out extraction of unique features[1],

[3]. The expression m= 2595log,,(1+ ﬁ) is used

to convert the normal frequency f to the Mel scale m.
The advantage of the MFCC is that it relates to the
energy absorbed in terms velocity and acceleration of
the speech [2], [4].

The extraction process can be viewed as the
means of separating the complex sound wave into its'
components parts, since some of the notes are low
pitched, next lower pitched and so on. The procedures
of mathematical tool used are the efficacy of Fourier
transform which breaks apart the complex sound wave
into simpler forms making it up. By this method it is
easier to measure the energy value of each pitch of
frequency band.

It is not easy to recognise a complex sound
wave by the neural network, but these difficulties can be
overcome by breaking it down into components parts
making it up in other to obtain the equivalent energy
relating to the pitch of frequency band.

[V. RESULTS AND DISCUSSION

a) Analysis of Visualizing the Audio Signal

The speech recognition analysis actually started
from the recording of the Audio signal through a
microphone as input the device; thereafter the recorded
Audio signal is stored in a wave file. The processes of
sampling commences as it has been described in the
previous segment of this research, the python 2.7X was
used to carry out the sampling at certain frequency and
conversion into discreet form to obtain the numerical
values using the following line of commands;

import numpy as np
import matplotlib.pyplot as pit
from scipy.io import wavfile

The above command lines read from the file
while the path is provided by the using the command,
frequency sampling, audio signal = wavifile. read
("hello.wav'), this will return two values that's the
sampling frequency and the Audio values.

It is important to display the parameters like
sampling frequency of the audio signal, data type of
signal and its duration, by using the commands;

print(\nSignal shape:, audio_signal.shape)
print('Signal Datatype:', audio_signal.diype)
print(Signal duration.', round(audio_signal.shape[0] /
float(frequency sampling), 2), 'seconds), with these the
normalisation of the signal can be done easily by
invoking the command; audio signal = audio signal /
np.power(2, 15). In this research for simplicity, the first
100 values were extracted to visualise the signal using
the commands; audio_signal = audio signal [:100]
lime_axis = 1000 * np.arange(0, len(audio_signal), 1) /
float(frequency sampling
plt.figure()
plt.plot(x_axis, signal_power, color='black)
plt.xlabel(Frequency (kHz)!)
plt.ylabel('Signal power (dB)))
plt.show()

This can be seen in the figure5. This is the an

output graph and data extracted for the above audio
signal as shown in the image here

Input audio signal
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Figure 5: The Extracted Audio Signal

There is need to characterize these signals,
characterizing an audio signal involves converting the
time domain signal into frequency domain, and
understanding its frequency components, by. This is an
important step because it gives a lot of information
about the signal. You can use a mathematical tool like
Fourier Transform to perform this transformation. The
processes of transformation using python 2.7X is
achieved by invoking the following command lines;
import numpy as np
import matplotlib.pyplot as plt
from scipy.io import wavfile

from python speech_features import mfcc, logfbank
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frequency sampling,
("hello.wav")

print(\nSignal shape', audio _signal.shape)
print(Signal Datatype:', audio_signal.diype)
print('Signal duration.', round(audio_signal.shape[0] /
float(frequency sampling), 2), 'seconds')
#normalization of audio

audio_signal = wavfile. Read

audio_signal = audio_signal / np.power(2, 15)
audio_signal = audio_signal [:100]

time_axis = 1000 * np.arange(0, len(audio_signal), 1) /
float (frequency sampling

The output of the transformation can be seen in
the figure 6, in terms of the signal power on the
frequency
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Figure 6: The Fourier Transformation Extraction

b) Features Extraction from Speech Analysis

This is the most important step in building a
speech recognizer because after converting the speech
signal into the frequency domain, the signals must
convert it into the usable form of feature vector. We can
use different feature extraction techniques like MFCC,
PLP, and PLP-RASTA etc. for this purpose this research
MFCC method has been adopted for the extraction
using the following line of command;

import numpy as np

import matplotlib.pyplot as plt

from scipy.io import wavfile

from python speech_features import mfcc, logfbank
frequency _sampling, audio _signal =
("hello.wav")

print(\nSignal shape:, audio_signal.shape)
print('Signal Datatype:', audio_signal.dtype)
print('Signal duration.', round(audio_signal.shape[0] /
float(frequency sampling), 2), 'seconds')
#normalization of audio.

In other to display the MFCC values in terms of
the energy absorbed by each frequency band in the
spectrogram, there is need to invoke the following lines
of command;

plt. matshow (filterbank_features)
plt. Title (Filter bank)
plt. Show ()

wavfile. read

© 2018 Global Journals

This is displayed having two different platforms;
Figureb for MFCC and Figure 5a for Filter Bank.
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Fostering Residential Demand Response
through Developing Proactive and Elastic
Demand Approaches. An Overview DR

Muhammad Hussain®, Yan Gao° & Zhihong Xu®

Absiract- Demand response (DR) is one of the major
stakeholders in the smart grid and has been used as an
energy reconciler between supply and demand. After a
literature overview, the importance of the paper is enhanced
by having a theoretical and behavioral-based analysis of DR in
power systems. In this work, the potential factors that influence
more DR among customers and the residential market as a
whole, have been discussed. The customers’ elastic demand
approach can pave the way for adapting a responsive
demand mechanism that ensures the system reliability and
cost effective measures. Alternatively, this approach can make
the program more effective and supportive in serving the
social welfare as whole.

Keywords: demand response, demand elasticity, price-
based demand response, incentive-based response,
customer behavior.

I. INTRODUCTION

he electricity management from production to
transmission pose a permanent challenge for

smart grid and power tilities. The increasing
power demand with limited power amount puts pressure
on power system, especially when it comes to widening
peak-valley. With the development of information and
communication technologies, demand side
management (DSM) has become an important way
improving the reliability of power systems by interacting
both supply and demand [1]. The smart grid technology
has made it possible to limit the customers’ role in
receiving the data and load rate through application of
smart appliances at both demand and supply side.
However, since DR provides an opportunity for the
customers to regulate the real time grid conditions, the
customers also deserve some of the benefits for their
participation [2].The customers have two options in
performing energy consumption, whether to participate
voluntarily or for utility satisfaction. In this case, the
volunteers forego their satisfaction over system reliability
but the utility satisfaction will count when the total
benefits, received by the customers, are more than
comfort deviation (loss of satisfaction) due to peak
reduction. The potential of DR further ensures the
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and Technology, Shanghai 200093, China.

e-mails: mh.usst@yahoo.com, gaoyan@usst.edu.cn

Author p: Public teaching department, Rizhao Polytechnic, Rizhao
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benefits for both entities (customers and suppliers) by
focusing on consumption and supply pattern. Home
energy management systems can play an important role
in residential energy usage and home appliance
technology coupled with rising populations. According
to the World Business Council for Sustainable
Development, approximately 40% of global energy
consumption and 30% of carbon footprint are
attributable to residential and commercial buildings [3].
This will likely lead to frequent blackouts and power
curtailment during peak periods as well as rises in
electricity prices.

The Demand Response (DR) is one of the
potential solutions under smart energy management
schemes that create a balanced manner between
consumption and supply. According to the U.S.
Department of Energy (DOE), demand response is a
program established to incentivize the customers to
change their normal consumption in response to
changes in the electricity prices or when there is an
emergency situation in the system [4]. The program
further classifies into price-based DR (PBDR) and
incentive-based DR (IBDR) [5]. In PBDR, customers
reduce their normal consumption for price rise signals or
emergency situations [6] [7]. The PBDR programs
including real time (RTP) and time of use (TOU) energy
pricing, which reduce power consumption during peak
periods by utilizing peak and off-peak price differentials.
IBDR refers to customers receiving financial benefits
from reducing electricity consumption during the time,
when the system experiences stress while providing
additional power demand [4].

An important factor in the design of DR program
understands how demand changes in response to
incentives or tariff changes, which in economic terms is
called the elasticity. Before the deregulation of the
electricity network, elasticity was mainly used as a tool
to understand customer load consumption and load
forecast analysis [6]. In today’s power market, elasticity
is a powerful tool that is used to design demand
response programs, especially for small customers.

DR programs that blend together customer
education initiatives, enabling technology investments,
dynamic pricing and customer behavior can achieve
demand impacts that can alleviate the pressure on the
power system. The objective of this paper is to foster the
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DR by active participation of demand side sources. As
consumers become more aware of daily price
fluctuations and respond through load curbing and shift
to non-peak times (i.e. doing laundry at night). It has
been witnessed in the literature that there are some
cases where the immediate price signals and incentives
are not available by communication infrastructure
limitations. However, the rapid penetration of the smart
metering systems has enabled real-time monitoring of
the electricity consumption in the households. For
instance, in Finland more than 80% of the households
are equipped with smart metering technology capable
of measuring the accumulated electricity consumption
for each hour of the day. Thus, the dynamic pricing is
technologically possible and such products are
expected to appear to the market.

