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NMPOEKT KOMIMJIEKCA
FTMNEPCNEKTPAJNIDHOIO
AUCTAHLUOHHOIO
3OHAUPOBAHUA 3EME/Ib
C MOMOLLDIO BIJIA.
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C nomoLbo 6eCNUIOTHOrO JleTaTe/IbHOro

annapara, 060pyA0BaHHOrO runepcnekTpasabHOM
annapaTypom, MOXHO C BbICOKUM pa3spelueHuem
co6paTtb CNeKTpPasbHO-TOMOJJIOrNYeCcKy NHGOPMALLUIO
06 MHTepecyoLWweM /IoKa/lbHOM paroHe. Takue
BO3MOXHOCTU OTKPbIBAIOT 60/1bLLON NOTEHLMaN
MCNOIb30BaHUS rMnepcnekTpaibHbiX KOMMIEKCOB

B MOHUTOPUHIE 32 UCMOJIb30BAHUEM U COCTOSIHUEM
3eMeJib Ce/IbCKOX035IMCTBEHHOIO Ha3HavYeHus.

Ons uenev nony4vyeHus feTasbHOM, a HE UHTerpasibHoMn
cnekTpasibHoW MHGOopMaLMu paccMoTpeHa
3nieMeHTHas 6a3a, BbI6paHbl CTPYKTYPHbIE 3/IEMEHTbI

M Cco34aHa npakTuyeckas Mogesb OTe4eCTBEHHOIo
KOMMJieKkca runepcnekTpajbHOro 30HAUPOBaHUS.

B nepBO# YacTu CTaTbu pacCMOTpPeHa KOHCTPYKLUS
TeNleBU3MOHHOW KaMepbl U ee B3auMoaencTeme

c conpsiraeMbiMU y3/1aMHU.

CTaTtba nocTynmia B pefaxkumio 16.11.2018
CTaTtbs NprHATa K nybankaumm 24.11.2018

abJofileHe 3a UCII0Ib30BAHHEM U COCTOSTHHUEM

3eMeJIb CelbCKOX03SMCTBEHHOIO Ha3HaueHUs —

HeOOXOOUMBIN 371eMeHT CHCTEeMBI Peryaupo-
BaHHS arpoIpoOMBIIIJIEHHOIO KOMILIeKca. MHpopMa-
LIMS 0 HUIMYKUH U MCI0/Ib30BAaHUH IaXOTHBIX 3eMeJb
IOJIKHA COJIePyKaTh JAaHHbIEe O IIPOCTPAaHCTBEHHOM pa3-
MellleHUH HCII0b3yeMBIX I1aXOTHBIX 3eMe/lb K IIoce-
BOB CeJIbCKOXO3SFICTBEHHBIX KY/IBTYP, a TAKKe JaHHbIe
OllepaTHBHOro oOHapyskkeHHs 3ab60/eBaHUN XO3SIH-
CTBEHHO 3HAa4YMMBbIX PaCTeHUH, CTelleHH IMOpaskeHHUM
[I0CEBOB Pa3IHMYHBIMH QHTONATOTeHAMH U OLIEHKH
cocTosiHUS 3eMenb. Takum 06pa3oM, co3maHHE KOM-
IIJIeKCA MOHHTOPHHIA 3eMejIb Ce/IbCKOXO3SKCTBeH-
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PROJECT OF HYPERSPECTRAL
REMOTE LAND SENSING
COMPLEX USING UAVS.

PART 1

M.V.Agrinsky', A. V. Golitsin', V. V. Startsev?
'TC «Engineer», Lytkarino, Moscow Region, Russia
EDB «Astron» Ly, tkarino, Moscow Region, Russia

Using unmanned aerial vehicles equipped with
hyperspectral equipment, it is possible to collect
high-resolution spectral and topological information
about the local area of interest. Such opportunities
open up a great potential for the use of hyperspectral
complexes in monitoring the use and condition

of agricultural land. For the purpose of obtaining
detailed, rather than integral spectral information,
the element base has been considered, structural
elements have been selected and a practical model
of the domestic complex of hyperspectral sensing has
been created. The first part of the article describes
the design of a television camera and its interaction
with the mating assemblies.

Article was received on16.11.2018
Article was accepted for publication 24.11.2018

onitoring the use and condition of agricultural

land is a necessary element of the regulation

system of the agricultural and industrial
complex. Information on the availability and use of
arable land should contain the data on the spatial
distribution of arable land used and crops, as well
as the data on the rapid detection of diseases of
economically significant plants, the extent of damage
to crops by various pathogens and assessments of the
state of the land. Thus, the creation of a complex for
monitoring agricultural lands is associated with the
tasks of providing interested users with information
about the areas of arable land and crops of various types,
their productivity, and current information about their
condition.

To implement the tasks of monitoring agricultural
land and obtaining objective information about their
use and condition, it is proposed to use methods of
remote sensing of agricultural land using unmanned
aerial vehicles equipped with hardware for conducting
aerial digital surveys of extended areas and objects.
The use of modern remote sensing data allows for
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HOTO HasHAa4yeHMs CBSI3aHO C 3afadaMuy obeclieyeHUs
3aMHTepeCOBaHHBIX II0/Ib30BaTesler HHpOpMalllen
0 IUIOIIAJSX [TaXOTHBIX 3eMeJIb K I10CEBOB Pa3/IMYHBIX
THIIOB, UX IIPOAYKTUBHOCTH, OIlepaTHBHOI HHOpMa-
LIHeH O UX COCTOSIHUH.

I peanu3allMy 33ad MOHHUTOPHHIA CeJIbCKO-
XO3SMCTBEHHBIX YIOOUM U II0JyYeHHs OOBeKTHBHOM
nHOOpPMALIMU 00 MX HCIIONB30BAHHUH M COCTOSIHHUH
IpefjaraeTcsi HCIONb30BaTh MeTOABl AHCTAHLIMOH-
HOTO 30HIUPOBAHMUS CEIbCKOXO3SIMICTBEHHBIX 3eMeslb
C IIOMOIIBI0 BECITHUIOTHBIX JIeTATeNbHbBIX AIIIApPATOB,
OCHAIIleHHBIX allllapaTypoH AJIs IIpoBelleHUsl aBHall-
OHHOM LMGPOBOM CheMKH IIPOTSDKeHHBIX IIIOLafier
1 06peKTOB. [IprMeHeHHe COBpeMeHHBIX JTaHHBIX [IHC-
TAaHLIMOHHOTO 30HAHPOBAHMS I103BOJISIET ONTHMM3H-
pOBaTh U IOBBICHUTH 3GEKTUBHOCTh TEPPUTOPHUAID-
HOM OpPTaHH3aILMH CeJICKOTO X03SKCTBa.

