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BJIACTUBOCTI ®YHIAMEHTAJIbHOI

MATPUIII B PA3I PEKTU®IKALIII
CTEPEOIIAPU 30BPAKEHD

Y pobomi docaidxerno 3a0auy pexmucpikayii cmepeonapu 300paxers Ha 0cHOBI 300aH0i yH-
0aMeHMasvHOl MAMpULyi, Wo ONUCYE eninoiapHy eeoMempin Mix 060Ma NPOEKYIAMU CUEHU.
3anpononobano anasimuunuil nidxio 0o nobydobu nepembopens, ski npubodAms pyHoameH-
MAAbHYy MAMpUL0 00 KAHOHIuH020 Bueaady, w0 Gionobioae ideasvio GupibraAnin cmepeonapi
3 2OPUBOHMAALHUMU eninoAapHuMu Ainiamu. [lokasaro, wo 3a0aua pexmugbikayii Moxe
oymu 36edena 0o 3HaxokeHHA 060X Mampuys nobopomy, 041 AKUX OMPUMAHO CHPOUEH]
yMobBu icnyBanns. 3anpononobanuii nioxio ve nompedye 3HaHHA BHYMPIWHIX napamempié
Kamep i Moxce Oymu 3acmocobanuii y 3a0auax 3D-pexoncmpyxyii ma xomn omepHoeo 30py.

Katouo8i caoba: pexmudpixayis 300paxeHs, hyHOAMeHMALLHA MAMPUYS, eninosapHi 00Me-
JKeHHA, NPOEKMUBHA 2e0Mempis.

Beryn

PexTudikariiss — 1ie IIpoliec reOMeTPUYHOTO IIePETBOPEHHS ABOX 300pa-
KeHb (CTepeoIrlapw), OTPVMaHMX i3 Pi3HMX MOJI0XKeHb KaMmep, TaKUM Ui-
HOM, 11100 eminossipHi J1iHIT Ha 000X 300pakeHHIX CTaIM HapasIe/IbHIMM
Ta TOPM30HTAIBHVIMIL. [HIIIMIMmM ci10BaMy1, pekTudiKaris BupiBHIOE 300pa-
JKeHHSI TaK, IO BiATIOBiAHI TOYKM Ha JIiBOMY Ta IIpaBOMY 300pa’keHHSIX
3HAXOIATBCS Ha OJHOMY TOPM30HTAJIBHOMY PiBHI Tak, HiOu mapa 300pa-
JKeHb OyJla 3H4Ta TaKMMM JIBOMa KaMepamy, po3TalllOBaHMMM Ha OIHiN
TOPV30HTAJIbHIN JIiHiI, SKi OWBIATHCA IIPSIMO B OJJHOMY HallpsiMKYy. Lle
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Baacmubocmi pynoamenmanvnoi mampuyi 6 pasi pexmucpikayii cmepeonapu 300paxets

CIIPOIIY€ IOIIYK BiIIOBIHOCTEV MUK TOYKaMM Ha JIIBOMY 1 IIpaBoOMYy 30-
OpaxeHHsIX, 1[0 € KIIIOYOBMM eTarloM ITif] Yac 1100y 1081 KapTy DIMOUHN
abo BimHOBNIeHHs 3D-c1ienu [1, 2].

@dyHnamenTanbHa MaTpuid [1, 3] F panry 2 posmipom 3x3 0B si3ye
TOUKM JBOX 300pa’keHb, OTpUMaHi Iif] yac ¢pororpadyBaHHs CTaTUIHOI
CLIEHV JBOMa KaMepaMM 3 Pi3HMX IT0JIOXKeHb Ta, MOXJIVBO, 3 Pi3HUMI BHY-
TPIlIHIMM TTapaMeTpaMu. SIKIIIO JlesgKa ToUKa IIPOCTOPY IIPOEKTYETHCS Ha
300paxeHHi s1iBoi Kamepw 3 koopsimHatamu (x,,,) € R?, a Ha 306paxensi
IIpaBoi KaMepu 3 KOopAyHaTaMu (x, Y, ) € R”, To BOHM 110B’d3aHi CHiBBifI-
HOIIIeHHSIM:

X

r

(xzr]/zrl)F y, |=0.
1

Binomo, 1m0 dpyHmaMeHTaIbHa MaTPULIA Ma€ PaHT 2 Ta Ma€ TaKy popMy:
F=KR"[d] R,

ne K, Ta K, — xaymiOpyBasibHi MaTpUIIi JIiBOI Ta IIpaBoi KaMepu (3a1eXarthb
Bizl X BHYTpillHiX mapameTpis), R, Ta R, — MaTpuili oBopoTy, 10 OIu-
CYIOTb Opi€HTallifo Kamep y mpocrtopi, | d . — MaTpuis paHry 2, AKa
BUpaXka€ BEKTOpPHY oOIlepallifo IepexpecHOro mo0yTKy i Koaye BifcTaHb
(6a3y) Mix 1IeHTpaMu Kamep.