The potential of dynamic pricing has been
discussed in [7] and customers prefer incentive-based
DR to compensate financially against peak reduction.
The customer elasticity of incentive-based DR has been
discussed in the study [8] where the load is divided into
two categories, flexible and non-flexible, in order to
integrate the actual responsiveness of incentives. But
the consumption patterns in response to price changes
are entirely varying with time and scale. Here the paper
needs to include the PBDR along with IBDR and is
because end-user behavior needs two things, reward on
peak saving and punishment on over consumption. The
paper [9] has discussed about the distinction between
IBDR and PBDR and used IBDR as a useful program
that further prefer IBDR as customer friendly and
motivated program but the general acceptance or
rejection of program is always based on proactive
behavior. It's because, customers are of two types; risk
aversive and risk taker, the moment every individual
behaves according to his/her possibility or time space.
Similarly, in [10] suggest that people subject to
punishment are more anxious and less satisfied to
respond the PBDR and secondly people are more likely
to accept the IBDR on their following peak shaving.

This paper focuses on ways and sources to
foster residential DR by having a thorough study of
related literature. In the current literature, there more has
been discussed about the price and income elasticity
and its estimation with consideration of DR but still such
factors and sources that make DR more effective and
successful among the residential customers have not
been discussed thoroughly. In this work, a theoretical
background has been driven and proposed a schematic
modification of DR on the base of demand side
management and some consumer behavioral capacities
have been driven that play more potentially.

[I. OVERVIEW OF DR AT HOUSEHOLD LEVEL

Demand response (DR) refers to the
responsiveness of the customer’s normal consumption

© 2018 Global Journals

patterns in response to changes in the price of electricity
over a specific time interval [11]. DR facilitates the
reduction of power consumption and conserve the
energy. In addition, it maximizes the capacity utilization
of distribution system by reducing or eliminating the
need to build new lines and power infrastructure. DR
includes all intentional electricity = consumption
modifications by end-use customers that are intended to
alter the timing, level of instantaneous demand, or total
electricity consumption [12].

DR programs can roughly be classified into the
following main categories according to the party that
initiates the demand reduction action:

a) Price-Based Demand Response (PBDR)

The price based DR program depicts the actual
cost for the electricity from production to the distribution
in a system. In PBDR, consumers are granted time
varying prices that are defined based on the electricity
cost in different time periods [5]. The utilities are
charged different prices according to end-user
consumption behavior. The time-of-use scheme is split
into two periods of peak and off-peak with high and low
rates, respectively. The dynamic tariff rates motivate
customers in reducing electricity consumption and
shifting load from peak to off-peak in order to balance
between supply and demand. The program further
contains a real-time price (RTP) and time-of-use (TOU)
scheme that reflect the marginal value of continuous
electricity according to real-time power supply and the
price charges on time. Prices are not predetermined but
are subject to hourly changes.

Price-based (DR) can change the consumption
pattern of the customers by price leverage in the power
market. The analysis of the regular pattern between
customer's power consumption and changing prices is
important in the research of DR, which will affect the
price setting in power market and the economic benefit
of market bodies. Price elasticity of demand is a
common measure used in economics to analyze the
responsiveness of the quantity demanded of a good or
service to a change in its price.

b) Incentive-Based Demand Response (IBDR)
Incentive-based (DR) schemes, incentive
payments are paid to customers against the reduction
of power when the system gets jeopardized or stressed
[13]. In this program a set of demand reduction signals
are issued by utility companies or the DR aggregators to
the customers in the form of voluntary demand
reduction requests or mandatory commands. Under the
program utility providers can manage to supervise the
demand side through direct controlling of the
appliances or interrupting loads at certain space of time.

c) Communication-Based Demand Response (CBDR)
In this type of DR program smart technologies

are commonly used in the residential areas and are

connected with some local area networks (LAN) that



enable the utilities to receive and update the electricity
consumption data from customer side. One of the most
advanced communication tool is advanced metering
infrastructure (AMI) that measure hourly usage data and
signal further to the provider in real time [14]. There are
certain cases in the residential sector that power bills
often arrive at month’s end with only an aggregate
usage number, which makes tracking energy usage
difficult for consumers. This is why, the lack of smart
technology can create information vacuum between
demand and supply that further affects more power
outages and line losses in power system [15].

d) Rate-Based Demand Response (RBDR)

The rates are predetermined and charged
dynamically based on various times of the
day/week/year and the available reserve margin.
Customers are informed before going to use and
inserting appliances. The customers would pay the
highest prices for peak hours and lowest prices for off-
peak hours. The customer would respond voluntarily to
the changes in the electricity prices.

e) Demand reduction bids

DR enables customers to manage the
consumption pattern by scheduling appliances from
peak to off-peak interval and share the saving amount of
energy in trading market with demand aggregator. The
bids would normally include the available demand

IEDR
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Proactive
Elastic
Approach
CHR
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\ Behavior
Educating
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reduction capacity and the price asked for. This
program encourages mainly large customers to provide
load reductions at prices that are convenient and
adjustable [16].

f)  Educating & trained customers

The installation of smart meters and
technologies are not sufficient to make the customers
educated about how and when to use these programs
and take price response. For longer term, the market
reforms and customer awareness about the pros and
cons of DR program, customer interaction with smart
applications will automatically make them alert in
response at price increases. The communication
infrastructure and smart meters are the essentials to
facilitate about price response and demand response
capabilities. Every user undertakes different measures
under certain parameters, like economic benefits, utility
satisfaction, less outages and system reliability. For
making system reliable and efficient, customers need to
be educated before implementing any pricing or
technical policy in a power system. The general
awareness among the end-users improve their
knowledge about DR program and its acceptability at
homes. This is the reason that households may perceive
dynamic pricing as complex and not giving importance
to personal preferences, because individual behavior
shapes household consumption [17].

Decision IR

E Action

Figure 1. Proposed & schematic progression of DR in residential users.
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[11. CONTRIBUTION AND FUTURE
[MPLICATIONS

This study has been carried out with the
underline scheme of residential demand behavior by
considering a social welfare DR. In this work, focus is on
consumers’ preferences, motivations, benefits and
system reliability under dynamic pricing mechanism. In
Fig.1, effort has been made to capture the origin of DR
from the beginning of household end-users. There are
different types of DR programs that have been
discussed in the literature, mainly referred as price-
based demand response (PBDR) and incentive-based
demand response (IBDR), respectively. Less focus has
been put on measures and sources that instill the DR
smoothly among the household end-users. The order
and organization of factors motivating DR among the
users have been highlighted that bring changes in
consumption behavior of household. The study tried to
capture different aspects linked to DR and likewise, the
intrinsic link of DR with individual or social terms has
also been discussed. More specifically, the purpose of
this study is to obtain a wider understanding of the
consumers preferences, and consumption behavior
related to demand response with the following
objectives, a) to draw a literature overview of DR
program in respective of residential power scheduling;
b) to educate each and every household understanding
the DR by organizing conferences or door to door
campaigns; c) to explore the factors that foster DR
program among users and their motivation for taking
part in DR; d) to obtain better understanding of
parameters that could influence  households’
preferences between personal desires/satisfaction and
voluntarism and being flexible in the electricity usage;
and, e) at what extent DR contributes to the customers
welfare.

This work can be improved by integrating social
parameters along with customers’ preferences for
making DR a willing priority for every customer.

[V. THEORETICAL BACKGROUND AND
FOSTERING THE PROGRAM

Demand response programs that blend
together customer education, enabling technology, and
carefully designed dynamic rates can achieve demand
impacts that can alleviate the system.

In this part of this paper, we thoroughly discuss
and analyze the demand side factors that, by large, give
an instrumental shift in consumer consumption pattern.
We further, characterize our discussion of elastic
demand, price and customer's elastic behavior
approach in our next sections.

a) Definition and attributes of proactive and elastic
steps in demand response

Despite the important role of elasticity in most

kinds of DR designs, there are very few studies in the
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literature that shed a theoretical overview of DR. A
thorough study is taken about the factors that promote
and excel the DR program among the customers.

i. Elasticity of demand

An important factor in the design of demand
response programs is understanding how demand
changes in response to incentives or price changes,
which in economic terms is called the elasticity. It was
not so quick and smart communication, between end-
user and utility, in the regulatory and traditional system
[6]. In today’s power market, elasticity is a powerful tool
that can be used to design demand response
programs, especially for small customers. In smart grid
system, having use of DR programs, it is easy to check
the customer’s interaction level with utility prices through
the demand elasticity. It has been discussed in both,
IBDR and PBDR about the responsiveness of customers
on following changes in price and given incentives. Both
of programs, IBDR and PBDR, are recognized as
simulators that instill the responsiveness or elasticity
among the users on price signals [18][19].

ii. Elastic and smart communication infrastructure

The two-way communication enables customer
to receive price signals at every level of time. In return,
household individuals set their appliances by taking DR
measures against changes in prices and incentives
provided by utilities. The combination of dynamic prices
with enablingtechnologies presents the most effective
measure reducing the electricity consumption during
peak hours [20]. With advanced metering infrastructure
and communication, there are several benefits to
aggregating the response of small residential loads;
they can potentially provide more reliable response
compared to a small number of large loads; the smaller
residential loads may be able to provide a more
continuous response than large loads [21].