TUIIMYHBIMH 3aJa4aMHU 37eCh SIBJISIIOTCS ;

e obecrieueHHe TEKyLIero KOHTPOJS 3a COCTOS-

HMeM I10CeBOB Ce/IbCKOX03SHCTBEHHBIX KY/IBTYP;

° paHHee IIPOTHO3HPOBAaHHE YPOKAHMHOCTH Celb
CKOXO3SIICTBEHHBIX KYJIBTYP;

* MOHHUTOPHHI TEMIIOB YOOPKH yposKasi OLHOBpe-
MEeHHO I10 TepPUTOPUSIM KPYIIHBIX PeTHOHOB;

* OIEpPaTHBHOIO MOHUTOPHHIA OOHApyReHHUS
3abo/1eBaHUI PacTeHUH U CTelleHU [TOPaskeHU N
Pa3sIUYHBIMH QUTOIIATOTeHAMH;

e ompefereHHe €MKOCTH IAaCTOUII Pa3THYHBIX
TUIIOB U IIPOJYKTUBHOCTH CEHOKOCOB M JIp.

[Tpu AUCTAHIIMOHHOM 30HAMPOBaHUH ([13), Hapsaay

C MHOTOCIIEKTPJIBHBIMKU CHCTEMaMH, Bce boiee
IIHpOKoe MPUMeHeHHe Haxo[aT IUIIepCIeKTpaabHbIe
CHCTeMBI, YCTAaHOBJIeHHble Ha OeCHMIOTHBIM JeTa-
TeJbHBIM anmnapat (BI1JIA). YHUKaIbHOCTb THIIEPCIIEK-
TPJIBHOM CHCTEMBI 3aK/IIOYAeTCS B ee BO3MOXKHOCTH
bUKCHPOBATh U3/1ydYeHHe B COTHSX OUeHb Y3KUX CIIeK-
TPa/IbHBIX IHalla30HaX, KOTOPble II03BOJISIIOT OLIeHUTh
GH3MKO-XMMHYeCKHe CBOMCTBA HCCIefyeMbIX 0ObeK-
TOB. Cpemu Haubosee aKTyalbHBIX IIPo6IeM MOHHTO-
PHHTA, pelllaeMbIX C IIOMOIIBIO THITePCIIeKTPATbHBIX
CEHCOPOB, MOKHO BBIIE/IUTb C/IeyIOLIHe:

» omnpefeneHue deHodas pasBUTUS PaCTeHUH
U CBOeBpeMeHHOe BBISIBIeHHe UX aHOMAJIHH;

e obHapyskeHHe IIPOLECCOB IIOJIETaHMS, BHIMOKA-
HHS U yBSI3aHUS II0CEBOB, CBSI3aHHBIX C HENO-
CTaTKOM BJIaTH;

* KOHTPOIb QUTOCAHUTAPHOIO COCTOSIHHUS IIOCe-
BOB U JIECHBIX MaCCHBOB;

e HabmrofgeHMe 32 JYHAMHUKOMN Pa3BUTHS CEIbCKO-
XO3SIICTBEHHBIX KyJIbTYP M IIPOTHO3UPOBaHME
YPO’KaHHOCTH I10CEBOB.

9TH 3a/Ia4X MOTYT OBITH YCIIELIHO PeIleHbI C IIOMO-
b0 GEeCITMIOTHOrO JIeTAaTeNbHOIo ammapara, o6o-
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optimizing and improving the efficiency of the
territorial organization of agriculture.

The typical tasks are as follows:

« ensuring current monitoring of the state of
crops;

 early forecasting of crop yields;

« monitoring the paceof harvesting simultaneously
across the territories of large regions;

« operational monitoring of the detection of plant
diseases and the extent of damage by various
phytopathogens;

+ determination of the capacity of pastures of
various types and productivity of hayfields, etc.

In remote sensing (RS), the hyperspectral systems
installed on an unmanned aerial vehicles (UAV) are
becoming more widely used along with multispectral
systems. The uniqueness of the hyperspectral system
lies in its ability to record radiation in hundreds of very
narrow spectral ranges, which allow for assessing the
physicochemical properties of the objects under study.
The most relevant problems of monitoring solved with
the help of hyperspectral sensors include, inter alia, the
following:

+ determination of phenophases of plant
development and timely detection of their
anomalies;

» detection of the processes of lodging, soaking
and binding crops, associated with a lack of
moisture;

« control of the phytosanitary condition of crops
and woodlands;

« observation of the dynamics of the development
of crops and forecasting crop yields.

These tasks can be successfully solved with the
help of an unmanned aerial vehicle equipped with
hyperspectral instrumentation, which can ensure the
collection of high-resolution spectral-topological data in
the region of interest without significant costs.

Analysis of modern developments of hyperspectral
equipment showed that the composition of domestic
advanced developments is mainly represented by
hyperspectral instruments for space purposes. For use
in ground-based instruments of hyperspectral imaging,
installed on UAVs, the market offers products by XIMEA,
Resonon. Cubert and some others. However, these
instruments provide only integral (areal), and not
detailed information and, moreover, are expensive.
We have created a practical model of a domestic
hyperspectrometer complex designed to monitor the use
and condition of agricultural land with an unmanned
aerial vehicle (UAV). This work describes the analysis
of the principles of work, considers the element base,
justifies the choice of structural elements.
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PYLOBaHHOTO TIHIIEPCIeKTPAJIBHOM aIlllapaTypoH,
KOTOPBIH CMO3KeT 0becrieunTh C60p CrIeKTpaabHO-TOIIO-
JIOTMYECKUX JAaHHBIX BBICOKOTO paspelleHHs B HHTe-
pecyroleM parioHe 6e3 3HaUHTe/TPHBIX 3aTPaT.

AHanMM3 COBpeMEHHBIX pa3paboTOK THIIEpCIeK-
Tpa/IbHOro 060pyImOBaHUS II0Ka3aJsl, YTO COCTAB OTeye-
CTBEHHBIX IE€PCIeKTHUBHBIX Pa3paboTOK B OCHOBHOM
IIpe/ICTaB/IeH TUIIepClIeKTPaJbHbIMU IIpH6opaMU Koc-
MMYECKOro Ha3HadyeHus. [J1s MCII0Ib30BaHU S B Ha3eM-
HOM ITPOCTPAHCTBe IPHOOPOB THUIIEPCIIeKTPATbHOMN
CheMKH, YCTAHOBJI@HHBIX Ha BITJIA, PBIHOK IIpeJiaraeT
nponykuuo dupm XIMEA, Resonon, Cubert u Heko-
TOPBIX APYrux. OMHAKO 3TH MPHOOPHI 0becreurBaOT
IojlyueHHe JIMIIb UHTETPaIbHOM (IUIOLIAIHOM), a He
JeTanbHOM HHPOPMALIMH B, KPOMe TOT0, KMeIOT BhICO-
KYyIO LIeHy. MBI CO3Ia/IH ITPAKTHYECKYI0 MOJE/Ib OTeqe-
CTBEHHOI'0 THIIEPCIeKTPOMETPHUYECKOTO KOMILIEKCA,
IIpefiHa3HAYEHHOro It Hab/lIofeHHs 33 HCII0Ibh30Ba-
HHeM M COCTOSIHHEeM 3eMe/lb Ce/IbCKOXO35IFICTBEHHOIO
Ha3HaueHHs C TOMOIIbI0 OeCIIHMI0THOTO JIeTaTe/IbHOIO
anmapata (BITIA). B HacTosmei paboTe IpoBe/ieH aHa-
I3 TPUHIMIIOB PaboThI, pacCMOTPeHa 3/eMeHTHas
6a3a, 06oCHOBaH BBIOOP CTPYKTYPHBIX 3IeMEHTOB.

