TAIL TRAIL

USER MANUAL (SCROLL DOWN FOR ENGLISH VERSION)
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[Mporpamma Tail Trail mst Windows 10/11 (x64) npennasHa4deHa it IOCTPOCHUS U aHAIIA3a
JMHUAW TIepeMelneHust (Tpeka) aabopaTOpHBIX >KMBOTHBIX IO BHJICO3AMUCSAM TIOBEACHUS B
CTaHJApPTHBIX TECTaX — OTKPBITOE IOJIe, BOAHBIA TecT Moppuca, MPUIOAHATHII KpecTooOpa3HbIi
7aOUpUHT U Apyrux. Bo3MoXXHOCTM mporpaMmbl HE OrPAaHUYUBAIOTCA CTAHJAPTHBIMU
MIOBEJICHUYECKUMHU TE€CTaMHU: OHAa MOXKET OBITh MCIIOJB30BaHA JJIi TPEKHUHIA JHOOOTo MOJBMXKHOIO
0o0beKTa Ha KOHTPAacCTHOM cTaTWU4HOM QoHe. [Iporpamma mojaep:kuBaeT Bce paclpoCTpaHEHHBIE
THUIBI BU1€0(ANIIOB, B OCTATIbHBIX CIIyyasX MOXHO MPUOETHYTh K MOMOIIU BUIEOKOHBEPTEPOB.

MHTEP®ENC

B unTepdeiice mporpaMMbl BBIIEICHO 5 OCHOBHBIX oOmacteil. CTpoka MeHio (1) mo3BomisieT
COXpaHATh W 3arpykarb (aiibl ¢ TOTOBBIMH HacTpoiikamu. JleHTa HacTpoiKkuH TpekuHra (2)
MIO3BOJISIET MOATAHO MOATOTOBUTH (haill K TPEKUHTY U 3a/laTh HACTPOWKHU TpekuHra. B padoueit
obsactu (3) oToOpakaroTcst kaapel Buacodaitia. [locne 3aBepiieHrs TPEKUHTa MOBEPX TEKYIIETO
KaJipa HaKJIa/IbIBaeTCsl TMHUS TPEeKa WK TeTIOBOM KapThl (MPU HAXAaTUU HA pa3Jien JeHTbl Heatmap).
O0aacTh mostocsl BpemeHu (TaiiMiiaiina) (4) BKIIOYAET caMy II0JIOCY ¢ KypCOpPOM, HUXKE KOTOPOH
pacrionioxxeHa 00JacTh OTpaHMYEHHMsS BpEeMEHHM aHainu3a. Ele HIKe pacrojiokKEeHbl KHOIKH
HaBUTAIMK TIO0 KajapaMm Bujueodaiia. bokoBoe meHio (5) mMmeer JBe BKIAAKU: OOIIHME HACTPOUKH
(General) mn wnactpoiiku ROI (ROI config). Bo BpeMs mporemaypbl TpPEKHWHTA TOSBISETCS
BCIUIBIBAIOIIEE OKHO C BUAE0-0TOOpakEHHEM MPOIIECCOB MOCTPOEHHUS TPEKa U TEIIOBOM KapThl.
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PABOTA C ITPOT'PAMMOU
1. ¥YcranoBka. Pacnakyiite apxuB u 3amyctute (haiin failtrail.exe (Ha HEKOTOPBIX KOMIIBIOTEPAX MOXKET
MOHAJ00UTHCS 3aIyCK OT MIMEHH aIMUHHUCTPATOPA).
2. Bbi0op daiina. Ha 60koBoif manenu B ob6mactu Source HA)KMUTE KHOTIKY ¢ M300paKCHUEM TTaIKH.
Bri6epute Buacodaiin 1y aHamusa.

3. Hauajgo. B paboueit oOmactu oToOpa3uTcsi IMepBbId Kaap (aila ¢ mpuUMEHEHHEM MacKd H
YCTaHOBJICHHBIX 30H HMHTepeca (Tak Kak Ha JIEHTEe IO yMOJYaHUI0 Haxar pasznen Tracking).
HeobpaboTanHubie kKapbl MOXKHO TIOCMOTPETh, HAXKaB pa3ziell JIEHTHI Source.
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4. KanpupoBanue. Haxxmute Ha pasgen jaeHTsl Masked. CKOppeKTHPYHTE paguyc Macku Kajapa BO