Customers are equipped with smart meters and
communication that can measure consumption at every
interval of time and let customers know the price
change. In most cases, residential customers have
installed AMI by utility providers to take quick and
countermeasure against price changes [22]. A recent
study, customers are equipped with the device able to
reduce their energy consumption by 6.5% compared to
a statistically balanced control group that did not have
the device.

iii. Elastic consumption behavior and voluntarism

In this part, the residential household reacts to
the price changes with different level and quantity. If we
talk about the DRM, there are numerous factors involved
that influence customer’s attitude towards a certain plan
of action. But, somehow the economic factor has more
effective involvement with consideration of dynamic
prices and other financial incentives on consumption. In
traditional power grids, customers are charged with



predetermined and predefined rates at each
consumption period that result the customers remain
reluctant while participating into smart grid operation.
Usually, customer reluctance with DR is not by the
customer consumption pattern or behavior but because
of other factors like, customers Iliving standard,
demographical changes and by other alternative energy
sources. The customer participating in the DR program
generally categorize into two different levels; the
customer taking risk is not usually sensitive or elastic on
peak price changes but those who are active and have
elastic behavior response the following changes and
receiving incentives. Likewise, the customers who have

knowledge about environment can have the power
shifting passion to the green energy or off-peak time
interval. Fig. 2 shows the different reactions of
customers on elasticities. Consumer’'s response at
dynamic pricing and other incentives is only possible by
deregulated and technology installed market. [23].
However, it depends on consumer behavior that,
sometimes, prefer energy conservation over individual
satisfaction and willing to accept discomfort against
given incentive or reward [24]. Sometimes, customers
prefer social benefits over individual comfort and
voluntarily participate in DR program.

A

Figure 2: Customers consumption behavior at different price and time intervals. Adopted from
(KIRSCHEN et al) [18].

iv. Elastic financial rewards or
consumption pattern

The residential DR remains active as customers

are convinced with greater availability of incentives to
reduce peak demand that, as a result improve system
reliability. It has been witnessed in [10] [25], that the
customers subject to penalties are more anxious, less
satisfied and less likely to respond, similarly on the other
hand, customers are frankly to accept incentives than
penalty of higher costs. More often, end-users maintain
using the electricity until their marginal benefit is equal to
the price paid. By using demand response
management, that rely on dynamic pricing and
incentives, as the main objective for altering electricity
usage by shifting or directly control the load. Though,
using prices to control demand is economically efficient
as both the consumer and the utility benefits. It creates
incentives for consumers to engage in energy
conservation and efficiency and increases the options
available to the utility provider to maintain security of the

penalties on

supply network [26]. Incentives and penalties have the
equal and far lasting impact over consumption pattern,
in the sense that small customers are usually risk averse
and prefer incentives over penalties. Similarly, there are
small customers that are risk taker and manage the
consumption accordingly.

V. FOSTERING DR AND SOCIAL
CONTRIBUTION

Demand response program can be considered
as a subset of customer consumption behavior and
smart communication infrastructure that work together
for the smart grid. The real time pricing signals and
demand levels are transmitted through the smart
communication and customers are notified with relevant
penalties and incentives at the same time. Fig. 3 shows
the measures that enhance the DR smoothly among
residential households.
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Figure 3: DR structure and social contribution.

a) Economic DR

The electricity consumption remains different
among different customers, the reason is income
elasticity of demand and general consumption behavior.
In an elastic situation, customers actively participate in
the demand response by acquiring financial and
technical opportunities at home by suppliers [27]. End-
use customers participate in these DR programs by
using either distributed generators or energy
management strategies to reduce the load in response
to price signal from energy provider. The customers are
notified about the varying prices by home displays at
each interval of time to set the residential load
economically and technically equal. For instance, the
real-time price (RTP) and time-of use price (TOU) are
the basic pricing mechanism that substantially create an
economical DR environment among the customers.
Economic DR participates in energy markets not only
during emergencies but any time spot energy prices
become high. This can make electricity markets more
competitive and efficient by increasing the elasticity of
demand. Allowing DR resources to compete against
generating capacity also limits supplier market power.
This can impact on mitigating peak prices and reducing
price volatility [28].

The induction of DR into regulated and
constrained electricity market can have potential for
lowering the peak costs and have supervise over market
power generators. Furthermore, it can increase the long
run energy efficiency and system reliability by reducing
peak and conserving energy. It has been witnessed in
the literature that the monetary benefits are the sole
motivation for users to participate in the program
[29][30].

b) Environmental DR
Conventional power plants do not maintain the
quantity demand and supply efficiently; when end-use

© 2018 Global Journals
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customers demand increase, more power plants are
constructed to meet the additional demand. Similarly,
new technologies are used for generating power during
peak time that, on the other hand, pose some harmful
environmental impacts. The additional generation of
electricity from fossil fuel in power plants releases
several contaminants, such as SO2, NOx and CO2 into
the atmosphere [31]. The demand side management
empower the customer at making decisions that
indirectly increases the system reliability, decreases cost
and emission reduction and creating some revenue
benefits the households.

There are two approaches to protect the
environment. The use of emission free renewable energy
and nuclear reactors is the first approach focusing on
diversification of energy supply. The second is focusing
on the demand side conservation of energy, by using
energy efficient buildings and appliances. From
generation perspectives, many energy policies have
been initiated to encourage people to use renewable
energy at micro level. Also there is encouragement to
use large scale renewable energy mainly onshore and
offshore wind turbines and photovoltaic farms.

c) Social welfare DR

Demand response (DR) refers to the dynamic
demand  mechanisms to  manage  customer
consumption of electricity in response to supply
conditions, in one of the most important function of
smart grid [32]. In the smart grid, it is possible to realize
the customer’s active participation into demand side
management (DSM) that further improve the
functionality of DR among the households. The
customer participatory DR is based on the combination
of social welfare and system reliability, for instance, the
maximization of the distributed generation consumption
or the power limitation [33]. Similarly, the active DR in a
household contains numerous advantages such as



reduction of electricity bills, peak load reductions and
rationality with energy consumption. At result, customers
have opportunity to bid the shaved load into the market
when the prices exceed the customer’s bid. As many
incentives are offered in curtailment of power and
organizing the appliances at peak intervals.

d) Systemn reliability DR

Demand response (DR) program have been
designed and developed for households’ optimum
satisfaction from utilization in power market. The
program further motivates customers on peak shaving
and valley filling in order to keep a balance between
supply and demand in normal situation and in
emergency time. It is associated with the short-term
changes targeted for the critical hours when demand is
high or reserve margin is low. In the short-term period,
DR can improve the reliability of the power system and
provide potential benefits for both the utility and the
customers. On peak time, the program can reduce the
power by scheduling the appliances from peak to off-
peak and therefore postpone the construction and
investments for the new power plants.

Previous studies have also identified the
importance  of induction of advance metering
infrastructure (AMI) and building automation controls for
enabling DR and energy efficiency [34]. In some cases,
customers can not participate in these DR programs by
using either distributed generators or energy
management control strategies to reduce their load in
response to a price or emergency signal utility [27].
However, the DR program connects users with smart
and secure infrastructure to keep them up-to-date about
consumptions, prices and the peak mode for grid
safety.

e) Renewable energy sources (RES)

The smart grid has enabled the demand
response as tool to adapt low electricity consumption
pattern by customers from having low-electricity price
during off-peak interval. Moreover, DR provides other
potential advantages such as building self-electricity
generators, lower volatilities in  market prices,
constructing renewable energy sources as alternative or
stand-by generators and providing system reliability.
The renewable sources have been preferred to adapt at
emergency or peak hours to attain comfort level and
reduce further demand at peak hours. In this context,
33% of the energy will be integrated from renewable
energy sources in the United States by 2020 [35].