YCTPOWCTBO N'MMEPCMEKTPOMETPA
[IpoBefeM aHalu3 YCTPOMCTBA THII€PCIIEKTPO-
MeTpa Ajs IMOHHMMAHHUS IPUHILHUIIOB ero paboTsl
Y oIpe/leleHHUs] BO3MOXKHBIX COCTAaBHBIX 4acTeH ero
KOHCTPYKLIHMH.

[umnepcreKTpoMeTp - IIpH6OpP, OCYIIEeCTBIISIO-
IIUH CheMKY H300paskeHHs HCCIelyeMOH I10BepXHO-
CTH, IIpUYeM JIIs1 K&KIOK TOUKH 3TOr0 M300paskeHH s
MOJKHO IIOJIyUHTb CIIEKTP SPKOCTH OTPasKEHHOIO H3J1y-
YeHHS B 33aJlaHHOM J[Malla30He 3/JeKTPOMarHUTHOIO
u3nydeHus. CHeKTp SIPKOCTH IIpe[CTaB/seTcsl orpa-
HHUYeHHBIM Hab0pOM CIIeKTpa/IbHBIX KaHA/IOB C 3a[aH-
HBIMU I10JI0CAMH ITPOITYCKAHMUSI.

Hawubosnee pacripocTpaHeHHBIMH Ha CeTOJHSIIHUHI
TleHb SBJSIIOTCS TUIIePCIIEKTPOMETPEI, KOTOphle B KaK-
OBl MOMEHT BPeMeHH PeTHCTPUPYIOT Y3KHMI OTPe30K
IIOBEPXHOCTH I10[] Cob60r. Takue IUIepcrIeKTPOMEeTPhL
OTHOCSTCSL K TUy «pushbroom». ®yHKIMOHaNbHAS
CxeMa THIIepclieKTpoMeTpa Tuma pushbroom moxa-
3aHa Ha puc. 1. TunepcrnekTpoMeTp BK/IIOYaeT B cebst
ONTHYECKYI0 CHCTeMy GpOPMHUPOBAaHUS H300pasKeHMS,
CIIeKTPOJIe/IUTeNb U GOTOIIPHEeMHOe YCTPOKCTBO.

dopMupoBaHHe H300pasKeHHUS Y3KOTO OTpe3ka
[IOBEePXHOCTH IPOM3BOLUTCS IIOCPeACTBOM IIeJH,
KOTOpasl yCTAaHABIKBAETCS Ha 3aHel GOKaJbHOM ILIO0-
CKOCTH BXOAHOrO 00BeKTHBa. Ilocsie KOIIHMHPYIO-
1mero o6 beKTHBa M306paskeHHe B [Tapa/lIebHbIX J1ydax
IorajaeT Ha CIeKTPOZeItTeb, B KaueCTBe KOTOPOIo
MOJKeT MCII0/Ib30BaThCs IIIOCKAsl OTHOMEePHas AUdpaK-
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HYPERSPETCROMETER ARRANGEMENT

We will analyze the hyperspectrometer arrangement
in order to understand the principles of its operation
and determine the possible components of its
design.

A hyperspectrometer is a device that captures
images using following surface, and for each point of
this image you can get the brightness spectrum of the
reflected radiation in a given range of electromagnetic
radiation. The luminance spectrum is represented
by a limited set of spectral channels with given
bandwidths.

The most common today are hyperspectrometers,
which at each point in time register a narrow segment
of the surface below. Such hyperspectrometers are of
the «pushbroom» type. The functional diagram of the
pushbroom-type hyperspectrometer is shown in Fig. 1.
The hyperspectrometer includes an optical imaging
system, a spectral divider and a photodetector.

The image formation of a narrow segment of the
surface is performed by a slit, which is installed
on the rear focal plane of the input lens. After the
collimating lens, the image in parallel rays falls on
the spectrometer, which can be used as a flat one-
dimensional diffraction grating, where decomposition
occurs in the spectrum, and then projected onto a
photo-receiving array of a television camera.

The optical system and the diffraction grating
of the hyperspectrometer form an image on the
photodetector array. Along one axis of the image, the
Y coordinate of a narrow strip of the Earth“s surface
(see Fig. 1) is plotted; on the other, A is the wavelength
of radiation reflected from the Earth“s surface, and
the amount of charge accumulated inside each
array element (pixel) is proportional to the spectral
radiation density at a given wavelength. Thus, a set of
spectral dependences of the radiation reflected from
the Earth“s surface is obtained on the photodetector
array, depending on the Y coordinate of a certain part
of the Earth“s surface.

The magnitude of the band in terms of Y is
determined by the angle of view of the camera of the
television o and the altitude of the UAV.

Due to the fact that the UAV, on which the
hyperspectrometer is located, moves along the X
coordinate (see Fig. 1), the Earth®s surface is scanned
in the X direction.

A array photoreceiving device (array) is used
as a photodetector. To control the array, the
acquisition, storage and output of digital video data,
a programmable logic integrated circuit (FPGA) with
an integrated processor is used, which is a television
camera as a whole [1-3].
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LIMOHHAs pellleTKa, I[e IIPOHCXO0-
JUT Pa3jIo’KeHHe B CIIeKTP U 3aTeM
[IpoeLIUpyeTcs Ha GpOTOIIPHEMHYIO
MaTpHILy KaMephl TeJIeBU3HOHHOM .

