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1. CIOYXAJIA: Cniabauii Haykosuii ceminap «3araaku KuiBmuam»

CrinpHO 13 TOBapuUCTBOM «3HaHHA YKpaiHm» Oyio mpoBeneHo HaykoBuii cemiHap «3arajaku
KuiBmam», B X0/ SKOro OyJ0 3aciyXaHO BHCTYN MeXHripcbkoro M., sikuii po3kaszaB Ipo
0COOJIMBOCTI Ta MICTUYHI MOAIT Y MiCIIi.

Takox OyJ0 TNPE3EHTOBAHO BIANOBIAHY TEMAaTHYHY KHHUTY «MeXHrip’s — YKpaiHCHKHMA
E€pycanum» Ta kanennap Ha 2023 pik.

3i croponn YHIA Buctynuinum binmuk A. ta Kupuaenko O., sixi nogimmmcs nocsizom Y HITIA
«3onay mono BuBueHHS Al y KuiBcbkiit obmacri.

Takox Oysio 3acilyXxaHO Yy4YacCHUKIB CeMiHapy IIOJ0 IOAIA Ha MICIEBOCTI 3 MOMJIMBUMU
(akTOpamMu aHOMaAJIBHOCTI.

MMOCTAHOBWJIU: BBaxaTH KOPUCHUMH MOAIOHI 3aX0JH, MPOJIOBKYBATH Ta MOTIUOIIOBATU
CHIBIpAII0 3 KPAE€3HABISMHU, PO3TJSTHYTH MOXIIUBICTh Oprasizaiii BHI3HHX JOCIIPKEHb B
OKOJUIIX Mexurip’s mo Ha KuiBmHi.

2. CJYXAJIN: HoBuHM HAYKOBOTr0 BUBYeHHs1 ASL
2.1. Buiimuia 6e3npenenenta crarra y 'AO HAHY mono TpuBasioro i MacoBoro
BUsIBJIeHHS AL
OpurinansHe nocuiaanus: https://arxiv.org/abs/2208.11215v1

Hazpa ta aHOTaHiH MOBOIO OpHFiH&J’Iy:

Unidentified aerial phenomena I. Observations of events
B.E. Zhilyaev, V.N. Petukhov, V.M. Reshetnyk
Main Astronomical Observatory, NAS of Ukraine, Zabalotnoho 27, 03680, Kyiv, Ukraine
zhilyaev@mao.kiev.ua

NASA commissioned a research team to study Unidentified Aerial Phenomena (UAP), observations of events that
cannot scientifically be identified as known natural phenomena. The Main Astronomical Observatory of NAS of
Ukraine conducts an independent study of UAP also. For UAP observations, we used two meteor stations installed
in Kyiv and in the Vinarivka village in the south of the Kyiv region. Observations were performed with colour video
cameras in the daytime sky. We have developed a special observation technique, for detecting and evaluating UAP
characteristics. According to our data, there are two types of UAP, which we conventionally call: (1) Cosmics, and
(2) Phantoms. We note that Cosmics are luminous objects, brighter than the background of the sky. We call these
ships names of birds (swift, falcon, eagle). Phantoms are dark objects, with contrast from several to about 50 per
cent. We present a broad range of UAPs. We see them everywhere. We observe a significant number of objects
whose nature is not clear. Flights of single, group and squadrons of the ships were detected, moving at speeds from
3 to 15 degrees per second. Some bright objects exhibit regular brightness variability in the range of 10 - 20 Hz.
Two-site observations of UAPs at a base of 120 km with two synchronised cameras allowed the detection of a
variable object, at an altitude of 1170 km. It flashes for one hundredth of a second at an average of 20 Hz. We use
colourimetry methods to determine of distance to objects and evaluate their color characteristics. Objects RGB
colors of the Adobe color system had converted to the Johnson BVR astronomical color system using the color
corrections. Phantom shows the colur characteristics inherent in an object with zero albedos. It is a completely black
body that does not emit and absorbs all the radiation falling on it. We see an object because it shields radiation due
to Rayleigh scattering. An object contrast makes it possible to estimate the distance using colorimetric methods.
Phantoms are observed in the troposphere at distances up to 10 — 12 km. We estimate their size from 3 to 12 meters
and speeds up to 15 km/s.

Key words: methods: observational; object: UAP; techniques: imaging
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Huskye HABOASITHCH KJIKOYOBI BUTSATH Yy nepekaafi (BuaineHHs Texcty YHJIIIA):

Heniznani nosiTpsini asuma |. CnocrepeskeHHs 3a noaissMu
B.E. XKunses, B.H. Ileryxos, B.M. Pemerauk
I'onoBHa actpoHomiuHa oocepBaropist HAH Ykpainu, 3ad6anoraoro 27, 03680, Kuis,
VYkpaina zhilyaev@mao.kiev.ua

Ipumimrka YHIL[A: nymepayis intocmpayiii no mexcmy cmammi 8i0nosioac ii opucinany.

NASA nopydmsio TOCTiTHUIIBKIN TPYMi BUBUUTH CIIOCTEPSKEHHS HEBIIOMUX TOBITPSHUX
seun] (UAP) mogmiif, siki HayKOBO HE MOXKHA iIeHTH(DIKYBaTH SIK BIZOMI HPUPOJHI SIBHIIA.
l'onoBuuii acrpoHomiunuii oOcepBatopis HAH VYkpaiHm npoBOIuUTh TakoX HE3aJIC)KHE
nocmimxenns UAP. Jlns cnoctepeskxenb UAP MH  BUKOPHCTOBYBAIM JIBI METEOCTaHIII,
BcTaHoBJieHI B Kuesi Ta B ceni BunapiBka Ha niBHI KuiBcbkoi 001acTi.

CrocTepexeHHs IPOBOIUINCS KOJILOPOBUMH BiJlcOKaMepaMu B JIEHHOMY Hebi. Mu po3pobuiin
CHENTEXHIKY CHOCTEPE)KCHHS JiIsl BUSABICHHS Ta OWIHKU xapakrtepuctuk UAP. 3a Hammmu
mannMu, € asa i UAP. gxki ME YMOBHO HasmBaeMo: «kocMikm» (Cosmics) Ta «haHToMM)
(Phantoms). Bim3Hauumo, 10 «KOCMIKH» SBISIOTH COOOI0 CBiTHI 00'€KTH, sICKpaBimn 3a (GoH
HeOa. Li xopabai My Ha3MBaeMO IMEHaMU NTaxiB (CTPHK, COKLI, open). «DaHTOMMUY - 1Ie TEeMHI
00'€eKTH 3 KOHTPACTHICTIO BiJ KUIbKOX 10 mpuOmm3Ho 50 BiacoTkiB. [IpeicTaBisieMo MHUPOKUMA
cuektp UAP. Mu Gaunmo ix Bcroau. CriocTepiraeMo 3Ha4HY KiJIbKICTh 00’ €KTiB, IPUPOAA SIKUX
HE 3p03yMisIo. bynu BUsBIEHI NOILOTU OJUHOYHHUX, TPYHOBHX 1 €CKaap KopabIiB, 10 pyXaaucs
31 mBHIKOCTAMHU Bix 3 1o 15 rpamyciB 3a cekyHay. Jleski sickpaBi 00'€KTH JEMOHCTPYIOTH
perynspHy 3MIHHICTH sICkpaBocTi B Aiana3oHi 10 - 20 I'm.