BCIUTBIBarOIEM MeHI0. OOBEKTHI 3a MpeieiaMu ATOTO pajryca He OyayT YUYUTHIBATHCS MTPH ICTCKITHH.
Ecin HeoOXoauMo HaKJIOHUTh KaJIp W/WIA CMECTUTh €T0 IIEHTP, HAKMUTE Ha BCILIBIBAIOIIECE MCHIO B
pasnene Transformed (nns ynoOcTBa He HAXXMMaWTe TPU 3TOM Ha caM pasznen Transformed, 4TOOBI
Macka ocTaBajiach akTUBHOW). [Ipu Haxkatuu Ha pasnen Transformed oToOpaxkaeTcsi N3MEHEHHBIN
Kazp 6e3 Macku.
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5. ¥YcraHoBKa BpeMEHHBIX paMoK. B oGmacTu TaiimiaiiHa Ha HIDKHEH Mojoce YCTaHOBUTE JIEBBIN
yKa3aTellb Ha HayaJslo dKCIIEpUMEHTa (B IpuMepe — 3 CeKyHAbl OT Hauasa 3anucu). [1paBblil ykazarenb
YCTaHOBHTE TaK, YTOOBI B CyMME BpEMs CJI€Ba COCTABISUIO JUTUTEIBHOCTh AKCIIEPHMEHTA ILTIOC
OTCTYI OT Hayaja (B mpuMepe — 5 MUHYT IUTIOC 3 ceKyH[Ipl). HaxkMuTe KpaifHIOH0 JIEBYIO KHOIIKY AJIst
IIEPEHOCa Kypcopa B BEPXHEH MOJIOCE HAa HAYaJI0 y4acTKa BUJCO, BBIIEICHHOIO IS aHAJIN3A.
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6. Boruutanue ¢ona. Haxmure Ha pasnen nentol Bg Substraction. Haxvure kHoniky Train algorithm.
[Iporpamma mpoananu3upyet (aiia mo oTAeNbHBIM KaJipaM B TEYCHHE HECKOJIBKUX CEKYH/I.
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[IponucTaiite Kypcop TaiimiiaiiHa Brepen-Ha3aa Ha MpeIMeT OHOPOAHOCTH MATHA-00BEKTa U IIyMa
Ha Kajapax (KpyNHBIX ISITEH, BCIIOJIOXOB, OTPaXXCHWH, MHUKCEIbHOH psbu). Eciam mryma MHOTO,
TOBTOPUTE MPOIIEYPY, YBEIUUUB 3HaUeHUE Var threshold. Ha pucyHke BbIllie IPUBEACHBI MPUMEPHI
JUTSL pa3HBIX 3HAYEHUH Toka3arelist. [Ipr 5TOM CITUIIKOM BBICOKOE 3HAYCHHE MOXKET Pa3/IEIUTh OOBEKT
Ha HECKOJIbKO YacTel Ha HEKOTOPBIX KaJpax, YTO B JaJIbHEHIIEM BBI30BET OLIMOKM B JeTeKIuH. B
ciIy4yae HEOJHOPOIHOCTH (hOHA BO BPEMEHH MOXET IMPUTOAUTHCS pydHoe oOyueHue (puaxox Manual
learning). B TakoM ciyuae nocie ycTaHoBieHus Var threshold Hy*&HO Bpy4HYIO IEPEMECTUTh Kypcop
1o TaiiMyIaiiHy WM B IpoOJeMHOM 00JacTH OIMH pa3 BIEPE U Ha3al.

7. 3oubl MHTepeca. /lagee HEOOXOAMMO HACTPOHTH 30HBI MHTEpeca (region of interest, ROI). Onu
MOTYT OBITH B pOpMe Kpyra, cekTopa wiu npsimoyronsuuka (Circle, Quadrant, Rectangle). Haxmure
Ha pasnen JieHTol Tracking. lleperinute Bo Bkinanky RO/ config B 60koBOM MeHIO. B HacTpoiikax 1mo
ymomdanuto BbicTaBieHbl Tpu ROI B Buzme kpyroB c¢ rucrtepesncamu. MOXKHO H3MEHUTHh HX
HACTPOMKH, MOXKHO co3nath HoBble. Cozmagum HoBble ROI. [lns sTOro cHavana ypanure
CYILIECTBYIOIHUE, BBIJEIUB UX KypCOPOM U Ha)kUMasi KHONIKY Delete Ha nanenu. Jlanee Haxxmute Add.
KnuknyB nBa pasa Ha New ROI, 3anaiite ums (Center). [Tomensiite Tun ROI Ha xpyr (Circle) B
paznene Type, ero LEHTP MO YMOJYAHUIO NEPEMECTUTHCS B JIEBbIM BEepXHMH yron kaapa. MeHss
3Hauenus X, Y u Radius, nepemecture ROl B cOOTBETCTBUU € pa3MeTKO# moisi. 3a1aiiTe 3Ha4YeHHE

rucTepe3nca Win BCcTaBbTe B nose 0, eciy rucTepe3nuc He HyKeH. [ uctepesuc orpaHMurBaeT JI0KHOE
cpabatbiBanue nepexona Mexay ROI, xorga kpbica OcTaHOBWIJIACH HA TpaHUIIE: ISl IOBTOPHOIO
Bxoza B ROI o0e nuHuM 1omxHb! ObITh epecedenbl. BeiOparek 1BeT ROI MOXHO, Ha)kaB Ha KHOTIKY
Choose color. Caumute ¢naxku Show ROI u Show hysteresis, eclii HE XOTUTE, YTOOBI OHHU
oToOpaXxkaJIuCh Ha Tpeke (Iporpamma Bce paBHO OyJeT UX y4uThIBaTh NpH pacuérax). Ilo ananorun
coznaiire ROI mst aByx npyrux kpyroB moist (Inner m Outer Rings). J[ist OTKpBITOro mosist EHTPHI
tpéx ROI (X u Y) OynyT modtu moIHOCTHIO coBmaaath. BaxkHo. Ecnu omgna wnm Heckonbko ROI
NEPEKPHIBAIOTCA (KaK B NpPUMEpPE), TO MEHbIIas M3 HUX, JODKHA HAXOAWUTHCS BBEPXY CIIMCKA.
Nzmennts nopsinok ROI moxkHO kHOTIKaMu Move Up / Move Down.

; General ROI config . General ROI config
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8 ShowROI 8 ShowROI

Color: Color:
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8 Show hysteresis 8 Show hysteresis
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Type:
O Quadrant © Circle O Rectangle
X position:
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8. KaauOpoBka jaucraHmuu. Jlamee HEOOXOmMMO 3aJaTh MacmTad B THKCENSIX HA METP JUIs
MPaBUIILHOTO pacuéTa JUCTAHIMU. JIJI 3TOTO UCTIONB3YHTE peanbHbIe U MUKCENbHBIE pazMepsl ROL.
B npumepe paauyc BHemHero kpyra mnoss cocrasiseT 0.6 M, a paguyc coorBercTByromeil ROI B
HacTpoiikax Beimen 192 nukcens. Torma macmTad coctaBiser 192/0.6=320 nukceneir Ha MeTp.