OnTuyeckas cucrema 4 OU-
PaKLHOHHAS pelleTKa THIIepCIIeK-
TpoMeTpa GOpPMHUPYIOT Ha GOTO-
IIpHeMHON MaTpHIie U300pasKeHHe.
ITo omHOM ocH M300paskeHHUS OTIO-
>KeHa Y KOOpIMHATa y3KOH IT0JIOCKHU
IIOBEPXHOCTH 3eMiu (CM. puC. 1),
I10 APYro¥ A - JyIMHA BOJIHBI, OTPa-
>KaeMOIo OT II0BepXHOCTH 3eMJIH
MU3Jly4eHHs], a BeJIM4YHHaA 3apsfa,
HaKaIlJINBAeMOI'0 BHYTPH KaKIOIO
3/leMeHTa MaTpHuLbl (IHKcena),
MIPOIIOPLMOHA/IBHA CIIeKTPaJbHOK
IUIOTHOCTH H3/Iy4YeHHS Ha [aH-
HOM JAjavHe BOMHBI. TakuM obpa-
30M, Ha GOTONPHEMHOM MaTpHUlle
nonyqaercsi Habop CIIeKTpaib-
HBIX 33aBHCHMOCTEH OTPasKeHHOI'O
OT IIOBEPXHOCTH 3eMJ/IA U3/1y4YeHUs
B 3aBUCHUMOCTH OT KOOPAHHATHI Y

CBeTOoZie/IUTEeNb
Spectrum divider .
R [IpOeKLIMOHHBIF 06beKTHUB
/orlr- ~." \/\\ Projection lens
4\—\ \ I T
| \ ‘\\‘
KOIIMMAaTOp @ : v
Collimator N / Iers
X
//‘*\\ Slit
BXOIHOM 06BEKTUB 7////‘;\%
N
Input lens NN DOTOIPHEMHUK KaMephl
‘ TEeJIEBU3UOHHOMN
Television camera

Puc. 1. ®yHKUUOHAAbHAS CXema 2unepcnekmpomempa
Fig. 1. Functional scheme of hyperspectrometer

photodetector

OIlIpeZie/IeHHOI0 ydacTKa II0BepX-
HOCTH 3eMJIH.

BeIr4YMHA I10JI0CHI I10 Y OIIpeIesIsieTCs YIJIOM 10/
3peHHs KaMephl TeIeBU3HOHHOM o M BBICOTOM IT0JIeTa
JIeTaTe/IbHOIO aIllapara.

BcrencTBue TOro, 4To JieTaTe/lbHBIM aIlIlapaT, Ha
KOTOPOM HaXOJMTCSl THUIIePCIIEKTPOMETP, [IBHKETCS
B/I0/Ib KOOPAKHATHI X (CM. pHC. 1), TO IPOMUCXOAUT CKa-
HHPOBaHUe II0BEPXHOCTH 3eM/IM B HallpaBIeHUH X.

B kayectBe GOTOINpHEMHHKA HCIIONb3yeTCs
MaTpu4uHoe (OTOIIpHEMHOe YCTPOMCTBO (MaTpHLA).
11 ynpaBileHHs MaTpHULEH, OpPraHH3alUKd CcheMa
Y1 COXpaHeHHS U BbIJAYU LMQPOBBIX BUIEOJAHHBIX
KCIIONB3yeTCsa MporpaMMHpyemas JIOrH4yecKas HHTe-
rpanbHas cxema (IIVIHC) co BCTpOEHHBIM IIPOLIECCOPOM,
KOTOPas B COBOKYIIHOCTH IIPe/ICTaB/sieT 060K KaMepy
TeJIeBU3HOHHYO [1-3].

Janee mpuBeneM aHa/lM3 OCHOBHBIX COCTaBHBIX
YacTel TUIIepClIeKTpoMeTpa st 0DOCHOBAHHOIO
BbIOOPA CTPYKTYPHBIX 3/1eMEHTOB.

AHAJIN3 KOHCTPYKUNN KAMEPDI
TEJIEBUSMOHHOW

Kamepa TeleBU3HMOHHAsA (KT) IIpenqHasHaveHa [Jis
paboThl B cocTaBe TI'HIIEpPCIIEKTPAJIbHOM KaMephl Ha
60pTy 6ecruIOTHOTO JleTaTe/pHOro anmnapata (BITIA).
KT mpeobpa3syeT onTuyeckoe n30b6paskeHUe, CIIPOeIH-
POBaHHOE ONTHUYeCKON CHCTeMOH Ha (OTOIPHEMHHK
TeJIeBU3HOHHOM KaMepsl, B BHUJEOCUTHAT H300paske-

Further we present the analysis of the main
components of the hyperspectrometer for a reasonable
choice of structural elements.

ANALYSIS OF THE TELEVISION CAMERA
DESIGN

The television camera (TC) is designed to work as part
of a hyperspectral camera on board an unmanned
aerial vehicle (UAV). A TC transforms an optical image
projected by the optical system onto a photodetector of
a television camera into a video signal of an image and
issues it to interfacing systems in digital and analog
form.

Main technical specifications

1. Number of photosensitive elements of the
array used to form the output video signal
of 2048x2048 elements (pixels), with a
photosensitive element size of 5.5 x 5.5 pm.

2. Size of the active zone of the photosensitive
field of the array is 11.264 mm horizontally and
11.264 mm vertically (diagonal 15.8 mm);

3. Spectral range of the TC is determined by the
spectral characteristics of the photodetector
(reference parameter) and ranges from 0.4 to
1.0 pm.

4. TC operates in progressive scan mode and has
a line resolution on the digital output in the
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HHA KU BbIOAET €Iro B LII/ICI)pOBOM W aHAJIOTOBOM BH/E
B CoIlpsAraemMble CHICTEMBI.

OCHOBHbIe TeXHUYecKmne XxapakTepucTmkm

1. Yucimo  GOTOYYBCTBHUTE/NIBHBIX  3JIEMEHTOB
MaTpHUIIBl, HUCIIONb3yeMbIX 111 GOPMHUPOBAHUSA
BBIXOOHOI'O0 BHIeocHrHasza 2048x2048 3jnemMeH-
TOB (IIMKCe/IOB), C pa3MepoM GOTOUYBCTBUTE/Ib
HOro 3jieMeHTa 5,5%5,5 MKM.

2. Pa3mep aKTHBHOM 30HBI $OTOUYBCTBUTE/IHHOTO
I10JIL MAaTPUILIBL COCTaBiiseT 11,264 MM I10 TOpU-
30HTaIU U 11,264 MM II0 BepTHKaIH (OUaro-
Haib 15,8 MM);

3. CmekTpa/ibHBIM AMamna3oH paborel KT ompene-
JISIeTCS CIeKTPaJbHBIMHM XapaKTePUCTHKAMU
doTonpreMHHKa (CIIPAaBOYHBIN IIapaMeTp)
U coctaiseT oT 0,4 mo 1,0 MKM.

4. KT paboTaeT B peXHMe IIPOTPeCCHUBHON pas-
BEePTKH M HMeeT pas3pellalollylo CIIoCO6HOCTh
II0 CTPOKe Ha LKMPPOBOM BBIXOJE B LIEHTPasb-
HOMU 30He II0JIS 3peHHs He MeHee 750 TeJleBU3H-
OHHBIX IMHUU IIPH OCBEIleHHOCTH B IVIOCKOCTH
$OTOUYBCTBUTENIPHOM ITOBEPXHOCTH MATPHIIBL
He MeHee 10 JIK 4 INTy6HHEe MOLY/ISLIUU 5%.

5. Paboumil nuara3oH OCBelleHHOCTeH Ha $oTo-
4yBCTBUTENBHON MaTpulle KT mpocTHpaeTcs
0T MHUHHMaJIbHOU 0,2 JIK 10 MaKCHMaJIbHOU
700 K C aBTOMAaTH4YeCKOU PeryaupOBKOM YyB-
CTBUTE/IBHOCTY BO BCeM [HaIla30He OCBEIeH-
HOCTel Ha GpOTOIIpHeMHHUKE.