VI. CONCLUSIONS

The combination of advanced communication
infrastructure and dynamic prices are considered the
most effective program for reducing electricity demand
during peak hours. Customers and utility providers are
connected with smart meters by signaling price and

demand updates at each time intervals. On the base of
customer’s consumption pattern, the utilities are entitled
to set the price and incentives for reducing peak
demand. Similarly, incentives and price-based demand
response are used as tool for inducing customers on
peak shaving and contributing system with renewable
sources. But it depends on the consumer behavior
whether to achieve the limited satisfaction or act
voluntarily for social benefits (e.g., by selecting
voluntarism or self-satisfaction options for longer
purpose). For that, households need to go through a
learning experience, activating the behavioral changes
in interaction with the DR program, continuing the newly
acquired behavior. Many different factors besides the
prices, incentives and penalties, play an important role
in this process: a) to educate each and every household
about the importance of DR by organizing conferences
or door to door campaigns; b) there is need to develop
an elastic demand approach that could react to price
changes by utilities. In order to make DR effective,
elastic demand approaches through the application of
information and communication technology (ICT),
consumption pattern, rewards and penalties are
recommended for residential customers. More research
on elastic demand approach through empowerment of
ICT, educating consumer and integrating demand side
sources is thus needed.
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Vibrational Properties of Disorder Silicene

Md Shamim Mia

Abstract- A large amount of work has been devoted to the
calculation of the phonon density of states (PDOSs) in
disordered systems. However, very little is known about the
actual nature of phonon states. By analogy with the
corresponding problem of electrons in disordered systems,
one expect that for strong disorde, phonon states will be
localized excitations in the Anderson sense. Phonon
localization in one-dimensional solids has been considered by
Ishii and Jackle. Numerical studies has been considered by
Nagel, Rahman, and Grest, for Lenrand-Jones glasses The
glasses were prepared by means of molecular dynamics
simulations of rapid cooling from the liquid state. One a glass
was formed, the normal modes of vibration were studied
numerically. It was found that above a certain frequency the
modes were localized, as expected from the general ideas of
Anderson localization. The structural and vibrational properties
of two-dimensional hexagonal silicon (silicene) are
investigated by means of first-principles calculations. It is
predicted that the silicene structure with a small buckling of
0.44 A (0.7 A) and bond lengths of 2.28 A (2.44 A) is
energetically the most favourable, and it does not exhibit
imaginary phonon mode. The calculated non-resonance
Raman spectra of silicene are characterized by a main peak at
about 575 [cm] ~ (-1), namely the G-like peak but this can’t
analysis a disordered system with defects which the main
concern of our work. We have studied a new numerical
simulating method to calculate phonon density of states
(PDOSs) for dis-ordered silicene .The purpose of this thesis
paper is to describe this method to find the phonon density of
states for dis-ordered silicene. We have calculated the atomic
defect’s effect on phonon density of states for different
number of atoms. In this paper we studied for 1000, 2000 and
3000 atoms with 5%, 10% and 15% defects.

Keywords: phonon density of state; defects;, raman
spectrum; lattice structure;brillouin zone.

[. INTRODUCTION

he field of nanomaterials has become one of the
Tmost quickly growing areas in science due to the

unique properties and potential applications of
these materials in electronics, medicine, consumer
goods, defence, amongst others. Nanomaterials come
in different shapes including zero-dimensional (0D),
one-dimensional (1D) and two-dimensional (2D) forms.
They are classified by having at least one of their
dimensions less than 100 nm in size. The class of 2D
nanomaterials are characterised by large lateral
dimensions and small thicknesses of the order of less
than, typically, several nanometres. They are often
referred to as Nano sheets and can be considered akin

Author: Faculty of Electrical Engineering and Information Technology,
Otto von Guericke University, Magdeburg, Germany.
e-mail: md.mia@st.ovgu.de

to extremely thin sheets of paper. A wide variety of
materials can be grown as 2D nanomaterials and can
be composed of one or multiple elements. The
elemental 2D nanomaterials usually have names ending
in ‘ene’, namely silicene. Silicene is a crystalline two-
dimensional (2D) nanomaterial composed entirely of
silicon (Si) atoms. The atoms in this single layer are
arranged in a hexagonal honeycomb structure which,
when viewed from the side, are buckled [1].

o fg-0g-0g -0y 0g-0p-0

Top Site (T) Valey Site (V)

Bridge Site (B

Hollow Site (H)

Figure 1: A (4 x 4) super cell of hexagonal buckled
silicene structure

In fact, in view of the unique electronic
properties found for the widest studied 2D material,
graphene, researchers are looking for similar or even
better properties in other layered materials, which could
be eventually integrated into the current Nano
electronics technology. Silicon is nowadays the most
important  semiconducting element used in this
technology. Thus, the idea of having the silicon
counterpart of graphene (silicene), is at the same time
fascinating from the physical point of view, but also very
attractive by virtue its possible integration into Nano
electronics devices.

a) Objectives

We use force vibrational method for numerical
analysis induced by Williams and Marris [121.s] and it is
applicable for any disordered 2D material systems. We
can apply this method as the field of

» Alarge complex disordered system.
» Inlow frequency regime we can calculate the DOS.
The main objectives of our thesis are:

» Develop a model based on FV method to determine
vibrational properties of disordered silicene.

» To determine the Phonon Density of States (PDOS)
of silicene.
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b) Geometrical Structure
Silicon is the most commonly used material in
the semiconductor industry and is made of sp3-

hybridized silicon (Si) atoms adopting the three

dimensional diamond structure (figure 2.1(a)).

(d)

(a) (b)

freestanding silicene

diamond-structured silicon
Si(111) in-plane

@
J} lattice constant
3.84

A
bond length @

235A

disilene

Si=Ssi
Mes: e.g. mesityl

(2.4 B-trimethylphenyl)
Si-Si: 2.14~2.16 A

(@]
lattice constant
/" 3855A

_~Mes bond length
~Mes 224 A

Figure 2: Structures and structural parameters of (a) diamond- structured silicon, (b) graphene (c) disilene [5], and
(d) hypothetical, freestanding silicene [9]. In the insets, the sp?andsp? type of hybridization are sketch.

c) Lattice Structure

The lattice vectors of the hexagonal lattice with respect to the frame of reference used in the software

Quantum Espresso are as follows: [16]

Figure 3. Lattice structure of silicene

—>1=a'~' (1)
i =21+ @)

The distance of this buckling parameter (Az) is
often given as 0.44 °A. [17] While silicene may seem
three-dimensional due to the buckling parameter, it is
more like a pseudo two-dimensional structure. The
structure is actually two-dimensional except for that
buckling parameter. Vector a; is only present for
calculation reasons in the case of the two-dimensional
structures. The buckling amount will be verified in the
calculations section. Notice the buckling amount will
vary when introduced into the bilayer and super lattice
structure. But the buckling amount of stand-alone
silicene will be verified so that Quantum Espresso can
be proven effective.

d) Band Structure

Once the lattice structure is determined, the
next step is to determine the band diagrams of these
silicene-graphene composites. To accomplish that one

© 2018 Global Journals

needs to construct the Brillouin zone of this hexagonal
lattice. The Brillouin zone has some symmetry points
that will be used to plot the band structure. The
equations for the reciprocal vectors as well as the
equations for the points in the Brillouin zone used to plot
the band structure are,

by = = (V3kx + ky) (4)
av3

b, = —rky (5)

b; = 2mkz (6)
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Figure 4: The Brillouin zone of silicene

The high symmetry points in the Brillouin zone
will be written in this frame of reference. The units of %"

are pulled out to the front.Brillouin zone of the two
materials will be the same.

Figure 5: DFT band structure of silicene.

e) Phonons

Silicene has a flexural mode, as does graphene.
However, because of the symmetry reduction due to the
buckling, this mode for silicene has both a z and a xy
component.

8]
Wave number (cm )

r K M T
Figure 6: Phonon spectrum for silicene

) Defects

When silicene-based materials have been
fabricated experimentally, they will have some vacancy
and atoms-vacancy defects [27]. Vacancies have a
striking effect on the electronic structure. In particular, it
is well known that vacancies induce localized states with
associated resonant peaks at the Dirac point, and that
state in the vicinity of the Dirac point has an enhanced

tendency for localization, as revealed by an
enhancement of the electronic inverse participation ratio
[28].Variety of defects can exist in silicene and the
impact on certain physical properties.

Single vacancies [33] and di-vacancies induce
small gaps in silicene. Si atoms induce long-range spin
polarization and a band gap, thus achieving an all-
silicon magnetic semiconductor. Small defects were
found to have a tendency to coalescence forming highly
stable vacancy clusters [34].Stone-Wales defect is a
topological defect formed by the 90° rotation of a dimer
bond which results in four hexagons turning into two
pairs of pentagon-heptagon rings.

(a) (b)

€« o€ » o PQ
Figure 7: Representation of a stone-wales defect in

silicene.