10.

11.

BaxHo. B nporpamme B KadecTBE AECATUYHOIO PA3AEIUTEINS MCIOJIB3YETCS TOYKA, & HE 3alsTasl.
Brecure paccunTaHHbIN MacTad B HIYKHEN 4acTH BCILIBIBAIOIIETO MEHIO pa3jiena JeHThl Tracking
(Distance scale). 3nech xe MOXHO cHATH Gnaxok Color track depending on ROI, ecnu BBl HE XOTHTE,
YTOOBI LIBET JINHUU TPEKA MEHSJICS B COOTBETCTBUU ¢ 11BeTOM ROI.

Bax#no. /Ins ROI, o6o3nagaromieit kpait o6macTu HaOmoaeHUs (B l 7 -

HameMm ciiydae OU[CI‘), YacTO BO3HMKAIOT HEOOJIbIINE HETOUYHOCTH
rold £ Tracking £8_ Heatmap €3 _

Min tracking area:
50

B IMOACYCTC BPCMCHU U NUCTAHIIUHU HAXOXKIACHHUA B Hel oObeKTa.
910 IPOUCXOAUT U3-3a TOI'O, YTO JKUBOTHOC HA Kparo 4aCTO BCTACT

Tracking loss distance:
50

Ha 3a/IHUE JIalbl, OMMPAasCh HAa CTEHKY. B pesynbrare Oosbiias

Draw bounding box
4acTh €€ M300paKEHUS MOXET MEPEXOAWTh 32 YCTaHOBJICHHYIO :;:i;’:j:j::"“"g“'”“O'
TPaHMIy, W aJTOPUTM CUYUTAET, YTO OOBEKT HAXOAWICS 3a Kalman filter
npenenamu Bcex ROIL. Ha Tpeke mpu ycTaHOBICHHOM pa3eieHIN (1:85—
1[BeTa TaKoW ydacTok OyzneT oToOpaskaThCsi YEPHBIM LIBETOM, a B SR

Distance scale

(aiine data.xlsx obmiee Bpems He OyaeT COBIaIaTh ¢ CYMMOH IO (RONSze i el RO iz in metes):

320

BceM ROI. Bo n3bexanne HETOUHOCTH B aHAJIM3€ PEKOMEHYEeTCs
nociie KaJmOpoBKH ycTaHaBiIMBaTh BHEIIHUNA ROI HeckombKo 1mupe, ¢ 3aX010M Ha CTEHKHU.
Hacrpoiiky TenioBoii KapThl. [Ipy xenaHuy NOMEHANTE CTUIIb TEIIOBOU KapThl BO BCIUIBIBAIOIIEM

MEHIO pazjienia JeHTsl Heatmap.
Iapamerpsl 3kcnopra. Bo Bkianke General OOKOBOro MeHIO (iaXKaMU OTMETHTE€ BH/IbI
PE3yNIBTaToOB TPEKHHTa, KOTOPBIE HEOOX0AMMEI. [laHHbBIe pacyéTa IMpHu SKCIIOPTE BCETAA COXPAHSIOTCS

B (aiine data.xlsx, NOTOIHUTENBHO COXPAHAIOTCS ()OTO M BHICO TPEKa, €CIM YCTaHOBJICHBI
COOTBETCTBYIOIINE (DIaXKH. YKaXHUTE IMyTh JUIS COXPAHCHMS BBIXOAHBIX JAHHBIX, HAXKaB KHOIIKY C
n3o0pakeHreM manku B pasgene Export. Ilo ymonuanuio (aiiiabl coXpaHsIOTCS B MANKy results,
KOTOpast HAXOJUTCS B TANKe MPOTrPAMMBI.

Tpekunr. /[ng Havyana TpeKWHIra HaXMUTE KHOIKY Start B pasznene Tracking controls. Tpexunr
3aITyCTUTCSI, TIOSIBUTCS JIOTIOJTHUTENIEHOE OKHO C OTOOpaskeHHEM Ipoliecca TPEKUHTa U MOCTPOCHUS
TEIUIOBOM KapThl. B BepxHemM neBOM yIIy psaoM C Ha3BaHueM nporpammsl Tail Trail Oyner
YKa3bIBaThCS TPOIICHT 3aBEPIICHHSI TPEKWHTA. 3aKpOWTE TOMOTHUTEIHHOE OKHO, YTOOBI MPEpBaTh
TPEKHHT 3apaHee.
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12.

JI7is yCKOpEHHst Mpoliecca MOYKHO TOJIb30BaThCsl PSKUMOM TPeKUHTa Oe3 mokasa Bujeo. J[is atoro
BMECTO KHOMNKH Start HAXXMHTE KHOTIKY Start (silent) B pasnene Tracking controls. B Takom ciydae
AOMOJHHUTCIBHOC OKHO HC IMOABUTCA, OAHAKO IPOLUCHT 3aBCPUICHUA TPCKHHI'A B 3aroJIOBKC OKHa
MIPOrpaMMBbI TaKXKe OyIeT 0TOOpakaThCst. ITOT PEIKUM yI00€H MpH paboTe Ha CIa0bIX KOMITBIOTEpaX,
OJIHAKO B CIIy4ae sIBHBIX OMIMOOK TPEKUHTa 00 TOM CTAHET M3BECTHO TOJIBKO ITOCIIE €r0 3aBePIICHHS.
3aBepiienne TpekuHra. [1o 3aBepiieHMH TPEKWHra B OCHOBHOH 00JacTH MpOrpamMMbl OyaeT
0TOOpaXaThCsl MOCICAHUN KaJIp C HAJOXKEHHBIM TpekoM. EcCii BBl XOTHTE, YTOOBI MPH IKCIOPTE
n300pakeHuss Tpeka Ha (oHEe ObUT Jpyrod Kaap — TMEpPeMecTUTe Kypcop TaiimiaiiHa B

