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OPI'AHU3AIIUA U TPOBEJEHUE
BHEJAPEHUYUECKHX PABOT
HAYYHO-UCCJEJOBATEJbCKON
OPIAHM3AILIMEN HA KPYITHOM
MPOMBIIIJIEHHOM NPEJAINPUATUN
Kapenun A.H.

Qunuan Canxkm-Ilemepbypeckozo eocyoapcmeeHHo2o
MOPCKO20 MEeXHUUEeCK020 YHUGepCcumemd,
Cesepodsunck

PaccmarpuBatorcst  mpoOiieMbl  IPOEKTHUPOBAHMS,
MOHTaXa M HaJIaIKU CHCTEM KOHTPOIISl, yueTa U yrpaBJe-
HUSL DHEProoOecrneyeHneM C HCIOJIb30BAaHUEM MHKPO-
MIPOLIECCOPHBIX KOMIUIEKCOB Ha KPYHMHOM MpPOMBIIIEH-
HOM TIPEIPHUATHH IIPU TPOBEACHUH PaOOT BHEIIHEH Ha-
YUHO-HCCIIEI0BATENHLCKON 1 BHEAPEHYECKOW OpTraHHU3allu-
el (MX HOPMAaTHBHOTO U TEXHHYECKOro obecneyeHus). Ha
OCHOBE OMbITa MPOBEACHHS U OpraHU3aluK padoT ¢ yda-
CTHEM CTOPOHHHUX MNPEANPUSTHH WM KOMITaHUH Tpejasa-
TaroTCs K PACCMOTPEHHIO BOIPOCHI, CBSI3aHHEIC C (P QeK-
TUBHBIM B3aUMOJICHCTBHEM ITOJPA3JICICHUNA 3TUX Ipea-
MIPUSITHIA.

Lens paGoThl — yCOBEpIIEHCTBOBAHNE CUCTEMBI y4e-
Ta W KOHTPOJSI DHEPropecypcoB Ha 0aze COBpEeMEHHOU
anmaparypsl 1 000pyI0BaHHS U UHTETPaIHsl €€ B €AUHYIO
(mo mpennpUATHIO) cUCTeMy Ha 0a3e mepemaoBbIX HH(Op-
MAaIMOHHBIX TeXHOJIOrHil. PaboTel mpoBoxmnmmcy Ha 00b-
ekrax ['ocynapcrBenHoro Poccuiickoro neHTpa aToMHOro
CYZOCTPOCHHUSI B COOTBETCTBUH C TPEOOBAHUSIMH OpraHH-
3allIOHHBIX JOKYMEHTOB M CTaH/IapTOB, JCHCTBYIONINX Ha
MPEITIPHUSATHSX.

PaboThl o co3aHnio aBTOMAaTH3UPOBAHHBIX CHCTEM
KOHTpOJIst U ydueta sHepropecypcoB (ACKYD) na mpen-
NIPUSITHN  CIIEJyeT HAuMHATh C OOCIIEIOBAHUSI CHUCTEMBI
anekTpocHabxkeHuss. OCHOBaHUEM JIISl TIPOBEIEHUS 00-
CIJIE/IOBaHUsI SBJISIETCS 3as1BKA MPEATNIPUSTHS Ha BHEPEHHE
ACKYD u 10roBop Ha BBINOJTHEHUE U3BICKATENIBHBIX pa-
00T, 3aKITI0YaeMBIi MEX]y PEANPUATHEM U pa3padboTdu-
KOM CHCTEMBI.

O0cnenoBanue NPEANPHUATHI MPOBOAUTCS (C yU4eTOM
3akona P® “O06 sueprocoepexennu” u “IlpaBun npose-
JICHHUSL DHEPreTHYECKHX OOCIeOBaHUH npeanpuaTHii’)
JUISL OTIpeieNIeHNs] HEOOXOANMOCTH SKOHOMUYECKOH 3-
(beKTHBHOCTH pa3pabOTKK M BHEAPEHHS Ha MPEIIPUITHI
ACKYD, yrounenus cocraBa (yHKIMHA CHCTEMbI B cOopa
JIAaHHBIX U1l JalbHEHIINX 3TaroB ee pa3padoTku. Jlis
MIPOBEACHMS PadOT YTBEpIKAaeTcs IiaH 00CiIenoBanHus, a
pe3ynbTaThl 00CienoBaHusl OQOPMIISIFOTCS JIBYXCTOPOH-
HUM akToM. [lepex BbITOTHEHHEM OOCIEIOBAaHHS PYKO-
BOJIUTENb NMPEANIPUATHA 32 2-3 Hellean NHPOPMUPYETCS O
npezcTosimeM obcnenoBannu. OZHOBPEMEHHO HAa Mpen-
TIPUSITHE HATIPaBIISIOTCS:

- TporpammMa HpOBeNeHUs] 00CIeI0BaHUS IPOMBIII-
JIHHOTO TIPEANPHATHS 10 3P (HEKTHBHOCTH HCIOIb30Ba-
HUS DJIEKTPHYECKOH SHEPTHH,

- TOKa3aTe’H paboThl IPENIPHUSITHS;

- HepalMOHAIBHBIH PacXo M pe3epBbl HIKOHOMHUH
AJIEKTPOIHEPTUH.

