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ABNAETCSA NI FONIOBHOW MO3I KBAHTOBbIM KOMMNbIOTEPOM, PABOTAIOLLMM B ANMEBPE
KIMN®DOPOA?

Jlabynen B.I'., Octxeiimep-Jlabynen E.B.
VYpanbckuiil ['ocynapcTBennsblii Texuuueckuil Yausepeurer-Y 11

OnHOM W3 TIaBHBIX W HMHTEPECHBIX MpoOieM HHQPOPMATHKH SIBISETCS BBISICHEHHE TOTO, KaKUM 00pa3oM
TOJIOBHOW MO3T KMBOTHBIX 00paOaThIBaeT IBETHHIC W MHOTOCIEKTPATbHBIC H300PaXKCHUS a TAK)KE PACIIO3HACT
O6'I)CKTI>I BHCIIHETO MUpa. Ml 3HAcM, 4TO JKUBOTHBIC C pa3JIMYHBIMU 3BOJTIOHUOHHBIMUA UCTOPUAMHU UMEIOT LIBETHBLIC
BU3YaJIbHBIC CHCTEMBI PAa3IMYHON pa3MepHOCTH. HampuMep, mpuMaTbl UMEIOT JBY-XPOMATHUYECKHE WA TPU-
XpOMaTPHUYCCKUE BH3YaJIbHBIC CHCTEMBI, PENnTWwiMM WMEIT MHOTOMEpHBIC (MHOTOKAaHAIBHEIC) BU3yaJbHBIC
cucrteMsl. Hanipumep, BU3yJIbHAs CHCTEMa Yepernax UMeeT IATh THIIOB IBeTHBIX (oroperentopos (R,G,B, DC,UV).
KpuBeTkn WMEOT HamOOJNBINYI0 W3BECTHYIO pa3MEpHOCTh Y BH3YAIbHOW cucTeMbl. OHa CONEPXKHUT AECATh
Pa3MYHBIX IBETHHIX (POTOPEHENnTOPOB, MpEAHA3HAYCHHBIX IS PACIIO3HABAHHS TOHKHX IeTalel BHEIIHErO MHpA.
[IpakThka TMOKa3bIBa€T, HYTO MO3T JKHBOTHBIX YCIEITHO o00pabaThIBaeT IIBETHBIE W MHOTO-CIIEKTPaJIbHBIE
n300paKeHU M PACMO3HAET OOBEKTHI B PA3IUYHOW IO3WIMH, TPH PA3IUYHBIX pPaKypcax, MPH Pa3INIHON
WUTIOMHHAIIMY U TIPU Pa3IMYHON IIBETOBOM HachimeHHOCTH. Ho kak 310 nemaer mo3r? Kak mbr BuanmM? Kak Mbl
pacro3HaeM IOCTOSHHO IBIDKYIIHECS M M3MEHSIOIINECS B IPOCTPAHCTBE M BO BPEMEHH OOBEKTHI BHEITHETO MHUpa?
JBwxymuiics 00beKT (UKCHPYETCSl Ha PETHHE KakK I0CIEeN0BaTEeIbHOCTh PA3IMYHBIX JBYMEPHBIX M300pa)KEHHH.
Hu omHO M3 3TMX M300payKeHWil HE JaeT MCTHHHOTO IPEJICTaBIeHUs 00 MCTHHHON (opMe M MCTHMHHOM IIBETE
o0bekTe. Ho MOCKONBbKY JKMBOTHBIE M YEJIOBEK BECbMa YCIEIIHO PACIO3HAIOT OOBEKTHI BHELIHEr0 MHUpA, TO 3TO
O3Ha4aeT, YTO MOCIJIEA0BATEIBLHOCTh NBYMEPHBIX H300pakKeHHH, BO3SHMKAIOIIMX HA PETHHE, BCE-TAKU COJECPIKUT
«HEKOTOPBIE ®AKTOPbI», xapakTepHble M YHUKaJIbHbIE I HAaOJIOAaeMOro H300pake€HMs, KOTOphIE HE
MEHSIOTCS TIPH PA3UYHBIX NpeoOpa3oBaHUsIX 0O0BekTa. biaromaps MMEHHO 3THM (DakTOpaM MBI paclio3HACM
HaOIromaeMbIil OOBEKT KaK eIUHOE IIeTI0e. DTH YHUKaNbHbEIEe pakropsl HasbBatoTcss THBAPMAHTAMU. [Tostomy
HCKYCCTBEHHBIC BU3YaIbHBIC CHCTEMBI JOJDKHBI 00JIaaTh CIIOCOOHOCTHIO BRIYHCIIATH MHBAPHAHTHI N300paKEeHHH 10
OTHOIICHHUIO K IMUPOKOMY KPYTY IIBETOBBIX M T'€OMETPHUECKUX IPEOOpa3OBaHUi, Nake €CIU 3TH H300paKeHHS
SIBJITFOTCSI HE TOJILKO CEPBIMH M IIBETHBIMH, HO 1 MHOTOCTIEKTPaIbHBIMHU (TJ€ YnCiI0 KaHaioB 6ombire 100).

