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Abstract

This paper deals with the error analysis of a novel navigation algorithm that uses as input the sequence of images acquired
from a moving camera and a Digital Terrain (or Elevation) Map (DTM/DEM). More specifically, it has been shown that the optical
flow derived from two consecutive camera frames can be used in combination with a DTM to estimate the position, orientation and
ego-motion parameters of the moving camera. As opposed to previous works, the proposed approach does not require an
intermediate explicit reconstruction of the 3D world. In the present work the sensitivity of the algorithm outlined above is studied. The
main sources for errors are identified to be the optical-flow evaluation and computation, the quality of the information about the
terrain, the structure of the observed terrain and the trajectory of the camera. By assuming appropriate characterization of these
error sources, a closed form expression for the uncertainty of the pose and motion of the camera is first developed and then the
influence of these factors is confirmed using extensive numerical simulations. The main conclusion of this paper is to establish that
the proposed navigation algorithm generates accurate estimates for reasonable scenarios and error sources, and thus can be
effectively used as part of a navigation system of autonomous vehicles.

1 Introduction

Vision-based algorithms has been a major research issue during the past decades. Two common approaches for
the navigation problem are: landmarks and ego-motion integration. In the landmarks approach several features are
located on the image-plane and matched to their known 3D location. Using the 2D and 3D data the camera's pose can be
derived. Once the landmarks were found, the pose derivation is simple and can achieve quite accurate estimates. The
main difficulty is the detection of the features and their correct matching to the landmarks set.

In ego-motion integration approach the motion of the camera with respect to itself is estimated. The ego-motion
can be derived from the optical-flow field, or from instruments such as accelerometers and gyroscopes. Once the ego-
motion was obtained, one can integrate this motion to derive the camera's path. One of the factors that make this
approach attractive is that no specific features need to be detected, unlike the previous approach. The weakness of ego-
motion integration comes from the fact that small errors are accumulated during the integration process. Hence, the
estimated camera's path is drifted and the pose estimation accuracy decrease along time. If such approach is used it
would be desirable to reduce the drift by activating, once in a while, an additional algorithm that estimates the pose
directly. Such navigation-system is being suggested. In that work, like in this work, the drift is being corrected using a
Digital Terrain Map (DTM). The DTM is a discrete representation of the observed ground's topography. It contains the
altitude over the sea level of the terrain for each geographical location. A patch from the ground was reconstructed using
“structure-from-motion' (SFM) algorithm and was matched to the DTM in order to derive the camera's pose. Using SFM
algorithm which does not make any use of the information obtained from the DTM but rather bases its estimate on the
flow-field alone, positions their technique under the same critique that applies for SFM algorithms.

The algorithm presented in this work does not require an intermediate explicit reconstruction of the 3D world.
By combining the DTM information directly with the images information it is claimed that the algorithm is well-
conditioned and generates accurate estimates for reasonable scenarios and error sources. In the present work this claim is
explored by performing an error analysis on the algorithm outlined above. By assuming appropriate characterization of
these error sources, a closed form expression for the uncertainty of the pose and motion of the camera is first developed
and then the influence of different factors is studied using extensive numerical simulations.

2 The Navigation Algorithm

The problem can be briefly described as follows: At any given time instance t, a coordinates system C(t) is
fixed to a camera in such a way that the Z -axis coincides with the optical-axis and the origin coincides with the
camera's projection center. At that time instance the camera is located at some geographical location P(t) and has a

given orientation R(t) with respect to a global coordinates system W ( p(t) is a 3D vector, R(t) is an orthonormal
rotation matrix). P(t) and R(t) define the transformation from the camera's frame C(t) to the world's frame W ,
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where if *V and "V are vectors in C(t) and W respectively, then "v=R(t)v+ p(t).

Consider now two sequential time instances t, and t, : the transformation from C(t;) to C(t,) is given by
the translation vector Ap(t;,t,) and the rotation matrix AR(t;,t,), such that C(tZ)V = AR(tl,tz )C(tl)v + Ap(tl,tz).
A rough estimate of the camera’s pose at t, and of the ego-motion between the two time instances - Pg () , Rz (t)),
Ape (t,t,) and AR (t,,t,) - are supplied (the subscript letter ™ E " denotes that this is an estimated quantity).