COOTBETCTBYIOLLYIO ITO3UIIHIO.
=
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13. Dkcmoprt pe3yiabratoB. Haxmure kHOnKy Export Ha OOKOBOW MaHENH ISl COXpaHEHUS

¢aitnos. B panee 3a1aHHOI narnke MosiBATCS COOTBETCTBYoMIME (paitnel. Eciiu B Helt He Obu1o daitna
data.xlsx, on OyAeT TaMm CO37aH CO CTPOKOM, BKIIOYAIOMIEH pE3yibTaThl TpekuHTa. Ecim oH ObLI
CO3[aH paHee, pe3yJbTaThl TpEeKHHra OynyT no0aBleHbl B CIENYyIOIIyl0 CTpokKy. Baxno. He
ocTtapisiiite (aiin data.xlsx OTKPBITEIM BO BpeMsl Ha)KaTHsl KHOIIKU EXxport, Tak Kak B TaKOM ciydae
JJAaHHbIE B HEro He CMOT'YT ObITh BHeceHbl. CTpoKa JUIsl KaKAOro aHajiM3a BKJIIOYaeT ums (aiina ¢
npeduxcom Object, oOuiee BpeMss M NPOMJICHHYIO JUCTAHIMIO, a TAaKKe BpeMs, AUCTAHIHUIO U
KOJIM4YEeCTBO noceneHnii 1 kaxaoi ROI. B nocnenneii siueiike oroOpaxkaeTcs KOJIMYECTBO MOTEPD
(losses), uto ymoOHO Tipu TOAOOpE HACTPOEK B cllydyae HEYNAYHOTO TPEeKWHTA. [Ipu MOBTOpHOM
HKCTIOPTE TAaHHBIX B Ty e MarKy JJIs TOTo ke Buaeodaiina, Gaitisl ¢ (HOoTo U BHIEO MEpe3anuIIyTCs,
a K data.xlsx Oynet mobaBieHa e1e oJlHa CTPOKa C TEM K€ UMeHeM (paiina.

— -

®aiin [naexas Bcragka PazmeTka crpanHnibl Dopmynsl [laHHsle PeueHsnpoEaHne Buna  Cnpaeka  Acrobat

[ Cosars =

A7 vt I

A B C D E F G H [} J K L M
# total time (s) total distance (m) Outer time (s) Outer distance (m) OCuter entrances Innertime (s) Inner distance (m) Inner entrances Centertime (s) Center distance (m) Center entrances losses
Object1 300,2330331 56,34161503  276,2330571 49,6404436 17 22,5999774 6,307273269 18 1,3993936 0,393833166 2 1]

1
2
3




14.

15.

16.

BaxHo. B Havane TpekuHra anropuTm 3acuuThiBaet nocemieHrne ROI, B KoTopoM 00bEKT MOSBUIICS.
B npumepe 310 30Ha Center, 17151 KOTOpOI oTMeueHO 2 oceneHus B ¢aitne data.xlsx. Ha Tpeke Bblie
BHJIHO, YTO OJIMH U3 HUX — 3TO HA4YaJIO0 TpeKa, BTOpoi — coOcTBeHHO nocemienue ROI B xone tecTa.
Takoil cnoco® moacuera ocTaBieH AJIs YHUBEpCAJIbHOCTU. B ciydae mpumepa BakHO NMOMHHUTH
TaKXke, 4TO aJTOPUTM 3aCUUTHIBACT MTOCEIIEHHE 30Hbl B HE3aBUCUMOCTH OT TOTO, OTKYZAA IPOU30LIEI
Bxo/. B mpumepe kprica 3amuia B Inner 2 pa3a uz Center u 16 pa3 u3z Outer. Takum oGpa3om, Kpbica
B XOJIE T€CTa OTXOJMJIA OT Kpast 1moJisl (BayKHBIN MOKa3aTelb Uil MHTEPIpEeTalluy pe3yabTaToB TECTA)
16 pa3 (18-2=16). Cuéruuk Outer GonblIe HA 1 Tak KaK TPEKUHT 3aKOHYMJICS B 3TOM 30HE (3aX00B B
30HYy — 17, BbIX010B U3 HeE —16).

Copoc pesyabraToB. COpOCHTE pe3yabTaThl TPEKUHIA, €CIM OH ObUI MPEPBAH, WM €r0 PE3yJbTaThl

SIBHO HE TOYHBI U TpeOyeTcsl MOBTOPHAs HACTPOUKA U BBIIIOJIHEHUE TpeKHuHra. [ coOpoca HaxMuUTe
KHOIIKY Reset tracking Ha OOKOBOM IaHENM W BEpPHUTE Kypcop TaiimialiHa B Hadayio. Pe3ynbprarsl
TPEKMHra XpaHsTcsd B HAMATH 10 HaXXaTWs Ha KHOIKY Reset tracking, 3arpy3ku Qaiina wiu
BBIKJIFOUEHUS IPOTPAMMBI.