6. KT obecriedrBaeT BBIXOLHOM uudpoBor BUAeE-
OCHUTHAJ I10 KaHany Base Camera Link 6e3 cka-
THS BUEOM300pasKeHH s, TUII Pa3BepTKH — IIPO-
IPeCCHBHBIM C YaCTOTOM KafipoB He MeHee 50 I'11.

7. KT obecrieurBaeT BLIXOLHOM aHAJIOTOBLIMA BUe-
ocurai o I'OCT 7845-92 (mnsa qepHo-ﬁenoro
1306paskeHUsI), HCIIOb3YeMBl IPH TEeXHOJIO-
THYeCKHX IIPOBepPKax U HaCTPOMKaX.

8. DnexrponuTaHue KT ocymecTsisieTcss oT 60pTo-
BOK CHCTEMBI 3JIeKTPOCHAOKEHHUSI TIOCTOSIHHOTO
TOKa OCHOBHOTO 0OBeKTa HAIIpsDKEeHHeM OT 22
Io 29 B, motpebisieMass MOIIHOCTb He ITPEBbI-
maet 10 Br.

9. Bpems rotoBHocTu KT Kk paboTe c MomeHTa
IOJAaYy IIMTAaHMs He IIpeBbimaeT 10 c.

Bbi6bop TMNa npeob6pasoBaTenisa CBeT-CUrHas

[71aBHBIM CTPYKTYpPHBIM 37IeMeHTOM LIUGPOBOH Tejle-
BU3UOHHON KaMephl, 00eCIIeYMBAIOIKM peasin3a-
LIMIO OCHOBHBIX XapaKTepHCTHK KaMepsl (pa3pelIaro-
IIeH CIIOCOOHOCTH, YacToTe KaJpoB, JUHAMHUYECKOro
OyamasoHa U T.A.), SBIAsSeTcs IIpeobpasoBaTesb
CBeT-CUTHa/JI B KaudeCTBe KOTOPOIO KCIIOJIb3yIOTCS
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central zone of the field of view of at least 750
television lines with an illumination in the
plane of the photosensitive array surface of at
least 10 lux and a modulation depth of 5%.

5. Operating range of illumination on the
photosensitive array TC extends from a
minimum of 0.2 lux to a maximum of 700
lux with automatic adjustment of sensitivity
in the whole range of illumination on the
photodetector.

6. TC provides digital video output via Base
Camera Link without video compression, scan
type - progressive with a frame rate of at least
50 Hz.

7. TC provides an analog video output signal in
accordance with GOST 7845-92 (for a black
and white image) used in process checks and
settings.

8. Power supply of the TC is carried out from
the onboard power supply system of the direct
current of the main object with a voltage of
22 to 29 V, the power consumption does not
exceed 10 watts.

9. Availability time of the TC for operation from
the moment of power supply does not exceed
10 s.

Selecting the type of light-signal converter
The main structural element of a digital television
camera, ensuring the realization of the main
characteristics of the camera (resolution, frame rate,
dynamic range, etc.) is a light-signal converter, which
uses semiconductor solid-state array photodetectors or
arrays.

Currently, modern digital television cameras
mainly use two types of arrays: CCD arrays (Fig. 2)
(Charge Coupled Device) and CMOS (Complementary
Metal Oxide Semiconductor, CMOS).

In the CCD and CMOS arrays, photodiodes
are used to convert light into an electrical image
signal. However, their operating principle varies
significantly.

In charge coupled devices, the incident light
detected by the photodiode of each pixel is converted
into an electric charge (Fig. 3). The pixel charge is
moved to the vertical «transport bus», located on the
side of the pixel. The applied voltage then moves the
charges along the vertical and horizontal transport
buses until they reach the amplifier. The analog signal
with different voltages (depending on the amount
of light per pixel) is obtained at the output. Before
processing, this signal is sent to a separate (located
outside the chip) analog-to-digital converter, and
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IIOJIyIIPOBOAHUKOBBIE TBEPAOTEJIbHbBIE MaTPHUYHbIE
doTornprieMHbIe YCTPOKCTBA M1 MAaTPUIIBL.

B Hacrogilee BpeMs B COBPEMEHHBIX LMPOBBIX
TeJIeBU3HOHHEIX KaMepaX B OCHOBHOM HKCITO/NIB3YIOTCS
nBa Tuma Matpuu: I13C-marpuusl (puc. 2) (mpubop
C 3apsimoBoi cBsi3pio, aHIN. Charge Coupled Device,
CCD) u KMOII-MaTpHIIbL (KOMHHEMEHTaprIfI MeTal-
JIOOKCHIHBII IIOYIIPOBOAHUK, aHII. Complementary
Metal Oxide Semiconductor, CMOS).

B II3C- u KMOII-maTpuuax mias mnpeobpasosa-
HUSI CBeTa B JIEKTPHUYECKUI CHUTHAT H300paskeHHs
KCII0/IBb3YIOTC QoToaMoAbl. OOHAKO HX IIPUHIIMII
PaboThI CyIleCTBEHHO pa3ndaeTcs.

B mpubopax c 3aps/I0BOM CBSI3bI0 MaJaOUIHUKN
CBeT, PeTHUCTPUPyeMBbIH (OTOLHUOLOM  Ka’KIOTO
IIMKCena, Ipeobpasyercsi B 3MeKTPUYECKHN 3apsif
(puc. 3). 3apsan IHKCena IepeMeliaeTcs B BepPTH-
KaJIbHYIO “TPAaHCIIOPTHYIO IIHHY», PaCIIOJIOKEHHYIO
cboky oT muKcena. [IpuaaraemMoe HallpsDKeHHe 3aTeM
rnepeMeniaeT 3apsaAbl [0 BePTHUKAJAbHBIM H TOpHU-
30HT/JIPHBIM TPAHCIIOPTHBIM IIMHAM, II0Ka OHH
He JOCTHUTHYT ycuIuTens. Ha BbIXome Ionydaercs
AQHAJIOTOBBIM CHUTHA/I C PAa3/IMYHBIM HaINpsUKeHHeM
(B 3aBHCHMOCTH OT KOJIM4YeCTBa CBeTa, MOIIABIIero Ha
nuKcen). Ilepen o6paboTKOM 3TOT CHMIHa/ IepechlIa-
eTCsl Ha OTZe/bHBIM (Paclio/loKeHHBIM BHe YMIIa) aHa-
noro-un$poBor mpeobpasoBaTenb, U IMOTYUHBIIHECS
udpoBsle JaHHBIE ITpeobpas3yloTcs B OaMTHI, IIpen-
CTaB/SOIINE CTPOYKY HU300pasKeHMUSs, II0Ty4eHHOIO
CeHCOpPOM.

