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MATHEMATICAL MODEL FOR OBTAINING A STEREOSCOPIC IMAGE FROM
SEVERAL WIDE-ANGLE CAMERAS OF AN AIRCRAFT

AHomayia. AkmyansHicmbs memu OOCTIOKeHHS He BUKAUKAE CYMHIBY, OCKI/IbKU 3GNPONOHOBAHO
BOOCKOHA/UMU Cucmemy CmepeockoniyHo2o 8i0e0306paxeHHs. Tum camum byoe CUHME308AHO
HOBY Mamemamuy4Hy Mooeslb OMPUMAHHA CMepeonaHopamu, AKa npulimae 8i0eonomik i3 wWupo
KoghopmamHux kamep muny "pub'sye oko". Taka MoOesnb NOBUHA 3HU3UMU BUMPAMU HA NAHO
pamHy 8i0eo cucmemy, 3aJULIAKYU BUCOKY SKICMb BUXIOHO20 306paKeHHs, 6e3 BuoUMUX LWBITB
CKN1el0BAHHA pazmeHmiB y 8i0eopsAOi.

Mema pobomu cmsopeHHs Mamemamu4Hoi MoOesi 019 OMPUMAHHS CMepPeocKkoniyHo2o 306pa
JKeHHs 3 0eKIJIbKOX WUPOKOGopMamHuUX Kamep, 36epieliu npu ybomy BUXIOHY AKICMb BiOeopsdy.
Takox, y yili pobomi 6yOyms 3anpoNOHOBAHT MEMOOU CK/Ie0BAHHS 300PAXeHHA ma YCyHeHHs
dicmopcii npu cuHme3yBaHHi NAHOPAMHO20 300PAXKEHHS.

Y pobomi nponoHyemsca sukopucmosysamu mMemoo cepudHoi po32opmku. Y AKOMY Ha 3MiHY
napanesibHUM NAOUSUHAM BUKOPUCMOBYIOMbLCA KOHUEHMPUYHI 8IpmyanbHi cihepu 3 YeHmpom y
cucmemi koopouHam cucmemu. [IponoHyemscsa cucmema 13 0BOMA WUPOKOKYMHUMU B8epmu
KanbHO BCMAHOBAGHUMU Kamepamu muny "pub'sye oko". Lje do3801ums ompumamu naHoOpPamHy
OUYTHKY 2IUBUHU WISIXOM NPOGKMYBAHHA OMPUMAHUX 3006paXeHb i3 WUPOKOPOPMAmMHUX Kamep
Ha Yomupu 8IpmyanbHi NIOWUHU, PO3MAWO0BAHI napanesbHo 0o 6a3080i NiHii. Hessaxawyu Ha
ye, Kapmam OuCNapamHoOCMi B8ACMUBO HU3bKA PO30i/bHA 30aMHICMb Yepe3 0bMexeHHs Mam
puyi ma sucokoi dicmopcii 06'ekmusa "pub'sye oko", momy OUYiIHKA 2NUBGUHU BePMUKAIbHUX
cmpykmyp napanenbHux 6a3080i AiHii, yacmo 8iocymHs. [lopad 3 yum npedcmasieHuli anzo
pumm 8cecnpAMOBAHO20 PYXAK0H020CA CMepeo300PaXeHHs, AKUL 06YUCTIOE 2IUOUHY CMAMUYHOT
cyeHu 8 360 epadycis 3a KOPOMKUM Bi0eoppazMmeHmMoM, 3HAMUM 06epmarK4olCb KAMeporo.
3anponoHosaHa 8 yili pobomi mamemamu4yHa Mooesb MAE Oibl egeKmuBHI ma MeHW eKo
HOMIYHO 3ampamHi napamempu OS5 CMBOPeHHsA cmepeo naHopamu 13 oensdom 360 epadycis.
lna cmsopeHHa cmepeonaHopamu 6yna npeocmassieHa egekmusHa cucmema peecmpayii
810e0300paXKeHHs, B AKI( BUKOPUCMOBYBAIOCA BCbO20 YomMupU WUPOKOGHOPMAMHI Kamepu 3 ne
pemuHa4uMocs Kymamu 025150y, 015 3axonsieHHsa 8i0eo. ToyHe po3MiljeHHs Kamep 00380UI0
BIOKanibpysamu cucmemy O/15 CK/IGIOBAHHS NAHOPAMHO20 300PaXKeHHS.