Coxpanenue HacTpoek. CoxpaHUTe HACTPOMKH B MAIKe C UCXOAHBIMU BHIeo]aiaamMu Jist ObICTpor
paboTsl ¢ ocTanbHBIMU (aiinamu B cepui (File-Save Settings). [Ipu cnenyroiiem 3amycke IporpaMmbl

9TH HACTPOWKHU MOXXHO BOCCTAaHOBHTH, 3arpy3uB coXpaHEHHBIN ¢aiin File-Load Settings. B (aiine
COXpaHSIOTCA BCE ITapaMeTphl B JIEHTE HACTPOUKHU TPEKUHTa, Bce HacTporiku ROI Ha O0KoBoIi manenu
U TOyTh Ais JKcrnopra AaHHbIX. Ecnum mpu 3arpy3ke HoBoro Buzaeogaiina mnomoxkenue ROI
OTHOCHTEIIGHO YCTAaHOBJICHHBIX JIMHUA WM TPAaHUI] HE HW3MEHWIOCH, 3HAYHUT TIIOJIOKCHUE IIOJIS
OTHOCUTEJIBHO KaMepbl HE MEHsJIOCh. B TakoM cilydae mepesn HayaloM TPEKMHIa HYXHO BbIOpaTh
BpeMs I aHaiu3a (M. S5), Mpou3BecTH BhUMTaHHE (oHA (1. 6) U OTMETHTHh (DIaKKaMU BHUIBI
pe3ynbTaros Juist 3kcniopTa. Eciiu ROI emecTunich — He06X01uMO OTKOPPEKTHPOBATh BCE HACTPOMKH,
B 0COOEHHOCTH MpoBepuTh MaciuTad (1. 8). IIpu HeoOXoAMMOCTH BEpHYTHCS K 0a30BBIM HACTPOWKaM
3arpysure ¢ailn default settings B marke MporpaMMBbl WIK Niepe3arpy3uTe IporpaMmmy.

Bo3MokHbIe CJI0KHOCTH. AJTOPUTM TMPOTPaMMBI IMPEAINOIaraeT, YTo0 Ha CTAaTUYHOM OJIMHAKOBO

OCBEIIICHHOM (JOHE JBIKETCS OJIMH KOHTPACTHBIH 11eNieBoi 00beKT. B ciyuae mpumepa — Oenast Kppica
Ha cepoM (oHe, KOTOPbIN OIMHAKOBO OCBEIIEH B TeUeHHE 5 MUHYT. Takoil 0ObEKT BO BpeMsl TPEKHHTa
OTMEYaeTcs KypcopoM MOCTpOeHHsI Tpeka (Oenblii Kpy>»KOK C YepHBIM KOJBIIOM IO Kpaw). B
HEKOTOPBIX ClIydasX TPEKHMHI MOXXET MATH HENpaBUIbHO MM ObITh HETOYHBIM. Yale Bcero 3to
CBSI3aHO C HEYJauHbIM OCBEIICHHWEM, HAJIN4YMEeM OJMKOB M BPEMEHHBIX 3aT€HEHUI, OTpaKeHH,
MOSIBJICHHUEM B KaJIpe IPYTUX MOABMKHBIX 00BEKTOB (HapuMep, pyKa sKcriepuMeHTaropa). TouHoCTh
TpeKa MOKHO OIICHHUTh BO BPEMs CaMoOro Mpoliecca ero MoCTPOeHHs MO0 BUAEO BO BCILIBIBAIOIIEM
okHe. [lo 3aBepiieHnI0 TpeKMHra Ha OOKOBOM MaHenu B obnactu Tracking results mOsSBUTCS BpeMs,
3aTpaueHHOE Ha TPEKHUHT, U KOJUYECTBO MOTEPb 00bekTa (Losses), O0JbIIOe KOJTUYECTBO KOTOPHIX
yKa3bIBaeT Ha MPOOIIeMBbI ¢ JeTeKiuei. /i1 HeKOTOphIX (paiiiIoB JIydIle SKCIIOPTHPOBATH BHIEO-TPEK
JUTS IETalTbHOTO aHaiiu3a mpolieM. B TakoM ciydae mo3ke HY)KHO YIAIHUTh HEyJadHble (Qailiibl 1
COOTBETCTBYIOIIYIO 3amuch B data.xlsx. B cimydyae Hammumsi AedEKTOB Tpeka W/WIM OOJIBIIOTO
KOJIMYECTBA MOTEPh MOXKHO HONPOOOBaTh MOBTOPUTH AaHAJIN3, U3MEHMB HAcTpoiku (cm. m. 6). B
PEIKUX CIIydasx Kypcop MOCTPOCHHUs TpEKa MOXKET HE C IEPBOTO Kajipa ONpeIeUTh OOBEKT B Hauaje
TpeKkHuHra. B TakoMm nepes Ha)kxaTHeM KHONKU Sfart MIETKHUTE YKa3aTelleM MBIIIN Ha N300pakeHUH
00bEeKTa — Kypcop IEpeHeceTcsi Ha OOBEKT M3 JIEBOIO BEPXHEro ymia Kajapa (IOJOXKEHHE I10
ymomdanuio). Ecim Kypcop Bo BpeMsl TpEeKHHTa MEePEeCKaKMBaeT Ha APYrHe OONAaCTH Kaapa, 3HAYUT
QJITOPUTM JETEKTUPYET KaK 0OOBEKT MOCTOPOHHME MATHA — OJIMKH, TEHHU, OTPAXKEHUA U T.0. B Takom
cilydyae HEoOXOAMMO COpPOCHUThH pe3yibTaTbl, OLIEHUTh KadeCTBO BHE0, YTOUYHUTb HACTPOUKHU M
MOBTOPUTH TPEKHHT.