Also supplied is the optical-flow field: {u;(t,)} (i=1..n, k=1,2). For the i'th feature, u,(t;) € R? and

u (t2) e R? represent its locations at the first and second frame respectively.
Using the above notations, the objective of the proposed algorithm is to estimate the true camera's pose and
ego-motion: p(t,), R(t,), 4p(t,,t,) and AR(t,t,), using the optical-flow field {ui(tk)}, the DTM and the initial-

guess: Pe(ty). Re(t), 4pe(t,t,) and ARc(t,1,) . (Fig 1)

Pip

Figure 1: Geometrical description

3. Results of numerical simulation for real parameters of flight and camera.

The typical results of numerical simulations can be seen on (Fig.2) for different cases of flight, camera and simulation
parameters.
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Figure 4: Position errors for X, y, z coordinate of the drift path are marked with a red line, and errors of the
corrected path are marked with a blue line. Parameters : FOV 60 degree, Features number 120, Resolution 1000x1000,
Baseline=200m, Atime =15 s, Height a) 700m b) 1000m c) 3000m

4. Conclusions

An algorithm for pose and motion estimation using corresponding features in images and a DTM was presented
with using Kalman filter. The DTM served as a global reference and its data was used for recovering the absolute
position and orientation of the camera. In numerical simulations position and velocity estimates were found to be
sufficiently accurate in order to bound the accumulated errors and to prevent trajectory drifts.

An error analysis has been performed for a novel algorithm that uses as input the optical flow derived from two
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consecutive frames and a DTM. The position, orientation and ego-motion parameters of the the camera can be estimated
by the proposed algorithm. The main source for errors were identified to be the optical-flow computation, the quality of
the information about the terrain, the structure of the observed terrain and the trajectory of the camera. A closed form
expression for the uncertainty of the pose and motion was developed. Extensive numerical simulations were performed
to study the influence of the above factors.

Tested under reasonable and common scenarios, the algorithm behaved robustly even when confronted with
relatively noisy and challenging environment. Following the analysis, it is concluded that the proposed algorithm can be
effectively used as part of a navigation system of autonomous vehicles.

On basis results of numerical simulation for real parameters of flight and camera we also can conclude follow:

1) The most important parameter of simulations is FOV: for the small FOV the method diverges. For FOV 60
degree the results are very good. The reason for this is that for small FOV (12 or 6 degree) the situation is close to
degenerated state, also we must choose small baseline and observed ground patch is too small and almost flat.

2) Resolution of camera is also very important parameter: for better resolution we have much more better
results, because of much more better precision of features detection.

3) The precision of new method depends on flight height. Initially precision increases with height increasing
because we can use bigger baseline and can see bigger patch of ground. But for bigger heights precision begin to
decrease because of small parallax effect.
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TIpeoeH alNropuT™ JUIsl HAXOXKCHHS MTO3UIIHH, OPUCHTAIINY 1 OLICHKHU JIBU)KCHHS, HCIIONIB3YIOLINI COOTBETCTBYIOLINE TOYKH B
n300paxeHnsIX U mudposylo kapry nanamadTta. Mcrons3oBanue Lndposoit Kaprer Jlanamadta (LIKJT) kak rmodansHoiM
CIPaBOYHOH MH(OPMALUH TTO3BOJISICT BOCCTAHOBJIEHNE a0COIIOTHOM MO3UIINY U OpHEHTAIM! Kamepbl. UtoOs! caenats 3to, [IKJI
UCIIONB3yeTCs, 4TOOBI chOPMYIIHPOBATH JOMOJHUTEIbHBIE OIPAHUUCHHUS MKy COOTBETCTBYIOIIMMYU TOYKAMH B IBYX
MOCJIeIOBATENBHBIX Kaapax. Mcroip30BaHne 3THX TaHHBIX MTO3BOJISET YIIyUYIIHTh HAISKHOCTh U TOYHOCTD HHEPIIHAILHOTO
HABUTAL[MOHHOTO anroputMa. Pacmpensslii punstp Kanmana ucnonb3oBaics, 4To0bl 00bEAUHUTD PE3YJIbTAThl HHEPLHAIBHOTO
HABUTAL[MOHHOTO AJITOPUTMA M HABUTAIIMOHHOT'O aJrOPUTMa, OCHOBAaHHOTO Ha KOMITBFOTEPHOM 3PEHUH. BBIIIOTHUMOCTB 3TOr0O
AIITOPUTMa POJEMOHCTPUPOBAHA ITyTEM YHCICHHOIO MO/ICIMPOBAHUSL.

