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AHHOTauuA. Bupgeosanucb Kak NPOAYKT CUCTEMDI MH(I)OpMauMOHHbIX N KOMMYHUKaALMNOHHbIX
TEXHONOMUN 3aHUMaeT onpeneneHHoe MecTto B pa3BuTunn 06LLI,ECTBa. I'lp06nema KPUMUHATNCTN4YEeCKOro
nccnefoBaHna Bugeosanncen cyuwecTByeT [aBHO, TpaHCd)OpMVIp)/FICb BMeCTe C pa3BUTneM TeXHNYeCKnX
cpencTs. Bupgeosanucu ABNAIOTCA NCTOYHMKaMU d)aKTVIHECKI/IX [aHHbIX B AeJlaX, CBA3aHHbIX C JOPOXHO-
TPAHCNOPTHbIMM  MpOoUCWeCcTBNAMK, Korga MOMMMO ONMCaHUA cop,epx(aTeanoVI CTOPOHDbI Aena
HEO6XO,£|,I/IMbI BblYNCNEHNA N pacyeTbl BPEMEHHDBIX N NMPOCTPAHCTBEHHDbIX XapPaKTEPUCTUK.

CraTbA HanpaBneHa Ha d)OpMVIpOBaHVIe €ANHOro Mmetoanvyeckoro nogxogda K yCtaHOBJIEHUIO BPEMEHHbIX
XapakKTepPUCTUK cobbITUI, 3a¢VIKCI/IpOBaHHbIX Ha BI/IAEOVI306pa)KEHVIFIX, B pPaMKax nNpoun3BoACTBa
KPUMUHANNCTUYECKNX SKCNEPTU3 BMaeo3anncen. HPEJJ,CTaBJ'IEHa cXemMa Bbl60pa KOPPEKTHOIO NCTOYHNKa
[aHHbIX P onpeneneHnm BpeMeHHbIX UHTEPBANIOB, ONMCaHbl NOoWaroBaA NocnenoBaTe/ibHOCTb OencTBumn
SKCNepTa ONnA peweHnAa noctaB/ieHHOro nepen HMM BOMpPOCa M MeToAbl onpenesieHnA BPeMEHHbIX
NHTEPBANOB.
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BeepeHue

Bugeozanucn  aBnSitOTCA  OOBLEKTUBHBLIM
cnocobomMm dukcaunun  KpUMUHANINCTUYECKN
3HA4YMMON MHPOPMaUVN: OENCTBUN JIIOOEN,
COCTOSIHUS OOBEKTOB U Pa3fINYHbIX MPOLEC-
COB B peasibHOM MacwTtabe BpemeHu. OHu
MCMONb3YIOTCA NPW paccnefoBaHUn NpecTy-
MJEHNIA N YCTaHOBNEHNN 0OCTOATENBLCTB NPO-
WCLUECTBUIM, 4acTO [OOPOXHO-TPAHCMOPTHbIX,
Korga BO3HMKaeT HeobBX0AMMOCTbL onpepesne-
HWS BDEMEHHbIX MHTEPBAJIOB MexXAy cobblTus-
MW, B TOM YNCIE B KAYECTBE NCXOOHbIX JaHHbIX
Ona onpeneneHns CKOpoCTU U YCKOPEHUS OBN-
>KEHWNSA TPAHCMOPTHbLIX CPEACTB.

B aKkcnepTHOM npakTuke BCTPeYaloTCsd
YCTpPOWCTBa C onpeaeneHHbIM1 0COBEHHOCTS-
M1 pOPMUMPOBaAHNSA BUOEOrpaMMm, cTaHaapTa-
MW 1 KogekamMmn umdpoBon BUOeo3anncum, MHo-
roa C HEKOPPEKTHbIMU OAaHHbIMU O BPEMEHU
dukcaumm oTaeNbHbIX Kagpos, cbosiMm B pa-
60Te YacoB yCTPOMCTBa 3anncu, ¢ NoBTopamMu
1 npornyckamu kagpoB. 9T0 HEO6X0AMMO yyun-

TbiBaTb MPWY ONpeaeneHNn BPEMEHHbIX MHTEP-
BasioB, 4TOOblI N36exaTb OWnNBOK 1 MOBLICUTb
[OCTOBEPHOCTb Pe3yNbLTaTOB UCCEeL0BaHUN.

3HaunTenbHOE KOMMYECTBO HAy4HbIX pa-
00T No pas3nnyHbIM acnekTam KPpUMUHANTUCTU-
4ecKOro uccnenoBaHuUd BUAEO3anucen no-
CBSILLEHO MOUCKY NPU3HaKoB MoHTaxa [1-5];
onpeneneHnio pa3MepoB 1 pacCcTosHU [6-7],
CKOPOCTU TPaHCHOPTHbIX cpeacTs [8—11]. Mpwu
3TOM BOMPOC OnpenefieHnss BPEMEHHbIX WH-
TepBasoB MO BMAE03anncu OCBELLAETCS pea-
ko [12-14].

B MeTtoguuyeckmx pekoMeHpauuax OBY
P®LC3 npu Muniocte Poccum 2016 roga [12]
onvcaHbl OCHOBHble NpobnemMbl onpepene-
HUS BPEMEHHbIX VHTEPBANIOB 1 NPEASIOXEHbI
noaxonabl K UX PELUeHUIO, OOHAaKO 3KCnepTHas
npakTuka nokasasna HeobXxoaMMOCTb MX Janb-
Henwero pasBuTus.

B HacToswen paboTe npeacrasneHa cxema
BblOOpa KOPPEKTHOIO UCTOYHMKA OAHHbLIX Npu
onpefnenieHnn BPEMEHHbIX MHTEPBaOB, ONu-
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CaHbl nowiaroBas NnocsefoBaTe/IbHOCTb OeW-
CTBUI aKcnepTa oa peweHnd noctaBsiIeHHOro
nepeg H1Mm Bonpoca n MetToabl onpeneneHnd
BPEeMEHHbIX NHTEePBaAJ10B.

TepMuHbI

Bugeosanvce (BugeorpamMma) — curHanbl
BMOE0on306paxeHunsi, 3anMcaHHble Ha HocuTe-
ne.

Kaap Buaeosanucu — egnHN4Hoe n3obpa-
XeHne n3 nocnenoBaTenibHOCTU n3obpaxe-
HUIN, COAepXaLLMXCs B BUAEO03anmcu.