In particular, it was found that the formation
energy and kinetic barrier are lower in silicene than in
graphene. A band gap of 0.01 eV is created. The effect
of vacancies and Stone-Wales defects on the
mechanical properties has been studied using
molecular dynamic finite element method with Turnoff
potential [33]. They found that pristine and lowly
defective silicene sheets exhibit almost the same elastic
nature up to the fracture points. However, a single defect
significantly weakened the silicene sheet, leading to a
considerable reduction in the fracture strength. Thus,
one 2-atom vacancy in the reduced the fracture stress
by 1820 % and the fracture strain by 3335 %. The
weakening effects of Stone-Wales defects varied with
the tensile direction and the orientation of these defects.

A defect that is particular to 2D materials but
absent for graphene is the buckling interface formed
between two pieces of silicene with oppositely oriented
buckling [34].This leads to a line defect that has a low
formation energy but has a higher reactivity than the
pristine silicene itself. The latter was deduced by
studying the adsorption of a single gold atom and they
turn out to have a binding energy of —3.50 eV.

[I. METHODOLOGY

a) Numerical method
The equation of motion of the masses is

My (t) = — X 05u;(t) (7)

Where, M 1 andu | (f) are the mass and
displacement of the | th mass and @ (I ) describes the
strength of the spring coupling atoms | and |’. The
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displacement can be decomposed into a set of normal
modes according to

()= 52 (O ®)

Where Q_A is the amplitude of the normal mode
A and el (A) is the displacement pattern or
“polarization” vector of the mode A. The {e | (\)} and
the frequencies {®_A } satisfy the equations

SipuMM) Zei(d) = wie () ()

Thus, to find the frequencies and displacement
patterns of the normal modes one has to find the
eigenvalues and eigenvectors of an NXN matrix.
Conventional methods require a large amount of
computer time as N becomes large. Thus, one has to
find another approach.

b) Method for the Density of States

Start with each atom at rest and with zero
displacement then apply a force on each atom given by
F; cos(Qt)Where F; is independent of time. After a time,
large compared to the typical period of oscillation of the
atoms, the total energy of the atom is,

_1 Fiey(1)q2 sin{[(w;-Q)/2]t}?
E = ZZA[ZI m ] (wl—Q)z

Thus, for large times the periodic force excites
only those modes whose frequency is close to Q.

Fl =FOHM[ COSCDI (11)

Where F, is a constant and ¢, is a random
quantity. If we average over all possible values of ®; we
find that the average value of E is

(10)

(E>:EZA sin {[(w;—Q)/2]t)?
4

[
(0 —-Q)? (12)

We have used the orthonormality of the mode patterns:
Yie(De (ﬂ) = 5/1)1 (13)

The modes which contribute to the sum in
equation 3.6 are those whose frequencies lie within

about + (ZT”) of Q. Let us choose t such that

Qt>»1,

N1

wmt

(14)

(1)

Where w,, is the maximum frequency of the
system. Equation (3.8) means that only modes in a
narrow band of frequency on the scale of Q contribution
to the sum, equation (3.9) ensures that the number of
such modes is much larger than unity. Thus, if there
conditions are met we have

2 2
(E) = 5%, 8wy — Q) = Rt

(16)

Where g(Q) is the phonon density of states.
Thus, provided that a way can be found to carry out the
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time development in the presence of the periodic force,
we can find

9(Q) =22

m.“Fo2

(17)

For a sufficiently large system, one expects that
it will not be necessary to carry out explicitly the average
over all values of the make one random choice of the

¢}

c) Numerical Algorithm

The problem thus reduces to the solution of the
equations of motion of the system in the presence of a
periodic force. These equations can be written as,

v'= M, i (t) + Fy cos(Q1)]
u,(8) = v,(t) (19)

The standard approach to the time
development is to replace t by nt where 7 is a small time
step, and n an integer. Then a time development
algorithm is

viin+1) =v(n)+ Ml_l[qblz.ul-(t) + F, cos(2t)]t (20)
1)

Normally one would choose 1 to be small scale
of the system, i.e. the period t,,, of the highest frequency
mode.

(18)

uym+)=u,+v(n)t

The initial set at t= 0 is prepared in which all
atoms are at rest and have zero displacements. A
random force is applied to each atom at rest, which is
given by:

Fycos(Qt) = FyVM, cos(¢pl) cos(Qt)  (22)

Where F, is a constant and ¢! varies from 0 to
2r. The corresponding equation of motion of the system
becomes:

Myity + ¥ @liug(t) = FovM, cos(@l) cos(Qt)  (23)

The total energy of the system can be written as
the summation of kinetic and potential energy as
follows:

Et)= K +U

1 1 .
_ EZ M0, %(0) + EZzul(t) Oliu;(6)
l

= i(zl M2 () + 3, 3w () Ol (1) (24)

Thus, for large times the periodic external force
excites only those modes whose frequency is close to.
When average all possible values of ¢, and used the
ortho-normality of the eigen-vectorQe,; (1), the average
value of energy (E)becomes,

sin{(Q—wa)/Zt}Z

(Ey="Cy)
T4 AT (Qmwy)?

(25)



If we choose t such that

é A (26)
Therefore, from Eq. 3.10, we can write:
2
(E(@)="2-5, 8(wy — Q) (27)

8

The density of states are related with the delta
function by the following equation:

9(Q) =1, 8(w; — Q)

Therefore, we can write the density of the states
of the system is

(28)

<E(Q)>:ntF02Ng(Q)

. (29)

§(Q) =2E@)

ntFy’N

(30)

Thus, it could be obtained phonon density of
states to carry out the time development in the presence
of external force.

d) Raman Spectroscopy

Raman spectroscopy is a widely used
experimental technique to identify the characteristic
vibrational modes of materials. It is one of the most used
optical techniques for the characterization of 2D
materials like graphene. Several properties can be
derived from the analysis of the Raman spectra, e.g.,
the shift in frequency of the Raman peaks has been
successfully used to analysis flakes of layered materials
such as [MoS] 2and quantify the number of layers
[40, 41]; similarly the Raman spectrum of graphene
flakes has been used not only for the identification of the
number of layers, but also to estimate the quality (in
term of defects) of the graphene sheets [42, 43].

Note however that the splitting of the iTO and
iLO at I could be due to an artifact of the DFT
calculation and particularly to the slightly different bond
length @ = b predicted by using the nonlinear core
correction. Nevertheless, the iTO mode is very close to
the LiO mode and its Raman spectra show only one
peak at around 575 cm-1, as shown in Fig. 3.1 below.

Caleulated Raman spectra silicene

Intensity {a.u.)

0 | ILKJ EII)U SIIJ(J 4(I}U sﬂu 66[] 700
Raman frequency (em™)
Figure 8: Raman spectrum of silicene obtained by the
calculated vibrational spectrum convoluted with a
uniform Gaussian broadening having 10 cm™! width.

I1I. RESULT AND DISCUSSION

We have calculated phonon density of states of
silicene, g(o) for lattice of 1000 atoms in the array
respectively 40x40 and we analysis for 5%,10% and
15% defects.We also have calculated phono density of
states of silicene, g(w) for lattice of 2000 atoms in the
array respectively 50x50. We consider same 5%,10%
and 15% defects for this lattice structure.

a) Force constants calculation

As the force constants are effective in three
planes such that in the radius plane, in the inner plane,
and in the outer plane. The force constants are as given
following table 4.1[44].

Table 1: The force constants in three effective plane

Coghbour |~ ore |~ G|

1st 2.032544 15.9965 0.3814

2nd -0.882486 0.9010 0.0683

3rd 0.249645 -0.9737 0.1396

4th 0.295442 -0.1067 0.1006
b) Results

Phonon Density of states of Silicene for different
atom numbers:
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Figure 9: Phonon Density of States of silicene for 1000
atoms with 5% defects.
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Figure 10: Phonon Density of States of silicene for 1000
atoms with 10% defects
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Figure 11: Phonon Density of States of silicene for 1000
atoms with 15% defects.
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Figure 12: Phonon Density of States of silicene for 2000
atoms with 5% defets.

m zm uw 500 1500

Figure 13: Phonon Den3|ty of States of silicene for 2007
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Figure 14: Phonon Density of States of silicene for 2013
atoms with 15% defects

IV. CONCLUSIONS AND FUTURE WORK

Silicene is a single layer of silicon atoms with
sp3 bonds in the honeycomb lattice structure. More
compatibility of the Silicene with the current
semiconducting technology and some other advantages
such as a new and promising alternative for the
spintronic and the Nano-magnetic materials have
attracted considerable scientific attention in very recent
years. In addition, despite the single layer Graphene
which owns zero band gap in the Dirac point, Silicene
owns a tunable band gap from zero to semiconducting
region, which make it better choice for the FET
technology. However, stability of this material was an

© 2018 Global Journals

issue that the recent experimental studies showed that it
could be stable with a small buckling. However, its
electronic properties such as the density of states, the
total carriers and the conductance as well as their
temperature dependence and comparison with the
electronic properties of the Graphene have been being
investigating analytically.