DHepreTnyeckoe 00CIenoBaHNE MPOBOIWTCS B JIBa
stana. Ha nepBom stare cobuparorcst o0mune ganHble 00
SHEprocOepeXeHNH NPEANPUATHS, TPOBEPSIOTCS JOKY-
MEHTBI, XapakTepusykomue padboTy npeanpusitus. Jloky-
MEHTalusl M0 CHCTEME JJIEKTPOCHAOKEHHsSI HaXOJIUTCH,

KaK MpaBUIIO, B OTJIENC TIABHOI'O 3HepreTHka. [Ipu Heob-
XOJMMOCTH MOTYT OBITh TPUBJICYCHBI CIICIIHAIMCTHI JPY-
rux noapasnenenuii (OI'T, T190, Gyxranrepus). Ha Bro-
poM aTame o0CIeqOBaHMs IPOBEPSETCSI COCTOSHUE WC-
TIOJIH30BAHUS JIEKTPUICCKON SHEPTHH.

Pasnenenrie KOMIETECHITUH MMPOSKTHOW OpTaHU3aIuu
U TIPEINPHUATHSA-3aKa34YHKa IIPH IPOBEICHUH PabOT MOXKET
OCYIIECTBIIATRLCS cleayrommM odpasom. [Ipennpusitue o
CyOmOJIPSITHOMY  JIOTOBOPY OOECIICUMBACT MPOCKTAHTY
WK CYOITONPSITHONM OpraHU3aIllui HEOOXOTUMBIC YCIOBHUS
JUTSL TIPOBEJICHUST paOoT Ha o0BekTe. [IpoekTaHT wiu cyo-
MOJPsITHAS. OpPTaHU3AIMsl BBIMOIHACT PaOOTHI B 00BEMeE
CBOETO 3aJ[aHUsl, OTYUTHIBACTCS 32 WX BBINOJHECHHUE, MPE-
JIOCTaBJISICT KOIUU OTYETOB MPEINPUSATHIO, YYACTBYET B
KOOPJMHAIMY W KOHTPOJIC XOJ[a BHIMOHEHUs paboT, ca-
€T BBIMOJHCHHYIO Pa0OTy MPEIIpPUATHIO, TPOBOIMUT CO-
[JIACOBAHUE TPOCKTHBIX W TEXHUYECKHUX PEIICHUH TI0
CHCTEMe JHeproydera.

SAIIUIIEHHASI AHTUKOJLJIN3US B
CUCTEMAX PAJJMOYACTOTHOMN
NIEHTU®UKAIIUA HA TPOU3BO/ICTBE B
BUJE MOAEJIA MNOBEAEHYECKOI'O
OIIUCAHUS AIIITAPATYPbI
Jlatixos FO.M.

00O «Pudep»,

Mocksa

Jnist TOro 4To0Bl PATIUOYACTOTHBINA CYUTHIBATEH MOT
co0paTh UHPOPMAILIHIO CO BCEX PAJHO-METOK B €ro Mmoje,
HEO0O0XO0/IMMO YTOOBI B alrOpUTMaX pabOThl CHCTEMBI pa-
JIMOYACTOTHON HJCHTU(UKAIMK ObLTa peann30BaHa T.H.
npole/lypa «aHTHKOJUTU3UKY, MPeIHA3HAYCHHAS IS Pa3-
peleHrs OmMOOK, BRI3BAHHBIX OJIHOBPEMEHHBIM OTBETOM
HECKOJNBKMX METOK Ha 3ampoc CYMTHIBATENS, TOPOXKIAI0-
M «koytu3uio» (ot anri. Collision - cronkHOBeHue),
TO €CTh CHUTYallMI0, KOrJa CUYMTHIBATE]b HE CIIOCOOCH
pacro3HaTh TPHUHSITHIC JaHHBIC BCIEACTBHE UX HalOXKe-
HUs B pajuokaHane. CyllecTBYIOLIME OCHOBHBIC aro-
PHUTMBI aHTUKOJUIM3UU OCHOBAHBI HA!

a) pacmpeqeseHHd METOK MO T.H. «BPEMEHHBIM HH-
TepBanam» («Time slots»), koraa kaxaas MeTKa 3aKper-
JSIeTCs 32 HEKOTOPBIM (PUKCHPOBAHHBIM TPOMEXKYTKOM
BpPEMEHH, B KOTOPOM OTBEYACT Ha 3aIpOChI;

0) MpUMEHEHHH MacKd — OWTOBOW MOCIEI0BATENb-
HOCTH JUTMHOW JI0 pa3Mepa UACHTH()UKAIMOHHOTO HOMeE-
pa — [UIA ajpecanyd K HEKOTOPOW MOATPYIIE METOK C
00IIUM NPeQHUKCOM;

B) MOOUTHOM BBIICIICHUH METOK, CXO)KUM C BapHaH-
ToM (6), KOria MOArpyINa aapecyeTcs MyTéM MOOUTHOTO
OTCEUBaHHS METOK.