PTS (oT anrn. presentation timestamp) —
MOMEHT Hayana oToOpaXeHUsi KOHKPETHOro
kagpa Buageosanucu Ha akpaHe. O6blYHO OT-
CUYMTBIBAETCA OT MOMEHTA Hayana BOCMNpOn3-
BeLeHVs NepBoro kagpa smaeos3anuncu.

YY3 (4ackl ycTporicTBa 3anucu) — CHETHUK
BPEMEHW YCTPOWCTBA 3anncu, 3Ha4eHnd KOTo-
poro mMoryT otobpaxaTbCs Ha kagpax BUOEO-
3anmcu, NCronb3yTca A9 [AaTUPOBKY CO34a-
HUS U U3MEHeHNS (pannos BUOEO3anvcen.

MexkanpoBbivi  BpeMeHHOV — MHTepBasl
(MexkanpoBbIvi MHTepPBaJs1) — BpeMs, npoLuen-
wee ¢ MOMeHTa dukcaumm O4HOro kagpa no
MOMeHTa puKcauun cnenyoLero kagpa.

pebeHka — Habop MapkepoB (Hanpumep,
JIMHNIN), oTOBpaxarLmii UBMEHEHME NOJSIOXe-
HUS oObekTa B KaxaoM kaape M3 uccrnenye-
MOW nociefoBaTesibHOCTU Kaapos.

OO6OnacTb NPUMEHEHUS

MeToavka MOXET MPUMEHSATbCS MPU UC-
cnegoBaHMn noObIX Buaeo3anucein (Buaeo-
rpamMmm) ans onpeaeneHnst BDEMEHHbIX MHTEP-
BanoB Mexay cobbituamn. OHa npeaHasHaye-
Ha 4159 UCMONb30BaHMS dKcnepTamu (cneuu-
anuctamu), obnagawvwmmm cneumanbHbIMn
3HaHMSIMK B 0651aCTW 9KCNEPTU3bI BUAE03anm-
cen.

UcTOoYHMKM paHHbIX ANns onpeaeneHus
BPEeMEeHHbIX UHTEpPBaJioB No BUAeo3anmucu

CywiecTByeT YeTbipe HE3aBUCUMMbIX UCTOY-
HUKa OaHHbIX 019 OnpeneneHns BpeMEeHHbIX
VHTEpPBaJIOB MO BUAeOrpaMmme:

e 3HayeHua PTS;

e nokasaHuma 4Y3;

e Be/NYMHA CMeELLEeHUN
00bEeKTOB B COCeHUX Kaapax;

e COObITMS U3BECTHOW ANUTENBHOCTK, 3a-
bUKCMpOBaHHbIE Ha BMAeOrpaMmme.

PTS n3Bnekaetcsa kogekom u3 danna Bu-
[eo03anncu 1 3agaeTcs pasHbiMu cnocobamum
B 3aBMCUMMOCTWM OT ¢opmarta. Hanpumep, B
dannax popmata RIFF/AVI 3apaetca TONbKO
yacToTa Kagpos, a yBeNnyeHve OJNTENbHO-

n3006paxeHus

CTV nokasa kagpa BO3MOXHO JINLLb KPaTHO (3a
cyeT aybnmMpoBaHus KafpoB WUIN UHOEKCOB).
B ¢opmare MPEG-4/QTFF npemycMOTpPEHO
XpaHeHne OJINTENbHOCTM OTOOpaxeHus ans
KaX[0ro kagpa Bnaeo3annucum, Kotopas MoXeT
ObITb 3a4aHa NPOM3BOJILHO.

4Y3 npepHasHayeHbl o oTobpaxkeHns Ha
BMAE03anncu Aatbl U BPeMeHN (PUKCUPYEMBbIX
cobbITuiA. OHM He Bcerga CUHXPOHU3VPOBAHbI
C UCTOYHMKaAMW peasibHOro BPEMEHU, B CBA3U
C YEM UX NOKasaHWs MOryT OoTanyaTbCHd (MHO-
rga 3HayuTeNlbHO) OT (akTMYECKOro MOMEHTa
cbeMKkn. CmeHa nokazaHunm 4Y3 moxeT npo-
VUCXOAUTb CO 3HAYUTENbHBIMU HAPYLLUEHUSMUA
(HapyLleHne nocnenoBaTesibHOCTU 3HAYEHUN,
YBEJIMYEHHBIE UIN YMEHbLUEHHbIE WHTEPBabI
BPEMEHU CMEHbI 3HAaYeHUIN), NO3TOMY BPEMEH-
HOM MHTepBan mMexay eukcaumen kagpos, Co-
JepXaLumx, Hanpumep CMeHy nocnegosartesib-
HbIX CEKYHOHbIX MOoKasaHunin 4Y3, MOXeT He Co-
OTBETCTBOBATb A/IUTE/IbHOCTU B 1 CEKYHAY.

CwmeleHre n3obpaxeHunin 06bEKTOB B CO-
cefHuX Kagpax MO3BOJIAET OLEHUTb PaBHO-
MEPHOCTb BPEMEHHbIX WHTEPBANIOB MeEXay
HUMW. [1N15 9TOr0 0OTMEYaroTCs NOJIOXEHUS Mne-
peMeLllatoLierocs obbekTa B nocnegoBaTesb-
HOCTW KagpoB — MNPOW3BOAUTCH MOCTPOEHUE
rpebeHku.

Ina Buoeosanmceinn Co CTalMOHApPHbIX Ka-
Mep B KayecTBe 0O6bekTa MOXET CIYXMUTb Jlt0-
0ol nepemellalOLWMACA npeaMeT, Kak npa-
BWNO, 3TO OBWXYLIMIACS aBTOMOOUNb. [ns
BUOEO3anncen, CHATbIX HeCTauMOHaPHbIMUA
Kamepamu (NepeHoCHLIMU, aBTOMOOUIIbHbIMM
BugeoperucrtparopaMmm mn T. M.), OOMYCKaeT-
csl Mcnonb3oBaHue odbix 0O0bLEKTOB, nepe-
MEeLLaILWMXCHA B MIOCKOCTU Kaapa, 3J1eMEHThI
KOTOPOro xopowo anddepeHumpytotcd. MNpn
3TOM [4J19 aHaNM3a NCNOJIb3YIOTCH NnLLb ¢par-
MEHTbl BUAEe03anncen, Ha KOTopbIX Hanpase-
HMEe CbeMKku (HanpasieHne OMTUYECKOM OCKU
YCTPOWCTBA BUOEO3aNnMCcU) U3MEHSETCH He-
3HAYUTESNIbBHO WM PaBHOMEPHO, a (POKyCHOe
pacCTOAHME HEN3MEHHO.