Knioyosi cnosa: FOV, cmepeonaHopama, 06'ekmus «pub’sye oko», CnomsopeHHs, cmepeo306pa
weHHs, 360° gideo, VR, kanibpysaHHsl.
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Introduction and formulation of the research problem. Recently, video
with a 360° panoramic view has attracted more and more attention from developers,
as it opens up completely new prospects for the implementation of VR technologies.
Such giant companies as Samsung, Sony, HTC are actively improving their technolo-
gies, which can be seen in the growth of product trends every year. Also, VR equip-
ment has become more affordable for the end-user, and simple VR system setup has
become a key moment in the growth of interest among the community. Not so long
ago, several systems that allow you to create 360-degree panoramas have been
demonstrated. These systems showed satisfactory quality of the stereo panoramic
image. However, it should be noted that the proposed systems are based on expen-
sive equipment. In the proposed architecture, the cameras are installed in a circle at
a short distance from each other. Thereby, they add unnecessary load during data
transmission and processing, and also greatly increase the cost of the structure. In
this article, it is proposed to improve the stereoscopic video image system. Thus, a
new mathematical model for obtaining a stereo panorama will be synthesized. It will
receive a video stream from large-format “fisheye” cameras. Such a model is de-
signed to reduce the cost of a panoramic video system, while leaving a high quality
of the output image, without visible seams of combining fragments in the video se-
quence.

Goal. To propose a mathematical model for obtaining a stereoscopic image
from several large-format cameras, while maintaining the original quality of the vid-
eo sequence. Also, in this work, methods of image combining and distortion elimina-
tion when synthesizing a panoramic image will be proposed.

Analysis of recent research and publications. At the moment there are sev-
eral scientific developments concerning our topic:

1. C. Forster et al. proposed an algorithm for visual monocular odometry based
directly on pixel intensity, providing sub-pixel accuracy at high frame rates [1].

2. D. Scaramuzza et al. developed a procedure for calibrating a wide-format
camera from a fixed point of view [2].

3. D. Scharstein et al. considered the usage of panoramic images in SFM algo-
rithms. A new method of using spherical image models on catadioptric and dioptric
systems was proposed [3].

4. W. Miled et al. described a new variational method for estimating the dispar-
ity of stereo images based on a block iterative model, that allows you to easily in-
clude a wide range of constraints, taking advantage of parallel computing architec-
tures [4].
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Having considered the proposed mathematical models, a general idea of the
operation of a mono-stereo system was obtained. Based on the data obtained, it is
proposed to synthesize its own optimally balanced stereo vision system, which al-
lows monitoring the surrounding space in real time using VR technologies.

Presentation of the main material. There are several basic approaches to
creating panoramic images. The first and easiest way to create a panoramic image is
to use a single camera. The method is to project the image display through a mirror
onto the camera's matrix. This method is quite simple to use, but the resulting image
is of extremely low quality. Another technique makes up for the limitations of hard-
ware by generating a panoramic image in software. This technique evaluates camera
movement by continuously monitoring the scene being shot and combines the cap-
tured images together. Despite the simple approach and high quality of the output
image, this method is susceptible to geometric collisions, color distortion and adding
artifacts when improperly captured. The last method, one of the most expensive to
implement, suggests using several cameras located in a circle. This method involves
fine-tuning the position of the cameras relative to each other so that two adjacent
cameras overlap the capture area. After receiving video from individual cameras, the
fragments are combined together using specially developed algorithms.

Quite a large contribution was made to the research and development of
mono panoramic systems. Mono panoramic scenes are a type of image that is shot
from different viewing angles and then combined together to create a wide-angle
panoramic image. At the moment, most of the 360-degree panoramas that are open-
ly available on the Internet are mono panoramas. Mono panorama looks the same
for the left and right eyes and does not provide information about the depth and vol-
ume of the scene being shot. Such a system is difficult to shoot and takes a long time
to create 360-degree panoramic images. Mono panoramas have been replaced by ste-
reo panoramas. Stereo system - consists of two separate images for the left and right
eyes with a slight horizontal offset. This technique involves shooting with two inde-
pendent cameras. This approach, based on taking images from two different viewing
angles, creates the illusion of depth in the image. The same principle is embedded in
human vision, where the brain, receiving binocular images, can give a personal as-
sessment of the distance and size of the objects under consideration, and is also able
to synthesize a large-format image from two fields of view overlapping in the center
of the eyes. To create a stereo panorama expensive equipment, high processing pow-
er and long rendering time of footage are required, because it is necessary to create

