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AnHoTanus. IIpencTaBieH MeToOn MOMYYEHUS NCEBIOCIYYalHBIX UUCEN AN UX JaTbHEHIIEro HCIONb30BaHUS
npu pa3pabOTKe MHTEPAKTUBHBIX MPWIOKEHUH Ha JBIkKe Unity co cOopoM mHGpOpManyu OT JaTYMKOB AABICHHS U
I[BETa, MMOJKII0YaEMbIX K MUKPOKOHTpoutepy Arduino. MeTon npennonaraeT UCIoib30BaHUE PE3yIbTaTOB IIEPUOIHYC-
CKUX M3MEPEHMH JNaBJICHHS, TEMIIEpaTyphl, OCBEIIEHHOCTH U LBETOB 10 KaHajaM RGB B momemnieHnu, ux moOUTOBBINH
CABWT Ha CIy4aifHOE YMCIO Pa3psAA0B, HOIyUEHHE ,,3epHA’ TeHepaTopa ICEeBIOCITyUailHbIX YHCEN ITyTeM B3STHS OCTaTKa
OT JleNieHus mmocie cpaBHeHUs yncna ¢ TekymnuM UNIX-Bpemenem. PazpaboraHo mpuiioskeHune, peanusyromnee Ipeio-
JKEHHBIH METOJ TeHepallH ICEeBAOCTydalHbIX ducelsl. I[lokazaHbl pe3ylbTaThl TECTUPOBAHUS I€HEpaTOpa ICEBIOCIY-
YyalHbIX 4ncen. [IpoBeneHa mpoBepka paBHOMEPHOCTH paclpeieiIeHHs U OLeHKa Kod(h(HUIneHTa KOppesiiui Ha BbI-
0opKe cIyJaitHbIX YHCel.

Knwuesvte cnoea: ciyuaiinvle uucia, 2enepamop HCegOOCIAYUAUHLIX YUCET, UHMEPAKMUGHOe NPUNONCeHUE,
oamuuk daenenus, oamuuk yeema, Arduino, Unity

Ccbuika ana nutupoBanus: byneaxoe /] A. I'eHepaiysl ciydaiiHBIX YMCEN IJII UHTEPAKTUBHBIX MPHIOKEHUN C UC-
MOJIb30BaHMEM BHEWIHMX naaTynkoB // W3B. By3oB. [IpmGopocrtpoenme. 2024. T. 67, Ne 4. C. 338—344. DOI:
10.17586/0021-3454-2024-67-4-338-344.

RANDOM NUMBER GENERATION
FOR INTERACTIVE APPLICATIONS USING EXTERNAL SENSORS

D. A. Bulgakov

St. Petersburg State University of Aerospace Instrumentation, St. Petersburg, Russia
dmbulg@gmail.com

Abstract. A method is presented for obtaining pseudo-random numbers to be used further in the development of
interactive applications on the Unity engine with the collection of information from pressure and color sensors connected
to the Arduino microcontroller. The method involves using the results of periodic measurements of pressure, tempera-
ture, illumination, and colors on RGB channels in a room, bit shifting them by a random number of digits, obtaining the
“grain” of a pseudo-random number generator by taking the remainder after comparing the number with the current UNIX
time. An application is been developed that implements the proposed method of generating pseudorandom numbers.
The uniformity of distribution is checked and the correlation coefficient is assessed using a sample of random numbers.
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BBenenue. PemeHne Takux 3ajad, Kak TeHEpalus 0JHOPA30BbIX MAPOJIEH U XAII-CyMM, OIpe-
JerneHrne moOeauTeNs B pa3IMuHbIX KOHKYpCax M JIOTepesiX, reHepalus TEPPUTOPUil B MHOTOIIONb-
30BaTENbCKUX WIPax M METaBCEJICHHBIX, HEBO3MOXKHO IPEACTaBUTH 0€3 HaJeKHOro reHepaTopa
ciay4dalHbIX yucen [1].

B oTnnune ot ¢puznueckux mporeccoB B MPUPOE, MAaTEMATHUECKHUE OTIEpAIlUH, BBITIOIHAEMbIE
Ha KOMIIbIOTEPE, SIBISIIOTCS I€TEPMHUHUPOBAHHBIMU, MIOTOMY JOOUTHCS UCTUHHOMN CIy4ailHOCTH OT
Cr€HEPUPOBAHHBIX YHCTO AITOPUTMHUUECKHUMH METOJAAMHU YUCENl HEBO3MOKHO. CreHepupoBaHHBIE Ha
KOMIIbIOTEpPE YHCIa MPUHATO HA3bIBaTh ICEBIOCTYYallHBIMHU, & TEHEPATOp IMCEBIOCITYyYaHbIX YMCell
o6o3nauate kak ['TICY [2].