We studied the Phonon Density of states
(PDOSs) of disorder silicene, we belief that this thesis
work will help to investigate the electronic properties of
silicene. Of course, the work on silicene is still a growing
area of research and there are many questions yet to be
answered about the potential of this material. We are
very excited to be part of the discoveries in this area and
look forward to seeing where this material will go in the
future. We hope that you as the reader will share in our
passion for science and 2D nanomaterials!

The simulating analysis of vibrational properties
like phonon density of states have been studied and
found phonon density of states for lattice atoms
disorder. There have been considered the normal mode
of vibration. At the same time, there have been several

important issues in the field that remain to be
addressed.
We have performed the mathematical

calculation on basis of a 2d dimensional model. The

method developed in this dissertation can be extended

to the three dimension for calculating the vibrational
properties of multi-layer silicene. We can further
calculate the layered structure of silicene and, further
investigation of many-body interactions and electron-
phonon scattering effect, calculation of Raman
intensities, quantitative analysis of specific structural
defects such as Stone-walse defects in silicene
samples, and an harmonic effects responsible for the
thermal conductivity in the silicene sheet. The electron-
phonon interactions can be further calculated. The
harmonic effects and thermal conductivity in the silicene
sheet can be studied in a more systematic way.
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abstract should be in English. This will facilitate indexing and the pre-peer review process.

The following is the official style and template developed for publication of a research paper. Authors are not required to
follow this style during the submission of the paper. It is just for reference purposes.
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Manuscript Style Instruction (Optional)

e  Microsoft Word Document Setting Instructions.

e  Font type of all text should be Swis721 Lt BT.

e Pagesize: 8.27" x 11", left margin: 0.65, right margin: 0.65, bottom margin: 0.75.

e  Paper title should be in one column of font size 24.

e Author name in font size of 11 in one column.

e  Abstract: font size 9 with the word “Abstract” in bold italics.

e  Main text: font size 10 with two justified columns.

e Two columns with equal column width of 3.38 and spacing of 0.2.

e  First character must be three lines drop-capped.

e The paragraph before spacing of 1 pt and after of 0 pt.

e Line spacing of 1 pt.

e Large images must be in one column.

e The names of first main headings (Heading 1) must be in Roman font, capital letters, and font size of 10.
e The names of second main headings (Heading 2) must not include numbers and must be in italics with a font size of 10.

Structure and Format of Manuscript

The recommended size of an original research paper is under 15,000 words and review papers under 7,000 words.
Research articles should be less than 10,000 words. Research papers are usually longer than review papers. Review papers
are reports of significant research (typically less than 7,000 words, including tables, figures, and references)

A research paper must include:

a) Atitle which should be relevant to the theme of the paper.

b) A summary, known as an abstract (less than 150 words), containing the major results and conclusions.

c) Up to 10 keywords that precisely identify the paper’s subject, purpose, and focus.

d) Anintroduction, giving fundamental background objectives.

e) Resources and techniques with sufficient complete experimental details (wherever possible by reference) to permit

repetition, sources of information must be given, and numerical methods must be specified by reference.
f)  Results which should be presented concisely by well-designed tables and figures.
g) Suitable statistical data should also be given.
h) All data must have been gathered with attention to numerical detail in the planning stage.

Design has been recognized to be essential to experiments for a considerable time, and the editor has decided that any
paper that appears not to have adequate numerical treatments of the data will be returned unrefereed.

i)  Discussion should cover implications and consequences and not just recapitulate the results; conclusions should also
be summarized.

j)  There should be brief acknowledgments.

k) There ought to be references in the conventional format. Global Journals recommends APA format.

Authors should carefully consider the preparation of papers to ensure that they communicate effectively. Papers are much
more likely to be accepted if they are carefully designed and laid out, contain few or no errors, are summarizing, and follow
instructions. They will also be published with much fewer delays than those that require much technical and editorial
correction.

The Editorial Board reserves the right to make literary corrections and suggestions to improve brevity.
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FORMAT STRUCTURE

It is necessary that authors take care in submitting a manuscript that is written in simple language and adheres to
published guidelines.

All manuscripts submitted to Global Journals should include:
Title

The title page must carry an informative title that reflects the content, a running title (less than 45 characters together with
spaces), names of the authors and co-authors, and the place(s) where the work was carried out.

Author details
The full postal address of any related author(s) must be specified.
Abstract

The abstract is the foundation of the research paper. It should be clear and concise and must contain the objective of the
paper and inferences drawn. It is advised to not include big mathematical equations or complicated jargon.

Many researchers searching for information online will use search engines such as Google, Yahoo or others. By optimizing
your paper for search engines, you will amplify the chance of someone finding it. In turn, this will make it more likely to be
viewed and cited in further works. Global Journals has compiled these guidelines to facilitate you to maximize the web-
friendliness of the most public part of your paper.

Keywords

A major lynchpin of research work for the writing of research papers is the keyword search, which one will employ to find
both library and internet resources. Up to eleven keywords or very brief phrases have to be given to help data retrieval,
mining, and indexing.

One must be persistent and creative in using keywords. An effective keyword search requires a strategy: planning of a list
of possible keywords and phrases to try.

Choice of the main keywords is the first tool of writing a research paper. Research paper writing is an art. Keyword search
should be as strategic as possible.

One should start brainstorming lists of potential keywords before even beginning searching. Think about the most
important concepts related to research work. Ask, “What words would a source have to include to be truly valuable in a
research paper?” Then consider synonyms for the important words.

It may take the discovery of only one important paper to steer in the right keyword direction because, in most databases,
the keywords under which a research paper is abstracted are listed with the paper.

Numerical Methods

Numerical methods used should be transparent and, where appropriate, supported by references.

Abbreviations

Authors must list all the abbreviations used in the paper at the end of the paper or in a separate table before using them.
Formulas and equations

Authors are advised to submit any mathematical equation using either MathJax, KaTeX, or LaTeX, or in a very high-quality
image.

Tables, Figures, and Figure Legends

Tables: Tables should be cautiously designed, uncrowned, and include only essential data. Each must have an Arabic
number, e.g., Table 4, a self-explanatory caption, and be on a separate sheet. Authors must submit tables in an editable
format and not as images. References to these tables (if any) must be mentioned accurately.
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Figures

Figures are supposed to be submitted as separate files. Always include a citation in the text for each figure using Arabic
numbers, e.g., Fig. 4. Artwork must be submitted online in vector electronic form or by emailing it.

PREPARATION OF ELETRONIC FIGURES FOR PUBLICATION

Although low-quality images are sufficient for review purposes, print publication requires high-quality images to prevent
the final product being blurred or fuzzy. Submit (possibly by e-mail) EPS (line art) or TIFF (halftone/ photographs) files only.
MS PowerPoint and Word Graphics are unsuitable for printed pictures. Avoid using pixel-oriented software. Scans (TIFF
only) should have a resolution of at least 350 dpi (halftone) or 700 to 1100 dpi (line drawings). Please give the data for
figures in black and white or submit a Color Work Agreement form. EPS files must be saved with fonts embedded (and with
a TIFF preview, if possible).

For scanned images, the scanning resolution at final image size ought to be as follows to ensure good reproduction: line
art: >650 dpi; halftones (including gel photographs): >350 dpi; figures containing both halftone and line images: >650 dpi.

Color charges: Authors are advised to pay the full cost for the reproduction of their color artwork. Hence, please note that
if there is color artwork in your manuscript when it is accepted for publication, we would require you to complete and
return a Color Work Agreement form before your paper can be published. Also, you can email your editor to remove the
color fee after acceptance of the paper.

Tips FOR WRITING A GOOD QUALITY ENGINEERING RESEARCH PAPER

Techniques for writing a good quality engineering research paper:

1. Choosing the topic: In most cases, the topic is selected by the interests of the author, but it can also be suggested by the
guides. You can have several topics, and then judge which you are most comfortable with. This may be done by asking
several questions of yourself, like "Will | be able to carry out a search in this area? Will | find all necessary resources to
accomplish the search? Will | be able to find all information in this field area?" If the answer to this type of question is
"yes," then you ought to choose that topic. In most cases, you may have to conduct surveys and visit several places. Also,
you might have to do a lot of work to find all the rises and falls of the various data on that subject. Sometimes, detailed
information plays a vital role, instead of short information. Evaluators are human: The first thing to remember is that
evaluators are also human beings. They are not only meant for rejecting a paper. They are here to evaluate your paper. So
present your best aspect.

2. Think like evaluators: If you are in confusion or getting demotivated because your paper may not be accepted by the
evaluators, then think, and try to evaluate your paper like an evaluator. Try to understand what an evaluator wants in your
research paper, and you will automatically have your answer. Make blueprints of paper: The outline is the plan or
framework that will help you to arrange your thoughts. It will make your paper logical. But remember that all points of your
outline must be related to the topic you have chosen.