[ns npoBepkn KOPPEKTHOCTU BPEMEHHbIX
3HaYeHVn, onpegensemMbix No BMOEO3aANuCK,
LOMNyCTUMO UCMNONb30BaHne UHdopmauum o
NPOAOJIKNUTENBHOCTU  COOLITUIA  U3BECTHOM
MPOAO/IKUTENIBHOCTU, 3adPUKCUPOBAHHbLIX B
Kagpe. B xome npoBepku peanbHaa (M3BECT-
Has) LNTEeNbHOCTb Takmx cOBbITUIA CpaBHMBA-
€TCs C UX ANINTENIbHOCTbLIO, ONpenesieHHON No
Buaeosanucu. K npumepy, peanbHas oavtenb-
HOCTb CMIHaN0B CBETOMOPHOro oobekTa PuK-
cupyeTcs B cxemax ero paboTbl M MOXET ObiTb
1MCNoNb30BaHa A1 CPaBHEHUA C OJINTESIbHO-
CTblO, ONpeneneHHon Nno Bnaeo3anuncu.
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BbiOOp KOPPEKTHOIrO UCTOYHUKA
AaHHbIX Ans onpeaesieHns BpeMeHHbIX
MHTEepBasoB NO BUAEO3annucum

OOHUM 13 yOooOHbIX UCTOYHMKOB AaHHbIX
npu onpegeneHnn BPEMEHHbIX MHTEPBAasIOB
Mexay coObITUsaMU aBNSAOTCA 3HavyeHus PTS.
OHKM NO3BONKAIOT OMpeaensdaTb UHTepBan Bpe-
MeHU Mexay NobbIM1 KaapamMn BUOe03anncu
C TOYHOCTbIO L0 ThICAYHbLIX O0JIeN CEeKyHObl.
OpgHako B 9KCNEPTHOW NpPakTUKe BCTpeYaloTCs
BMOEO03anncun, BDEMEHHbIE MHTEPBAJbI MeXAy
KagpamMum KoTopbix No PTS He Bcerga coBnaga-
0T C HTEpPBanamm BPeEMeHN Mexay bukcaLum-
en atmnx kagpos. Ncnonb3osaHne PTS ¢ Taknx
BUAEO03anmMcein NpuBoanNT K CEPbE3HbIM OLLND-
KaMm.

Bo m3bexaHue owmbok paspabotaH Me-
ToA, BbIOOpPA KOPPEKTHOIO MCTOYHMKA OAHHbIX
0 BpPeMeHn Ha Bupgeozanucu. bnok-cxema c
yCrioBuUsiMU, onpegensiowymMmy  nocnenosa-
TENbHOCTb AENCTBUIN 3KCNepTa, NpuBeaeHa Ha
puc. 1.

MepBbIM wWarom BbiNoONHAETCA Onok 1,
yTO4HsIeTCH Hannume YY3 Ha m3obpaxeHun:
ecnu ga, nepexoamm K 6510Ky 2; ecnn HeT — K
6noky 4.

B 6510ke 2 npoBepsieTcs COOTBETCTBME MO-
kazaHmn Y3 nokadaHnam PTS Ha gavTenbHOM
vHTepBane. s 3Toro HeobXoAMMO YTOYHUTb,
COBMaJaEeT JIN NPOAOIIKNTENIBHOCTb «AJINTEb-
HOro» BPEMEHHOI0 MHTepBasa (PEKOMEHAY-
eTcs He MeHee 5 cek.), onpegeneHHada no 4Y3
(Mexay MOMEeHTaMM CMEHbI 3HAYEHUN CeKyH[,
YHY3), ¢ ANNTENBHOCTBIO 3TUX MHTEPBANOB MO
PTS: ecnn coBnagaet, nepexogum kK 610Ky 3;
€CNV OJINTENIbHOCTb Pas3finyaeTcs 3Ha4YUTE b
HO (MOXET NOBJ/INATb HA OKOHYaTeJIbHbIE BbIBO-

Opbl) — K 6noky 4. NpoBepKy COOTBETCTBUS Tpe-
OyeTCcsl NPOBECTM BPY4HYIO C UCMOJIb30BaHNEM
BuAeonseepa, KOTOpPbIA MO3BOJISET NPOU3BO-
OUTb MOKaApPOBLIA MPOCMOTP M OTOOpaxaeT
PTS kagpoB, Nnbo ¢ ncnosib3oBaHMeM crneum-
anbHOro NporpamMMHoro obecneyeHust, KOTo-
poe Mno3BONSET NPOBOAUTbL pPacno3HaBaHue
nokasaHui 4Y3 Bupeorpammbl (Hanpumep,
CINoO «DTP-Expert»).

B 6noke 3 conoctaBnsieTcss MponopLmo-
HaJIbHOCTb BEJIMYUHbI CMeELLEeHNs n3obpaxe-
HUI 0OBEKTOB OT Kaapa K Kaapy K BelndnHe
MeXKaapoBoro vHtepesana no PTS. Ona aToro
cTpouTcs rpebeHka — MapkepamMy 0TMeYaeTcs
nosoxeHne obbekTa B MOCNe[0BATENLHOCTU
KagpoB. Ecnn mexkagpoBbli MHTEpBan MNo-
CTOSIHHbBIN, TO U CMELLEHNS 0OBLEKTOB JOKHbI
ObITb OAMHAKOBLIMU (C YYETOM MEPCMNEKTUB-
HbIX MCKaXXEHUN N UBMEHEHUI CKOPOCTN 0Ob-
ekTa). Ecnu mexkanpoBeii nHTepsan no PTS
019 Ka4pOB Pasin4aeTcs, TO NPONopLMOoHalb-
HO [OJIKHbI OT/INYATLCHA U CMELLEHMS 0ObeKTa
B MNJIOCKOCTW Kaapa.

Hanpumep, ecnn nHtepsan no PTS mexay
NnepBbIM 1 BTOPbIM KaZApOoM BUAEOrpaMMbl B ABa
pasa MeHbLUe, YHeM MeXAy BTOPbIM U TPETbUM,
TO U NepeMeLlleHne obbekTa OT MepPBOro Ko
BTOPOMY Kaapy JOJIKHO ObITb B ABa pa3a MeHb-
e, 4eM nepemMeLLeHre OT BTOPOro K TPETbEMY.
Takum 00pa3oM, ecnim CMeLLeHNs 0ObekTOB B
Kazgpe nponopuyoHaNibHO MeXKaapOBbIM WH-
Tepsanam no PTS, nepexogum K 6noky 9, ecnu
HEeNpPOoMnopLMOHanbLHO — K 610Ky 6.