JIOTIOJIHUTEJIbHBIE HACTPOMKH

[Mapametp Blur size B pa3nene neHTbl Blurred ycraHaBIMBAeT CTENEHb PAa3MbITHS TPAHUIIBI
nerektupyemoro o0Onekra. Ilapamerp Block size m xoHcranta C B pasnene JyeHTol Threshold
MO3BOJISIFOT ~ CKOPPEKTUPOBATh  AJTOPUTM  OMPENENIICHUS] TPAaHUI[ JCTEKTUPYEeMOro OOBEKTa.
[Tapametpsl B pa3aene nentsl Tracking: Min tracking area — 0ObEKT ¢ TUIOIIABIO B TUKCENSIX MEHEe
yKa3aHHOW He OyneT AeTtekTupoBarbes; Tracking loss distance — MUHMMalbHasi TUCTAHIUS B
MUKCEIAX, IPU KOTOPOM moTepsi oObeKTa 3acuuThiBaeTcs. Koppekuuio 3HauyeHU MaTpulbl HIyma
u3MepeHuil R 1 MaTpuibl oryma mnpouecca Q B napamerpax ¢uiasrpa Kanmana MOXXHO UCTIONB30BaTh
JUIsL pYYHOHM MOACTPOUKH TOYHOCTH JICTEKIIMHU U TPeKUHTa. [lepeunciienHple BhIe napaMeTpbl IMEET
CMBICJI TIOZICTPANBATh SMIUPUUYECKH B OCOOBIX CIy4asX, HAIPUMEP: TPEKUHI OYE€Hb OOJIBIIMX WU
OYECHb MAJICHBKUX 00BEKTOB, TPEKHHT OOBEKTOB C PE3KO M3MEHSIONICHCS TpaeKTopueH, popmoii mim
pa3MepoM, TPEKUHT B YCIOBHAX HECTAOMIBHOTO (DOHA, a TAaKXKe TPEKUHT 10 BUIEO (hailimaM ¢ Apyrum
paspemenueM. [Iporpamma paspabaTpiBajiach U TECTHPOBAJIACh I BUeO B paspemieHnn 640x480
(30 FPS). Bo3moxHa Takxke padora ¢ BHAEO B 00Jiee BHICOKOM pPa3pelIeHUH, OJHAKO ITO KpPaTHO
YBEJIUYUT BpEeMs aHAIU3a.

Onaxok Draw bounding box B pasnene nentsl Tracking BKIOUaeT OTOOpaKEHHE KPAaCHOU
NpSIMOYTOJIBHOM paMKu OOBEKTa Ha BHJIEO IHpolecca TpPeKUHra (BCIUIbIBAIOIIEE OKHO). B
coxpaHseMoM Bujeodaiine TpekuHra paMka He otoOpaxkaercs. Onaxok Highlight losses B paznerne
nentsl Tracking BKIIO9aeT 0TOOpaKEHHE HA TPEKE YIAaCTKOB MOTEPHU OOBEKTA, IIBET TAKOTO y4acTKa
MEHSIETCS] HAa KPACHBIM.

Onaxok I[nvert colors (for brighter background) B pasznene neHtwsl Bg substraction cTouT
aKTUBUPOBATH Mepejl MPOoLEeaypoil BbluuTaHus (hoHa B ciiyyae, Korjaa 00beKT TeMHee, 4yeM (hoH.

Oyukuus Batch processing Ha OOKOBOM NaHeNW TMpelHa3HayeHa [UId 3arpy3ku psjaa
Buzieo(aisioB Uit aHanu3a (PyHKIUS B pa3paboTKe).



TAIL TRAIL

USER MANUAL
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Tail Trail for Windows 10/11 (x64) is designed to track and analyze the movement path (track)

of laboratory animals in behavioral test videos, including the open field test, Morris water maze,

elevated plus maze, and others. The program is not limited to standard behavioral tests. It can be used

to track any moving object against a static, contrasting background. Tail Trail supports all common

video file formats. If the video uses a different format, one can convert it using any appropriate video
converter.

INTERFACE

The program interface is divided into five main areas. Menu bar (1) allows to save and load
configuration files containing completed settings. Tracking setup ribbon (2) guides through the
steps required to prepare a video file for tracking and configure the tracking settings. Workspace (3)
displays the frames of the video file. Once tracking is complete, over the current video frame the
tracking path is displayed. To display the heatmap instead of tracking path over the frame, click the
Heatmap section of the ribbon. Timeline area (4) contains the timeline with the cursor. Below the
timeline is the time range used to limit the analysis. The video frame navigation buttons are located
below this area. Side panel (5) has two tabs: general settings (General) and ROI settings (ROI config).
During the tracking process, a pop-up window appears showing the tracking and heatmap generation
in real time.
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TUTORIAL

Installation. Unpack the archive and run the tailtrail.exe file (on some computers, running as
administrator may be required).

File selection. On the side panel in the Source area, click the folder button. Select a video file for
analysis.

Start. The first frame of the file will be displayed in the workspace with the mask applied and the
regions of interest set (since the Tracking section is pressed by default on the ribbon). Raw frames
can be viewed by clicking the Source ribbon section.