Crnocrepexenns 3a nsoma Toukamu UAP Ha 6a3i 120 kM 3a JOITOMOTO010 ABOX CHHXPOHI30BaHUX
KaMep J03BOJIMIIO BUSBUTH 3MIHHHM 00'ekT, Ha BHCOTI 1170 kM. Bin 6mumae mpotsrom omHiel
COTOI CeKYH]IU 13 cepeHboro yacTotoro 20 .

Mu BHUKOPHCTOBYEMO METOJU KOJOPUMETPIi JIsi BU3HAYECHHSI BiJICTaHI 0 O0'€KTIB 1 OI[IHKHU iX
KOJIPHUX XapaKTEPUCTHK.

Konbopu 00’extiB RGB cuctemu kombopie Adobe Oyro mepeTBOPEeHO Ha acTPOHOMIYHY
cucremy KombopiB Johnson BVR 3a momomororw kopekiii konbopy. DaHToM Moka3ye KoJdipHi
XapaKTepUCTHKH, BIACTUBI 00'€KTY 3 HYJIOBHM alb0e1o.

Ile aOcomOTHO YOpHE TINO, SIKE HE BUIMPOMIHIOE 1 TOIJIMHAE BCE IMajaloue Ha HBOTO
BUIMIPOMiHIOBaHHSA. Mu 0aunMo mpeAMeT TOMY IO BiH €KpaHye BHUIIPOMIHIOBAHHS uepe3
peneiBcbke poscitoBaHHs. KoHTpacT 00'ekTa Ja€ MOXKIIMBICTH OI[IHUTH BIJICTaHI 3a JOTIOMOTOIO
KOJIOPUMETPUYHUX METOJiB. DaHTOMHM CIIOCTEPIraroThCs B Tpornocdepi Ha BifcTansax a0 10 — 12
KM. M oLiHI0eMo iX po3mip BiJ 3 10 12 MeTpiB 1 MIBUAKICTH 10 15 km/c.

IlenTaron 3amikasuscst HJIO i crBopuB BeeBimoMunii odic 3 BupineHs anomamii (AARO).
Micis AARO mnonsratume B CHHXpOHi3amii 3ycuib MiHicTepcTBa OOOpPOHM Ta 1HIIUX
dbenepanbanx gemaprtameHTiB 1 BimomctB CIIIA momo BusBieHHs, igeHTudikaiii Ta
NPUITUCYBAaHHS OO0 €KTIB y TMOBITPSIHOMY HPOCTOpi, IO CTAaHOBJIATH BIMCHKOBUI 1HTEpecC,
MOB’sI3aHUX 13 3arpo3amu Oe3melni MOBITPsS Ta HaioHanbHIA Oesmeni. lle BkiItowae B cebe
HEMi3HaHI aHOMaJIbH1, MOBITPSHI, KOCMIYHI, MIBOJHI Ta HAJCEPEaHI 00’ €KTH.

NASA mnpoBene He3ale)KHE TOCHIKEHHS Hemi3HaHuX sBUI B atMochepi. NASA nopydae
JOCIITHUIIBKIHM TpyMi BUBUMTH HeBigoMi oBiTpsHi siBuia (UAP) - ToOTO criocTepexxeHHs 3a
nojii, sIKI HAayKOBO HE MOXKHa I1JeHTH(IKyBaTH $K BiJOoMI NpupojHi sBuma. Heszanexny
JTOCTIAHUIIBKY TPYIy areHTCTBa O4onuTh actpodizuk JleBin Cmeprenb, KOIWIIHIA TroiioBa
Henapramenty actpodizuku B IlpiHcroHchbkomy yHiBepcuteTi. Jlenien EBanc, HaykoBuit
CHiBpOoOITHUK YmpaBimiHHs HaykoBuX Miciii NASA, Oyne odiuiiinum npeacraBHUKOM NASA,
BIJIMOB1TAJILHUM 32 OPTaHi3aIliio OCTiHKCHHS.
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['onoBHa actpoHomiuna obGcepBaropis HAH VYkpaiHu npoBOOUTH HE3alexHE JOCHIIHKEHHS
HeMi3HaHUX sBUII B arMmocdepi. Hama acrpoHomiuHa poOota moNsirae B JEHHUX
CIIOCTEPE)KEHHSAX METEOpiB 1 KOCMi4HI BTOpruHeHHs. HemizHaHi aHOManbHI, MOBITPsAHI Ta
KOCMIiUHI O0'€KTH € TIIMOO0KO MPUXOBaHUMHU sBUIaMH. ['ooBHOIW0O ocoOimBicTio UAP € fioro
Ha/I3BHYAiHO BUCOKA IBUJIKICTb.

['ebMrosbl BCTAHOBUB, 1110 OKO HE ()IKCY€ SIBUIL TPUBATICTIO MEHILE OHIET 1€CATOI CEKYHIH.
{00 po3mi3HaTH MOAi0, MOTPIOHO YOTUPU AECATUX CEKYHIU. 3BUYaiiHI (OTO- Ta BiCO3aNUCH
takok He 3adikcyroTe UAP. Jlna BusiBnenns UAP HeoOXiHO MPOBECTH TOHKE HaJAIITyBaHHS
(HamamTyBaHHs) OOJIaJHAHHS: BUTPUMKY, YacTOTa KajpiB i AWHamiuHuil nianason (14 - 16
CTYTICHIB).

3a HamuMu gaHuMH, icHye aa tunu UAP, ski Mu ymoBHO HasuBaemo kocMiku (COS) i
dantomu (PHA). Bigznaunmo, 1o «KocMiku» - 1€ CBITHI 00'eKTH, sicKpaBimii 3a (oH HeOa.
HazuBaemo ix Ha3Bamu nraxiB (CTpUXK, COKiJ, opein). «DaHTOMU» - 11€ TEMHI 00'€KTH, KOHTPACT
SIKMX, 32 HAIlUMU JaHUMH, CTaHOBUTH Bim 50% 1o aekiabkox BigcoTkiB. O6uasa thnu UAP
TpenCcTaBAeHi HAA3BMYaifHO BMCOKI INBHAKOCTI pyXy. IX BHSBIEHHS € CKJIAJHOIO
eKCIepUMEHTAIbHOI0 IMpobiemMoro. BoHM € 1mOOIYHMM TNPOJYKTOM  HAIIOi  OCHOBHOI
ACTPOHOMIYHOI POOOTH, JCHHUX CIIOCTEPEKEHDb 32 METEOPAMH Ta KOCMIYHHMHU BTOPTHEHHSIMH.
Jns cioctepeskenb UAP My BUKOpUCTOBYBAJH JIBI METEOCTaHIIi1, BcTaHOBJIeH] B Kuesi Ta B ceni
BunapiBka Ha niBHi KuiBebkoi o6macti. Bigcranp Mik cranmisimu 120 kM. Cran1ii o0naaHaHi

3 kamepamu ASI 178 MC 1 ASI 294 Pro CCD, a takox 00’extuBamu Computar 3 GoKycHOO
BIZICTAaHHIO 6 MM.