B 6noke 4 npoBepsieTcs HaNM4Me Ha Buae-
o3anucu n3obpaxeHus cobbITUI, BDEMEHHOM
VHTEepBas Mexay KOTOpPbIMU OOMNOOJIVIHHO U3-
BeCTeH (Hanpumep, nepeksio4yeHns CUrHanos

1
UmeeTca nv Ha Bugeorpamme
nsobpakeHue 4y3?

MponopuuoHanbHbl i 3

COOTBETCTBYIOT /U1 nouasava
OA CMeLLeHWA 0BBEKTOB OT KajJpa
4¥Y3 nokasaHmam PTS Ha
K Kagpy v nameHenus PTS
LJIUTENILHOM UHTepBane?
(nocTpoeHue rpebEéHKK)?

HET| HET / HET
4 4\ 4 5 BO3MOXHO 1 «AONONHUTL»
CopepraTca M Ha CooTtseTcTBYET N
DA HegocTaloLlmne Kagpbl 4nd
Buaeorpamme cobbitma AnuTenbHocTb PTS peanbHown o A
" o nofy4yeHnA paBHOMEPHOM
WN3BECTHOMW AMTENBHOCTW? ANUTENbHOCTU COBbITUI? ..
\_ Y, \_ Y, rpebEHKN?
HET HE/ HET
4 OBWMX PEKOMEHAAUMI HET; 7) (" [na onpeneneHna BpeMeHHbIX g ) 9
WHTEPBAa/IOB MOMHO UCNO/1b30BaTh ,U,nﬂ onpeaeneHna BpeMeHHbIX
Heobxoauma paspaboTka N
CPeAHIOI0 YacTOTy KafpoB C Y4ETOM MHTEPBAN0B MOXHO
YacTHOro NoAxXoAa K
«MPONYLLIEHHbIX» KaApoB U bes mcnonb3osatb PTS
\_ KOHKPETHbIM BuAcorpammam \ y4éTa NoBTOpOB y
BbIBO

Puc. 1. Cxema Bbibopa KOPPEKTHOr0 MCTOYHMKA AaHHbIX
npu onpeneneHnn BpeMeHHbIX UHTepPBasioOB MO BUAE03anncu
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Ha cBETOMOPHbIX 0ObEeKTax) UM MoXeT ObiTb
onpeneneH no 9KCNepUMEHTaNbHOW BUAEO-
3anncu: ecnu cobbiTUsl, MHTEPBaAJl BPEMEHU
MeXAy KOTOPbIMU U3BECTEH, UMEIOTCS Ha BU-
[eosanucu, nepexoamm K 611oky 5; ecnm HeT —
K 6510Ky 7.

B 6noke 5 conocTtaBnsieTcs n3sectHas oan-
TEeNbHOCTb MHTEPBAa Mexay cobblTusmMu, 3a-
drKCMpOBaHHbIMY HA BUAEOrpamMme, C ornpe-
nensiemon no PTS gnvTenbHOCTBIO MHTEpBana
Mexay kagpamu, GUKCHpYIoWUMN 3T CoObI-
TNS: €CNn N3BECTHas ANTENIbHOCTb COOTBET-
CTBYET AIMTENBHOCTU, onpeaeneHHon no PTS,
nepexoamm kK 6510ky 3; ecnn He COOTBETCTBY-
eT — K 610Ky 7.

B 6510ke 6 aHanM3npyoTCca MHTEpPBaslbl rpe-
6€eHKM, NOCTPOEHHbIE B 6noke 3. Ecnn nHTep-
BaJibl OOVHAKOBbI (C Y4ETOM MNEPCNEKTUMBHbIX
NCKaXeHNUN U U3MEHEHUI CKOPOCTK), nepe-
xoauMm Kk 6110ky 8. Ecnu nHTepBasbl pa3nnyHbl,
NpPoOu3BOANTCS MONbITKA UX Apobuts, [obaB-
NF9 MMHUK TpebeHKn Tak, Y4ToObl MHTEepBasibl
MeXAy HUMWU CTann OOVNHAKOBbIMU (PEKOMEH-
nyeTtcs nob6aensaTe He Gonee ABYX AOMOJSIHU-
TENbHbIX JIMHUA MeXAy CYLLeCTBYOLWNMU).
Ecnu pononHuTEenbHbIE MHUU, COOTBETCTBY-
loLMe NponyLLLEHHBIM Kagpam, MOoryT ObITb J0-
6aBrneHbl TaK, YTO UHTepBasbl rpedbeHkn cTa-
HOBSITCS OQVHAKOBbLIMW, Nepexoaum K 610Ky 8;
nHaye — K 650Ky 7.

Bnokn 7-9 cogepxart BbIBOAbI O TOM, Kakme
DaHHble 0 BDEMEHU MOTYT BbITb MCMOJIb30BaHbI
Ons onpeneneHns oanTenbHOCTU MHTEPBAOB
BPEMEHU NOo nccnenyemon Buaeo3anmcu.

Mepexopn no cxeme B 610k 9 03HAYAET, YTO
no nccnenyemomn Buaeo3anvcn onpeneneHme
3HAYEHUN BPEMEHHbIX WHTEPBANOB, UCMOSb-
3ys gaHHble PTS, BO3MOXHO.

Mepexopn no cxeme B 610K 8 03HAYAET, 4YTO
npu mncnone3oBaHuu PTS gna onpepeneHus
ONVUTENbHOCTU BPEMEHHbIX WHTEepPBanoB Ans
JaHHOW BMOe03anncy BoO3MoXHa owwmbka, no-
3TOMY ANs ONpefeneHnsi BDEMEHHbIX MHTEP-
Ba/loB HEOOXOAMMO WCMOJIb30BaTb CPEOHIOI0
4aCTOTYy KagpoB C YYETOM «MPOMYLLEHHbIX», U
6e3 yyeTa NoBTOPOB (Mo rpebeHke). CpenHss
4acToTa KagpoB A0JIKHA CYMTATBCS HA UHTEP-
Baslax BPEMEHN He MeHee 5 cek. Ecnu Ha uc-
cnegyemMor BUAE03anncu Hemnb3s NOCTPOUTb
rpebeHKky Ha MHTepBane AJUTENbHOCTbIO He
MeHee 5 cek., pekomMeHayeTcs Ana onpene-
JNIEHNST BPEMEHHbIX XapakKTePUCTUK NCMNOMb30-
BaTb 3KCMEPUMEHTANIbHYIO BUOE03anunChb.