1. BBegenue

AJNTOpUTMBI BH3YaJIbHOM HaBUTallMW SIBIISIOTCS OJHMM W3 OCHOBHBIX OOBEKTOB HCCIIENOBAHUHA B TEUCHHH
nocieiHero aecsatuietus. bypHoe pa3BuTHe poOOTH3MPOBAHHBIX CHCTEM IOTPeOOBaNoO BHIPAOOTKH CIIEHM(DUIECKUX
MOIXOM0OB M ONpENCNCHHs B pPEalbHOM BPEMECHH KOOPIMHAT MECTOIOJNIOKEHUS W MapaMeTPOB OpPHUCHTAIIUH
MOJIBIDKHBIX OOBEKTOB, KaK B 3aKPBITBIX IOMEMICHUSAX, Tak W Ha ynume. OZHAM W3 BaXHBIX TpeOOBaHWHA K
COBPEMCHHBIM OCCIIIOTHBIM aBHAITMOHHBIM KOMILIEKCAM SIBIISICTCS BO3MOXKHOCTH OCYIIIECTBICHUS TOYHOW HAaBUTAIIMU
B YCIIOBHUAX OTCYTCTBHS CITyTHHUKOBOH MH(popMarin. MHTErparyst BU3yalbHbIX METOIOB HABUTAUU C TPAJAUITHOHHBIMU
WHEPIUATBFHBIMI CHCTEMaMH MOXXET O00ECIeUNTh YCTOHUYMBOE pEILICHWE HAaBUTALIMOHHOW 3ajaddl IS Ha3eMHBIX U
JIETAOMINX aBTOMATUIECKUX CHCTEM.

CyIIecTBYIOT TP OCHOBHBIX IMOJXO0Ja K PELICHUIO 3a[a4yd OIpEeACICHHs IapaMeTpoB JBIKEHHs OOBEKTa I0
BU3YaJIbHOW MH(POPMAIIHH.

1) Omnpenenenye napaMeTpoB JABWKEHHUS M OPUEHTAIMU ITyTEM OTCIIC)KUBAHUS NEPEMEIICHHS B
KaJpe M300paKCHUI HEKHX XapaKTePHBIX (OCOOBIX) TOYCK MECTHOCTH. Ilocie uacHTU(GUKAIMH OCOOBIX
TOYEK Ha KaKJOM CHMMKE TOYHOE ONpEeJesICHUE NMapaMeTpoB JIBHXKEHHMS TIPEJICTABIIET COOOH TOCTATOYHO
TpHUBHAIBHYIO 331ady. Hambonee cioxHOW mpoOieMoil ocTaércst AETEKTUPOBAHHE OCOOBIX TOYEK M HMX
COOTHECeHHEe C HabOpPOM XapaKTEePHBIX MPU3HAKOB TAHHOW MECTHOCTH, OIIPEAEICHHBIM 3apaHee.

2) Ilpu noxmxome “ego MOtiON”  OLEHMBACTCS OTHOCHTENBHOE [BIDKCHHE KaMephbl 110
OTHOIICHHUIO K TIPEABIAYIIEMY €€ IIOJIOKEHHI0. VICTOYHHKOM JaHHBIX SBISIOTCS BHICOKanpbl. OIEHHB
mapaMeTpel BIDKEHUS W 3Hasg HadJalbHBIC VYCIOBHS, MOXXHO IyTéM WHTETPHPOBAHUS BBIYUCIUTH
TPACKTOPHUIO IBIKCHUS KaMepbl. Ba)KHBIM JOCTOMHCTBOM 3TOTO METOna (B OTIMYHE OT MPEIBIAYIIETO)
SIBJISICTCS. OTCYTCTBHE HEOOXOAMMOCTH BBISBJICHHS OCOOBIX TOYEK Ha MECTHOCTH. IIpoOieMHON CTOPOHOM
SIBJISIETCS. HapacTaHWe OIIMOKM B Tpoliecce MHTETPUPOBaHus. TakuMm o0pa3oMm, uMeercs aHajior «apeiidar
OLICHKH MECTOIIOJIOKEHUS, U TOYHOCTh OLICHUBAHUS JErpajupyeT C TEYCHHWEM BpeMeHH (MM C POCTOM
MIPOHJICHHOTO ITyTH).

JIBa M3J10’KEHHBIX MOJX0]a 00bEANHIET HEOOX0IMMOCTh aHAJIN3a [TOCIIEA0BATENbHBIX H300paKeHHUH.