Jns 3anucy manux BuUKopucToByBaiacs nporpama SharpCap 4.0. CnocrepeskeHHs 3a 00'ekTamMu
BEJIMCS Y ACHHOMY Hebi. SIckpaBicTe Heba B 3aJ€KHOCTI BiJl cTaHy atMocdepu i BiAcTaHi Bif
CoHIIS KOJIMBAETHCA Bil MIHYC 3 0 MIHYC 5 30pSHUX BEJIMYMH Ha KBAaJpPaTHY KyTOBY XBUJIMHY.
Mu po3pobwin crneniagbHy METOIUKY CHOCTEPEKEHHS 3 YPaxXyBaHHSM BHCOKHX HIBHJIKOCTEH
CHOCTepeXYBaHUX 00'ekTiB. Yac BUTPUMKH MiAIOpaHO TaKUM YMHOM, II00 300pakeHHs 00'eKkTa
HE 3MIHIOBaJOCA CYTTEBO MiJ 4Yac KOHTakT. Yacrora kajapiB Oyna oOpaHa 3 ypaxXyBaHHSIM
MIBUJKOCTI 00'€KTa 1 MoJs 30py kamepu. Ha mpakTuii yac BUTpUMKH CTaHOBHMB MeHIle 1 Mmc, a
yactota kaapiB He MeHume 50 I'u. Kaapu 3anucyBamucs y ¢opmari .ser 3 14 1 16 Oitamu.
[TopyiieHHs UX YMOB MPHU3BOJIUTH 10 TOTO, LIO MiJ] 4ac CHOCTepEXeHb 00'€KTH HE OyIyTh
peectpyBatucs. [Ins BU3Ha4YeHHsS KOOPAMHAT OO'€KTIB KaMepu BCTAHOBIIOBAIM B HANpSMKY
3eHiTy abo Micsis.

Ha puc.1 nokaszana 3iioMka 3BHYaliHUX CTPIMKHMX OO'€KTIB 3 4acTOTOIO He MeHuIe 50 kajapiB B
cekyHnay. J[Ba moctpinu nocmiib. SIckpaBi 00’ekTH Ha puc. | MaloTh MOCTiHY sickpaBicTb. Ha
puc. 5 moka3aHo 300pakeHHs 00’ekTa po3mipoM npubmmu3no 10 mikceniB (MpuOIM3HO 3 KYTOBI
XBWIMHM), 1110 BKa3ye Ha OCTaTOYHI po3Mipu 00’ekTa Ta KOHTpacT npudausHo 20%. Ha puc. 6
nokKa3zaHa KoiipHa pgiarpama o0'exta B ¢inbTpax RGB xonipnoi cucremu Adobe. Kombopu
00’€KTIB MOXHa KOHBEPTYBAaTH B acTPOHOMIYHY cHcTeMy KoubopiB Johnson BVR,
BUKOPHCTOBYIOYH KOPEKLII0 KOJIbOPY, OMyOIiKoBaHy B [2].
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Fig. 1: Two consecutive shots of ordinary swift Fig. 2: A group of luminous objects of different
objects at a rate of at least 50 frames per second. brightness against the background of the Moon.
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composite image with the bright swifts. Fig. 4: The intensity of objects versus transverse
Segme: of straight lines are proportional to speed.

transverse speed.

Fig. 5: The swift is the object of end sizes. Fig. 6: The RGB emission spectrum of the ordi-
nary swift object.

Puc.1. Intocmpayii AAA 3i cmammi

DETERMINATION OF DISTANCE TO AN OBJECT BY COLORIMETRY METHODS

The colors of the object and the background of the sky make it possible to determine the distance
using colorimetric methods. The necessary conditions are (1) Rayleigh scattering as the main source of
atmospherie radiation; (2) and the estimated value of the object’s albedo. The ohject partially shields
the diffuse sky background and thus becomes visible. The scattered radiation intensity observed at sea
level has the form:

I = Ipe™™* 2)

Here s is the distance to the object, o is the Rayleigh scattering coeflicient, and I is the value of
the intensity observed at sea level. The linear Rayleigh scattering coefficient & has the form [1]:

c=3.10"%.6. (n—1)*/AY/N (3)

Here n is the refractive index of air, A is the wavelength of light in microns, ¢ is the depolarization
coeflicient equal to 0.97 for the Earth’s atmosphere, and NV is the number of molecules in 1 cm (Loshmidt
number). Expression (2) can be represented in stellar magnitudes as:

Am=1.086 05 (4)

Formally, the magnitude difference Am can be considered as a decrease in intensity due to Rayleigh
scattering screened by the object against the sky. The value of Am per air mass for a clean atmosphere
in the visual region (V) is AmV = 0.20 magnitudes and in the blue region (B) AmB 7 (.34 magnitudes

Puc.2. Yacmuna mexcmy 3i cmammi i3 gpopmynamu

TakuM YMHOM, BUMIPIOIOYH PI3HUIIIO MIXK 30PSTHUMHU BeJIMYMHAMU 00’ €kTa 1 poHOM Heba, MOKHA
3HAMTH BEJMYMHY MOBITPSHOI Macu nepes 00’ ekToM. BukoprucroByeMo HaOIMKEHHS
oJtHOpiHOT atMochepu /Ui po3paxyHKiB. HabmmkeHHs oHOPIIHOT aTMOc(epH nependayae, Mo
Bcs aTMocdepa 3ocepemxera B Tponocdepi (8 - 10 kM) 1 Mae MOCTIHHY UIUIBHICTD.

Y nHabmmkeHHI onHOpimHOI aTMochepu mpocToro anredbporo 0e3 IHTErpyBaHHS OTPUMYEMO
JOBXHUHY LUISIXY S, TOOTO BIJACTaHb 10 00’€KkTa. Y peanbHil arMocdepi KUIbKICTh IEHTPIB
po3scitoBanHs (uucio Jlomminra) Ha Bucoti 10 kM 3MeHmyeTsest B 2,5 pasu. [Ipu po3paxyHky
koedimienTa posciroBanHs Penest B HabmkeHHI ogHOpPiAHOI atMocdepu B obacti 3opy (V) 11e
BHOCHUTB MMOXUOKY 65m3bko 6% (= 0,251 3amicts 0,223 [1].



Ha mamonkax 7 1 8 moka3aHo 300pakeHHS 1 KoxipHi giarpamu o6'ekta-gpanroma. OO'ekt
MPUCYTHIM TUIBKKA B OJHOMY Kajpi, IO JO3BOJISIE BHU3HAYUTH HOTO IMIBUIKICTH HE MEHIIE 52
IpaayciB B CEKYHAY 3 YpaxyBaHHSIM KyTOBHX PO3MipiB KaJpy.

Ha puc. 8 moxkaszani KOJipHI XapaKTEPHCTHKH, BJIACTHUBI 00'€KTy 3 HYJIBbOBUM anbbOeno. Lle
03HA4ae, M0 00'€KT € aOCOIIFOTHO YOPHUM TIIOM, SIKE HE BUIIPOMIHIOE, a TIOTJIMHAE BCE Malaloue
Ha HbOT'O BUIPOMIHIOBaHHS. MU 6a4rMO 00’ €KT TLIBKH TOMY, IO BiH €KpaHye BUIIPOMIHIOBAHHS
B atMocepi uepe3 peneiBcbke po3citoBanHsa. KortpacT 06'ekra 6mu3bko 0,4 103BOJISE OLIHUTH
BiJicTaHb J10 00'ekTa OMu3pko 5 kM. HaBenmena Buie OIliHKa KYTOBOI IIBHJKOCTI JI03BOJISE
OIIHHUTH JIHIHHY MBHUIKICTh HE MEHIIIE 7,2 KM/C.
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Fig. 7: The image of the phantom object. Fig. 8: The color charts of the phantom object.