Haubonee yaadHbIM SBISCTCS MOCIEIHUN BapHaHT,
MIOTOMY Kak OH Ooiee ObICT.

JlaHHBIA anrOpUTM aHTHKOJUIM3MH HOCHT HA3BaHHUE
«aIropuT™M 00X0/a JBOMYHOrO JIEPeBa» U Mpernoaaraet
MoovepENHOE BElIAHME CYMTHIBATENIEM KaXJI0ro Ourta
YHUKAIbHOIO HOMEpa BCEX METOK B mmone. B oTeBeT Ha
KaK/IbIH OWT, IPHIIEIIIANA OT CYUTHIBATEIS, BCE METKH,
coJieprKalue 3TOT OMUT B COOCTBEHHBIX HOMEpax, OymyT
OJIHOBPEMEHHO OTCBUIATh CIEMYIOIIHHA OUT, a Bce HE CO-
JieprKaliye — MepexoJuTh B HEKOTOPOE COCTOSIHUE MPHOC-
TAHOBKH, BIUIOTH O MOJAYH KOMAaHJbl BO30OHOBJICHHSI
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pabortsl. [TockonbKy paauonepeaadn CUUTHIBATEINS OTIIH-
YUMBI OT IIyMa Ha PAcCTOSHHUM BIUIOTH O HECKOJBKUX
JIECSITKOB METPOB, 3JI0YMBIIUICHHHK MOXET 0€3 MpooiieM
HAKOMUTh CEKPETHYI0 HH(MOpMaIMio (B JaHHOM ciydae —
CIIUCOK HOMEPOB) O METKaX, YCTAHOBHMB MOJICIYIINBAIO-
ee yCTpOWCTBO Ha O€30IMacHOM YNAJEHWU OT CUUTHIBA-
Tens. Bo um30ekaHuWe MOMOOHOW CHUTyalluH, B CYIIECT-
BYIOIIMI aJITOPUTM CJIEAYeT BHECTH KOPPEKIIHH.

Taxoit MoguQUIMPOBAaHHBIA aNrOPUTM Ha3BaH 3d-
WUWEHHOU AHMUKOJLIUZUELL.

Bo-nepBbIX, cuuThIBaTeNh OyIET BEIaTh HEKOTOPHIH
OWUT HOMEpa METKH JIMIIb B TOM CIIydae, €CJIU MOCIEIHUH
OWUT OBUI IPUHAT C KOJUIM3WEH, TaKUM 00pa3oM, BBLIEISIS
JUTS fabHeHnIed paboThl 0HY U3 KOH(IIMKTYIOMIUX MOA-
TPYIII; B OCTAIBHBIX CIIydasX OH Oy/eT IoaBaTh METKaM
HEKOTOPYIO OOIIYI0 KOMaHJy «Iepe/iaTh CIEAYIOIUA OuT
HOMepa». Bo-BTOpPBIX, ISl KaKJOH HOBOM CECCHU TOJY-
YEeHHsT HOMEPOB METOK, ITOCIEAHUMH OyAyT TeHepupo-
BaTbCsl ClydaiiHble ABOMYHbIC BekTopa (R - B JaHHOM
cnydae aiauHO# 16 6uT), mepeaaBaeMbie TOOUTHO B 3Hp
HETOCPEJCTBEHHO IIepell BEKTOPOM YHUKanbHOro 96-
6utnoro Homepa (ID): R|ID, rae | - koHKaTeHAIMs BEKTO-
poB. Ilpu 3TOM K MOMEHTY, KOr/ia B IpOLECCe aHTHUKOJI-
JIM3UN OYepenb NOWAET 110 TMepeadys caMoro Homepa of-
HOW W3 MeToK, ¢ Oombmoit BepositHocThio (P= 1-(N-
1)/2"16, rae N — 4yKciio METOK B 1OJIE) U3 BCEX METOK He
TIPUOCTAHOBJIEHHOM OCTaHETCs TOJIBKO OJlHA M CUWTHIBA-
TeJIb HEe «PacKpOeT» HU OJJHOT0 OHTa e€ HoMepa.