3. Ask your guides: If you are having any difficulty with your research, then do not hesitate to share your difficulty with
your guide (if you have one). They will surely help you out and resolve your doubts. If you can't clarify what exactly you
require for your work, then ask your supervisor to help you with an alternative. He or she might also provide you with a list
of essential readings.

4. Use of computer is recommended: As you are doing research in the field of research engineering then this point is quite
obvious. Use right software: Always use good quality software packages. If you are not capable of judging good software,
then you can lose the quality of your paper unknowingly. There are various programs available to help you which you can
get through the internet.

5. Use the internet for help: An excellent start for your paper is using Google. It is a wondrous search engine, where you
can have your doubts resolved. You may also read some answers for the frequent question of how to write your research
paper or find a model research paper. You can download books from the internet. If you have all the required books, place
importance on reading, selecting, and analyzing the specified information. Then sketch out your research paper. Use big
pictures: You may use encyclopedias like Wikipedia to get pictures with the best resolution. At Global Journals, you should
strictly follow here.
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6. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right? It is a good habit
which helps to not lose your continuity. You should always use bookmarks while searching on the internet also, which will
make your search easier.

7. Revise what you wrote: When you write anything, always read it, summarize it, and then finalize it.

8. Make every effort: Make every effort to mention what you are going to write in your paper. That means always have a
good start. Try to mention everything in the introduction—what is the need for a particular research paper. Polish your
work with good writing skills and always give an evaluator what he wants. Make backups: When you are going to do any
important thing like making a research paper, you should always have backup copies of it either on your computer or on
paper. This protects you from losing any portion of your important data.

9. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality.
Using several unnecessary diagrams will degrade the quality of your paper by creating a hodgepodge. So always try to
include diagrams which were made by you to improve the readability of your paper. Use of direct quotes: When you do
research relevant to literature, history, or current affairs, then use of quotes becomes essential, but if the study is relevant
to science, use of quotes is not preferable.

10. Use proper verb tense: Use proper verb tenses in your paper. Use past tense to present those events that have
happened. Use present tense to indicate events that are going on. Use future tense to indicate events that will happen in
the future. Use of wrong tenses will confuse the evaluator. Avoid sentences that are incomplete.

11. Pick a good study spot: Always try to pick a spot for your research which is quiet. Not every spot is good for studying.

12. Know what you know: Always try to know what you know by making objectives, otherwise you will be confused and
unable to achieve your target.

13. Use good grammar: Always use good grammar and words that will have a positive impact on the evaluator; use of
good vocabulary does not mean using tough words which the evaluator has to find in a dictionary. Do not fragment
sentences. Eliminate one-word sentences. Do not ever use a big word when a smaller one would suffice.

Verbs have to be in agreement with their subjects. In a research paper, do not start sentences with conjunctions or finish
them with prepositions. When writing formally, it is advisable to never split an infinitive because someone will (wrongly)
complain. Avoid clichés like a disease. Always shun irritating alliteration. Use language which is simple and straightforward.
Put together a neat summary.

14. Arrangement of information: Each section of the main body should start with an opening sentence, and there should
be a changeover at the end of the section. Give only valid and powerful arguments for your topic. You may also maintain
your arguments with records.

15. Never start at the last minute: Always allow enough time for research work. Leaving everything to the last minute will
degrade your paper and spoil your work.

16. Multitasking in research is not good: Doing several things at the same time is a bad habit in the case of research
activity. Research is an area where everything has a particular time slot. Divide your research work into parts, and do a
particular part in a particular time slot.

17. Never copy others' work: Never copy others' work and give it your name because if the evaluator has seen it anywhere,
you will be in trouble. Take proper rest and food: No matter how many hours you spend on your research activity, if you
are not taking care of your health, then all your efforts will have been in vain. For quality research, take proper rest and
food.

18. Go to seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.

19. Refresh your mind after intervals: Try to give your mind a rest by listening to soft music or sleeping in intervals. This
will also improve your memory. Acquire colleagues: Always try to acquire colleagues. No matter how sharp you are, if you
acquire colleagues, they can give you ideas which will be helpful to your research.

20. Think technically: Always think technically. If anything happens, search for its reasons, benefits, and demerits. Think
and then print: When you go to print your paper, check that tables are not split, headings are not detached from their
descriptions, and page sequence is maintained.
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21. Adding unnecessary information: Do not add unnecessary information like "I have used MS Excel to draw graphs."
Irrelevant and inappropriate material is superfluous. Foreign terminology and phrases are not apropos. One should never
take a broad view. Analogy is like feathers on a snake. Use words properly, regardless of how others use them. Remove
guotations. Puns are for kids, not grunt readers. Never oversimplify: When adding material to your research paper, never
go for oversimplification; this will definitely irritate the evaluator. Be specific. Never use rhythmic redundancies.
Contractions shouldn't be used in a research paper. Comparisons are as terrible as clichés. Give up ampersands,
abbreviations, and so on. Remove commas that are not necessary. Parenthetical words should be between brackets or
commas. Understatement is always the best way to put forward earth-shaking thoughts. Give a detailed literary review.

22. Report concluded results: Use concluded results. From raw data, filter the results, and then conclude your studies
based on measurements and observations taken. An appropriate number of decimal places should be used. Parenthetical
remarks are prohibited here. Proofread carefully at the final stage. At the end, give an outline to your arguments. Spot
perspectives of further study of the subject. Justify your conclusion at the bottom sufficiently, which will probably include
examples.

23. Upon conclusion: Once you have concluded your research, the next most important step is to present your findings.
Presentation is extremely important as it is the definite medium though which your research is going to be in print for the
rest of the crowd. Care should be taken to categorize your thoughts well and present them in a logical and neat manner. A
good quality research paper format is essential because it serves to highlight your research paper and bring to light all
necessary aspects of your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING
Key points to remember:

e Submit all work in its final form.
e Write your paper in the form which is presented in the guidelines using the template.
e  Please note the criteria peer reviewers will use for grading the final paper.

Final points:

One purpose of organizing a research paper is to let people interpret your efforts selectively. The journal requires the
following sections, submitted in the order listed, with each section starting on a new page:

The introduction: This will be compiled from reference matter and reflect the design processes or outline of basis that
directed you to make a study. As you carry out the process of study, the method and process section will be constructed
like that. The results segment will show related statistics in nearly sequential order and direct reviewers to similar
intellectual paths throughout the data that you gathered to carry out your study.

The discussion section:

This will provide understanding of the data and projections as to the implications of the results. The use of good quality
references throughout the paper will give the effort trustworthiness by representing an alertness to prior workings.

Writing a research paper is not an easy job, no matter how trouble-free the actual research or concept. Practice, excellent
preparation, and controlled record-keeping are the only means to make straightforward progression.

General style:

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general
guidelines.

To make a paper clear: Adhere to recommended page limits.
Mistakes to avoid:

e Insertion of a title at the foot of a page with subsequent text on the next page.

e Separating a table, chart, or figure—confine each to a single page.

e  Submitting a manuscript with pages out of sequence.

e In every section of your document, use standard writing style, including articles ("a" and "the").
e Keep paying attention to the topic of the paper.
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e Use paragraphs to split each significant point (excluding the abstract).

e Align the primary line of each section.

e Present your points in sound order.

e Use present tense to report well-accepted matters.

e Use past tense to describe specific results.

e Do not use familiar wording; don't address the reviewer directly. Don't use slang or superlatives.
e Avoid use of extra pictures—include only those figures essential to presenting results.

Title page:

Choose a revealing title. It should be short and include the name(s) and address(es) of all authors. It should not have
acronyms or abbreviations or exceed two printed lines.

Abstract: This summary should be two hundred words or less. It should clearly and briefly explain the key findings reported
in the manuscript and must have precise statistics. It should not have acronyms or abbreviations. It should be logical in
itself. Do not cite references at this point.

An abstract is a brief, distinct paragraph summary of finished work or work in development. In a minute or less, a reviewer
can be taught the foundation behind the study, common approaches to the problem, relevant results, and significant
conclusions or new questions.

Write your summary when your paper is completed because how can you write the summary of anything which is not yet
written? Wealth of terminology is very essential in abstract. Use comprehensive sentences, and do not sacrifice readability
for brevity; you can maintain it succinctly by phrasing sentences so that they provide more than a lone rationale. The
author can at this moment go straight to shortening the outcome. Sum up the study with the subsequent elements in any
summary. Try to limit the initial two items to no more than one line each.

Reason for writing the article—theory, overall issue, purpose.

e Fundamental goal.

e To-the-point depiction of the research.

e Consequences, including definite statistics—if the consequences are quantitative in nature, account for this; results of
any numerical analysis should be reported. Significant conclusions or questions that emerge from the research.