TepMuHBI MyJTBTHCIIEKTPAJIbHBIE M THIIEPCIEKTPATbHBIE H300paXCHUS HCHOIB3YIOTCSA U M300pakKeHUH C
6oree veM OHOH KOMITOHEHTOM:

Erveor (%)= (%), 2 (x)s S (x)).

Lisetnoe RGB wu3o0pakeHue SBISETCS MNPUMEPOM TaKOrO HM300paKECHHS C TpeMsl CHEKTPATbHBIMH
komrtoneHtamu R(red), G(green), and B(blue):

feu (X) = (fR (X)a fo (X)a S (X)) :

MynbTH-IIBETHasE TEXHHUKA HCIIOJIB3YeT Majlo€ YHCJIO CIIEKTPAIBHBIX KOMIIOHEHT (MeHbmie uyeMm £=10).
'unepcriekTpanbHble CHCTEMBI HCIOJB3YIOT HECKOJIBKO JECSITKOB M JaKe COTEH CIEKTPAJIbHBIX KaHAaJIOB.
l'unepcniektpansHas kamepa GOpMHUPYET MaKeT U3 k OJHOKaHAIBHBIX N300paKEeHNH, KaX10€ U3 KOTOPHIX MOIYYEHO
B OJHOM CIIEKTPaJTbHOM JHana3oHe. B sToM cimydae ¢opmupyercs Tak Ha3bIBaeMbIil “3-MepHBIH KyO”’, ABE
KOOPJHMHATHI KOTOPOTO — IIPOCTPAHCTBEHHBIE, & TPEThS — CIIEKTpalibHas. | HIlep-crieKTpaabHbIe H300paKEHHS MOTYT
nmocturath 00bemMoB B 100 MB, nmets Ooiee COTHH CIIEKTPAIBHBIX KaHAJIOB U 00Jiee YeM MUJITHOHA ITHKCENEH.

Hamr moaxox X IBETHBIM, MYJIBTH-CHEKTPAIBHBIM M THIEP-CIIEKTPAIbHBIM H300paKEHHAM OCHOBBIBAETCS Ha
TEOPHH KOMMYTAaTHBHBIX THIIEPKOMIUIEKCHBIX airedp n Ha HeKOMMyTaTHBHEIX anreOp Kmmupdopna. Kmaccrueckue
JABYMEPHBIC KOMIUICKCHBIC YUCJIa MOT'YT 6I)ITb pacliupeHbl 10 MHOTOMEPHBIX T'HIICPKOMIIJICKCHBIX YHCECII, KOTOPHIC
JACIIATCA Ha ABa KjlacCa: KOMMYTATUBHBIC U HCKOMMYTATUBHBIC.

B Hacrosiiee BpeMsi THIIEPKOMILIEKCHBIE alireOpbl UTPAIOT LEHTPAIBHYIO POJIb KaK B TEOpETHYECKOU (hu3uKe,
KBaHTOBBIX BBIYMCIICHHUSX, B 00pabOTKE CUTHANIOB M M300pa’keHUi Tak W B caMoil MaTteMaTnke. Cpeny pa3iIMyHbIX
THUIIOB THIEPKOMIUICKCHBIX YHCEJI, MHOYKECTBO TaK Ha3bIBAEMBIX mpuniemusix uncen u uncen Kimmuddopna nmeror
CHeLUaIbHBIA CTaTyc, IOTOMY YTO IIEPBbIC ONMCHIBAIOT IIBETHHIE M300pa)KeHUsI, BOSHUKAIOLINE HA PETHUHE IJ1a3a, a
BTOPBIC — OMKCBHIBAIOT M300paKEHUSI B TOJOBHOM MO3T€ M HCIIOJB3YIOTCSI MM AJISI Pa3INYHBIX TEOMETPUYECKUX U
[[BETOBBIX MPEOOPA30BAHUN 3THX N300paKSHHN.