Source Transformed ¥ Masked 2 Bg subtraction £} Threshold £8_ Tracking 8 Heatmap €8
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Framing. Click the Masked ribbon section. Adjust the frame mask radius in the pop-up menu. Objects
outside this radius will not be considered during detection. If the frame needs to be tilted and/or its
center shifted, click the pop-up menu in the Transformed section (for convenience, do not click the
Transformed section itself so that the mask remains active). When clicking the Transformed section,
the modified frame without the mask is displayed.

i
Transformed £3_ Masked 8 Bg subtraction £8_ Blurred £3_ Thresh

Mask radius:

KM KM



Setting time frames. In the timeline area on the lower bar, set the left marker to the start of the
experiment (in the example — 3 seconds from the start of the recording). Set the right marker so that
the total time to the left equals the experiment duration plus the offset from the start (in the example
— 5 minutes plus 3 seconds). Press the leftmost button to move the cursor in the upper bar to the
beginning of the video segment selected for analysis.

o RS ﬁ

Background subtraction. Click the Bg Subtraction ribbon section. Click the Train algorithm button.
The program will analyze the file by several random frames for several seconds.
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Scroll the timeline cursor back and forth to check the uniformity of the object spot and noise on the
frames (i.e., large spots, flashes, reflections, pixel ripple). If there is a lot of noise, repeat the procedure
with an increased Var threshold value. The figure above shows examples for different values of this
parameter. However, a value that is too high may split the object into several parts on some frames,
which will later cause detection errors. In case of background non-uniformity over time, manual
training may be useful (Manual learning checkbox). In that case, after setting Var threshold, manually
move the cursor along the timeline or in the problem area once forward and backward.

Regions of interest. Next, configure the regions of interest (ROI). They can be in the shape of a
circle, quadrant, or rectangle (Circle, Quadrant, Rectangle). Click the Tracking ribbon section. Go to
the ROI config tab in the side menu. By default settings, three circular ROIs with hysteresis are set.
Their settings can be changed, or new ones can be created. Let's create new ROIs. To do this, first
delete the existing ones by selecting them with the cursor and pressing the Delete button on the panel.
Then click Add. Double-click on New ROI and assign a name (Center). Change the ROI type to Circle
in the Type section; its center will move to the upper left corner of the frame by default. By changing
the X, Y, and Radius values, move the ROI according to the field markings. Set the hysteresis value
or enter 0 in the field if hysteresis is not needed. Hysteresis limits false triggering of transitions
between ROIs when a rat stops at the boundary: for re-entry into an ROI, both lines must be crossed.
The ROI color can be selected by clicking the Choose color button. Uncheck Show ROI and Show
hysteresis if you do not want them displayed on the track (the program will still account for them in
calculations). Similarly, create ROIs for the other two field circles (Inner and Outer Rings). For an
open field, the centers of the three ROIs (X and Y) will almost completely coincide. Important. If one
or more ROIs overlap (as in the example), the smaller one must be at the top of the list. The order of
ROIs can be changed using the Move Up / Move Down buttons.

General ROl config S General ROl config
G, : Gy Corer :
Inner
Tracking £8_ Heatmap £8_ Threshold £8_ Tracking £8_ Heatmap £8_
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Color: Color:
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Distance calibration. Next, set the scale in pixels per meter for correct distance calculation. Use the
real and pixel dimensions of the ROI. In the example, the radius of the outer field circle is 0.6 m, and
the radius of the corresponding ROI in the settings is 192 pixels. Hence, the scale is 192/0.6=320
pixels per meter. Important. The program uses a period as the decimal separator, not a comma. Enter
the calculated scale at the bottom of the pop-up menu of the Tracking ribbon section (Distance scale).
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Here you can also uncheck Color track depending on ROI if you do
not want the track line color to change according to the ROI color. l ‘Zé‘ -
Important. For the ROI marking the edge of the observation area (in _¥

. . . . old £, Tracking £, Heatmap £X,
our case, Outer), small inaccuracies in calculating the time and i acing e
distance of the object's presence in it often occur. This happens s o
because the animal at the edge often stands on its hind legs, leaning
against the wall. As a result, a large part of its image may cross the :;';Igm;‘::"d‘"g””“O‘
established boundary, and the algorithm considers that the object st

was outside all ROIs. On the track with color separation enabled, e
such a segment will be displayed in black, and in the data.x/sx file, o
the total time will not match the sum across all ROIs. To avoid (R0 m it/ RO s n et
inaccuracies in the analysis, it is recommended to set the outer ROI i

slightly wider after calibration, extending onto the walls.

Heatmap settings. If necessary, change the heatmap style in the pop-up menu of the Heatmap ribbon
section.

Export parameters. In the General tab of the side menu, check the boxes for the types of tracking

results needed. Calculation data is always saved to the data.xIsx file upon export; track photos and
videos are additionally saved if the corresponding checkboxes are set. Specify the path for saving
output data by clicking the folder button in the Export section. By default, files are saved to the results
folder located in the program folder.

Tracking. To start tracking, click the Start button in the Tracking controls section. Tracking will start,
and an additional window will appear displaying the tracking and heatmap building process. In the
upper left corner next to the program name 7ail Trail, the tracking completion percentage will be
indicated. Close the additional window to interrupt tracking early. To speed up the process, the
tracking mode without video display can be used. To do this, click the Start (silent) button in the
Tracking controls section instead of the Start button. In this case, the additional window will not
appear, but the tracking completion percentage will still be displayed in the program window title.
This mode is convenient when working on low-performance computers; however, in case of obvious
tracking errors, this will only become known after completion.
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12. Tracking completion. Upon tracking completion, the main program area will display the last frame
with the track overlay. If you want a different frame to serve as the background for the exported track
image, move the timeline cursor to the corresponding position.
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13. Exporting results. Click the Export button on the side panel to save files. The corresponding files
will appear in the previously specified folder. If there was no data.xlsx file in it, it will be created with
a row containing the tracking results. If it was created earlier, the tracking results will be added to the
next row. Important. Do not leave the data.xlsx file open when pressing the Export button, as data
will not be able to be written to it in that case. The row for each analysis includes the file name with
a prefix Object, total time and total distance traveled, as well as time, distance, and number of visits
for each ROI. The last cell displays the number of losses, which is convenient when adjusting settings
in case of unsuccessful tracking. When re-exporting data to the same folder for the same video file,
photo and video files will be overwritten, and another row with the same file name will be added to