two separate panoramas for both eyes.
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In stereo systems, the surface sweep method which is traversed over parallel
virtual planes and projected onto the plane to search for stereo matches is used. Gal-
lup [5] proposes an innovative, more robust method that suggests the use of multiple
directional sweeps. Over time, this method has been expanded for use with “fisheye”
lenses. In this work, it is proposed to use the spherical sweep method, similar to the
Im method [6]. In this method, instead of parallel planes, concentric virtual spheres
with a center in the coordinate system of the system are used. In omnidirectional
stereo systems, it is common to use mirrors with multiple cameras. The Geiger [7]
and Schonbein [8] algorithms use two cameras with mirror-lens optical lenses with a
viewing angle of 360 ° are used. Despite the fact that they are capable of creating a
panoramic stereo image, they have a significant disadvantage in the form of two
blind zones along the epipolar plane, along which it is difficult to assess the depth
due to its inconsistency. Gao and Shen [9] propose a system with two wide-angle,
vertically mounted “fisheye” cameras. This allows us to get a panoramic depth esti-
mate by projecting acquired images from wide-angle cameras onto four virtual
planes parallel to the baseline. Despite this, disparity maps are characterized by low
resolution due to the limitations of the matrix resolution and high distortion of the
“fisheye” lens, therefore, estimates of the depth of vertical structures parallel to the
baseline are often absent. Along with this, the Im [6] omnidirectional moving stereo
image algorithm is presented, which calculates the depth of a static scene of 360 de-
grees from a short video clip captured by a rotating camera. The sphere deployment
method allows obtaining images from any angles, which removes the restriction on
stationary equipment placement.

According to Scharstein [10], there are four steps of estimating the depth of a
stereopair: calculating the initial cost of alignment, aggregating the cost, calculating
and optimizing the disparity map, and improving the disparity map. The most com-
plex and difficult part of these steps is calculating the alignment cost from the input
images. Typical costs for aligning a stereopair are the sum of absolute differences
(SAD), normalized cross-correlation (NCC), rank transform, etc. Hirschmuller [11]
compares and evaluates these alignment cost functions. Instead of looking for the
minimum values of locally aggregated alignment costs, the depth map can be com-
puted by global optimization using graph splitting, but they require a lot of compu-
ting power. Semiglobal matching (SGM) proposed by Heiko Hirschmiiller [11] is an
efficient way to globally share costs using dynamic programming.

We use the omnidirectional camera model, x = II(X; €), where ¢ is the pa-
rameters of the “fisheye” lens. The normalized x coordinate of the image is convert-
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ed to pixel coordinates using a special transformation A(x). To calibrate installed
cameras, the traditional checkerboard method is used, where the internal and exter-
nal parameters of the lens are calculated for each camera, the positions relative to
the checkerboard are determined and finally all external and internal parameters are
optimized. A large checkerboard is used to provide sufficient overlap between the
camera views. The outer parameters are represented as = (r7,t”)” | where r is rota-
tion vector of the axis-angle, t is translation vector (r, t € R?). Rigid Transfor-
mation Matrix M (@) is given as [R(r) t], where R(r) is the 3 x 3, rotation matrix cor-
responding to r. Based on the images of the chessboard of camera i, we denote its
lenses by €; and 4;, {0;,k}, where k is the capture index. The relative exposure from
camera i to j can be calculated as 8;  * 0;, * from a pair of simultaneously obtained
images (i, k) and (j, k), where = and ~! mean composition and inversion operations.

or external calibration, all positions of the camera {@;} and the positions of
chess cells {@,}are initialized in the coordinate system of the first camera, thereby
we minimize the error when projecting points in the corners of the chessboard (1).