3) Tpetnii MeTOA TO3BOJSIET  KOMIIEHCHPOBATh YIOMSHYTBIH BbImie 3(Qdekt «apetiday,
MIPUMEHSSL JIOTIOJTHUTENBHBIA QJITOPUTM NPSMOTO OICHHUBAHUS MECTONOJIOKEeHUs. B mpexcraBmsiemMoit
pabore ucnons3yrorcst maHHele IHdpoBoro penbeda mectHoctn (L[PM). LIPM mpencrasmser coboii
nuQpoBOE MpEACTABICHNUE TONOrpaguu MECTHOCTH Yepe3 MaTpHIly BBICOT HaJl YPOBHEM MOpS JUIs
JTUCKPETHBIX KOOPIMHAT MecTonojoxeHus. [locTaBinenHas 3agada M3BECTHA ITOJ HA3BaHUEM H3BJICUCHHE
cTpyKTyphl u3 aBmxkeHus (Structure from motion - SfM) . Boccranosnennsiii metomamu SfM penbed
MOJKET OBITh COOTHECCH C AaHHbIMU [[PM u, TakuM oOpa3oM, ONpeaessieTCss MECTOIOJOXKCHHE 00beKTa
otnocutenbHo [[PM. B mpexacraBnsemoii paboTe mpeiaracTcsi HEMOCPEIACTBCHHO KOMIUIEKCHPOBATH
nannbie [[PM u BuioBbIe JaHHbBIE, TOJIY4YEHHbIC C KAMEPbl 00BEKTa JIJIsl OLICHKH MOJIOKEHHSI U OPUEHTAIHH
00beKTa, MUHYSI CTAJIMI0 BOCCTAHOBJICHHS pesibedpa 10 BUICOJaHHBIM. B pesynbrare cokpamaercs 00bEM
BBIYHMCIICHUH, U TIOBBIIIAETCSl YCTOMYMBOCTD aJITOPUTMA.

TakuM 00pa3oM, UMEIOTCS HECKOJBbKO PEICHWH HaBUIallMOHHOHM 3ajaddM Yepe3 METOJbl BUIOBOH 0OpabOTKH
JaHHbIX. Kakaplii M3 TpeIUIOKeHHBIX METOZOB 0a3MpyeTcsi Ha YHUKAIBHOW amnpHOpHOH HH(OpMamuu H J1aér
HE3aBHCUMOE pEIlCHHE C TOW WJIM MHOHM CTENEeHbI0 TOYHOCTH. J[to0oe M3 3THX pelleHuid, Kak U BCE BMECTE, MOXKET
WCTIONIB30BaThCs [UISl KOPPEKIMH WHEPIHMATbHONW HAaBHI'ALIMOHHON CHCTEMBI C NMPHMEHEHHEM CTAHAAPTHON TEXHHUKH
MHTETPUPOBAHMS JTaHHBIX ITOcpeacTBOM KanmaHoBCKoH GuiIbTparyy.

1


mailto:voronov@kronshtadt.ru
mailto:olegkup@yahoo.com

B mpexacraBmsemMoll paboTe H3NOXKEHBI AITOPUTMBI IIOMYYEHHS HABUTALIMOHHBIX MJAHHBIX W3 BHIOBOM
uH(pOpManuK ¢ ucnoas3oBaHueM 1[PM, paccMoTpeHBI BONPOCH KOMIUIEKCHPOBAHUS BUIOBBIX ITAHHBIX C JAQHHBIMH
HMHEPIUAIBHON CUCTEMBI, TPUBOAATCS PE3yJIbTaThl KOMIBIOTEPHOT'O MOAETHUPOBAHNS.

2. HaBHranMoHHbIii aJICOPUTM.

Ipo6nema MOXKeT OBITH KPaTKO ONHMCaHa CIEMyromuM obpasom: B mo6oii Moment Bpemenum 1, cucrema
xoopaunar C(t) ycranosnena na kamepy Takum crnoco6oM, uto Z -0ch COBMAJAET ¢ ONTHYECKOH OCHIO, M HAYANO
KOOpAMHAT COBMAAaeT C LEHTPOM IPOEKTUPOBaHMA KaMmephel. B 3TOT MOMEHT BpeMeHM Kamepa pacIloIokKEeHa B
HeKkoTopoM reorpaduaeckom mectoronoxkennn P(t) u umeer nannyro opuenrtamro R(t) orrocutensHo rioGansHoit

xoopaunatHoit cuctemsr W ( P(t) - tpexmepnsiit Bextop, R(t) - opronopmansmas marpuna spamenus). P(t) u