B cBoeM mocTpoeHHH anreOpo-TeOMETPHUYECKON TEOpHH 00pabOTKH M paclo3HaBaHUK H300paKCHUH, MBI
OCHOBBIBaeMCs Ha CIICIYIOLIUX FMIIOTE3ax:

1. Msbl mpexmonaraeM, 4YTO TOJOBHOH MO3I OIEPHPYET C TUIEPKOMIUIEKCHBIMH YHCIAaMHU B IpoLecce
00paboTke W300pakeHMH M PACMO3HABAHMA WX, BBIUUCISS THIEPKOMIIEKCHO-3HAYHbIE HWHBAapHUAHTEL. B
anreOpauyeckoM TMOJXOJE€ K pPAaclo3HABaHMIO, KaXIbli LBETHOW WM MYJbTUCIEKTPAIBHBIH  IHKCEN
MHTEPIPETHPYETCSl HE KaK MHOTOMEPHBIN BEKTOP, 8 KaK THIEPKOMIUIEKCHOE YHCIIO0

wa,(x):fo(x)l, -&-fl(x)g1 ot [ (x)s,k_l, xeR",n=23,..-
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NpUHAUIEKAIIEE MYIbTUIIETHOH amredpe 4" =R1 +Rel +..+Re*', tae Lg'., (k=) - rak

Ha3bIBa€MbIE [IBETHHIE THIIEPMHUMBIE €NHHIIBI.

2. Mosr ucnone3yer pa3indHble anreOpsl Ha ABYX ypoBHsX (permHa u Visual Cortex) Juisi ABYX pasHBIX
1eJield: MyJIbTUINIETHBIE Ynciia st 00paboTky m3o0pakenuit, n uncna Kimuddopna — s pacrozHaBanust 00pasos.
MBsI cuuTaeM, 4To M300paKEHUsI BOSHUKAIOT HA pETHHE KaK (PyHKIMH cO 3HAYECHUSIMH B MYJIBTHIIETHOH anredpe, a
B otnene Visual Cortex oHHE cymecTBYIOT yxke kak Kimgdopmo-3Hadnsie n300pakeHus.

3. BusyanbHbIE CHCTEMBl J>KABOTHBIX C PAa3UYHOW SBOIIOIUOHHOW TEOPHEW WCHOIB3YIOT Pa3InIHbIC
TUIIEPKOMIUIEKCHBIE areOphl, 3aBUCSIIUE OT TOH HKOIOTHUECKOI HUILH, B KOTOPO OHM OOUTAIOT.

4. Mo3sr ucnonb3yeT KBAaHTOBBIE BBIYMCIEHMs i BelumcieHus Kinddopno-3HauHbIX HHBapHAaHTOB B
IpoLecce paclo3HaBaHUs 00pa30B.