Hcnonp3oBaTh 00bIYHBIE apu(MeTUYECKUE OTepaluil AJis FeHepaluu NCeBAOCTyYalHbIX YH-
cel, B YaCTHOCTH B METOJIE CepeauHbI KBajaparta, Bnepsrie mpemnoxui Jxon ¢on Heiiman [3]. Ko-
HEYHO, METO/]] HE JaeT UCTUHHO CJIIy4YalHBIX YHCEJl, HO 10Ka3aTeIbCTBO TOrO, YTO aJIrOPUTMUYECKUE
METOJIbl HE MOTYT MPEAOCTaBUTh UCTUHHYIO CIY4alHOCTh PE3yJIbTaTOB, HATJSAHO nmoaTBepana Jlo-
Hanb KHyT mocre peanusanuy Ha KOMIBIOTEPE CIOKHOTO MHOTOIIATOBOTO aJlfOPUTMa ,,AJITOPUTM
K*, KoTOpBIif TOBOJIBHO OBICTPO colencs K ogHoMy 10-3HaunOMYy ymciy [4].

Anroputmel I'TICY coBeplieHCTBOBAIUCh ¢ TeUeHUEM BpeMeHM. Ha ceromHsimiHuii 1eHb Ccy-
IIECTBYET HE OJIMH ACCATOK nocTaTouHo HaaexHbIx [ TICY, nanbonee usBectHol: Buxps MepcenHa,
ucnonb3yembiid B GpyHaknnu RAND s3bika mporpammupoBanust Python, cyOTtpaktuBHbI MeTon Kuy-
Ta, UCTIOJB3yeMbIil B MeToe Random si3bika C#, u anroputM Fortuna, UCTIOIb3yeMbIil B IPOIyKTaX
kopnopanuu Apple. Tem He Mmenee, mo6oi ['TICY ¢ orpaHnYeHHBIME pecypcaMu paHO WUJIU TO3THO
3aI[MKJIMBAETCS] — HAYMHAET MOBTOPSTH OJHY M Ty K€ MOCIEI0BATENbHOCTh yucen [S—7]. nuna
uukiaoB ['TICY B cpegnemM coctaBisieT 2"2, rie n — 06beM maMsTH, KOTOPBIY 3aHUMAET BHYTPEHHEE
COCTOSTHUE aJITOPUTMA.

Hns cozpanust ['TICY, xoTopbIii yIOBIETBOPsUT ObI PAaBHOMEPHOMY 3aKOHY paclpe/ecHus,
o0Janan cXoAMMOCTBI0O MOMEHTOB M TIO3BOJISLI OyYaTh AJTUTENbHbIN Nepruo caydaifHON mocieno-
BaTEJbHOCTH, IPUMEHEHHS TOJIBKO AJITOPUTMA T'eHepallui HEJOCTaTOYHO — B YpaBHEHUS TpeOyeTcs
BKJIIOUATh YMCJIOBBIC JAHHBIC, MMOJIYYEHHBIE OT PA3IUYHBIX HEJETEPMUHUPOBAHHBIX COOBITHIM, MPO-
UCXOISIIMX B OKpYy:Karoiem mupe [8].

Jlanee npezacraBiieH BapuaHT reHepaTopa MCeBAOCTyYallHbIX YHMCET Ha OCHOBE BHEIIHMX JIaH-
HBIX, KOTOPBIA MOKET ObITh UCIIOJIB30BAH MPHU Pa3pabOTKe JIOOBIX HHTEPAKTUBHBIX MPUIIOKEHUHN Ha
UTPOBOM JIBHIKKE.