Mepexon no cxeme B 620K 7 O3HAYAET, YTO
00LLMX pekoMeHaaLMIN HET; TpebyeTcs paspa-
60TKa 4aCcTHOro NoAxoaa K KOHKPETHbIM BUAE-

03anncsaM C WUCMNOoJIb30BAHNEM 3KCMEPMMEH-
TaNbHbIX 3anncen, u ap.

OnpepeneHue UHTEPBaJIOB BPEMEHU
MeXay COObITUAMU

Jllobas BMOoeo3anMcb CooepXmT nocneno-
BATENbHOCTb KaApoB. [ns onpegeneHvs mo-
MEHTa BO3HUKHOBEHUS COObLITUS HEOOXOANMO
BbIBUTb kaap N, B KOTOPOM JaHHOe cobbiTe
eLie He npomndowno, n kagp P, B KOTOpom co-
ObITue yxxe npounsoluno. CnegoBaTtenbHO, Npu-
HMUMAETCS, 4TO COObITUE NPOM3OLLIO B MOMEHT
BpemMeHu mexay dukcaumnen kagpos N v P.

Mpn HeobGXOOMMOCTU onpeneneHns Bpe-
MEHU MexXay ABYMS COObITUSMM UCMOJIb3YeTCs
crnenytloulas nocnenoBaTefibHOCTb LENCTBUNA:

e N5 NepBoro cobbiTva onpenenunts N,
(kapp, B KOTOPOM cobbITME 1 eLLe He NPon30-
wno) n P, (kaop, B KOTOPOM cobbITME 1 yxe
MpoOn30oLLo);

e N8 BTOPOro cobbitua onpeaenvts N,
(kapp, B KOTOPOM CObbITME 2 eLLe He NPOn30-
wno) n P, (kaop, B KOTOPOM COObITME 2 yxe
MpPoOn30oLLo);

e onpefennTb MUHUMAbHbIA  VUHTEPBAn
BpPemMeHu t . Mexay COObITUAMU, PaBHbIN MH-
Tepsasy BpemeHn mexay kagpamu N, - P;

e onpefennTb MakCUMasbHbI VMHTEPBAs
BpemeHu t  mexzay COObITUAMU, PaBHbIN MH-
TepBasy BpemeHun mexay kagpamu P, - N..

Ecnu B pesynbrate onpeaeneHns KoppekT-
HOro MCTOYHMKA OAHHbIX MO BUAEO3aNNCK Bbl-
SIBMIEHO, 4YTO ONpeLeNieHNne BPEMEHHbIX MHTEP-
BasnioB no PTS Bo3amoxHO (610K 9), TO:

t .. =PTS(N,) - PTS(P,);
t . =PTS(P,) - PTS(N,).

Ecnu B pesynbrate onpeaeneHns KoppekT-
HOr0 WCTOYHMKA [OAHHbIX OAs1 OnpeaeneHuvs
BPEMEHHbIX WHTEPBANOB MO BUAEO3aNUCU
BblsiB/leHa HeEOOXOAVMMOCTb  UCMOJIb30BaHUS
cpenHen YacToTbl Kagpos F ¢ y4eTom npony-
LLEHHbIX KAAPOB 1 6e3 yyeTa NOBTOPSIOLLMNXCS
(6n0k 8), He0bXx0aMMO:

e MOCTPOUTb rpPebeHky MUHUMYM Ha ns-
TUCEKYHOHOM WHTepBane aasa onpeneneHus
cpenHen 4actoTbl kKagpos (F);

e MOCTPOUTb rpebeHky Ons aHanmaupye-
MO0 MHTEpBasa, ecnm NHTepecyloLme cobbl-
TUS HE NOManu B BblLLEYKA3aHHbIN NHTEPBAT;

e [10MOJIHUTL rpebeHkKy, NOCTaBUB MapKe-
pbl 419 NPONYLLEHHbIX KAAPOB;

e 0 NMOCTPOEHHOI rpebeHke onpesennTb
KOJIMYECTBO MEXKAAPOBbIX MHTEPBANIOB MEX-
ay kagpamu N, n P, (0603Ha41M BblyMcrieHne
KonuyecTsa kagpos, kak K(N,, P,));
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e 0 NOCTPOEHHOWN rpebeHke onpenennTb
KOJINYECTBO MEXKaapOBbIX MHTEPBAIOB MEX-
ny kagpamum N, n P, (K(P,, N,));

e t nt  paccuntbiBatoTCs N0 hopmynam:

o = K(N,, P)/F;
tmax = K(PZ’N1)/F

Takum 06pa3oM, MOMEHT BO3HUKHOBEHMS
COObLITUS ONpeaenseTcs ¢ MUHUMAasbHbIM MH-
TepBasioM B OOVH Kaap. Ecnu ka4yecTBO n30-
OpaxeHnss He NO3BONISIET ONPEAENNTE MOMEHT
BO3HUMKHOBEHUS COObLITUSE C TOYHOCThLIO 40 Ka-
Opa, nHTepBas MoxXeT OblTb YBEIMYEH OO0 He-
CKOJIbKMX KaApOB.

B HekoTOpbIX crnyyasx, korga cobbiTve
CBSI3aHO C [ABMXEHMEM 00bekTa, Aornycka-
eTCA YTOYHEHVE MOMEHTa BO3HUKHOBEHUS
CcOObITUS MO MECTOMOJIOXKEHUIO NEPEMELLAIO-
wmxca obbekToB. Hanpumep, ecnn Heobxo-
ONMO OnpenennuTb MOMEHT BPEMEHU, B KO-
TOPbIA TPAHCMOPTHOE CPEACTBO NepeaHnuMun
KonecamMmy nepecekaeTr CTOM-AMHUIO (puUcC. 2,
3), 1 4eTKOCTb N306paxeHns gocTaTtovHa gns
6oslee TOYHOro MO3ULMOHMPOBAHUS, TO WH-
TepBasl MOXET ObITb YTOYHEH MO MOJIOXEHUIO
obbekTa B Kagpax.