Taxk kak II3C-ycTpolicTBa IepefaloT 3aeKTpHue-
CKHUH 3aps/l, KOTOPbIM 06/1alaeT HU3KUM COIIPOTHBIIe-
HHEeM U MeHbIlle IIOABePsKeH ITOMeXaM IPYTHX 3JIeK-
TPOHHBIX KOMIIOHEHTOB, TO pe3y/IbTUPYIOLUIHI CUTHAI,
KaK IIPaBUJIO, COAEPKUT MEHBIIE PA3THYHBIX IIIYMOB
I10 CpaBHEHHIO ¢ curHaaoM KMOII-ceHCcopoB.

HMubopmMalLus ¢ Kask0H YyBCTBUTEIBHOU STUEHKU
CYMTHIBAETCS IIOC/IEAO0BATENbHO, YTO He II03BOJISAeT
cHenaTh CAeAyIMHUH KaJp [0 TOro, KaK CUMTAITCS
BCe JaHHBle IIPONLIOro Kagpa (B JAHHBIH MOMEHT
OT 9TOM ITpobeMBbl YaCTUYHO M36aBUIHChH, YBETUUUB
6yc1)ep IIaMSTH). DTO He II03BOJISIeT UCII0NIb30BaTh [13C-
TeXHOJIOTUH B IIOTOKOBOH BHE03aIIHCH, I103TOMY
JaHHbIe MaTPHIbI IIOCTEIIEHHO BBITECHSAIOTCS TEXHO-
noruern KMOII, MaTpHIbl KOTOPHIX MOTYT IIPOM3BO-
OUTb BUAE03AIIHUCh IIOCPeJCTBOM CAMOK MAaTPHLIBL.

B koHcTpykuuu II3C-MaTpHIl CYLIeCTBYeT IIPO-
61ema, HasbplBaeMas <TSIHYIIHeCS IPOLOJIKEHUS?
(«cma3»). OHU BO3HHUKAIOT, KOI/Ia OUeHb SPKUH Iaja-
IOIIMI CBeT 3a CYeT YTeYKH II0IaJaeT Ha BePTHKAJIb-
HYI0O TPAaHCIIOPTHYIO IIMHY H CO3[aeT K36BITOYHBIN
3apsifi, KOTOPBIM IPOSIBISIETCST Ha M300paskeHUH Kak
spKasl BepTHKa/JbHas I1ojoca. OOHAKO paSHKaIbHO
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KaHai BepTUKAJIBHOTO
IepeHoca 3apsioB
Vertical charge
transfer channel —

3aTBOp
Shutter

doTonyon

Photodiode
[IuKcenp —
Pixel

3apsan
Charge

Ycunurens
Amplifier

P
- L

KaHaJ1 TOpHM30HTAJIBHOTO IIepeHoca 3apsioB
Horizontal charge transfer channel

Puc. 2. Cmpyxkmypa M3C-mampuupbl
Fig. 2. CCD array structure

the resulting digital data is converted into bytes
representing the line of the image received by the
Sensor.

Since the CCD transmits electric charge, which has
a low resistance and is less susceptible to interference
from other electronic components, the resulting signal,
as arule, contains less different noise compared to the
CMOS sensor signal.

Information from each sensitive cell is read
sequentially, which prevents the next frame from
being taken before all the data from the previous frame
are considered (at the moment, this problem has been

DOTOHBI DJIeKTPOL U3
OKcup, Photons IOTUKPUCTATIIUYECKOTO
KpeMHHUS KpeMHUS
Silicon Electrode from
oxide ‘ /‘ polycrystalline silica
N\
TTonynpoBOogHUK
g ) Semi-conductor

. E DJIeKTPOHEI
ToTeHI[MaIbHAS SMa Electrons

Potential well

KpeMHUBas IOAI0KKA
Silicon substrate

Puc. 3. CeyeHue nukceaa M3C-mampuupbl
Fig. 3. CCD array pixel cross-section
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rpobsemMa cMasa pemaercs B IIpHbOpax ¢ MeKCTPOU-
HBIM II€peHOCOM, 3aBOeBaBIIUX [JOMHHHUPYIOLIee
II0JIO’KeHH e Ha PBIHKe OBITOBOI BHUIEOTeXHUKH .

B oTamyme OoT MaTpHUIl C KaJPOBBIM II€PEHOCOM,
GYHRUMM HAKOIUIEHMs 3apsiia KM ero IepeHoca 3[ech
paszmeneHsl. 3apsy U3 371eMeHTOB HaKOIUIeHH s (3T0, Kak
IIpaBUIO, GOTOLHOIBL — OHH TOKe 00/IaJal0T eMKOCTBIO
1 CII0COOHBI HAKAILJIMBATD 3apsifi) IlepeflaeTcsl B 3aKphl-
Thle OT cBeTa [13C-perucTphl ImepeHoca, TO eCTh CeKIKs
IepeHoca Kak Obl BCTaB/eHA B CEKLHIO HAKOIUIEHHS.
Termepp mepeHOC 3apsaf0Boro penbeda BCero Kaapa Ipo-
HCXOOUT 33 OOUH TaKT, U «CMa3», CBSI3aHHBIM C Ilepe-
HOCOM, He BO3HMKaeT. Ilo CpaBHEHHIO C MaTpHULIAMHU
C KaJI]pOBBIM I1€peHOCOM GaKTOp 3aIl0IHeHUS B MaTPH-
I1aX C MEXCTPOYHBIM II€PEeHOCOM IIPHUMEpPHO BIBOE
MeHBIIIe, TaK KaK OKO0JIO II0JIOBUHEI IIOIIAAH POTOUYB-
CTBUTE/IBHOM ITOBEPXHOCTH 3aKPBITO OT CBETA.

[TogobHast CTPyKTypa TaKxke TpebyeT BBICOKHX
HAaNpSDKeHUH [JIsT  [IOIlepeMeHHOr0 OTKPBIBAHMUS
M 3aKpbIBAaHHS 3aTBOPOB, KOTOPBIE HOJIKHBI MMEThCS
B COCTaBe BCex ITHMKCeJIOB IS YIIpaBlIeHUs] BpeMeHHOM
I10C/IeIOBATEIFHOCTBIO ITI0TOKA 3aPsIOB.

MoOIIHOCTB, HOTpe6JIHeMAH [13C-maTpULIaMH, 0CO-
6eHHO BelHKa 1t PopMaTa BBICOKOM YETKOCTH, KOrza
TpebyeTcst 6bICTpOe CUMTBHIBaHKE OOJBIIOrO0 HYHCIA
nuKcenoB. I13C obnafaroT Tydlier KBAaHTOBOH 3pdex-
THUBHOCTBIO M HU3KHM YPOBHEM INYMOB U obecrieur-
BAIOT I'MOKOCTH C TOYKH 3PeHHUS 3aTpaT IIpHU pa3paboTke
cucTteMbl. OHU IIPOAOJDKAIOT TOCIIOACTBOBATh TaM, Ie
TpebyeTcst HarTydlllee KaueCTBO U300paskeHH s, HaIlpH-
Mep, B OOJBIIMHCTBE MPOMBINUIEHHBIX, HAYYHBIX
Y MeJUITMHCKUX IPHMeHeHUH.