Onucanue npeasaraeMoro pemeHus. /s npakTuyeckux 3aad, He MPEIbSBISIIONINX KpPU-
TUYECKUX TpeOOBaHUM K OE30MaCHOCTH, MOKHO OTPAaHUYHUTHCS W3MEPEHUEM Pa3IUYHbIX (Qu3nde-
CKHUX BEJIMYMH U3 OKpYXKarolleW cpenbl. DTH JaHHbIE 3aTeM OyAyT MpeoOpa3oBBIBATHCA B IENbIE
YHCIia ¥ UCTIOJIB30BaThCs B KauecTBe napameTpoB anroputMa ['TICYH B mporpamme, HalmMcaHHOW Ha
sa3pike C#. Jlnga nemoHcTpanuu paboThl MpenjgaraéMoro MeTroAa OblT B3AT MHUKPOKOHTPOJLIEP
Arduino Uno R3. Cxemarnunoe n3obpaxenue miarel Arduino Uno ¢ moAnmMcaHHBIMU KOHTaKTaMH
MPUBEACHO Ha pUC. 1, K HEW nmoakiIoyanucek [9—I11]:

1) naTurk aTMocdepHoro naBiieHus u Temneparypsl BMP280;

2) natumk nBera TCS3472.

B cpene pazpabotku Arduino IDE peamm3oBano mpunoxenue ,,bmp280 plus tcs3472.ino*
JUTSl MHULMAIN3alui U HaCTPOMKH JaTUYMKOB, a Ha UrpoBoM ABMkKe Unity co3gaHo TecTOBOE MpH-
noxxenne ,,BMPTCSRNG* — nns cunTBEIBaHUS TAHHBIX C TAaTYUKOB.
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Puc. 1
Monynb u3MepeHus: aTMOC(EpHOTro IaBJICHUS U TeMIepaTypbl HocTpoeH Ha 6a3e ynna BOSH
BMP280 u 3apanee oTkanuOpoBaH Ha 3aBoje (Tadi. 1). Moaynabs mpeaocTaBiseT MoIb30BaTEINIO 1BA
nocnenaoBarenbHbIXx UHTEpdeiica oomena manmabpiMu: SPI u 12C. K mmare ArduinoUno nmatdwk
BMP280 noxkirouaercs cneayronmm oopazom: VCC—3.3V; GND—GND; SCL—AS; SDA—A4.

Tabnuya 1
Ha3Hayenne KOHTAKTOB AaTuynka BMP280

KonTakTt Ha3znauenne

VCC ITuranue 3,3 B

GND OOecrieueHne HyJIeBOro noTeHnuana (3emis)
SCK (SCL) BBon wactots! o untepdeiicam 12C u SPI
SDI (SDA) BBon nannbix no naTepdeiicam 12C u SPI

CSB Br10op akruBHOTO MHTEpdeiica [2C

SDO W3menenue agpeca 12C

Hatunk TCS3472 criocoOeH BBIBOJUTH JIaHHBIE O [[BETE MOBEPXHOCTHU MO KaHanam R, G, B, C,
a TaK)K€ WHTCHCHBHOCTH CBETa, M3MepsieMor B Jtokcax (Tabm. 2). JlaTuuk ucnonb3yeT uHTepdeiic
12C s nmepenaun manHbix. K mmate ArduinoUno matumk TCS3472 moakimrodaercs CIETyIOIUM
obpazom: VIN—3.3V; GND—GND; SCL—AS5; SDA—AA4.

Tabauya 2
Hasnauyenue kourakToB gatunka TCS34725
KonTakTt Ha3znauenne
VIN IMuranwe 3,3/5 B
GND OOecrieueHne HyJIeBOro noTeHnuana (3emis)
3V3 BriBon Hanmpsbxenus 3,3 B
SCL BBogx gactotsl no unTepdeticy 12C
SDA BBon nansbIX o nHTEpdeticy 12C
INT Brixon npepsIBaHMs, aKTUBHBINA HU3KHH YPOBEHBb
LED Bxox ynpasneHust CBeTOANOAaMHU

Jns  modydeHUs TMOKa3aHWH C  JaTYUKOB — TpeOyeTcss MOJKIIOYeHHe OuOImoTeK
»Adafruit BMP280.h* u ,,Adafruit TCS34725.h* ¢ OTKPBITBIM UCXOIHBIM KOJOM.