[na paHHOro npumepa yreepxaaeTcd, 4To
rnepeceyeHne CTon-JMHUN NPOUCXOAUT B MO-
MEHT BPEMEHN He paHee, 4eM t, — MOMEHT
BpEeMeHN (0T Hayvana Bugeo3anucu) Gopmu-
poeaHus kagpa N v He nosgHee, 4em t . — Mo-
MeHT BpemMeHn dopmupoBaHmna kagpa N+1,
Takum 06pa3oM, aBTOMOOWIb Nepecek CTomn-
NNHVIO BO BpEMEHHOM vHTepBane [t t,,].

Ecnn aBTOMOOWUNbL ABurancs C He3Hayn-
TeJIbHbIM N3MEHEHMEM CKOPOCTU, TO C YY4ETOM
€ero nepemMeLLeHns MOXHO Cy3UTb BPEMEHHOM
vHTepean. lNMpuHMMas BO BHMMAHME MONOXe-
Hue aBToMob6uns B kagpax N n N+1, Hayano
VHTepBasa YTOYHAETCH [OeflIeHMeM ero no-
nonam. B pesynstate MOMEHT nepecedyeHus
MPOM30LLEN He paHee, YeM B MOMEHT BpeEMe-
Hu t +(t,,,, - t,)/2. Tem cambiM BABOE CyXaeTcs

BpemeHHou nHtepsan [t +(t,, - t,)/2, t,,].

Puc. 2. Kagp N. ABTOMOGWIb HE Joexarn
[0 CTOMN-ANHUM

OnpepneneHne MOMEHTaA BO3HUKHOBEHMUSI
Takmx cobbITWI, Kak NepPEKItOYEHNE CUTHATOB
cBeTtodopa WAN BKIIIOYEHNE CBETOBbIX CUr-
Ha/IOB TPAHCMOPTHbIX CPEeACTB C TOYHOCTLIO
©onee 0gHOro MexkKaZpoBOro MHTepBana He-
BO3MOXHO Jaxe O/19 BUaeo3annucemn BbICOKOro
KayecTtBa. [na Bugeo3anmcen HU3KOro kaye-
CTBa TOYHOCTb MOXET CHMXaTbCH, @ MOMEHT
BO3HWKHOBEHUS COOLITUSI ONPenensaTbCcs N1Llb
B [Ovana3oHe, PaBHOM HECKOJbKUM MeXKa-
LPOBbIM MHTEPBAIaM.

VIHorga onpenenserca uHTepsas BPEMEHN,
npoweawunin Mmexny dukcaumern KOHKPETHbIX
KaZpoB, a He MeXay KakumMun-nmbo cobblTus-
Mu. Torga no Bbileyka3daHHOW CxeMe onpene-
NAETCHA KOPPEKTHbIN UCTOYHUK BPEMEHU, N MO
HEMY oOrpefenseTcsa BPEMEHHOW WHTepBasl.
Ecnu aTOT onpepneneHHbln MHTEpPBaa BpeEMe-
HU MCMNOJIb3YeTCs NS BblYNCIEHNA CKOPOCTHU,
TO paccTosiHMe, NPoONAeHHOE 0OBLEKTOM, CKO-
POCTb KOTOPOrO BbIMUCISETCH, HEOOXOAMMO
onpefenaTb C NOrpeLwHocTbio. B aTtom cnyyae
NMOrpeLHOCTb ONpeaesieHnss BpeEMEHN He3Ha-
YynTesibHa MO CPAaBHEHWUIO C MOrPELUHOCTLIO
onpefesieHns pacCTosAHUSA, U €0 MOXHO npe-
Hebpeyb.

B pesynbrate npuMeHeHus pasHbIX MeTO-
[OB OnpefeneHns BpeEMeHU Mexay cobblTrs-
MU (U1 B pe3yJsibTaTe UCMOJIb30BaHNA Pa3HbIX
0OBLEKTOB MCCNenoBaHUs) MOTYT MOJyYnTb-
CS pas3finyHble BPEMEHHbIe MHTepBasnbl. Ecan
NoJIyYeHHble WHTEepBa/bl MNepecekalTcd, TOo
pesynbTaTbl He NpoTuBopeYyar opyr opyry. MNe-
peceyeHne VHTepBasioB MnosnaraeTcs 0oOLwmm
pes3ynsraTtoM NpUMeHeHnd MeTonoB. Pesyrb-
TaTbl CYNTAIOTCH PACXOOALLMMUCH, ECNN NOJY-
YeHHble MHTEepPBaJlbl HE NepecekalTCs.

3aknioyeHue
OnpeneneHve BPEMEHHbLIX MHTEPBAIOB MO
BMnaeo3arnmcun npoun3soanT BriedyatieHne nOo-
BOJIbHO MPOCTOI 3aJayn, O4HaKo ee pelle-
Hne 6e3 yyeTa 0COOEHHOCTEN BUago3anmcen

Puc. 3. Kagp N+1. ABToMO6UNb nepeexarn
CTOM-NNHNIO

62

Teopws 1 NPAKTKA CyaeBHOM akcnepTuabl Tom 17, N2 2 (2022)



Methods and Tools

MOXeT MPUBOAUTL K CEPbe3HbIM OLUMbKam.
Hanpumep, HenpaBuibHbIN pacyeT CKOPOCTU
OBVXKEHNSA TPAHCMOPTHbLIX CPEeACcTB Mo BUAeE-
0o3anucaM BedeT K OWwWMBOoYHbIM BbIBOOAM B
aBTOTEXHUYECKUX 3KCMNEepTU3ax, KOTopble UC-
NoJSIb3YIOT pe3ynbTaTbl 3KCNEPTU3bI BUAEO3a-
NUCeNn B KAY4€CTBE UCXOLHbIX AAHHbIX.
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Abstract. Video recording as a product of informational and communication technologies has a specific
place in the development of the society. The problem of forensic analysis of video recordings has a long
history and transforms along with the development of technical means. Video recordings are a valuable
source of factual data on cases involving traffic accidents, when in addition to describing the content-
related side of the case, it is necessary to make certain calculations of temporal and spatial characteristics.
The paper aims to form a unified methodological approach to establishing the temporal characteristics of
events recorded on a video as part of forensic analysis of video footage. The authors present a framework
for selecting a correct source of data when determining time intervals, describe a step-by-step sequence
of actions for an expert to solve the question put to him, and the methods to determine time intervals.
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Introduction

Video footage is an objective way to record
forensically significant information: people’s
actions, the state of objects and various pro-
cesses in real time. They are widely used in
crime investigations and for establishing the
circumstances of incidents, often traffic acci-
dents, when there is a need to determine time
intervals between events, including as input
data for determining the speed and accelera-
tion of vehicles.