_E Z “x:p N A[_ H(M(Bf ’ Bk)[Xp 1 ]; (DJ))” ’
(il) p (1)

where {(i, k)}is the data set of measurements of the chessboard from position k using
camera i, X, is the coordinate of the corner point p on the chessboard, and x,, is the
pixel coordinate of the X, in image i. The Ceres algorithm [12] is used for optimiza-
tion.

The sweep line algorithm, [13] provides tight stereo alignment between mul-
tiple images. However, this algorithm is difficult to apply to images taken from wide-
angle cameras with a view of more than 180 degrees. Svoboda [14] uses several
planes with different normals and distances, and later Im [6]uses local spheres cen-
tered relative to one camera to estimate the depth of the camera's spherical panora-
ma. The proposed system works with wide-format stereo images, which existing al-
gorithms cannot do. To estimate depth in a panoramic stereo system, an algorithm
for estimating spherical depth is proposed.

The center of the sweep can be in an arbitrary place, but to reduce the distor-
tion of spherical images, select the center of the system as the origin and align the xz
plane so that it is located close to the centers of the cameras. In this spherical coor-
dinate system, the ray p = (6,0) corresponds to

p(p) = (cos( @)cos(8),sin( @), cos(@)sin (6))T. Let the transformed external param-

eters of the camera in the setup coordinate system be {8; }. Also, for simplicity, we
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denote the projection function 4; ([] (x; 2))byll; (X). We are now projecting
the input images onto virtual spheres. Each pixel in the resulting spherical image S
represents a ray (8, ¢). The spherical image S has a resolution of W x W, and 8
ranges from —m to 7. ¢ can take values from —n/2 to /2. N (number) of spheres are
chosen so that their reciprocal depths are uniform, i.e. when the minimum depth is
Dnins the inverse depth to the nth sphere is
d, = n/(Dpin(N —1)),n € [0,...,N — 1]. That is, the radii of the spheres are equal
to 1/d,,, with the exception of n = 0, which corresponds to an infinite sphere.
The pixel value of the spherical image is calculated by an equation of the
form (2).
5, =11, 1])

i

(2)
where I, is the input image received by camera i. Forn = 0 weused, = 2723, If the
projected pixels do not fall into the visible area of the input image, we do not take
them into account in further processing.

In spherical sweep algorithms, we need to compute the W x H x N volume
cost C for all rays and reciprocal depths. Suppose we are given a paired compatibility
cost function F(*, *), that takes two images and computes a cost map of the same
size. The integrated cost map is the average of all possible (and valid) paired cost
maps, and the cost volume is the set of integrated cost maps, i.e. the cost p on the n-
th sphere (3).

C,m) = {F (Sin®).52®) )} 3)

where i, j is an unordered index pair of spherical images.

The resulting volume often contains noises, for its refinement we use the ad-
vantages of SGM [15], by minimizing the energy function using dynamic program-
ming. Finally, the inverse ray depth p is defined as d,-, where n* = argmin,C(p, n).

Conclusion and prospects for further development. Unlike other existing
systems for creating panoramic video images, the mathematical model proposed in
this work has more efficient and less cost-effective parameters for creating a stereo
panorama with a 360 degree view. The proposed method for creating a stereo pano-
rama was fully automated and does not require external intervention. To create a
stereo panorama, an efficient video capture system was introduced, using only four
wide angle cross-view cameras to capture video. The precise placement of the cam-
eras allowed the system to be calibrated for combining the panoramic image. In ad-
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dition, the resulting panorama eliminates the presence of visible seams and is auto-
matically straightened. The proposed model prevails over the previously created sys-
tems for creating stereo content both from a qualitative and quantitative point of
view.
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Mamemamuy4xa modenb ompuMaHHA CMepeocKonNiyHo20 306paXkeHHs
3 0eKiNbKoX WUPOKOKYMHUX KaMep 1imansHo20 anapamy

AHani3z ocmarHix 0ocnidxeHb ma nybnikayid. Ha daHul MomeHm TiCHYyIOMb KiJIbKA HAYKO
BUX p03p06OK U000 HaWOi memu:

1. C. Forster ma iH. 3anponoHysanu an2opumm 8i3yaabHO MOHOKY/IAPHOI odomempii, AKul
npayre be3nocepedHbO 3 THMEHCUBHICMIO NiKCeNiB, ujo 3a6e3neqye cybniKcesbHy MOYHICMb 3a
BUCOKOT yacmomu Kaopis.