3aMeTHM, YTO 3TH HPEIIOJOKeHUs (KaK CTapoe TPaJULMOHHOE BEKTOPHOE INPEACTABICHHE, TaK U HOBOE
OPHUTHHAIBHOE THIIEPKOMIUICKCHOE MPEICTABICHUE LIBETHBIX U MYJIBTH-IBETHBIX M300PaKCHUI) ABISIOTCS TOIBKO
THIIOT€3aMH HETOATBEP)KACHHBIMA HHKAaKMMH OHOJIOTHYECKHMH JKCIIepHMeHTaMH. BexTopHas mpuponma Gonee
NpuBBIYHA M — He Oomee. I'mnepkomiuiekcHass — Oojee 3K30TMYHA B CHJIy €€ HOBHM3HbL. Kakoe M3 3THX
NPE/ICTaBJICHUI TOYHEE OTPAXKAET PEabHYIO JEHCTBUTEIBHOCTD TIOKXKYT AANbHEHIIINE IKCIIEPUMEHTHI M 9TO OyIeT
O4YCHb BAXXHO JIs1 6I/IOHOFOB. B HacToAEee BpEMA Mbl 3HAEM, YTO JKUBOTHBIC CHOCO6Hbl II0YTH MIHOBC€HHO H
3(p(eKTHBHO pacrmo3HaBaTh OKpyXKaloliue oO0beKThl. [y WHXKeHepa BaKHO OIKCATh SBICHHE Ha TaKOM
MaTeMaTHYECKOM SI3bIKE, KOTOPBIA Obl MO3BOJIHMJI €My MOCTPOMTh TEXHUYECKYHO CHCTEMY CIIOCOOHYIO paboTarh He
MeHee J((EKTHBHO, YeM HCXOJHAs OHOJIOTMYECKas BH3yaJbHas CHCTEMa, a BONPOC 00 aJeKBaTHOCTH
UCTIONB3yEeMOi MaTeMaTHUeCKOW MOJIEIIH 3/1€Ch CTOUT Ha BTOPOM ILIaHe.

B wHacrosimieit pabore mnpemiaraeTcsi HOBBIM IOAXOA K OINMCAHUIO LBETHBIX H MHOI'O-CIEKTPabHBIX
n300pakeHni, pa3padaTbIBaeTCs HOBast Teopus NU(POBOA 00paOOTKH TaKUX M300paKCHWH, IpeaiaraeTcs HOBOE
CEeMEWCTBO  OBICTPBIX  THIEPKOMIUICKCHO-3HAYHBIX  mpeoOpazoBanmii  Dypse u  Dypee-Kmmddopaa,
THIEPKOMIUIEKCHO-3HAYHBlE ~ CIUIAHBI M BeiBiaeT mpeoOpazoBanus. PaspaOarbiBaeTcss HOBas  TeOpU
THIEPKOMIUIEKCHO-3HAYHBIX HMHBAPHAHTOB, OCTAIOIIMXCS HEU3MEHHBIMH IPH Pa3IMYHBIX TI'€OMETPUYECKHX
(EBxinIoOBEIX U He-EBKIMIOBBIX) HMCKaXEHUAX, a TaKXKe IPU Pa3INYHBIX LBETOBBIX SPKOCTHBIX H3MEHEHUSX
14306pa>1<eH1/1171. IIOKaS]:lBaeTCﬂ, YTO BBIYHCJIICHUEC HOHO6HIJIX HMHBApUAaHTOB MOKHO OCYHICCTBJIATH C UCTTIOJIb30BAHUEM
TEOPETHKO-YHCIIOBBIX TpeoOpazoBannii Oypre-Knuddopnaa, cepxObicTpas peanausaiyss KOTOPHIX BO3MOXHA Ha
KBAaHTOBBIX KOMIIBIOTEpaX. OTO OOCTOSTENBCTBO OOBSCHSICT MPHYUHY CBEpXOBICTPOro (MOYTH MIHOBEHHOTO)
pacno3HaBaHusi OOBEKTOB OKpYXKarollero mupa. Hamia Teopusi OCHOBBIBACTCS Ha CIEAYIOLIMX HAIIMX 0a30BBIX
NPEIION0KEHUAX:

1. HMHTeprpeTanus MyJbTHCIEKTPAIBLHOIO M THIICPCIISKTPAILHOTO NUKCeNa KaK HIIEPKOMILIEKCHOTO YHCiia

£ (X)= 7N, + fi(x)e" + .ot £, (x)ef ™, xeR",n=23,....

2. HHTeprperanus npeoOpa3soBaHW IBeTa, MyJIbTH-LBETa M THUIEP-IBETa HE KaK MaTPUYHBIX, a Kak
YMHOXKEHHUS! ITUKCEJIOB Ha TMHEPKOMIUICKCHBIE YHCIIa SAWHUYHOTO MOJYJISi, KOTOPbIe HOPOXIAIOT TaK Ha3bIBAECMBI
MYJIBTH-OPTO-yHUTapHbIE IPE0Opa3OBaHUSL.