data.xlsx.
®aiin [naexas Bcragka PazmeTka crpanHnibl Dopmynsl [laHHsle PeueHsnpoEaHne Buna  Cnpaeka  Acrobat
[M Cosgare =
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# total time (s) total distance (m) Outertime (5] Outerdistance (m) Outerentrances Innertime (s) Innerdistance (m) Innerentrances Centertime (s) Centerdistance (m) Center entrances losses
Object1 300,2330331 56,34161503  276,2330571 49,6404436 17 22,5999774 6,307278269 13 1,3999986 0,393893166 2 o

Important. At the start of tracking, the algorithm counts a visit to the ROI where the object appeared.
In the example, this is the Center zone, for which 2 visits are recorded in the data.x/sx file. The track
above shows that one of them is the start of the track, and the second is the actual visit to the ROI
during the test. This counting method is retained for universality. In the case of the example, it is also
important to remember that the algorithm counts a visit to a zone regardless of where the entry came
from. In the example, the rat entered Inner 2 times from Center and 16 times from Outer. Thus, during
the test, the rat moved away from the edge of the field (an important indicator for interpreting test
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results) 16 times (18-2=16). The Outer counter is greater by 1 because tracking ended in this zone (17
entries into the zone, 16 exits from it).

Resetting results. Reset the tracking results if tracking was interrupted or its results are clearly
inaccurate and reconfiguration and re-execution of tracking is required. To reset, click the Reset
tracking button on the side panel and return the timeline cursor to the beginning. Tracking results are
stored in memory until the Reset tracking button is pressed, a file is loaded, or the program is closed.
Saving settings. Save the settings in the folder with the source video files to speed up further work
with the remaining files in the series (File-Save Settings). At the next program launch, these settings
can be restored by loading the saved file (File-Load Settings). The file stores all parameters in the
tracking settings ribbon, all ROI settings in the side panel, and the data export path. If, when loading
a new video file, the position of the ROIs relative to the established lines and boundaries has not
changed, then the position of the field relative to the camera has not changed. In this case, before

starting tracking, select the time for analysis (step 5), perform background subtraction (step 6), and
check the boxes for the result types to export. If the ROIs have shifted, all settings must be corrected,
especially checking the scale (step 8). If necessary, to return to basic settings, load the default_settings
file in the program folder or restart the program.

Possible difficulties. The program's algorithm assumes that one contrasting target object moves
against a static, uniformly illuminated background. In the case of the example — a white rat on a gray
background that is uniformly illuminated for 5 minutes. During tracking, such an object is marked by
the track building cursor (a white circle with a black ring along the edge). In some cases, tracking

may go wrong or be inaccurate. Most often this is due to poor lighting, the presence of glare and
temporary shadows, reflections, or the appearance of other moving objects in the frame (for example,
the experimenter's hand). Track accuracy can be assessed during the building process itself via the
video in the pop-up window. Upon tracking completion, the side panel in the Tracking results area
will show the time spent on tracking and the number of object losses (Losses), a large number of
which indicates detection problems. For some files, it is better to export the video track for detailed
analysis of problems. In that case, the unsuccessful files and the corresponding record in data.xlsx
should be deleted later. In case of track defects and/or a large number of losses, try repeating the
analysis with changed settings (see step 6). In rare cases, the track building cursor may not identify
the object from the first frame at the start of tracking. In that case, before pressing the Start button,
click the mouse pointer on the object image — the cursor will move to the object from the upper left
corner of the frame (default position). If the cursor jumps to other areas of the frame during tracking,
the algorithm is detecting extraneous spots as the object — glare, shadows, reflections, etc. In this case,
reset the results, assess the video quality, refine the settings, and repeat tracking.

ADDITIONAL SETTINGS

The Blur size parameter in the Blurred ribbon section sets the degree of blurring of the detected
object's boundary. The Block size parameter and constant C in the Threshold ribbon section allow
adjusting the algorithm for determining the boundaries of the detected object. Parameters in the
Tracking ribbon section: Min tracking area — an object with an area in pixels less than the specified
value will not be detected; Tracking loss distance — the minimum distance in pixels at which an object
loss is counted. Correction of the measurement noise matrix R and process noise matrix Q values in
the Kalman filter parameters can be used for manual adjustment of detection and tracking accuracy.
The parameters listed above are worth adjusting empirically in special cases, for example: tracking
very large or very small objects, tracking objects with sharply changing trajectory, shape, or size,
tracking under unstable background conditions, as well as tracking video files with different



resolutions. The program was developed and tested for video at 640x480 resolution (30 FPS).
Working with higher resolution video is also possible, but it will multiply the analysis time.

The Draw bounding box checkbox in the Tracking ribbon section enables the display of a red
rectangular frame around the object in the tracking process video (pop-up window). The frame is not
displayed in the saved tracking video file. The Highlight losses checkbox in the Tracking ribbon
section enables the display of object loss segments on the track; the color of such a segment changes
to red.

The Invert colors (for brighter background) checkbox in the Bg subtraction ribbon section
should be activated before the background subtraction procedure in cases where the object is darker
than the background.

The Batch processing function on the side panel is designed for loading a series of video files
for analysis (function under development).