R(t) onpenenstor mpeoGpasosanue u3 koopauuathoii cuctemb kamepsl C() B rmo6anbhyio xoopmunatHyro

cucremy W , e, ec °V u °V sasores Bekropamu 8 C(t) u W cootsercrsenno, To “'V = R(t)“ v+ p(t).
PaccMOTpHM Terneph JBa MOCIe0BaTebHBIX MoMenTa Bpemenn 1) u t, : mpeobpasosanue n3 C(t) 8 C(t,)

mamo Bextopom cmsura  AP(t,t,) w  marpumeit mpamennms  AR(t,t,) Takum  o6pasom, uTo

C(IZ)V = AR(tl,t2)°(t1)v+Ap(t1,t2). Jlnst Tpy6oii oleHKH TO3BI KaMepsl B U, U coOCTBeHHOE IBWIKCHHE KaMephl
mexny neyms momentamu spemenn - Pe(t), Re(t), 4pe(t,t,) n ARc(,t,) ucnomssyiores. (Cumson "E "
JUTS HIDKHETO MHZIEKCca 0003HavYaeT, 4To 3TO OleHOYHas (estimated) BenuunHa. )

Taxske MCIONB3YETCS TMOJIE ONTUYECKOTO MOTOKA: {Ui(tk)} (i=1...n,k=1,2). na i'th xapakrepnas

2 2 .
touka mectroctd, Ui (t)€R" u U,(t,) € R° npencrasnsior eé mectononokenne Ha MepBOM M BTOPOM Kajipe

COOTBETCTBEHHO.
Hcnone3yst BBIIIEYNIOMAHYTBIE O00O3HAYEHUs, IEIb MNPEIJIOKEHHOTO alrOpUTMa COCTOMT B TOM, YTOOBI

OLIEHUTHL HCTHHHOI To3y Kamephl 1 e€ cobetsennoe apmwkernne: P(t), R(t), 4p(t,t,) n AR(t,t,) ucnonssys
T0JIE ONTHUYECKOTO TOTOKA {ui (tk)}, LIKJI 1 npu6musutensusie navanshsie yenoeus: Pg(f), Re (), 4pg (4,t,)

u AR (t,1,) (Puc. 1)

Puc. 1: 'eomeTpudeckoe onucaHue

Tunuynsie PE3YIbTATBI YUCITOBBIX MOZ[eJ'IPIpOBaHHﬁ MMPpUBCJCHBI Ha (PI/IC. 2) JJI pas3/IMYHbIX CIIy4acB IMOJICTA,
napaMeTpoB KaMCpPbl U IapaMETPOB MOJCIIUPOBAHUA.
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Puc.2: Ommbku mo3uiu X, Y, Z Juis KOOPAWHAT HHEPIHATIBHOTO Jpeiia OTMeUeHbI KPACHOH JTMHUEH, 1
OIIMOKK MCTIPABJIEHHOTO IIyTH OTMEYEHBI ¢ cuHel juHueii. [Tapamerpsr: FOV 60°, Uucino xapakrepHbix Touek 120,
Paspemenne 1000x1000, PaccTosiHue Mex Iy ABYMs TOJIOKEHUSIME KaMep JUTs pBecHUs BuaeoHaomoaeHs =200m,
BpeMs Mey HabmoaeHusaME 15 cek, Beicota a) 700 m. b) 1000 M. ¢) 3000 M.

3. 3akiaouenue

Bou1 mpezacTaBneH anropuTM UL ONpENeNeHUS HONOKCHHS W OPHEHTAIlMHM KaMephl W OIEHKH JBIKEHHS,
HCTIONB3YIONINA XapaKTepHble TOUYkH B m3o0pakeHusx u LIKJI, mcnonp3yrommit ¢umetpa Kammanma. UKJI ciyxur
TII00aTbHBIM OPUCHTHPOM, M €€ JaHHBIE HCIIONB30BAINCH AJSI TOTO, YTOOBI MONyYHTh AOCOIIOTHOE IOJO0XKEHHE U
OPHEHTALUIO KaMepbl. UnCIeHHOEe MOJETUPOBAaHIE JOCTATOYHO TOYHO, YTOOBI MIPEIOTBPATUTh HAKOIUICHUE OMINOKH 1
MIPeNOTBPATh Apeiid TpaeKTOPHH.