Kaniopysaitpai MaTpui K, Ta K, MaroTh TaKmit BUTTISI:

fl 0 le fr 0 pxr
Kl: 0 fl pyl 4 Kr: 0 fr pyr 4
0 0 1 0 0 1

me f, Ta f, — pOKYCHI BifIcTaHi JIiBOI Ta IIpaBoi Kamep; (sz , Pyz) Ta ( Purs py,) —
LIeHTPY IIPOEKTYBaHHs JIiBOI Ta IIpaBoi KaMep.

3acTocyBaHH: ITapu JIiHIHNX TIepeTBopeHs H, Ta H, mo mapu 300pa-
JKeHb 3MiHIOE KOOpAMHaTI ToUoK (x,,,) Ta (x,,y,) Ha (x,,,) Ta (x,,y,)
Ha 300pakeHHsIX 3a IIpaBIIaMM:

T

(oyx, 04y, Ocz)T =H, (xw Yis 1) ’
(ox,,0,y,,0) =H,(x,,y,,1),

s gedakux o, Ta o,. dyHgaMeHTasIbHa MaTpUILA 11 HOBOI ITapu 300pa-
KeHb B IIbOMY pa3i HaOyBae€ BUTITISY:

F’=H;"FH;".

3astaua pextudikaliii mosisrae B ToMy, 106 3a dyHIaMeHTaIbHOIO
Marpunero F sHanTy Taky mapy JiiHimHMX nepersopeHb H, ta H, ska
TpaHcdopMye mapy 300pa’keHb Ha TaKy, IO 3HATa ITapoi0 OIHAKOBMX
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KaMep 3 OJHaKOBOIO opieHTatliero. Kpim Toro, HarrpsiM sHiMaHHS Ma€ Oy Tu
HepIieHANKYJISIPHIUM /10 IIPSIMO], 1110 IIPOXOINUTH Yepes oOmBi Kamepn. Y
TepMiHax PyHIaMeHTaIbHOI MaTPLIi 1ie BUpakaeTbCs SIK

00 O
FF~{0 0 1|,
0 -1 0

7le CYIMBOJI XBWISICTa pUCKa MO3HaYa€ PiBHICTP 3 TOUHICTIO 10 MHOKHMKA.

PesynbpTraTit

3asBruart 3agauy pekTudikariil poss’ si3yI0Tb METOLOM IIOIIYKY Oyab-sKO1
Hap JIiHIHUX IepeTBopeHb H, Ta H,, 1110 TlepeTBOpIoIoTh F 110 OakaHOTO
BumsAAy [3-6]. OnHak, Biomo, 1110 ITyKaHi IlepeTBOPeHHs MatoTh BUTJIAL:

f 0 p i T T
H'=K-R=|0 f Pyl'|"t1 T2 T |
0 0 1 Ty Ty Ty

ne K — pesika xaniOpyBasibHa MaTpuIIs, a R — MaTpuIIsS IIOBOPOTY.
Ockinbkn Matpwrist F Mae panr 2, To icHye [1] Taknit BekTOp (e, e, ,1),
1110

F-(e, e,,1)" =(0,0,0)". (1)

Ockipku 1icii peKTrdiKaliil emnosspy MaloTk OyTH CIIpsMOBaHi B
HaMpsIMKy oci X, a MaTpuiid F’ Mae HyIbOBUVI II€ I CTOBITYMK, TO

F’-(1,0,0)" =(0,0,0)" . )

s Toro, mo6 Matpuiig H 3aq0BosibHsIIa yMOBaM Il HEOOXiTHOTO
HiepeTBOpeHHst 300paXeHHs, BoHa Mae nieperBoproBatu BekTop (1,0,0)"
Ha BEeKTOp eIlIoJsgpa (ex,ey,l)T, a OTXXe, Ma€ BUKOHYBaTWCh CITiBBiIHO-
IeHHS K~R'(1,O,0)T ~ (ex,ey,l)T. 3Bincu surumBae, o K- (1, 7y, )T ~
~(e,,e,,1)", a orxe

x7Cyr
(frn + Py fra +py, )"~ (e ey’]')T/
IITO O3Ha4vae€
(i1 + Psr S TPy, ra) = (ery, €131 )

3BIIKV BUILIMBAE CIIiBBIITHOIITCHHST:

T
_ 1
px_ex_f_’
T3
5
pl/:e]/_f_
/
31
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Kopucryrouncs cisBinHomenHsM (1) Ta (3), Maemo:

fO e -fu
f 0 p K
F-K=F-{0 f p,|=F|0 f ey—f:z—l -
0 0 1 31
00 1

A | B DA e
00 e " " n 0 -,
=F10 0 ey [t 0 f _f:2_1 =F-|0 f _f:z_l ~F{0 1y -1y
00 1 a " 0 0 0
00 0 00 0

Ockistbkn R — € MaTpuIlero IIOBOPOTY i CKJIaJAa€ThCS 3 OPTOHOPMOBa-
HOI TPiVIKV BeKTOPiB, MaeMO:

1 " 31 Toalss —Tas3

T (=) T2 [X] T2 | = TasT31 —Tontss |/

3 s T3 TnT3 =Tl
T3 e e Tl =13ty | T T3 LEP! Tal13 = T3al1n
T | = T2 | X T2 | = Tas?r —Tualas || T2 [T To2 | X] T2 | =] TasT11 — Taa1s
r33 rl3 r23 rlerZ - r12r2] r23 r33 r]3 r3'l rlz - r32r]1

A otrxe, g MaTputi F K R cripaBeUIVBIM € CITiBBiTHOIIICHHS:
g 0 =m ) (m M s
F-K-R~F-|0 1y —1y ||ty Ty Ty~
0 0 O Ty Ty Ty
0 ryry —Tphy Tyl — Tl 0 —Ty
~F 10 myhyy =Tty Tyl =Tty |~F-[0 -5 1

0 0 0 0 0 0

ITonibHi MipKyBaHHS CIIpaBeJIVBi 71 IlepeTBOPEeHb JIiBOI KaMept:

T
0 py P
R/ -K/-F~|0 —py; py, -F.
00 0

Taxmm urtHOM, 3a71aua pekTrdiKallil CIIpOITy€eThCs 0 MOITYKY TaKMX

ISSN 3083-6573. Information Technologies and Systems. 2026. No. 2 (8) 21



€.B. Bodoaascvkuil

IIBOX MaTpULb IIOBOPOTY, II10:

T
0 py  —Pn 0 ny —Ty 00
0 —pi3 P2 F10 -r; n, |~{0 0 1},
00 0 00 0 0 -1 0
III0 3HAYHO IIPOCTIIIle 3a TI0YaTKOBY YMOBY:
0 0 O
RZT-K,T-F-Kr~Rr~ 0 0 1
0 -1 0

BvicHOBKM

Y crarTi fgeTajibHO PO3MISHYTO 3a7iavy pekTudikallil crepeorapm 3a 3a-
JaHo (pyHIaMeHTaJIbHOIO MaTpUIlelo, sKa ITOBHICTIO BM3HaAYae erliIo-
JIIPHY TeOMeTpil0 MK JIBOMa 300pakeHHSIMM CLIeH). 3allpOIIOHOBaHWU
mizxig 6asyeTbcsl Ha aHAIITMYHOMY AOCIIIIKeHHI BjlacTMBOCTel dyHIa-
MeHTaJIbHOI MaTpPUIIi Ta J103BOJIL€ IIepeiiT Bif 3arajIbHOI IIOCTaHOBKM 3a-
Jladi 10 3HaYHO IIPOCTIIIOl KOHCTPYKIII IITyKaHVX II€peTBOPEHb.

OcHOBHMM pe3yJIbTaTOM pOOOTH € BCTAaHOBJIEHHS TOro (PaKTy, 1110 3a-
Jlady pekTudikallii MOXKHa 3BeCTM 10 3HaXOIPKeHHs JBOX MaTPWUIIb II0BO-
POTY, §IKi 3aJI0BOJILHAIOTH IIeBHVIM Y3TOPKeHVIM yMOBaM, 1110 BUIUIVBAIOTh
i3 crpykrypu dyHmameHTanapHOI Marpuili. Ha BinmMiHy Bif, KIacmaHMX
mixofiB, gKi IependadaroTh MONMIYK ITOBUIBHMX IIPOEKTVBHMX II€PETBO-
peHb, OTpUMaHa peAyKIlis icTOTHO 3MeHIITy€ KUTbKICTh CTYIIeHiB cBOOOIM
3aJ1a4i Ta CIIPOIILYy€E i TEOPeTMYHWUI aHaJli3, i IpaKTUYHy pealisariiio aj-
TOPUTMIB peKTudiKaliii.