In expert practice there are many devices
with some peculiarities of the recording pro-
cess, standards and codecs of digital video re-
cording. Also sometimes there is incorrect time
data for particular frames, malfunctions of the
inner clock of the recording device, with repeti-
tions and frame drops. These features must be
considered when establishing time intervals to
avoid errors and increase the reliability of re-
search results.

Many scientific papers on various aspects
of forensic analysis of video recordings are de-
voted to the search of signs of editing [1-5],
establishing the sizes and distances [6-7], as
well as to determining the speed of vehicles

[8-11]. At the same time, the issue of assess-
ing time intervals by video recording is rarely
covered in scientific papers [12-14].

The methodological recommendations of
the Russian Federal Centre of Forensic Sci-
ence of the Ministry of Justice of the Russian
Federation of 2016 [12] describe the main
problems of determining time intervals and
suggest approaches to solving them, however
expert practice has shown the need for their
further development.

This paper presents a scheme for selecting
the correct data source when establishing time
intervals, describes a step-by-step sequence
of actions for an expert to solve the question
put to him, and the methods to determine time
intervals.

Terms

Video recording (videogram) — video sig-
nals recorded on a media storage.

Video frame is a single image from a se-
quence of images contained in a video record-
ing.

PTS (presentation timestamp) — the mo-
ment when a specific video frame starts to be
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displayed on the screen. Usually counted from
the moment the first frame of the video starts
playing.

Recorder Clock Timestamp (RCT) is a re-
corder timer that can be displayed on video
frames and is used to assign date and time of
creation and modification of video files.

Interframe time interval (interframe inter-
val) is the time elapsed from the moment of fix-
ing one frame to the moment of fixing the next
frame.

Grid is a set of markers (for example, lines)
that refer to the position of an object in each
frame of the sequence.

Methodology application

The proposed methodology can be used
in the study of any video recordings for which
it is necessary to determine the time intervals
between events. The technique is intended to
be used by forensic video experts or any other
specialists in the field of forensic video record-
ings examination.

Data sources for determining time
intervals by video recordings

There are four independent time data sourc-
es for time intervals determination from a video
recording:

« PTS values;

« indications of timestamp;

- value of the object image movement in a
set of frames;

+ events of known duration recorded on the
video.

PTS is extracted by the codec from the vid-
eo file properties. PTS is set in different ways
depending on the file format. For instance, in
RIFF AVI file format, the only parameter is the
frame rate, and frame display duration can be
only multiplicated due to duplication of frames
or indexes. In MPEG4/QTFF there is a storage
of the display duration for each frame of the
video recording which can be assigned ran-
domly.

Recorder Clock is designed to display the
date and time of the recorded events on the
video. RCT is not always synchronized with the
real time, that is why the date- and timestamp
value can differ from the real date and time of
the recording (sometimes significantly). Time-
stamp value change displayed on the frame
can occur with significant violations (violation
of the sequence of RCT values, increased or
decreased time intervals for changing of the
RCT values), therefore, the time interval be-
tween fixed frames containing, for example, a

change in successive second values of RCT,
may not be equal to the duration of 1 second.

Object’s images shifts in consequent
frames allow to evaluate the equality of time in-
tervals between them. To do this, the positions
of the moving object in the sequence of frames
are marked — a grid is built.

For video recordings shot with stationary
cameras any moving object can be such an
object, usually, it is a moving car. For video re-
cordings shot with a moving camera (car DVR,
portable cameras, etc.), any object moving in
the frame plane with well differentiated ele-
ments can be used to build a grid. In this case
only those fragments of video recordings can
be used that contain the scene with stable
shooting direction (direction of the optical axis
of the video recording device) where the shoot-
ing direction changes slightly or evenly, and fo-
cal length does not change.

To check the correctness of the time values
established from the video recording, events
of known duration captured on the video re-
cording can be used. During the test, the real
(known) duration of events must be compared
with their duration determined from the video.
It could be the signals of a traffic light: their real
duration is recorded in the operation schemes
of the traffic light station and can be used for
comparison with the duration determined from
the video recording.

Selection of the correct data source for
determining time intervals by a video
recording

One of the most convenient sources of data
for determining time intervals between events
are PTS values. They allow to determine a time
interval between any frames of a video record-
ing with an accuracy of thousandths of a sec-
ond. However, as expert practice shows, there
are such video recordings that the time inter-
vals between frames with known PTS do not
match to the time intervals between shooting of
these frames. Thus, the usage of PTS to deter-
mine the time intervals between events in such
cases leads to significant errors.

To avoid such errors, there was developed
a method to select the correct source of time
data in a video recording. The block diagram
describing the sequence of expert’s actions is
shown in Fig.1.

The first step is block 1: to check for the RC
Timestamp present on the frame. If the answer
is “Yes” move on to block 2; if “No” — to block 4.

In block 2 it is required to check that the RC
Timestamp values match the PTS values on a
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1
Recorder Clock Timestamp YES

Does timestamp values match | YES

; 3
2 Are the objects movements

proportional from frame to

o
No general recommendations.
Must be considered according
particular case.

Average frame rate can be
used (considering misses and
repetitions).

PTS can be used.

present? PTS values (on a long interval)? frame (Grid)?
NO NO V NO
5
4 Is it possible to add
Are there events of known YES Does the PTS values match to i g
X . frames, so the Grid is YES
duration present? duration of known events? L
periodical?
NO NO NO YES
o /
8}

CONCLUSION

Fig.1. Correct time data source selection scheme during
determining time intervals on a video recording

long interval of the video recording. To do that
one needs to establish whether the duration
of a “long” time interval (at least 5 seconds is
recommended), determined by the RCT (be-
tween the moments of changing the values of
the seconds of the RCT), coincides with the
duration of these intervals by PTS: if the RCT
and PTS values match, move on to block 3, if
the duration differs significantly (may affect
the final conclusions) — to block 4. The compli-
ance can be checked manually using a video
player that allows frame-by-frame viewing and
displays PTS frames or using special software
that allows reading the RCT of the videogram
(for example, “DTP-Expert”).