Puc.3. Inocmpayii AAA 31 cmammi

Ha puc. 9 moka3ana 3iioMka iHmoro (antoMHoro o0'ekra Ha ¢oHi Micsls 31 MBHAKICTIO HE
mentre 50 kaapiB B cekyny. Ha puc. 10 300pakeHO KOJIbOPOBY JliarpaMy 00’ekTa Ta Micsis B
@instpu RGB komipuoi cucremu Adobe. Ha puc. 11 mokazanuii KOHTpacT 00’€kTa NPUOIU3HO
0,3. Lle mo3BoJisie OLIHWUTH BijAcTaHb M0 00'ekTa TMpUOIM3HO B 3,5 KM. 3HAIOUM BIACTaHb,
BH3HAYaeMO po3Mip 1 mBuaKicTh. [Ilupuna nopixkku 175 xkyroBux cekyHzi, posmip 3,0 metpw,
JOBXKHHA JOPIKKHU 14 MeTpiB, ekcro3uilist 1 Mc, mBHIKICT 14 KM/C.

Hiarpama konbopiB Ha puc. 10 103BosIsse HAM OLIHUTH KOJIPHI XapakKTepUCTHKH Micsus Ta
NepeBipuTH KalliOpyBaHHs HAmMX Kamep. Micsmp Mae koiip BitHOCHO ¢oHy Heba: B - G = -2,5
log (1,7 /2,7) = 0,5. BpaxoByeMO KOpeKIit0 KoJIbopy B cucteMi JkoHcoHa B - V BianoBigHO 10
[x] 3a paxyHOK peneiBcbkoro poscitoBanHs piBHUM 0,14 30psHOi BennuuHu. OTpUMa€EMO OLIHKY
B - V Micsaus: B -V =0,50 + 0,60 - 0,14 = 0,96. ®aktuynnii konip Micsis B - V = 0,91 3rigHo
3 [1] 1 Bigpi3HsA€eThCs Bia Hamoi omiHkK Ha 0,05 30psiHOI BEJIMYMHHU B MeXax (POTOMETPUYHOT
MOXUOKHU.

Ha mamonky 9 mu 0aunmo micueBuil o0’ekT (BofoHaripHa Oamra). KonbopoBa aiarpama Bexi
Ha puc. 12 mae ominky BiAcrani 0 £ 1 km. Peanpna Bigctanb 01u3pko 300 meTpiB. Takum YuHOM,
KOJIOPUMETPUYHI BUMIPIOBAHHS M1ATBEPIXKYIOTh HAIlll OLIIHKH.

Ha puc. 13 nokazaHo ckiajaeHe 300pakeHHs 3 00’€KTOM-()aHTOMOM 1 SICKPAaBUMH CTPHIKaMH.
OOG’exTH pyXaloThCs B OJHOMY HaIpsIMKYy 3 MPHOJU3HO OAHAKOBOO mBHIKicTIO. Ha puc. 14
MOKa3aHO KOHTpacT 00’ekta mpubnm3no 0,55. lle mo3Bomsie OIIHUTH BiACTaHb 1O O0'€KTa
npubau3Ho B 6,0 kM. 3Har04M BIACTaHb, BU3Ha4YaeMo po3Mip 1 mBUAKICTh. Illupuna ol'exrta
cranoBUTh 400 KyTOBHX ceKyHH, po3mip Omm3bko 12,0 metpiB. OO’ekT momae mone 30py 3
rpaaycu 3a 0,18 cekyHau 3 JIIHIHHOIO MIBUAKICTIO OJIM3bKO 15 KM/C.

Konbopu BHUIPOMIHIOBaHHS CTPHUXKIB Ha puc. 14 1CTOTHO BIPI3HAIOTBCA BiA KOJIBOPY,
IIPEACTABIEHOTO HA puUC. 6.

Ha puc. 15 noka3zano 300pakeHHs IBOX SICKPaBUX CTPUXKIB 31 3MIHHOIO 1HTEHCHBHICTIO. O0'eKTH
nepeTuHaTh Kaap 3 rpaaycu 3 50 kagpamu B cekyHay 3 ekcrosuiliero 1 mc. 3a 0,35 cexynam
BOHHU JIEMOHCTPYIOTh IIBUIKICTH § TPaycCiB 3a CEKYHY.



SEFEHEEEEERY

T

Fig. 9: A phantom object against the background Fig. 10: The color diagram of the objects in the
of the Moon. RGB filters of the Adobe color system.

Fig. 11: The color diagram of the phantom. Fig. 12: The color diagram of a local facility.

Fig. 11: The color diagram of the phantom. Fig. 12: The color diagram of a local facility.
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Fig. 13: A composite image with the phantom ob- Fig. 14: The color diagram gives distance of 6
ject and bright swifts. km (top panel). RGB spectra of swifts (bottom
panel).

Puc.4. Inocmpayii AAA 3i cmammi

Ha puc. 16 nokasani kpuBi OJMCKYy ABOX SICKpaBUX CTpHXKIB 13 yacoM BuOipku 20 mc. OnuH
CTPMK JEMOHCTPY€E DPETrYJsIpHI KOJMBAaHHS 1HTEHCHBHOCTI mpuOau3Ho 25 I'm. IHmmii mokasye
xoimBaHHs Omm3eko 10 I'r.

Ha mamonkax 17 i 18 300paxkeni UAP nag Kueom. OG’ekTH mepeTHHaOTh Kaap 2,2 Tpagyca
npotsiroM 0,40 cexynau 3 50 kagpamMu B CEKyHAY 3 eKcrosuiiero 1 Mc. BoHU IeMOHCTPYIOTh
MIBUJKICTB 5,5 TpajiyciB 3a CEKyHIY.

Ha puc. 17 nokaszaHo ckianeHe 300pakeHHsI 3 SCKpaBUM OpJOM 1 cTpuxkeM. OTpUMYEThCS
[UISXOM TOJITY NIBOX MOCHIJOBHHX KaapiB. Mu 06auumo, 1m0 00’€KTH pyXarTbcs 3 Pi3HOO
MIBUIKICTIO.

Ha puc. 18 300paxeHo 00'ekt, Ha3zBaHUM Hamu «opeia». OO0'ekT mae po3mip npubiuzno 12,5
KyTOBHX XBHJIMH, IO BKa3ye HA OCTATOUHi po3MipH. MOro KOHTPAacTHICTh CTAHOBHTH GJIH3BKO
28%.

SIK110 NpUIyCTUTH, IO «Opei» 3HAXOAUThCA Ha BIACTaHl 1 KM, TO Horo po3Mmip O6yzae 6Jau3bko 6
METpiB, SAKIIO Ha Biactani 4 kM, To 25 merpiB. B ocranHboMy BumNajaky HoOro MIBHIKICTh
ctaHoBUTUME 01M3bK0 380 M/c (6sm3bk0 1M).

Ha puc. 19 mokaszano ckiazieHe 300pakeHHS 3 SCKPAaBUM COKOJIOM, CTPHXKEM 1 IIBUAKICHUM
dbantomom. Ha pucynky npencrtaBieHo mupokuii criektp UAP. Mu_6auumo ix Bcioau. Mu
CIOCTEPIracMo 3HAYHY KilbKIiCTh 00'€KTIB, NPUPO/IA IKHUX He ICHA.