Hwxe npuBeneH ¢parMeHT Kofa CKpunTa OOpabOTKM IMOKa3aHWM C JAaTYMKOB — METOJ
GetTemperatureInfo(), CYUNTHIBAIOIIETO MOKA3aHUS TEMIIEPATYPHI:

public void GetTemperaturelnfo()

{
float number = FindNumberInString(outputLines[0]);
temperatureValue.text = number.ToString();

}

3HaueHHue TCMIICPATYPhI 3alIUCBIBACTCA B TCKCTOBOC ITOJIC — 3JICMCHT I10JIb30BATCIILCKOI'O UH-
Tepdeiica, KOTOphI 0TOOpaXkaeTcs Ha dKpaHe. [I0CKOIBKY CTpOKa COMEPKUT HE TOJBKO YUCIIa, HO
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Tak)kKe TEKCT W CHMBOJIbI, TO mpumMmeHseTcs meton-napcep FindNumberInString, ynanstomuii u3
CTpOKHU Bce OyKBbI M 3HaKU. Bun nuntepdeiica npuiiokeHust ¢ moTy4eHHbIMH JaHHBIMU MPUBEIEH Ha
puc. 2.

Temneparypa: 26,10 il 6
Jdasnexne: 97677,37 lNa

OcgelénHocTe: 1831 nK

KpacHbliA: 2223

3eneH.li: 2729

CUHWIA:

Puc. 2
[TonydyeHue HOBBIX JTAHHBIX COMPOBOXKIACTCS BBIMOJHEHUEM CIIEIYIONIEH MOCIeA0BaTEIbHO-
CTH JIEUCTBUI: 3aKPBITHE MOCIEA0BATEIILHOTO TTOPTa, OOHYJICHUE CIIUCKA JAHHBIX M OTKPBITHE TTOP-
Ta. DTH oneparyu BeImodHsroTcs B Merojae ClearData.
[IpennaraeMplii METOJT F€HEpPALIMM TICEBIOCTYYaHBIX YUCEI BKIIIOYAET CIEYIONINE [Iaru:

1) chopmupoBaTh MacCUB YUCIIOBBIX 3HAYEHUH a;,i =1,n Ha OCHOBE IIOKa3aHHI JaTYUKOB, 11 = 6;

2) BBIIOJIHUTG NOOMTOBBII CABHUI BIEBO 3HAYeHUH a;,i=1,n Ha r pa3psnoB. 3HayeHUE 7

passirpeiBaetcst MetogoM Random.Next() — BBINMOTHSAETCS TEHEpaAUs TCEBIOCTYYaHOTO 1EI0TO
qrcia B JuarnazoHe tuna Integer;

3) BBIOpaTh OAHO U3 3HAYEHUH a;,i = 1,n MetozoM Random.Next();
4) 3aukcupoBaTh METKY TeKyuiero Bpemenu m(t) — UNIX-Bpewms;
5)eciu m(f)>a; u a; # 0, 10 Beruucauth A =m(f)moda;, unaye 4= a; modm(f);

6) cuuTarh NOJy4YeHHOE 3HaueHue 4 uTorossiM ,3epHom* ['TICY;

7) creHepupoBaTh Ha OCHOBAaHMM HUTOTOBOTO ,3€pHA“ IMCEBAOCIy4YailHOE YHCIIO, HCIONb3YS
metos Random.Next (d), rne d — mpaBas rpaHuIia quana3oHa.

I'enepanus cityyaiiHOro yucia B MPUJIOKEHUH 3aIlyCKaeTcs HaXKaTHMEM Ha KHOMKY ,,CreHepu-
poBath* (cM. puc. 2). UToroBoe 32-0MTHOE YMCIIO TUMA int BHIBOJUTCS B TEKCTOBOE I10JI€ B HUKHEH
4acTH KpaHa.

TecrupoBanue I'lICY. Kak uzBectHO, [TICY nOMKHBI YAOBIETBOPATH CIEIYIOIIUM Tpebo-
BaHusM [12, 13]:

— YHcia B TeHEPUPYEMOH NOCIeI0BATEIbHOCTH JOKHBI OBITh PABHOMEPHO PacHpe/ieeHbl U
HE3aBHCHMBI, UTO ITPOBEPSETCS CTATUCTUYECKUMU TECTAMU;

— MEePUOJI TIOCJIEOBATEIBHOCTHU J0JKEH UMETh BOZMOXKHO OOJIBIIYIO JUIUHY.

PaBHOMepHOCTB pacrpesienieHus 1o BbIOOpKe A, 4,,..., A, IpoBepseTcs IyTeM OIpeIeIeHUs]
SMIIMPUUYECKUX BEPOSTHOCTHBIX XAPAaKTEPUCTHMK — MOMEHTOB U IIapaMETPOB PACIpPEAEICHUS, a
TaK)K€ UX CPABHEHMSI C TEOPETUUECKMMU XapAKTEPUCTUKAMHU PACIIPEACICHUS.