In block 3 the expert compares the propor-
tionality of the value of object image shift from
frame to frame to the value of the interframe in-
terval according to PTS. To do this, one must
build a Grid — markers point the position of the
object in the sequence of frames. If the inter-
frame interval is constant, then the displace-
ments of objects should be the same (consid-
ering perspective distortions and changes in
the speed of the object). If the interframe inter-
val given in PTS differs, then the displacements
of the object in the plane of the frame should
also differ proportionally.

For example, if the PTS interval between the
first and second frames of a video recording is
two times less than between the second and
third, then the movement of the object from the
first to the second frame should be two times
less than the movement from the second to
the third. Thus, if the displacements of objects
in the frame are proportional to the interframe

intervals according to PTS, then move on to
block 9, if not proportional, then go to block 6.

In block 4 the video is checked for presence
of events with known duration, for instance, the
lights switching at traffic lights, or the duration
of which can be established from experimental
videos. Thus, if events of known duration are
present in the video, move on to block 5, if not
—to block 7.

In block 5 the length of events with known
duration are compared with the duration coming
from PTS. If the known duration of the events
corresponds to the PTS duration, then the
scheme brings block 3, if not, then — block 7.

In block 6 the Grid intervals built in block 3
are analyzed. If the intervals are of the same
length (considering perspective distortions
and speed changes), then the next block is 8. If
the intervals are different, then the expert must
try to split them by adding more Grid lines, so
that the intervals between them become the
same (it is recommended to add no more than
two additional lines between the existing ones).
If additional lines that correspond to missed
frames can be added in such a way that the
Grid intervals become the same, then move on
to block 8, otherwise — to block 7.

Blocks 7, 8, 9 contain conclusions about
which time data source can be used to deter-
mine the duration of time intervals for the ex-
amined video evidence.

If the scheme brings the examiner to block
9, it means that it is possible to determine the
values of time intervals using PTS data from the
video recording.

66 Teopust U NPAKTUKA CyAeBHOM akcnepTmsbl Tom 17, N2 2 (2022)



Methods and Tools

If the block 8 is reached, then using PTS
to determine the duration of time intervals for
a given video recording can lead to an error.
Therefore, to determine the time intervals, it is
necessary to use the average frame rate, con-
sidering “missing” frames and without repeti-
tions (by grid). The average frame rate should
be calculated at time intervals of at least 5 sec-
onds. If itis not possible to build a Grid at an in-
terval of at least 5 seconds, it is recommended
to use an experimental video recording to de-
termine the time characteristics.

Reaching block 7 means that there are no
general recommendations; it is necessary to
develop a special approach to the particular
video case. Experimental recordings can help
a lot in this case.

Determination of time intervals
between events

Any video recording contains a sequence
of frames. To determine the moment of oc-
currence of an event, it is necessary to iden-
tify frame N, in which this event has not yet
occurred, and frame P, in which the event has
already taken place. Then it is stated that the
event occurred at the moment of time between
the shooting of frames N and P.

If it is necessary to determine the time du-
ration between two events, then the following
sequence of actions must be carried out:

- for the first event, determine N, (frame
in which event 1 has not yet occurred) and P,
(frame in which event 1 has already happened);

-+ for the second event, determine N,
(frame in which event 2 has not yet occurred)
and P, (frame in which event 2 has already hap-
pened);

+ determine the minimum time interval t_,
between events, equal to the time interval be-
tween frames N, - P_;

+ determine the maximum time interval t
between events, equal to the time interval be-
tween frames P, - N,.

If it is established after the scheme analysis
that the time interval can be determined by PTS
(Block 9), then:

t .= PTS(N,) - PTS(P,);
t .= PTS(P,) - PTS(N,).

If it is established that the average frame
rate (considering frame misses and repeti-
tions) must be used (block 8), then:

+ build a Grid on a five-second (at least) in-
terval to determine the average frame rate (F);

+ build a Grid for the analyzed interval, if
the events did not fall into that interval;

+ modify the Grid by placing markers for
missed frames;

+ using the Grid, determine the number of
interframe intervals between frames N,and P,
(K(N,, P,) as the function for number of frames
calculation);

+ using the Grid, determine the number
of interframe intervals between frames N, and
P,(K(P,, N,));

t,, and t _ are calculated according to
the following equations:
o = K(N,, P)/F
tma>< = K(PZ’ N1)/F

Thus, the moment of occurrence of the
event is determined with a minimum interval
of one frame. In cases where the image qual-
ity does not allow to determine the moment of
occurrence of an event with an accuracy of one
frame, the interval of occurrence of an event
can be increased to several frames.

Sometimes, when the event is correlated
with the movement of objects the moment
of time can be established according to the
movement of the object. For example, if it is re-
quired to determine the moment of time when
the vehicle crosses the stop line with its front
wheels (Fig. 2, 3) and the image quality is suf-
ficient for more accurate positioning, then the
interval can be refined by the position of the
object in the frames.

For this example, it cannot be argued that
the stop line is crossed at a time not earlier than
t, — the time (from the beginning of the video
recording) of the formation of frame N and not
later than t, , , of the time of formation of the
frame N + 1, thus the car crossed the stop-line
in the time interval [t, t,,,]. If the car was mov-
ing with a slight change in speed, then the time
interval can be narrowed down accordingly.
Considering the position of the car in frames
N and N + 1, it is possible to refine the begin-
ning of the interval by splitting it in half. Con-
sequently, it turns out that the moment of in-
tersection occurred not earlier than at the time
t +(ty., - t)/2. Thus, the time interval has been
halved down [t +(t,, - t,)/2, t.,].

Determining the moment of occurrence of
events such as switching traffic lights or turn-
ing on vehicle lights with an accuracy of more
than one frame interval is impossible, even for
high-quality video recordings. For low-quality
video recordings, the accuracy may decrease,
and the moment of occurrence of the event can
be determined only in a range equal to several
frame intervals.

In some cases, it is required to establish the
time interval between particular frames, and
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Fig. 2. Frame N. The car hasn’t crossed
the stop-line

not between events. Then, according to the
above scheme, the correct time source is de-
termined, and the time interval is established
by it. If this specific time interval is used to cal-
culate the speed of the vehicle, then the dis-
tance travelled by the object must be defined
with a certain error. In this case the error in de-
termining the time is insignificant compared to
the error in determining the distance and can
be neglected.

Application of different methods for deter-
mining the time between events (or using dif-
ferent objects of study) can result in different
time intervals. If the obtained intervals inter-
sect, then the results do not contradict each
other. The intersection of intervals can be con-
sidered as a general result of the methods ap-
plied. The results are considered contradictory
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