Ha puc. 20 moxaszaHo, sk (aHTOM TEpeTHHAE 300paKEeHHsI SICKpaBOro cokosia. HeBaxko
no0aunTH, Mo (HaHTOM NIHCHO € HEPO30PHUM TIJIOM, SIK€ €KpaHye BUIIPOMIHIOBaHHS SICKPaBOTO
o0'exTa.




Puc. 21 nemoncrpye cnioctepexendss UAP Ha aBox maiinanunkax. HeoOXiqHO CHHXPOHI3yBaTH
JIBI KaMepu 3 TOYHICTIO 10 OfHi€i MimicekyHau. [ToTpiOHO 3HIMaTH 3 yacToTOrO He MeHIre S50
KaJpiB B CEKyHIy. Y moii 30py 5 rpaayciB mpu 6a3i 120 kM MOXYTh OyTH BHSBJICHI 00’ €KTH
uite 1000 xkm.

O06'ext Ha ¢oHi Micsns OyB BUSBICHUH MiJ 3€HITHUM KyToM 56 rpagyciB. OIiHEeHO mapayakc
0s113bK0 5 rpagycis. Lle 103BoJIse OIIHUTH BiJICTaHb PiBHY 1524 kM, BucoTy 1174 kM i diHIHHY
MIBUJIKICTH 282 KM/C.

30ir 2-TOYKOBUX KPHBUX OJIMCKY Ha pHC. 22 03HAYA€: MU CIIOCTEPIraeMO OIWH 1 TOH e 00'€KT.
Ha puc. 23 mokazana kpuBa Onmcky npu vactori auckperusamii 125 I'm. O6’ext Omumae
MPOTATOM OJIHI€T COTOT CEKYHIU B cepeAHboMy 20 pa3iB Ha CEKYHY.
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Fig. 17: A composite image with the bright eagle, Fig. 18: Structured image of an eagle in the sky
swift in the daytime sky over Kyiv. over Kyiv.

Puc.5. Inocmpayii AAA 3i cmammi

200
12
0
11s
=
11
0
1os
20
=
oss
0
os
20
oss
B
x @ i
Fig. 19: A composite image with the bright falcon, Fig. 20: The phantom crosses the image of the
swift, and high-speed phantom. falcon.
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Fig. 21: Two-site observations.
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Fig. 22: Two-point ohject light curves. Fig. 23: The light curve at a sampling rate of 125
Hz.
CONCLUSIONS

The Main Astronomical Observatory of NAS of Ukraine conducts a study of UAP. We used two meteor
stations installed in Kyiv and in the Vinarivka village in the south of the Kyiv region.
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BucHoBKH cTATTI:

I'onoBHa actponomiuna oOcepBatopis HAH VYkpaimm npoBoguts nocmimxenus UAP. Mwu
BUKOPHUCTANIM JBI METEOpHI CTaHmii, BcTraHOBieHI B KueBi Ta B cem BuHapiBka Ha miBIHI
KuiBcbkoi o0xacti. CriocTepeXeHHsT MPOBOAMIKMCS KOJbOPOBUMH BiZIcOKaMepaMu B JICHHOMY
HeOl. OcoOnmBe CIoOCTepekeHHs Oyna po3poOiieHa TeXHiKa s BHSIBICHHS Ta OI[IHKH
xapaktepuctuk UAP.

Icaye nBa tumm UAP, ski ymoBHO HasuBaroTbes Cosmics i Phantoms. «Kocmikm» CBITATBCS
sckpaBime (ony HeOa. «DaHTOMH» - 1€ TEeMHI O0'€KTH 3 KOHTPACTHICTIO BiJl KIJIBKOX 0
npu6sm3Ho 50 BiZCOTKIB.

Mu Bcroam cnocrepiranu mupokuii cnektp UAP. KoHcraTyemo 3HaYHY KUIBKICTh 00'€KTIB,
IpUPOJIA IKUX HE 3'scoBaHa.

Bynu BUsBIEHI MOALOTH OJAMHOYHHUX, ITPYINOBUX 1 €CKaIp KOPAOJIiB, IO PYXATUCS 31 MIBHJKICTIO
Bix 3 1o 15 rpaayciB B cekyHay. Jleski sgckpaBi 00'€KTH AEMOHCTPVIOTH PErVISAPHY 3MIHHICTD
SICKpaBoCTi B giana3oHi 10 - 20 I'm.

JBomicHi cniocrepexxenHss UAP Ha 6a31 120 kM 3a JOMOMOTOI0 JBOX CHHXPOHI30BAHHX Kamep
JTIO3BOJIMJIM BHSIBUTH 3MiHHHHM 00’€KT Ha BUcOTi 1170 kM. Bin Oaumae mpotsroM ojHiel coToi
CeKYH/IH 13 cepeHboro yactororo 20 [,

@DaHTOM MOKa3ye KOJIPHI XapaKTePUCTUKH, BIACTUBI 00'€KTY 3 HYJIbOBUM anbOeno. Mu 6aunmo
00’eKT, TOMy IO BiH €KpaHye BUIPOMIHIOBaHHS 4Yepe3 pelieiBCchbke po3citoBaHHSA. KoHTpact
00'eKTa JJaB MOXKJIMBICTD OIIIHUTH BiJICTAHb KOJIOPUMETPUIHUMHU METOIAMH.

daHTOMH CcrIOCcTepiraroThes B Tporocdepi Ha Biactansx 1o 10 - 12 km. Mu oniHoemo ix po3mip
Bix 3 1o 12 MeTpiB i MIBUAKICTH 10 15 km/C.

CrartTs 00rosopeHa Ha 3acinansi ekcnepramu Y HIALIA.
MoskHa BUAITMTH HACTYIIHI peMapKH /10 CTaTTi:

e BenbMu 1iKaBa CTATT, sIKa TOPKAEThCA aKTyaJIbHUX MPoOIeM peecTpallii Ta JTOCTiIKEeHb
AAS cygyacHuMU 1M()POBUMH €NEKTPOHHO-ONTHYHUMHU 3aC00aMHU.

e Bognouac y cTtaTTi BiICYTHI MOCWJIaHHS Ha CTaTTi 13 BUBYCHHS AAS, Oyab-sKi CBITOBI
3arajioM Ta 3okpema omy6sikoBani YHIIA «3oua» B kpaiiHi necsaTupivys.

e Knacudikauis AAS y crarTi qyxe pelykoBaHa, iX BU3HAUEHHS JIOCUTH BY3bKe (TUIBKHU
BHUCOKO B arMoc(epi, TUTbKH JBa TUIH, TUIBKA METEOPHI CTaHIli... TOIIO0). 30KpeMa He
3apkan AASl xapakTepusye BHCOKa UIBHJKICTb, a CIHEKTp NposiBiB Al 3Ha4HO
PI3HOMaHITHIIINH.

e Jleski 00’€KTH IMOBIPHO MOXYTh OyTH KOCMIUYHUM CMITTSM (Bucota 1174 km i niHiliHa
MIBUJKICTB 282 KM/C) ajie 4OMYCh 115l BEpCist 30BCIM HE PO3IIISIA€EThCS aBTOPAMMU.

e Oco0yMBY IIKABICTh CKJIQJAaIOTh TEMHI 00 €KTH, SIK1 32 CBITYEHHSIM aBTOPIB € SKUMOCH
«IMOOIYHUM MTPOTYKTOM HAIllOl OCHOBHOI aCTPOHOMIYHOT pOOOTH».

e Takox IIKaBOIO € METOJMKAa BUSBJIECHHS 13 00pOOKM 300pakeHb (BHU3HAUCHHSI BHCOTH
00’€KTa 10 PO3CIIOBAHHIO 30KpeMa), 1 TUIl 00JIaHAaHHS, K1 MOXYTh OyTH 3aCTOCOBaHi y
MOAJIBIIINA MOJIEPHi3allii HAllTUX MOHITOPUHTOBHUX KOMILIEKCIB TUITY «MA».