B KMOII-maTyMKax KasKObIM IIMKCeI MMeeT CBOM
npeobpasoBatens 3apsia B HampsokeHHe (puc. 4).
M paTyMK 4YacTo COOEPsKHUT CXeMbl IjIs OLU(PPOBKH,
6raromaps Wemy Ha BBIXOL MHKPOCXEMBI ITOCTYIIaeT
urdposou curHaj. CedeHue nukcena KMOII-MaTpHIIBL
IIpHBeIeHO Ha pUC. 5.

OTU [ONIOJHUTEeIbHEE (GYHKUIHOHATbHBIE V3JIBL
OTHHUMAIOT IUIOIIAAb KPHUCTa/l/Ia, OOCTYIHYIO Jif
c6opa rajarmlero ceera. Kpome TOro, ogHOpPOOHOCTb
BBIXOZIOB, KJIIOUEBOM (AKTOP KadecTBa H300pasKeHUs),
y 9THX AATYUKOB Xy’Ke, TaK KakK KKABIH [THUKCeT MeeT
cBoM IpeobpasoBatensb. Ho, ¢ gpyroii cropoHsl, KMOII-
OATYUK TpebyeT MeHbllle BHEIIHUX CXeM /151 BBIIIOJIHe-
HMSI OCHOBHBIX OIlepalitH.

[TpobreMa C TSHYLUIMMHUCS ITPOAO/DKEHHSIM U 371eCh
OTCYTCTBYeT, TaK KaK IIaJAIOIIHMI CBeT He OKa3blBaeT
BO3[IeHCTBHS Ha 91eKTPUYeCKHI CUTHaI. BMecTo 3aTBO-
poB B KMOII-MaTpHIie KCIIO/NIB3YIOTCS IIePeKII0YaTe I
Y BHYTPeHHHME LI, YIIPaB/IfgIollye I10C/IeI0BaTe b
HOCTBIO BBIXOAHBIX CHMTHAJIOB. MCIIO/NIB30BaHHE BHY-
TPeHHHUX IlepeK/IodaTe/led IT03BOJIseT CYIIeCTBEHHO
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partially eliminated by increasing the memory buffer).
This does not allow to use in streaming video, because
these arrays are gradually being superseded by CMOS
technology, the arrays of which can produce video
through the array itself.

In the design of CCD arrays, there is a problem of
«smearing effect» («slur»). It occurs when a very bright
incident light falls on a vertical transport bus due to
a leak and creates an excess charge, which manifests
itself in the image as a bright vertical strip. However,
the problem of slurring is radically solved in devices
with interline transfer, which have gained a dominant
position in the consumer video market.

Unlike arrays with frame transfer, the functions
of charge accumulation and its transfer are separated.
The charge from the accumulation elements (these are
usually photodiodes; they also have capacity and are
able to accumulate charge) is transmitted to the CCD
transfer registers closed from light, i.e., the transfer
section is sort of inserted into the accumulation section.
Now the transfer of the charge relief of the entire frame
occurs in a single cycle, and the «slurring» associated
with the transfer does not occur. Compared to the
frame transfer arrays, the filling factor in the interline
transfer arrays is about half as much, since about half
of the photosensitive surface area is protected from
light.

Such a structure also requires high voltages to
alternately open and close the shutters, which should
be included in all pixels to control the time sequence of
the flow of charges.

The power consumed by CCD arrays is especially
great for high definition when you need to quickly read
a large number of pixels. The CCDs have better quantum
efficiency and low noise and provide flexibility in terms
of cost when designing a system. They continue to
dominate where the best image quality is required,
e.g., in most industrial, scientific and medical
applications.

In CMOS sensors, each pixel has its own charge-
to-voltage converter (Fig. 4). And the sensor often
contains circuits for digitizing, so that the digital
signal is output at the chip output. The CMOS pixel
cross section is shown in Fig. 5.

These additional functional assemblies take the
area of the crystal available to collect incident light.
Furthermore, the uniformity of the outputs (a key
factor in image quality) of these sensors is worse, since
each pixel has its own converter. But, on the other
hand, the CMOS sensor requires fewer external circuits
to perform basic operations.

The problem with smearing effect is absent here,
since the incident light does not affect the electrical
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BepTukanbHas

CUTHaJIbHAS IIUH Pixel selector

INeperiIoYaTenb BEIGOPA THKCeIEH

signal. Instead of shutters, switches
and internal circuits are used in the
CMOS array to control the sequence
of output signals. The use of internal
switches can significantly reduce
power consumption while accelerating
the process of simultaneously reading
a large number of pixels. The reading
efficiency is quite sufficient to support
the progressive decomposition of HD
images. In single-chip CMOS sensors,
it becomes fundamentally possible to

simultaneously read the R, G and B
signals.
The CMOS sensors provide greater

Array column selector Horizontal signal bus

Puc. 4. Cmpykmypa KMOTIT-mampuubl
Fig. 4. CMOS array structure
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integration (more functions on the
chip), less power dissipation (at the
chip level) and a smaller system size
due to image quality and flexibility.
They are well suited for small-sized
products.

CHHU3UTbH IIOTPebIsieMyl0 MOILIHOCTh IIPH YCKOPEeHHUH
Ipoliecca OJHOBPEeMEHHOIO CUMTBIBAHUS 6OJIBILIOTO
YMC/IA [THUKCETI0B. SQPeKTUBHOCT CYUTHIBAHUS OKa3bl-
BaeTCsl BIIOJIHE JTOCTATOYHOM AJIsl IIOAJEeP>KKH IIporpec-
CHUBHOTO pasnoskeHus HD m3obpaskeHUN. B omHOUYHMIIO-
BeIX KMOII-maT4yMKax CTAHOBHUTCS IIPHUHIIMIIHAIBHO
BO3MOKHBIM OJHOBPEMEHHOE CYUTBhIBAHKE CHUIHAJIOB
R, GuB.

KMOII-maT4rKy obecriednBaoT OOIBINYI0 HHTe-
rpanuo (bonpiie QyHKUMN Ha KPUCTAIIIE), MEHBIIYIO

The cost of crystals for both types of
sensors (CCD and CMOS) is about the same. Previously,
the supporters of the CMOS sensors installation
claimed that they are much cheaper, since they can
be manufactured on the same process lines as most
high-density logic and memory chips. It turned out
to be wrong. In order to obtain good image quality,
the production of CMOS sensors requires special
technological processes inherent to low-density mixed-
signal processing devices. The CMOS sensors also
require more silicon per pixel. A CMOS camera may

contain fewer components and

MUKPOIUH3a
Microlens

Puc. 5. CeveHue nukcena KMOTIT-mamput,bl
Fig. 5. CMOS array pixel cross-section
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consume less power, but it may
also require signal processing to
compensate for the loss of image
quality.