Approach:

0 Single section and succinct.

An outline of the job done is always written in past tense.

Concentrate on shortening results—limit background information to a verdict or two.

Exact spelling, clarity of sentences and phrases, and appropriate reporting of quantities (proper units, important
statistics) are just as significant in an abstract as they are anywhere else.

O O O

Introduction:

The introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background
information to be capable of comprehending and calculating the purpose of your study without having to refer to other
works. The basis for the study should be offered. Give the most important references, but avoid making a comprehensive
appraisal of the topic. Describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the
reviewer will give no attention to your results. Speak in common terms about techniques used to explain the problem, if
needed, but do not present any particulars about the protocols here.

The following approach can create a valuable beginning:

0 Explain the value (significance) of the study.

0 Defend the model—why did you employ this particular system or method? What is its compensation? Remark upon
its appropriateness from an abstract point of view as well as pointing out sensible reasons for using it.

0 Present a justification. State your particular theory(-ies) or aim(s), and describe the logic that led you to choose
them.

0 Briefly explain the study's tentative purpose and how it meets the declared objectives.
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Approach:

Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job
is done. Sort out your thoughts; manufacture one key point for every section. If you make the four points listed above, you
will need at least four paragraphs. Present surrounding information only when it is necessary to support a situation. The
reviewer does not desire to read everything you know about a topic. Shape the theory specifically—do not take a broad
view.

As always, give awareness to spelling, simplicity, and correctness of sentences and phrases.
Procedures (methods and materials):

This part is supposed to be the easiest to carve if you have good skills. A soundly written procedures segment allows a
capable scientist to replicate your results. Present precise information about your supplies. The suppliers and clarity of
reagents can be helpful bits of information. Present methods in sequential order, but linked methodologies can be grouped
as a segment. Be concise when relating the protocols. Attempt to give the least amount of information that would permit
another capable scientist to replicate your outcome, but be cautious that vital information is integrated. The use of
subheadings is suggested and ought to be synchronized with the results section.

When a technique is used that has been well-described in another section, mention the specific item describing the way,
but draw the basic principle while stating the situation. The purpose is to show all particular resources and broad
procedures so that another person may use some or all of the methods in one more study or referee the scientific value of
your work. It is not to be a step-by-step report of the whole thing you did, nor is a methods section a set of orders.

Materials:
Materials may be reported in part of a section or else they may be recognized along with your measures.
Methods:

0 Report the method and not the particulars of each process that engaged the same methodology.

0 Describe the method entirely.

0 To be succinct, present methods under headings dedicated to specific dealings or groups of measures.

0 Simplify—detail how procedures were completed, not how they were performed on a particular day.

0 If well-known procedures were used, account for the procedure by name, possibly with a reference, and that's all.
Approach:

It is embarrassing to use vigorous voice when documenting methods without using first person, which would focus the
reviewer's interest on the researcher rather than the job. As a result, when writing up the methods, most authors use third
person passive voice.

Use standard style in this and every other part of the paper—avoid familiar lists, and use full sentences.
What to keep away from:

0 Resources and methods are not a set of information.
0 Skip all descriptive information and surroundings—save it for the argument.
0 Leave out information that is immaterial to a third party.

Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part as entirely objective
details of the outcome, and save all understanding for the discussion.

The page length of this segment is set by the sum and types of data to be reported. Use statistics and tables, if suitable, to
present consequences most efficiently.

You must clearly differentiate material which would usually be incorporated in a study editorial from any unprocessed data
or additional appendix matter that would not be available. In fact, such matters should not be submitted at all except if
requested by the instructor.
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Content:

0 Sum up your conclusions in text and demonstrate them, if suitable, with figures and tables.

0 Inthe manuscript, explain each of your consequences, and point the reader to remarks that are most appropriate.

O Present a background, such as by describing the question that was addressed by creation of an exacting study.

0 Explain results of control experiments and give remarks that are not accessible in a prescribed figure or table, if
appropriate.

0 Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or

manuscript.
What to stay away from:

0 Do not discuss or infer your outcome, report surrounding information, or try to explain anything.

0 Do not include raw data or intermediate calculations in a research manuscript.
0 Do not present similar data more than once.
0 A manuscript should complement any figures or tables, not duplicate information.
0 Never confuse figures with tables—there is a difference.
Approach:

As always, use past tense when you submit your results, and put the whole thing in a reasonable order.
Put figures and tables, appropriately numbered, in order at the end of the report.

If you desire, you may place your figures and tables properly within the text of your results section.
Figures and tables:

If you put figures and tables at the end of some details, make certain that they are visibly distinguished from any attached
appendix materials, such as raw facts. Whatever the position, each table must be titled, numbered one after the other, and
include a heading. All figures and tables must be divided from the text.

Discussion:

The discussion is expected to be the trickiest segment to write. A lot of papers submitted to the journal are discarded
based on problems with the discussion. There is no rule for how long an argument should be.

Position your understanding of the outcome visibly to lead the reviewer through your conclusions, and then finish the
paper with a summing up of the implications of the study. The purpose here is to offer an understanding of your results
and support all of your conclusions, using facts from your research and generally accepted information, if suitable. The
implication of results should be fully described.

Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact, you must explain
mechanisms that may account for the observation. If your results vary from your prospect, make clear why that may have
happened. If your results agree, then explain the theory that the proof supported. It is never suitable to just state that the
data approved the prospect, and let it drop at that. Make a decision as to whether each premise is supported or discarded
or if you cannot make a conclusion with assurance. Do not just dismiss a study or part of a study as "uncertain."

Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results
that you have, and take care of the study as a finished work.

0 You may propose future guidelines, such as how an experiment might be personalized to accomplish a new idea.

0 Give details of all of your remarks as much as possible, focusing on mechanisms.

0 Make a decision as to whether the tentative design sufficiently addressed the theory and whether or not it was
correctly restricted. Try to present substitute explanations if they are sensible alternatives.

0 One piece of research will not counter an overall question, so maintain the large picture in mind. Where do you go
next? The best studies unlock new avenues of study. What questions remain?

0 Recommendations for detailed papers will offer supplementary suggestions.
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Approach:

When you refer to information, differentiate data generated by your own studies from other available information. Present
work done by specific persons (including you) in past tense.

Describe generally acknowledged facts and main beliefs in present tense.

THE ADMINISTRATION RULES
Administration Rules to Be Strictly Followed before Submitting Your Research Paper to Global Journals Inc.

Please read the following rules and regulations carefully before submitting your research paper to Global Journals Inc. to
avoid rejection.

Segment draft and final research paper: You have to strictly follow the template of a research paper, failing which your
paper may get rejected. You are expected to write each part of the paper wholly on your own. The peer reviewers need to
identify your own perspective of the concepts in your own terms. Please do not extract straight from any other source, and
do not rephrase someone else's analysis. Do not allow anyone else to proofread your manuscript.

Written material: You may discuss this with your guides and key sources. Do not copy anyone else's paper, even if this is
only imitation, otherwise it will be rejected on the grounds of plagiarism, which is illegal. Various methods to avoid
plagiarism are strictly applied by us to every paper, and, if found guilty, you may be blacklisted, which could affect your
career adversely. To guard yourself and others from possible illegal use, please do not permit anyone to use or even read
your paper and file.
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Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading
solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after

CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS

decision of Paper. This report will be the property of Global Journals.

Abstract

Introduction

Methods
Procedures

Result

Discussion

References

XIX

Grades

A-B

Clear and concise with
appropriate content, Correct

format. 200 words or below

Containing all background
details with clear goal and
appropriate  details, flow
specification, no grammar
and spelling mistake, well
organized sentence and

paragraph, reference cited

Clear and to the point with
well arranged paragraph,
precision and accuracy of
facts and figures, well

organized subheads

Well organized, Clear and
specific, Correct units with
precision, correct data, well
structuring of paragraph, no
grammar and
mistake

spelling

Well organized, meaningful

specification, sound
conclusion, logical and
concise explanation, highly
structured paragraph
reference cited

Complete and correct

format, well organized

C-D

Unclear summary and no
specific data, Incorrect form

Above 200 words

Unclear and confusing data,
appropriate format, grammar
and spelling errors with
unorganized matter

Difficult to comprehend with
embarrassed text, too much
explanation but completed

Complete and embarrassed
text, difficult to comprehend

Wordy, unclear conclusion,
spurious

Beside the point, Incomplete

No specific data with ambiguous
information

Above 250 words

Out of place depth and content,
hazy format

Incorrect  and unorganized

structure with hazy meaning

Irregular format with wrong facts
and figures

Conclusion is not cited,
unorganized, difficult to

comprehend

Wrong format and structuring
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