Komenrtap: Ha apyxHboMy mpoekTi «HY» Bwuiinuia posrpomMHa CTaTTsS MpO JaHy Mparfio
http://ufology-news.com/novosti/kak-astronomy-gao-uap-izuchali.html

IMOCTAHOBWJIN: Oinbi1 rpyHTOBHO BUBUMTH MaTepiai, PeICTaBjlIeH] y CTaTTi, CopoOyBaTu
3B’s13aTUCS 13 aBTOPAMU CTATTI I MOXKIIUBOTO TITITHOTO HAYKOBOTO CIiBPOOITHHUIITBA.


http://ufology-news.com/novosti/kak-astronomy-gao-uap-izuchali.html

2.2. Buiinia cTaTTs 1010 MOKINBOCTeH MOHITOpUHTY AAS 3a nonomorox
HAHOCYNYTHHKIB.
Hwxue HaBeieHN TOBHUI TEKCT MOBOIO OpUTIHATY:

Research on Unidentified Aerial Phenomena / Malte Reitemeyer, Felix Weinmann
Detection of UAP with a Nano Satellite

Ipumimrka YHIL[A: nymepayis intocmpayiii no mexcmy cmammi 8i0nosioac ii opucinany.

A feasibility study by Malte Reitemeyer and Felix Weinmann supervised by Prof. Dr.-Ing.
Hakan Kayal

February 24, 2022 Report of the semester project Spacecraft System Design

Wiirzburg 2022.

Continued reports over the past decades of unknown aerial phenomena (short UAP) have given
high relevance to the investigation and research of these. Especially reports by US Navy pilots
and official investigations by the US Office of the director of national intelligence [1] have
emphasized the value of such efforts. Due to the inherently limited scope of earth based
observations, a satellite based instrument for detection of such phenomena may prove especially
useful. This paper as such investigates the possible viability of such an instrument on a nano
satellite mission.

Unidentified aerial phenomena (UAP) is a general term for aerial observations that can not be
explained by known objects or events. Reports of such have been common for many decades and
some can be found in historical records from many centuries ago. Scientific data of sufficient
reliability and quantity however is scarce. As these may present opportunities to investigate gaps
in our understanding of atmospheric events or other scientific fields, a more thorough
understanding of their properties and nature could prove highly useful. However, after the so
called ,,Condon Report“ [2] in 1968, nearly all scientific research of unidentified aerial
phenomena seized. It concluded that the study of UAP, then more commonly known as
unidentified flying objects (UFO), has brought no scientific value and is unlikely to do so in the
future. This conclusion has been challenged by other researchers since then. Due to the recent
report of the United States of America’s director of national intelligence [1], scientific research
and interest in UAP has resurged. This includes ongoing research efforts for UAP in Germany
since 2008 at the interdisciplinary research center for extraterrestrial studies [3] with completed
projects like RTSP-Observation [rtsp] and current projects like SONATE-2 [22] and SkyCAM-5
[4]. One of the biggest problems of UAP research is the relative lack of systematic data
collection about UAP, as most data is gathered coincidentally. This reduces reliability and
introduces biases, overall hindering the scientific analysis aiming at a more sophisticated
categorization. A central limitation of all current systematic UAP data gathering, such as
skycams [4], is their ground based operation. Vastly more expansive data sets could be produced
by a satellite mission for searching UAP. Such ideas have been previously proposed, though
these efforts are still ongoing [5]. Current satellites have shown the earth observation capability
required but are missing the required algorithms for UAP detection. In particular, a feasibility
analysis of the observation of UAP using a nano satellite architecture has become more relevant
with the recent growth of nano satellites and their potential for global coverage.

Goals

1. Localization of UAP 2. Determination of phenomena characteristics 3. Statistical analysis of
UAP appearances

2.1.1 Localization of UAP

For any further analysis, the detection and localization of UAP is required. The payload should
be capable of detecting most UAP appearances and determine their locations from orbit.

2.1.2 Determination of phenomena characteristics



As further described in chapter 3, only few sources provide quantifiable information about UAP.
The payload should be capable of providing additional quantifiable data about the UAP beyond
the information about the existence of the UAP.

2.1.3 Statistical analysis of UAP appearances

Current UAP reports tend to cluster around positions with focused observers like U.S. air force
training grounds [1]. A satellite is capable of global coverage and provides therefore the only
possibility to measure UAP appearance locations without observation bias. The payload should
therefore be capable of providing data usable for global statistical analysis of UAP appearances.
User requirements

1. UAP detection 2. UAP localization 3. Detection reliability 4. Known phenomena 5. Additional
information

2.3.1 UAP detection The payload needs the capability to detect UAP in one of the following
spectral bands to be able to fulfill the goal described in section 2.1.1. « Microwave/Radio ¢
Visible ¢ Infrared 2.3.2 UAP localization The payload needs the capability to localize UAP in
time and space to fulfill the goal described in section 2.1.1. 2.3.3 Detection reliability The
payload is required to have a high detection reliability under similar circumstances to allow
meaningful statistical analysis (section 2.1.3). Therefore it has to be capable of detecting a
predetermined subset of all UAP occurrences with a known certainty. 2.3.4 Known phenomena
The payload needs the ability to differentiate between UAP and known phenomena to be able to
detect UAP (section 2.1.1). 2.3.5 Additional information The payload needs to provide additional
information about the UAP in one of the following ways to provide data beyond the existence of
the UAP (section 2.1.2). « Spectroscopic analysis * High resolution imaging « Movement analysis
3 UAP Characteristics

In this chapter, observed and distinctive behavior and appearance of UAP is analyzed.
Characteristics not observable with satellites, like sound, are not included. Due to the large
number of as unidentified reported identified or (with more data) likely identifiable aerial
phenomena, this analysis uses only data with multiple independent sightings and sufficient
available data to exclude a known phenomena. Determining UAP characteristics is hindered due
to the large number of reports focusing on proving the existence of UAP without providing
quantifiable descriptions of the observed phenomena.

3.1 Shape and size

The COMETA report[6] contains descriptions of several varying UAP shapes and sizes:
Sphere with one to two meters in diameter « UAP changing its shape between a bell and a lens ¢
A disk with 100 to 200 meter diameter  Ball with 40 meter diameter and separating lens shaped
object * 20 meter diameter saucers with seven meter thickness ¢ Four to five meter diameter disk
with hemispherical dome mounted Due to the massively varying shapes and sizes, this feature is
not distinct enough and can therefore not be used to reliably identify a UAP from orbit. The
small size of 1 meter diameter in some of the UAP reports implies the necessity of an equally
small ground sampling distance for detection and analysis.