2. D. Scaramuzza ma iH. po3pobunu MemoOuKy KanibpysaHHA WUpOKOGHOpMamHoi Kamepu
3 (hiKCOBAHOT MOYKU 02/150).

3. D. Scharstein ma iH. po32/sHyAU BUKOPUCMAHHA NAHOPAMHUX 306paxeHsb y SFM anzo
pummax. 3anponoHo8aHo Hosulli Memod BUKOPUCMAHHA ChepuyHux modeneli 306paxeHHA Ha
Kamadionmpu4Hux ma 0ionmpuyHUX cucmemax.

4. W. Miled ma 11 onucanu Hosul sapiayitiHul Memod OUYiHKU OuCnapamHocmi cmepeoso
bpaxxeHb nobydosaHuli Ha 6104HO imepamusHili MoOeni, KA 003B0JIAE IE2KO BKADYAMU WUPO
Kul cnekmp 06MexeHb, BUKOPUCMOBYIOYU nepesazu napaneibHuUx 064YUCTBAbHUX apXimeK
myp.

Po3ansHyswu 3anponoHoB8aHi mamemamuy4Hi Mooesi, OmpUMAaHo 3a2a/bHe YSABAEHHA PO
6omu MOHO cmepeo cucmemu. Ha ocHoBi ompumMaHux OaHUX NPONOHYEMbCA CUHME3YBAMU CBOIO
onmumanbHo 36a/1aHCOBAHY cucmeMmy cmepeo 6a4eHHS, W0 003B0/MAE MOHIMOPUMU HABKO
JUWHIG NpOCMIp y pexxumi peasibHo20 4Yacy i3 3acmocysaHHam VR mexHonozid.

Mema. 3anponoHysamu mamemamuyHy MoOe/sb OMPUMAHHA CMepeocKoniyHo20 306pa
JKeHHA 3 KiJIbKOX WUpOKOo(opMamHux Kamep, 36epiewiu npu ybomy BUXIOHY SKICMb BI0eOpA0Y.
Takox, y yili pobomi 6yOyms 3aNponoHOBAHT MeMOOU CKACIOBAHHSA 300paXeHHS ma YCYyHeHHS
0icmopcii npu cuHme3yBaHHi NAHOPAMHO20 300PAXKeHHS.

BuknadeHHs 0cHOBHO20 Mmamepiany. ICHYE 0eKinbka 0CHOBHUX Ni0X00i8 00 CMBOPeHHA na
HopamHux 306paxeHs. llepwuli 1 Hatinezwiuli cnocib cmBopeHHs NAHOPAMHO20 300PaXeHHS MAaE
Ha y8a31 BUKOPUCMAHHA OOHI€i Kamepu. Memod nonszae 8 momy, w06 npoekmysamu 306pa
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JKeHHS yepe3 03epKaso Ha mampuyi kamepu. Lleli cnoci6 docums npocmuli y 3acmocyBaHHi, 00
HaK ompumaHe 306paXkeHHs Mae BKPal HU3bKY AKICMb. IHWa mexHIKa nepemazae obmexeHicms
anapamuux 3aco6is, 2eHepylo4Yu NAHOpaMHe 306paeHHs Yyepe3 npoepamHe 3abe3nedeHHs. Taka
MemoOUKa OUIHIOE pyX KaMepu Wisxom be3nepepsHO20 MOHIMOPUH2Y CUeHU, WO 3HIMAEMbCS, 1
3WuBaE 3pobsieHT 306paxeHHs BOEOUHO. He3saxkawyu Ha npocmull nioxio 1 BUCOKY SAKiCMb
BUXTOH020 300paxKeHHs, yeli nioxio ni00aeEmMbCs 2eoMempUYHUM KOJTI3ISIM, CNOMBOPEHHIO KOJbO
py ma noasi apmegakmis npu HeHanexHit 3domyi. OcmaHHil memoo, 00uH i3 Haulampam
HilWUX y peanizauyii, NPONOHYE BUKOPUCMOBYBAMU Ki/bKA Kamep, po3mawosaHux no Kony. el
memo0 nepedbayae 0ocumMb MOYHe HANAWMYBAHHA NOJIOXeHHA Kamep w000 00uH 00 00H020
makum 4uHoM, wob 081 CyCiOHT KaMepu nepeKpuBsaU 3axonao8aHHy obaacme. [licns ompumaH
HsA 810eops0y 3 OKpeMux Kamep gpazMmeHmu 3WUBarmMeCA pasom 3a 00NOMO20t0 CneyianbHoO po
3pobIeHUX an2opummis.