3. HHTepnperanus U3MEHEHHH B OKpPY)KAIOIIEM MHpPE HE KaK CJIEICTBHE MaTPUYHBIX IIPeoOpa3oBaHMil, a KaK
HEPEMHOKEHHS TUIIEPKOMIUIEKCHBIX YHCel ¢ (PU3NYECKUMU BEKTOPaMU.

4. BepluncieHUe HE peallbHO-3HAYHBIX WHBAPUAHTOB (JUIS BBIYMCIEHUS KOTOPBIX TPEOYIOTCS 3HAUMTEIbHbIC
BbIYUCJIIMTCIIBHBIC 3anaTbl), a TUIICPKAMITNICKCHO-3HAYHBIX HWHBAPUAHTOB, [JId BBIYUCJICHUA KOTOPLIX XOThb H
TpeGyeTCH TUNICPKOMITJICKCHAA apI/l(l)MeTl/IKa, HO BCC BBIYHUCJIICHUS SABJIAIOTCA IMMPOCTBIMU, 4 AJITOPUTMBI CBOJATCA K
ObIcTpBIM TIpeoOpazoBanusM Pypee-Kimuddopaa.
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IS THE BRAIN A CLIFFORD ALGEBRA QUANTUM COMPUTER?

Labunets V., Ostheimer-Labunets E.
Urals State Technical University

One of the main and interesting problem of information science is clarification of how animals' eyes and brain
process color and multicolor images and recognize objects in the real world. We know that primates and animals
with different evolutionary histories have color visual systems of different dimensionality. For example, primates
have dichromatic and trichromatic visual systems, and they can use 2D and 3D channel images to recognize pseudo-
color and color images. Reptiles have multichromatic visual systems. For example, tortoise visual system has five
types of color photoreceptors (R,G,B, DC,UV). Shrimps have the biggest known dimension of the visual system.
They use ten spectral types of photoreceptors in their eyes to recognize fine spectral details. Practice shows that
animals' eyes and brain successfully process color images and recognize objects at different locations, of different
views and illumination, and with different degrees of blurring. But how is it done by the brain? How do we see?
How do we recognize moving and changing objects of the surrounding world? A moving object is fixed in the retina
as a sequence of different images. No individual image allows to reach a conclusion about the true shape of the
object. This means that a set of sequential images appearing in the retina must contain a constant «somethingy,
thanks to which we see and recognize the object as a whole. This constant «somethingy is called invariant. In order
for an artificial pattern recognition system to perform in the same way as any biological visual systems, the
recognition result should be invariant with respect to various transformation groups of the patterns such as
translation, rotation, size variation, and change in illumination and color.MultiColor techniques utilize a small
number (less than /=10) of spectral bands, HyperSpectral systems utilize several tens or hundreds of bands.

Our approach to Color, MultiColor and HyperSpectral image processing based on hypercomplex and Clifford
algebras. Our hypotheses are

1. We suppose that a brain operates with hypercomplex numbers when processing multicolor image and
calculates some hypercomplex-valued invariants of an image when recognizing it. In the algebraic-geometrical
approach, each color or multicolor pixel is considered not as a k D vector, but as a k D hypercomplex number ( k&
is the number of image spectral channels). We suppose that the human brain can use the spinors and multiplet color
algebra for mental motions and for changing color of images (for example, in a dream), which are contained in the
brain memory on the so-called «screen of mind».

2. Brains use different algebras on two levels (retina and Visual Cortex) for two general goals: image
processing and pattern recognition, respectively. Multicolor images appear on the retina as functions with values in a

multiplet k£ D algebra, where k is the number of image spectral channels. But multicolor images in an animals’

Visual cortex are functions with values in a 2k -D Clifford algebra.

3. Visual systems of animals with different evolutionary history use different hypercomplex algebras for color
and multicolor image processing. One can argue that the Nature has also learned to utilize (through evolution)
properties of hypercomplex numbers

4. Brains use quantum computing for calculating of Clifford-valued invariants during image recognition.
Thus, the brain maight have the ability to operate as Clifford algebra quantum computer. We don’t agree with
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Kronecker tha “Lord created the integers and the rest is the work of man”. We think that the Lord knew Clifford
algebras, and he was the first engineer who used these algebras for design animals visual systems.
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