BaximBoro mepesaroro 3aIllpOIIOHOBAHOTO IIIXO/Y € Te, 110 BiH He
norpeOye 3HaHHS BHYTPIIlTHiX TapaMeTpis Kamep. Lle pobuts MeTom 11pm-
JaTHVM IS IIVPOKOTO Kjlacy NPUKIIaAHMX 3a1a4, 30KpeMa y BUIlaKax,
KoM KayliOpyBaHHS KaMep € HeTOUYHMM abo B3arajli HegocTymHuM. Ta-
KVM 4MHOM, pe3yJIbTaTy poOOTI MOXYTbh OyTu Oe3rocepeIHbO 3aCTOCO-
BaHi y 3ajauax KOMIT JOTEPHOI'O 30PY, TaKMX SIK IT00yI0Ba KapTu IJIN-
OvHWM, BiTHOBJIEHHS TPUBVMIMIPHOI CTPYKTYPU CIIeHN, a TaKOX Y CHCTeMax
CTepeo30py B peasibHOMY Yaci. OTprMaHi CIiBBiTHOIIIEHHS TAf0Th OUIBII
IJIMOOKe pOo3yMiHHS reOMeTpUYHOI IPUpPOan pekTudikarii Ta posi dpyH-
JaMeHTaJIbHOI MaTPUILi y IIbOMY ITPOIIECi.

[lepcrieKTMBHMM HaIIPSIMOM ITOJIAJIBIINX JIOCIIIIKeHb € pO3po0Ka um-
CeJIbHO CTIVIKVX aJITOPUTMIB 3HaXOKeHHs BiJIIOBIIHVX MaTPUIlb ITOBO-
POTY, a TaKOXX aHaJli3 BIUIMBY IOXMOOK OIiHKM PyHIaMeHTaIbHOI MaTpu-
11i Ha AKicTh peKTudikariii.

IIOBIJOMJIEHHA

Hexaapayia npo kongaixm inmepecif. ABTop He IOBIIOMIISE IIPO XXOTHWUIT IIOTEH-
ivtHMUT KOHIIIKT iHTepecis.
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@inancybanna. ABTop 3asBiIfge, IO III Yac MIATOTOBKM IIbOIO PYKONVICY He
OTPMMYBaB YKOIHMX KOIITIB, TPaHTIiB Y¥ iHIITOT MiITPUMKIAL.

Buxopucmanua wumyunoeo inmeaexmy. ABTOp 3asBJIs€, 1110 iIHCTPYMEHTH 3a J10-
IIOMOTOFO IITYYHOI'O iHTeJIeKTy He BUKOPVMCTOBYBaJIVCS TPV HallMCaHHi CTaTTi.
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PROPERTIES OF THE FUNDAMENTAL MATRIX
IN THE RECTIFICATION OF STEREO PAIRS OF IMAGES

Introduction. This paper addresses the problem of stereo pair rectification based on a
given fundamental matrix, which encodes the epipolar geometry between two images
of a static scene acquired from different viewpoints. Rectification is a key preprocessing
step, as it transforms the images in such a way that corresponding points lie on the same
horizontal scanlines, which significantly simplifies the correspondence search and
subsequent depth estimation in many computer vision tasks. Unlike classical appro-
aches that construct rectifying transformations through general linear transformations,
we exploit the intrinsic structure of the fundamental matrix. The conditions are ex-
plored under which the fundamental matrix can be transformed into a canonical form
corresponding to a perfectly rectified stereo configuration with horizontal epipolar
lines.

The Purpose of the paper is to investigate the problem of rectification of a stereo
pair of images based on a given fundamental matrix describing the epipolar geometry
between two projections of the scene.

Methods. An analytical approach is proposed to construct transformations that
bring the fundamental matrix to a canonical form corresponding to a perfectly aligned
stereo pair with horizontal epipolar lines.

Results. The main contribution of the paper is the reduction of the rectification
problem to the problem of finding two rotation matrices satisfying a set of constraints
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derived from the properties of the fundamental matrix. As a result, the original
problem of determining arbitrary projective transformations is replaced by a more
tractable problem with significantly fewer degrees of freedom.

Conclusions. An important feature of the proposed approach is that it does not
require knowledge of the intrinsic calibration parameters of the cameras. This makes
the method applicable in uncalibrated settings, where only the fundamental matrix
is available. Such scenarios frequently arise in practical applications, including
structure-from-motion pipelines, stereo vision systems, and 3D scene reconstruction
from image pairs. The proposed framework can serve as a basis for developing
efficient numerical algorithms for stereo rectification. Future work may include the
study of numerical stability, robustness to noise in the estimation of the fundamental
matrix, and extensions to multi-view settings.

Keywords: stereo image rectification, fundamental matrix, epipolar constraints, projective
geometry.
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