Y cmepeocucmemax suKkopucmosyemscsi Memod po320pmKU NosepxHi, AKUl npobizae no
napanesbHUM BIpMYaNbHUM NJAOUWUHAM 1 NPOEKMYEMbCA HA NAOUWUHT 014 NOWYKY cmepeo
sidnosioHocmed. Gallup nponoHysas 1HHOBAUIUHO THWUU, HAOIGHTWUL Memod, AKuUl cnopsaoKo
BYE BUKOPUCMOBYBAMU MHOXUHO CNPAMOBAHT po320pmKU. 32000M yeli Memod 6y8 po3uwiupeHuli
0711 3acmocyBaHHA (ioeo 3 06'ekmusamu muny "pub'sye oko". Y uili po6omi nponoHyemscs 8u
Kopucmosysamu memo0 cghepudHoi po320pmKu, aHanoziyHul memoody Im. B aKoMy Ha 3aMiHy
napanesnbHUM NAOWUHAM BUKOPUCMOBYIOMbLCA KOHUEHMPUYHT BIDMYAbHI cepu 3 yeHmpomM 8
cucmemi KoopoOuHam cucmemu. Y 8cecnpamMoBaHux cmepeocucmemMax nowlupeHe BUKOPUCMAHHS
03epKan 3 Kifbkoma kamepamu. B anzopummax Geiger ma Schonbein sukopucmosytomscs 081
Kamepu i3 03epKAbHO JTH308UMU ONMUYHUMU 06'ekmusamu 3 Kymom 02ns0y 360°. Hezsaxaro
Yu Ha me, WO BOHU 30aMHi CMBOPIOBAMU NAHOPAMHe CMepeo30bpaXKeHHs, BOHU Mame cym
mesull HeOoNIK y BU21A0T 0BOX C/TINUX 30H B3008X eNinNONIAPHOT NIOUWUHU, B3008X AKOI CKNAOHO
nposecmu OUiHKYy 2nubuHu Yepe3 ii HenocmiliHicmb. Gao ma Shen nponoHywms BUKOPUCMO
sysamu cucmemy 3 080MA WUPOKOKYMHUMU BepMUKA/IbHO BCMAHOBJGHUMU Kamepamu muny
"pub'sye oko". lle 00380/15€ ompumamu NAHOPAMHY OUIHKY 2UGUHU WISXOM NPOeKmMyBaHHS
OMPUMAHUX 300paxkeHb 3 WUPOKOOPMAMHUX KaMep Ha Yomupu 8ipmyanbHi NIOWUHU, po3ma
wosaHi napanensHo 0o 6a3080i NiHii. Hessaxardu Ha ye, kKapmam OucnapamHocmi 8aAACMUBO
HU3bKa po3n00i/ibHa 30aMHiCMb Yepe3 0OMexeHHS po3nodisibHOi 30amHocmi Mampuui i BUCOKOT
oicmopcii 06'ekmusa "pub'sye oko", momy OYIHKG 2UBUHU BEpMUKANbHUX CMpPYKmMyp napa
JlesibHuUx 6a3080i niHii, yacmo siocymHi. [lopsd 3 yum npedcmasneHuli pyxar4dulics anzopumm
BCECNPAMOBAHO20 CMepeo30bpaxeHHs Im, Axull ob4ucie 2aubuHy cmamuyHoi cyeHu 8 360
2padycis 3a KOpOmKUM Bi0eogppazmeHmomM, 3HAMUM 0bepmaemscs Kamepot. Memod poszop
maHHA cepu 00380/15€ OMpuUMyBamMuU 3006paxKeHHs y 6YOb AKUX PaKypCax, Wo 3HiMae obmexeH
HS HA HepyxoMe pO3MilyeHHS 061a0HAHHS.