3.2 Movement

Various movement characteristics are described in the COMETA report [6]: ¢ Supersonic
movement and high maneuverability like military aircraft + Sudden disappearance « An UAP
with speeds between 3200 - 6400 km/h * Sudden movement from immobility to 600 - 950 km/h

* Sudden movement changes with line segments of 13 - 30 km and abrupt stops 3 - 6 min in
between ¢ “Extraordinary degree” of maneuverability « Seemingly lacking inertia, “outstanding”
maneuverability, two to three times the speed of modern combat aircraft (1990), hovering above
the ground at times * Temporarily following airplane * Estimated speed of 3000 km/h « Slight
oscillations, stationary, moving away with very high speed ¢ Jerky movements, abrupt starts and
stops, escape at “lightning speed” (supersonic).

The preliminary assessment of the U.S. office of national intelligence [1] reports UAP
movements stationary in winds aloft, moving against the wind, displaying abrupt maneuvers and
moving at considerable speeds without discernible means of propulsion. A paper analyzing the



flight characteristics [7] reports minimal UAP accelerations from 68 g to 5370 g with an speed
estimation up to Mach 60 (around 20 km/s). From the data[7] we assume that the maximal
velocity of a UAP is 20 km/s. The unique movement and acceleration characteristics provide a
feature usable for UAP identification.

3.3 Location of appearances

It is assumed that all observed clustering of UAP sighting locations may be a result from
observation bias [1]. We will therefore only analyze the flying height due to its importance in
determining the required capabilities of the sensor. The COMETA report [6] contains reports
with vastly varying flying heights. Some UAP appearance were flying low above the ground (20
- 100 m above ground) with other UAP flying at heights up to 7000 m. In [7], the analyzed UAP
sightings contain a sighting coming from low earth orbit (detected by missile defense radar)
before coming in sight of a naval radar system at around 24 400 m. We conclude that
constraining the geographic coordinates of appearances is not possible due to insufficient
observation coverage and assumed observation bias. Since multiple observers are recommended
for UAP confirmations, we will consider 25 km above sea level as an upper bound.

3.4 Characteristics in the optical spectrum

The COMETA report [6] features optically differing UAP: ¢ During daytime: — Non glowing
chestnut brown object — Intense blueish-light — Large red light — Non-glowing metallic gray
object — Green ball ¢ During nighttime: — “Very bright” glowing UAP — Pulsating bluish white
light, middle red light circle, color changing — White glowing sphere with green glowing comet
tail — Brightly lit dome — Two flashing lights at the side

Various different behaviors in the optical spectrum are shown. Many appearances share a
constant light emitting property, during nighttime nearly only glowing UAP are reported. This
property can therefore be used for UAP detection. Observed color differs between UAP reports
and cannot be used for detection.

3.5 Characteristics in the microwave spectrum

In the COMETA report [6], multiple sightings could explicitly not be found under radar. Others
however, leave various traces in the microwave spectrum: ¢ 50 s track on radar * Tracks on
multiple radar systems ¢ Pulsating microwave source * Interruption of surrounding electronic
grids The ODNI assessment [1] indicates appearance of many UAP on radar sensors. The
characteristics in the microwave spectrum varies between no signature to active disturbance of
electronic equipment. Therefore only a subset of all UAP appearances can be detected in the
microwave spectrum.

Final decision

Due to the reasons discussed above, visual and near infrared passive observation were chosen as
the primary method for this proposal. Active methods would exceed the power budget available,
while passive radio-frequencies would require too large antennas. SAR might be usable, though
our team has insufficient expertise in the field to reach a judgment on its viability.

5 Challenges of correct detection

An important consideration for instrument selection as well as operation and data processing is
the nature of similar, known phenomena that pose the risk of false positive detection. Following,
these will be evaluated for both infrared and visual passive observation, the methods chosen for
further investigation. Additionally, the variable occurrence of these, depending on type of terrain
and time of day in the area, mainly water or land, and day or night, will be considered.

5.1 General challenges

Visual observation during night is limited to artificial lights. These are common on land, and
vary strongly in color, brightness and movement. Over water, lights are significantly less
frequent and tend to move more predictably. An identification and classification is necessary in
addition to mere detection, though will likely prove comparably simple. Visual observation over
land during day presents a wide variety of objects and surroundings, providing a difficult
environment for object identification and classification. However, as many other earth
observation missions face the same issues, already existing systems may be adapted to address



these challenges. Similar conclusions are applicable to maritime daytime observations, though
with a more limited scope of possible objects and phenomena to consider. Infrared emissions are
primarily dictated by temperature and emissivity of the subjects. As known structures larger than
a few meter rarely differ significantly from the surrounding temperature, the imaging largely
captures differences in emissivity, with comparably low contrast. This results in false detection
possibility similar to the visual spectrum, to be treated in a similar manner. An object that differs
significantly from the surrounding background temperature, and thus delivers high contrast,
would however be a strong indication of an actual unknown phenomena.

5.2 UAP-specific considerations

The commonly observed characteristics elaborated in Chapter 3 can be used to further evaluate
the confidence of detection with either visual or infrared observation. One set of characteristics
are high speed, high acceleration and rapid changes in acceleration. Comparable speeds in excess
of half the speed of sound are almost exclusive to aircraft, making such objects distinguishable
from all other know terrestrial phenomena. High accelerations in excess of 10g and rapid
changes in acceleration are not exhibited by known terrestrial phenomena outside of rare aircraft
maneuvers, giving a basis for reliable detection. It is however still important to consider other
phenomena, like optical artifacts, such as sun reflections and lens flares, or cosmic phenomena,
such as cosmic radiation impacting the instrument or auroras. Sizes, forms, colors, and other
characteristics vary over reports, and are largely not significantly different from known
phenomena. While relevant for further classification, these are not reliable enough for primary
distinction between known and unknown phenomena.

Choice of sensors

Due to the high speed nature of the measurements, high image frequencies and global shutter is
required as to not create artifacts. As such TDI (Time Delay Integration) sensors are less viable
for high resolution images, favoring regular CCD and CMOS sensors. The two most relevant
parameters for further estimation of the optics are the pixel size, and number of pixels.
Secondary parameters for evaluation of the measurement performance are the read-out speed,
wavelength-dependent sensitivity and power draw. Depending on whether they are space-rated,
price, and size, the pixel size and number varies, though the pixel size generally is between 1 and
10 microns. The number of pixels can be picked from a few hundred, to 4096 or more pixel per
side. Representative of that spread, two flight-proven sensors were picked: Teledyne Imaging
Ruby sensor [12] « Type: CMOS ¢ Resolution: 1280 x 1024 « Pixel size: 5.3 ym x 5.3 pm -«
Sensor area: 6.78 mm x 5.43 mm ¢ Frame rate: 60 fps at full resolution * Sensitivity: 200 - 1000
nm

Teledyne Imaging Capella sensor [13]