Jl1s poBepKM paBHOMEPHOCTH DPACIPEAEICHUS NPUMEHSUICS YaCTOTHBIM TECT, MOCIEA0Ba-
TEJIBLHOCTh €r0 MPOBeACHUS cienytomas [14].
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1. ITomyuuts Be1OOpKY I'TICY: 4, 4,,..., 4,
2. Pa36ute unrepsan ['TICY [0,d] Ha K paBHBIX OTPE3KOB.
3. TloacumTaTh, CKOJIBKO YHCEN MONANI0 B KaXAbIA U3 K OTPE3KOB, T.€. HAWTH YUCIIO TOMaja-

HUH ny,Ny,..., 1.
4. HaiiTu OTHOCUTEIBLHYIO YacTOTY IOMAaHusI B OTPE3KH:

5. IlocTpoUTh THCTOTPAMMY 9aCTOT Dy, Dys..er Dk -
6. OLEHHUTD 110 MOJYYCHHON I'MCTOrpaMMe CXOJMMOCTb KaXJIOW 4acTOThI p; K BEPOSTHOCTH

1
p= I'a
CoriacHO 3aKOHY OOJIBIIMX YHCEN, 3HAYECHHS Py, Dy,..., Dg MOIDKHBI CXOIUThCA K p TPH
n—» 0.

l'ucrorpamma gactotHoro Tecta Ha BbIOOpke U3 16 000 3Hauenuii nmpemnoxkenHnoro I'TICYH
IIpUBEZIEHA Ha puc. 3.

p

0,08
0,07
0,06
0,05
0,04
0,03
0,02
0,01

O 2 3 4 s 6 7 8 9 10K

Puc. 3
[IpoBepka cratuctuueckoit HezaBucumoctu ['TICY BbInoiHEHA ¢ MOMOUIBIO OLEHKH JIMHEH-

HOH KOppessaLuy MeK1y BeTuunHaMu 4; u A;, ., npu s >1, rae s — mar, ¢ KOTOpbIM BEIOMPAIOTCs

ciyvaitHeie yucna [15—17].
Ha puc. 4 npuBenen rpaduk 3aBucuMoct KodhhuUlMeHTa KOppensuuu R oT AJIMHBI CTydai-

HOM II0CIE0BAaTEILHOCTH, U3 KOTOpOro BUIHO, YTO R—0.
R
0,25

0,2 |\

0,15 |
|

0,1
[

005/
j \\-iﬂ\\ /L. sw\/\\wm/lm T

0 —
1L/T)oo 10000 * “15000  n

Puc. 4
3akiouenue. [IpeayioKeHHBIN METO TeHepaIuy TICEBIOCTYUYaiHbIX YUCEN MMO3BOJISET MOJTY-
4aTh U NPUMEHSITh PA3HOPOJHBIE JAHHBIE W3 BHEIIHUX MCTOYHUKOB C MOMOIIBIO U3BECTHBIX METO-
JIOB B MHTEPAKTUBHBIX MPUIIOKEHHUSAX, TOCTPOSHHBIX Ha UTPOBOM JBIKKe Unity.
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Meroa npenmnosnaraet UCHOIb30BaAHUE PE3YJIHTATOB NEPUOTUUECKUX U3MEPEHUM J1aBIEeHUs, TEM-

nepaTypbl, OCBEIIEHHOCTH M IIBETOB 110 kKaHasaM RGB B momeniennu u nojiydeHut ,,3epHa‘‘ reneparo-
pa MceBI0CTyYalHbIX YHCET MTOCIIe MPUMEHEHUS OIPEeNICHHbIX ONepaluil HaJl U3MEPEHHUSIMU.

[IpensioKeHHBIM METO/ MMO3BOJISIET CO3/IaTh T€HEPATOP MCEBIOCTYYANHBIX YUCEN, OJU3KUN TI0

CBOHMM XapaKTEPUCTUKAM K UICTUHHOMY MCTOYHUKY ASHTponuu [ 18], 4To mokaszano TecTUpoBaHUE Ha
pPaBHOMEPHOE paCHpe/IesIeHne U OTCYTCTBHE KOPPENSLUU MEXy CIy4alHbBIMU YHCIaMH, BblaBae-
MBIX T€HEPATOPOM.
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