3210H0 Scharstein, icHye yomupu emanu oyiHKU 2nubuHU cmepeonapu: 064UCIeHHS No
4amkoBoi BApMOCMi CyMiljeHHS, azpe2yBaHHs Bapmocmi, 064UCeHHS ma onmuMi3ayis Kapmu
oucnapaHmHocmi, NOKpaweHHs Kapmu oucnapaHmdocmi. Hal6inbw CKAAOHOI 1 CKAAOHOK Ya
CMUHOI0 YUX emanis € 06YUC/IeHHA BAPMOCMI CyMiljeHHS 3a BXIOHUMU 306paxceHHAmMU. Tunosi
sUMpPamMu Ha CyMileHHs cmepeonapu € cymoro abconomuux pizHuyb (SAD), HopmanizosaHy ne
pexpecHy kopensyito (NCC), paHeose nepemsopeHHs imo. Hirschmuller nopisHioe ma oyiHioe yi
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QyHKYTT Bapmocmi CyMiujeHHsA. 3amicmb NnowyKy MiHIMAIbHUX 3HAYeHb JIOKAJbHO a2pe20BaHuX
YiH CyMILLeHHS, Kapma 2aubuHU Moxe 6ymu 064UCIeHa Wasxom 2106aa6HoOi onmumizayii 3a 00
nomo2oto nodiny epaga, asne BOHU BUMA2AOMb BeUKUX 06YUCTIOBANLHUX nomyxHocmed.
HanigenobansHa sidnosioHicms (SGM), 3anponoxosara Hirschmuller  uye ecpekmusHuli cnoci6
2/106a/1bH020 NOEOHAHHSA BUMPAM 3a A0NOMO20t0 OUHAMIYHO20 NPO2PAMYBAHHS.

Mu sukopucmosyemo modesib BCeCnpAMOBAHOI KaMepu, AKA BU3HAYAE OUCMOPCItD 06'€kmu
BY NONTHOMIA/IbHOK YHKYIEN.

BucHosok. Ha 8i0MiHy 810 THWUX BXe ICHYyOYUX cucmeM 0/if CMBOPEHHA NAHOPAMHO20
BI0€03006paXKeHHs, 3aNponNoHOBAHA MameMamuyHa mooesnb Mae 6iblw epeKmusHi ma MeHuw
eKOHOMIYHO 3ampamHi napamempu 011 CMBOPeHHA cmepeo naHopamu 3 02nadom 360 epadycis.
3anponoHosaHuli Memod 018 CMBOPeHHS cmepeonaHopamu b6ys NOBHICMIO asmMoMamu308aHuli i
He BUMA2d€ CMOPOHbO20 BMPYYAHHA. [l1a cmBopeHHA cmepeonaHopamu 6yna npedcmassieHa
ethekmusHa cucmema 0N peecmpayii B10e0306paxeHHs, B AKIll BUKOPUCMOBYBAOCS BCbO20
Yomupu WupoKopoOpMamHux Kamepu 3 nepemuHarndumMocs Kymamu 027140y, O/ 3aXON/NeHHs
gi0eo. ToyHe po3miljeHHA Kamep 00380/UI0 BIOKANI6pysamu cucmemy 015 CKIIOBAHHSA NAHO
pamMHo20 300paxeHHs. Kpim mozo, ompumaHa naHopama BUKIOYAE HAABHICMb BUOUMUX LWBIB
ma asmoMamuy4yHo BUNPAMIAEMbCA. 3aNPONOHOBAHA MOOE/b NepesaXde paHiuie po3pobseHi
cucmemu 011 CMBOPEHHA cmepeo KOHMeHmy K 3 AKICHOi, MAK 1 3 Ki/IbKICHOT MOYKU 30py.

IllepoakoB Aptem 'eHHaAiioBMUY - acIipaHT Kadeapyu IIporpaMHOro 3abesrneveH-
HSI KOMIT'IOTEepHUX cucTteM HallioHaJIbHOTO TEXHIYHOTO yHiBepcuTeTy «JIHITpoBChKa
MO TEXHIKa».

Mopo3 Bopuc IBaHOBUY - JOKTOp TeXHIUHMUX HayK, mpodecop Kadbeapu mporpam-
HOro 3abe3meueHHs] KOMIT'IOTEpHUX cucTeM HallioHaJabHOro TEXHIYHOTO yHiBepCu-
TeTy «/JHIITpOBCHKa IMOJiTeXHIKa».
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