Cucrema CUuTHIBaTellb-METKa, HCIONB3YIOIAs JaH-
HBIH aNrOpUTM, peajii3yercsi B BUAE MOJIENHU IOBEIeHYe-
CKOro omucaHus anmapatypbl (s3eik Verilog). OcHOBHBI-
MU 3JIEMEHTaMH MOJIEIH SIBJISIFOTCS OJIOKM CUMTHIBATENS U
MeTKH. /laHHBIE yCTpOHCTBa pabOTAIOT MO MPUHIMITY KO-
HEYHBIX aBTOMATOB, COCTOSIT U3 OCHOBHBIX <IIOJJOJIOKOB!
TaKTUPOBAHMS, UHUIMAIN3AMA W CUHXPOHU3AINH; Tpe-
o0pa3zoBaHMs BXOJHBIX JIaHHBIX, (OPMHUPOBAHMS TEpe-
JIAIOIIEH ITOCIIE0BATEIFHOCTH, CIIy4aifHOro reHepaTopa,
«110A0I0Ka» yNpaBIIeHUs.

[IpuBenéunass Momeb MPEICTABISCT COOOW HOBBIMH,
Oornee 3aIIMINEHHBIN, NIPU Y4ETE KECTKUX OTrpaHHMYCHUH
10 pecypcaM pajro-METOK, BapHUaHT OIMCAHHUS CHCTEMBI
panuo-uaeHTH(UKAIMY, TO3BOISET BHUPTYaIbHO TECTH-
pOBaTh JaHHYIO CHCTEMY, M IIpU HEKOTOpOW jgopaboTke
MOXeET OBITh pealn30BaHa B TOTOBBIX YCTPOHCTBAX.

SAFE ANTICOLLISION IN INDUSTRIAL RADIO
FREQUENCY IDENTIFICATION(RFID) SYSTEMS
AS A HARDWARE DESCRIPTION MODEL
Laykov Y.M.

000 «Rider»,

Moskva

In order for areader to be able to gather datafrom all
tags in it's field, a particular procedure must be impl e-
mented in the RFID system’s agorithms. The procedure
is called “anticollision” and is designated to solve errors
caused by simultaneous response of severa tags to a
reader’s request. These errors are named “collisions” —
events that occur when areader is unable to recognize the
datareceived dueto it’s overlapping. The existing anticol-
lision algorithms are based on:

a) allocating tags' responses to so called “time slots’
when every tag is assigned to some fixed time interval
whereit replies to reader’ s requests;,

b) mask usage — a bit sequence of length up to the
size of identification number (ID) —in order to address a
subgroup of tags sharing some common prefix;

¢) bit-by-hit selecting of tags which is similar to (b),
except for subgroup addressing type that is bit-by-bit
here,

The last case is the most appropriate because it pro-
vides the highest operation speed.

This anticollision agorithm is called “binary tree
walking algorithm”. It assumes that a reader aternately
broadcasts every single bit of IDs of each tag in it'srange.
As aresponse to each incoming bit from a reader, every
tag that contains this bit in it's ID will simultaneously
send back the next bit. On the other hand those tags that
didn’t find the bit received to be equal to the correspond-
ing one will switch to some suspended state until the
reader applies command to resume in norma mode. As a
result of longer range of reader’s transmissions (up to
several dozens of meters), an adversary can easily collect
private data (in this case — a list of IDs) from tags by in-
stalling an eavesdropping device at safe distance from a
reader. To avoid this the existing agorithm has to un-
dergo few modifications.

Such modified algorithm shell be named “ safe anti-
collision”.

Firg of al areader will broadcast a bit of tag's ID
only if the last hit is received with collision. Thus one of
the conflicting subsets of tags will be selected for further
interaction. When no collision is detected, the reader shell
broadcast some constant command “send next 1D bit”.
Secondly in the beginning of new anticollison session,
the tags in the field generate some random binary vectors
R(in this case 16 hit length) that are sent bit-by-bit imme-
diately before IDs: R|ID, where | - represents vectors con-
catenation. Therefore when it'sturn for atag’'s ID itself to
be sent, there is high probability(P=1-(N-1)/2*"16, N —
number of tags in the field) that this tag will be the only
unseived one. As aresult the reader will broadcast no bits
of thetag'sID.

RFID system consists of two main types of devices:
reader and tags. The suggested algorithm is implemented
in the system’'s hardware description language model
(Verilog). The modd is made of reader and tag blocks,
which function as cdllular automata. The blocks are sepa-
rated into main “subblocks’: clock, initiaization, syn-
chronization, input data converter, output stream con-
verter, random number generator and control “subbl ock”.

The proposed mode! is a new, more secured descrip-
tion of digita part of RFID system hardware. It is de-
signed with consideration of harsh resource constraints of
tags due to cost limits. With help of the mode it is possi-
ble to virtualy test this system and synthesize a logical
scheme.
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