AHanu3 norpenHocTe 6T BHIIOIHEH JJI HOBOTO aJlTOPUTMa, KOTOPHIN HCIIONB3YeT KaK ONTHYECKHUIl MTOTOK,
MOJIYYCHHBIA M3 JABYX IOCIEIOBATEIbHBIX M300pakeHuid, Tak u IIKJI. IlomoxeHue, OpueHTAaUs U MapaMeTpbl 3ro-
JBIDKEHUSI Kamepa MOTYT OBITh OLIEHEHBI IPEUIOKEHHBIM aITOpPUTMOM. [J1aBHBIE MCTOYHUKH ONIMOOK OBLI
WIeHTU(HUINPOBAHBI MIPU BBIYHMCIECHUH ONTHYECKOTO IMMOTOKA - KadyecTBO MH(popManuu o JaHmamadre, cTpyKTypa
HaOmonaeMoro JanmmadTa U TpaekTopus Kamepsl. buto paspaboran ananu3 norpemrHocteid. OOMMpPHBIE YNCIIOBBIE
MO/ICTTMPOBAHMS OBbIIIM BBIMIOIHEHBI, YTOOBI M3yUUTh BIMSHHE BBILICYHOMSIHYTHIX KO3 UIIMEHTOB.

IIpoBepeHHBIH COTNIaCHO pPa3yMHBIM W OOMIMM CIEHapusM, ajJrOpUTM Bel ce0s CHIBHO JaXke Korjaa
CTAJIKUBAETCS. ¢ OTHOCUTEIBHO IIYMHOH M CTHUMYJHUpYIOIIEH OKpyxkaromeid cpenoid. Ilocne aHanmmsa mpuxonum K
3aKIIFOUEHHIO, YTO MPEUIOKEHHBIN aNropUTM MOXET 3(h(heKTHBHO MCTIOIB30BATHCS KaK YaCTh HABUTAIIMOHHON CHCTEMBI
ABTOHOMHBIX TPAHCIIOPTHBIX CPEACTB.

Ha pe3ynpraTax 4uciIoBOrO MOJSIMPOBAHUS ISl APEATBHBIX [TapaMETPOB MOJIETA M KAMEPBI MBI TAKXKE MOXKEM
3aKJIIOYUTh, CIIEAYIOIIEE:

1) Camblii BaxKHBIH TTapaMeTp MOJEIUpOBaHuit — yroa 3perust kamepsbl (FOV): nms HeGonmbioro FOV meron
pacxoxutest. st FOV 60° pesynbraThl odeHb xopomid. IIpidrna amist 9Toro - To, 4to 1t HeGosmoro FOV (12° wmm
6°) cuTyarus GIM3Ka K BHIPOYX/ICHHOM © MBI JIOJKHBI BEIOPATh HEOOIBIIOE CMEIEHHE MEKLY KaMepaM, Hab/Ir0aeMblii
Y4aCTOK OCHOBAHHS SIBJISIETCS CIIMIIIKOM HEOOJIBIINM U ITOYTH TIIOCKUM.

2) Pa3pemienuie kamMepsl - Takke OUEHb BaXKHBIA MapaMeTp: Ui JTy4dIIEero pa3pelieHus y Hac €CTb HaMHOTO
GoutbIIIe TYyYIINX Pe3yIbTaToB, U3-3a HAMHOTO OOJBIIEH TOUHOCTH OOHApPY>KEHUSI 0COOEHHOCTEH.

3) To4HOCTH HOBOTO METOJA 3aBHCHUT OT BBICOTHI TosieTa. [lepBOHAYaNbHO TOYHOCTH YBEIMYMBAETCS C
YBEIMUYEHUEM BBICOTHI, IOTOMY 4YTO MBI MOXEM HCIIOJB30BaTh OOJIBIIME JIaHHBIE M MOXKEM BHAETh OOIBIIMHA
yaactoknanamagdra. Ho Ha O0mpMIMX BRICOTaX TOYHOCTh HAUMHAET YMEHBIIATHCS U3-3a 3 dekra mapamnakca.

BaarogapHocTs

Ms! 651 XoTenu nobnaronaputs Ponena Jlepuepa, Oxyna Pusnuna u Xexropa Potireiina 3a 04eHb MoJIe3HBIE
KOHCYJIbTaIH.
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