* Type: CMOS -« Resolution: 2048 x 2048 « Pixel size: 10 um x 10 pm * Sensor area: 20.48 mm
x 20.48 mm * Frame rate: 15 fps at 12 bit pixel depth ¢ Sensitivity: 400 - 1000 nm To provide
hyper-spectral imaging capabilities, the sensor used in the HySI camera of the Chandrayaan-1
mission has been picked as a proven sensor for such objectives. It is to be noted that the sensor
was used in a TDI mode, with each of the 512 rows configured for a different spectral band:
CMOS SENSOR C650 sensor [14][15] » Type: TDI-CCD ¢« Resolution: 256 x 512 « Pixel size:
50 um x 50 um ¢ Sensor area: 12,8 mm x 25,6 mm ¢ Frame rate: 50 fps * Sensitivity: 400 - 950
nm



Figure 8.1: Complete configuration of Satellite 1 (2x2x6) with instruments,
bus and extended solar panels

Figure 8.2: Complete configuration of Satellite 2 (2x2x3) with instruments,
bus and extended solar panels
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9.3 Onboard UAP detection concept For on-board UAP detection the following pipeline is
necessary: 1. Image pre-processing: Pre-processing of the image on a per pixel basis for the
object detection. This step may not be necessary in some operation modes and with some
detection algorithms. This step may consist of a differential image generator which subtracts the
current image from the previous image with consideration of the expected offset due to satellite
motion to filter any stationary ground object. If the available computation power does not suffice
to run the detection pipeline with full resolution, a downsampler may be used. 2. Object
detection: This step should find distinct objects inside the pre-processed image. This step may
consist on a light level based segmentation algorithm or a real time capable feature detector. 3.
Object description: Transformation of the detected objects into a lower dimensional, rotation
independent and possibly scale independent representation. This representation is necessary to be
able to associate found objects with objects from previous images. 4. Object analysis: This step
should analyze the detected objects in terms of movement and potentially shape to determine a
UAP likelihood. Existing object movement analysis algorithms can be used, the UAP likelihood
evaluating algorithm has to be developed for the satellite due to the first time application. Some
components from existing ground based UAP detection software can potentially be reused. 5.
Persist decision: This step should decide based on the UAP likelihood determined in the object
analysis if the images around a certain object are worth persisting into permanent storage.
Operation modes

10.1 Nighttime over sea A dark background with no or only few light sources contained is
expected. Only glowing UAP can be detected at nighttime, therefore the object identification
algorithm is only required to find light sources. Light sources moving with no or constant
velocity vector (

Focused area

This operation mode is a variation of the previous operation modes with the difference to focus
the satellite on a previously selected area instead of swathing over the directly area underneath.
This mode should enlarge the observation time of areas with a high number of known UAP
appearances. 10.6 Repeat acquisition The repeat acquisition should record an area for a repeated
time after a (confirmed) UAP sighting for better understanding of the circumstances of the UAP



sighting. This will lead to a better understanding of local geographical features and other effects
possibly producing the observed phenomenon.

Summary and Outlook
In total, this evaluation demonstrates that the two proposed satellites, as well as similar designs,
are likely capable of full time observation with on-board pre-processing of the data to enable
orbital search of UAP. Visual detection was deemed most achievable, and instruments were
drafted for this application. Based on these, two satellite versions with appropriated size bus and
solar panels were modeled, and found to fulfill most of the user requirements. A tactic and
structure for on-board data processing specialized for UAP detection was presented to reduce the
amount of unnecessary data sent to ground. Such a platform would supply global data on UAP
occurrences, forming a basis for more extensive research of this topic. A nano satellite of 12 to
30U could fulfill this role at a significantly lower cost than a larger system. Existing research and
expertise in Germany on machine learning in nano satellites [22], and UAP detection [4] [3] may
prove advantageous in future projects. However, a more extensive project with appropriate
funding would be needed to realize the satellite concept. The concept could also be expanded to
a larger satellite, to provide more varied and higher quality measurements, or multiple satellites,
allowing more frequent coverage, depending on the available funding. As emphasized by
military and scientific experts, more extensive knowledge of UAP is highly valuable. A mission
such as proposed here would avoid many of the limitations of previous observations, such as
small tracking range, giving a more complete picture of the behavior exhibited by some UAP.
Such data may be sufficient to narrow the possible causes and sources, and as such provide a
deeper understanding of these atmospheric events. With high enough reliability, the satellite
could also be linked to other systems, either on the ground, or other orbital assets, notifying them
of a detection to collect more data when needed.
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IMNOCTAHOBWJIN: Bif3HAaYNTH Ba)XJIMBICTh HAyKOBUX MyOiikamii momo AAS y muToBaHHX
BUJAHHX, HEOOX1IHICTh MaKCUMaJIbHO HAYKOBOI'O MiAXOAY /10 MPOOJeMaTUKU Ta aKTyaJIbHICTh
HOJAJIBIIONO PO3BUTKY KOMIUIEKCIB MOHITOpUHTY AAS Tomo. BomHouac y MOHITOPHHIOBI
komriekcn YHJIIIA ««3Boun» (tumy «MA» T1a «M®y») 3akimaieHO KOHIIETIIIO OXOIICHHS
HaWIIUPIIOro CIEKTpy [iama3oHiB peectpauii ASl (we mume AAS, a @ A3 Tomo).
[TepcneKTHBH PO3BUTKY MOHITOPHHTOBHX CHCTEM MOTPEOYIOTH OKPEMOTO BCEOIYHOTO PO3TIISTY.

3. CHYXAJIA: Pi3ne.
3.1. Hosuii 1orornn HanioHaJbHOr0o po3BiAyBajbHOIO yNpaBJIiHHSA aBiamil
CHIA.
Hosuii gororun HanmionanbHoro possinyBanbHoro ynpasiainasa asianii CIIHA (National
Intelligence Manager for Aviation) Bkiiouae B cede 300pa:xkennst AAS.

Puc.9. Hosuii noecomun Hayionanvno2o pos3sioysanvrozo ynpasninus asiayii CLLIA



MNOCTAHOBWJIM: mnpuifHATH 10 BiJOMa, BiA3HAUYUTH TOCTYHOBY oOimliani3alilo BUBYCHb
HJIO/AAS na piBHI odimiiiHUX HAWBUIIMX OpPraHiB MPOBIAHUX JEpKaB, IO MAa€ IMOBIPHO Ha
MeTi iH(pOpMaliifHy MTiATOTOBKY JJs MOJAIBIIOT0 BUKPUTTA (EHOMEHIB Ta apreakTiB
M103a3EMHOTO TTOXO/KeHHs. MOXHa 3p00OUTH BUCHOBOK 1110 JiepkaBHi yctaHoBu CIIA Ta nesikux
IHIIMX KpaiH BXK€ ILIJIKOM CEPHO3HO PO3TISAAI0Th MOKJIMBICTh BHUSIBICHHS O3HAK isUIBHOCTI
M103a3€MHOTO PO3YMY Y HAaHIIMPIIOMY PO3YMiHHI IPOOJIEMATHKH.

3.2. CIYXAJIU: BinnocHo HacTynmHoro 3acizanHsi. 3amponoHOBaHO, 3 OISy Ha
BOEHHUI CTaH Ta HECTAOUIbHICTH POOOTH YCTAHOB Il PAaKeTHUMH Ta JPOH-aTaKaMH
MpoBeCTH HacTymHe 3acinanus L{eHTpy opieHTOBHO B ciuHi-TtoToMy 2023 poKy.

INOCTAHOBWJIN: Opranizamiiino marotryBatu HactynHe 3acigands LleHTpy
Opi€EHTOBHO B ciuHi-imoromy 2023 poky.
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