To increase the efficiency of
photon collection, a micro-array
of small microlenses is used. Its
formation is very simple: a layer
of optical low-melting plastic
is applied onto the surface of a
plate with already formed array
structures, from which isolated
squares are cut out above each
element using photolithography.
The gap between the individual
squares is small. Then the plate
heats up, the plastic melts and the
surface of the individual squares
acquires a close to spherical shape,

focusing the light incident on its
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paccerBaeMyl0 MOLIHOCTb (Ha ypOoBHe KpHCTasla)
M MEeHBUIMH pa3sMep CHCTeMBI 3a CYeT KauecTBa H30-
6paskeHHsT U THOKOCTH. OHH XOPOIIO MOAXOIAT IS
MasiorabapUTHBIX U3IETHH.

CTOMMOCTb KPHUCTAJIOB AJ1sI 0O0MX THUIIOB JATUH-
koB (I13C u KMOII) npuMepHO OfMHaKoBa. PaHbIIe
CTOPOHHUKH yCTaHOBKHM KMOII-JaTYMKOB yTBEPK-
Jajav, YTO OHM HAMHOIO JelleBjie, TaK KaK HX
MO>KHO M3rOTAB/JIMBATh Ha TeX K€ TeXHOJIOTHYECKHX
JTUHUSIX, YTO U OONBIIMHCTBO MHKPOCXeM JIOTHKHU
M MaMSATH BBICOKOH IIJIOTHOCTH. DTO OKa3aloch He
Tak. YTOOBI IOJIYyYUTh XOpoIlllee KauecTBO H306pa-
KeHUs, Aas npousBoacrBa KMOII-gaT4YMKOB Tpe-
Oyr0TCs CrelMalbHble TeXHOJIOIHYeCKHe IPOLIecCh,
XapaKTepHble [/sl YCTPOHCTB 06paboTKH CMeIlaH-
HBIX CUTHAJIOB HU3KOHU IJIOTHOCTH. KMOII-maT4YuKU
Taloke TpebyloT 6osblle KpeMHMsI Ha IIHKCe.
KMOII-kamepa MOKeT COJep>kaTh MeHbIIe KOMIIO-
HEHTOB U IOTPeO/ISATh MeHBIIYI0 MOLUIHOCTh, HO OHA
MOXeT TakKe IoTpeboBaTh IPUMeEHEHHs cxeM obpa-
60TKHM CHTHaJa /1 KOMIIeHCAl[UH I10Tepb KayecTBa
n306paskeHUs.

YT065I MOBBICUTD 3PHEKTUBHOCTH c6opa POTOHOB,
HCIIO/IB3YeTCsl MHUKPOPACTP - MacCHB HebolbLINX
MHUKpOJHH3. OH GopMHUPYeTCsd O4YeHb IIPOCTO. Ha
IIOBEPXHOCTh IIJIACTHHBL C Yk GOPMHPOBAHHBIMU
CTPYKTypPaMH MAaTPHIBl HAaHOCHUTCS CJIIOM OITH-
YeCcKOH JIerKOIUIABKOM IIJIACTMAacChl, M3 KOTOPOIO
MeTOoLOM (OoTOMUTOrpaduU BBEIPE3AIOTCS K30JIUPO-
BaHHBIE KBAaZpaTHUKHU, JeXKallhe Haj KakIbIM 3jie-
MEHTOM. 3a30p MeXIy OTAe/JIbHBIMU KBaJPaTHKAMU
HeBeJIMK. 3aTeM IIJIaCTHHA HarpeBaeTrcs, IUIACT-
Macca IIOAIIAB/ISETCS, W IIOBEPXHOCTb OTHEIbHBIX
KBa/IPaTHKOB ITprobpeTaeT 61U3KYIO K ChepHUIecKoi
bopmy, GOoKycHpys NPUXOAAIIHL Ha ee IIOBePXHOCTb
cBeT Ha (OTOUYBCTBUTENIBHBIK 3/1eMeHT MaTpPHUIIbL
(puc. 6).

Hns  1osydyeHMs MaKCHMajabHO KayeCcTBeH-
HBIX H300pa’keHHHN C MHHHMYMOM IIyMOB JIydIlle
ucrnonb3oBaTh I[13C-maTpunbl. OOHAKO IIPU Heob-
XOOUMOCTH BeCTH BBICOKOCKOPOCTHYIO CBEeMKY
ONTHMaNBbHEIM Bbl6OpOM 6ymer KMOII-maTpuua.
Hns cbeMKU Hay4YHBIX 3KCIIEPMMEHTOB, Perucrpa-
LMK OBICTPOIPOTEKAIIINUX IPOLeCCOB, HalaJKHu
1 KOHTPOJISL TeXHOJOTMYeCKUX IIPOLIeCCOB B IIPOM3-
BOJICTBE IIKMPOKO HCIIOJb3YIOTCS BBICOKOCKOPOCTHEIE
BUJeoKaMephl Ha 6a3e KMOII-maTpHII.

B Hacrosimee Bpems HabinroomaeTcsi 3HAUYUTeNb-
HBIM IIporpecc B TexHonoruu KMOII-MaTpHull, HX
XapaKTepUCTHUKU NPUOIMKAIOTCS K  XapaKkTe-
puctukaMm II3C-martpun. OmHaKO B psAme 3azady
KMOII-MaTpHuLbl obnazmarT CyILIeCTBeHHBIMHU IIpe-
MMYyIIeCTBAMHU, HaIlpUMep, NPU Heo6XOOHMOCTH

192 POTOHMKA TOM 13 N2 22019

CECEEEEEEEEEEr e e e e e e e e e e e e e e e e e e e e e
m ONTUKO-3JIEKTPOHHbIE CUCTEMbI M KOMNJIEKCbHI Il

surface onto the photosensitive element of the array
(Fig. 6).

To obtain the highest quality images with a
minimum of noise, it is better to use the CCD arrays.
However, if you need to conduct high-speed shooting,
the CMOS array will be the optimal choice. High-speed
video cameras based on CMOS arrays are widely used
for surveying scientific experiments, registering fast
processes, setting up and monitoring technological
processes in production.

Currently, there is significant progress in the
technology of CMOS arrays, their characteristics are
close to the characteristics of CCD arrays. However, in
a number of tasks, the CMOS arrays have significant
advantages, e.g., if arbitrary sampling is required by
coordinates, when tracking processes are performed
using an object (window) of a given size, which can
change during the tracking process, and also when
hardware processing is required (in the CMOS array
itself) in real time.

The CCD technology has been around for more
than 30 years, and today, as part of this technology,
numerous modifications have been developed that are
adapted to solve various problems.

The lack of arrays produced by this technology is the
limitation of the clock frequency of reading of 30-40
MHz. To overcome this drawback, the array developers
have to make several output devices, which in turn
leads to complex problems of black level alignment
and gain linearity. In the image, this appears as a
different brightness of the halves or quarters of the
image (depending on whether two or four outputs are
used).

Furthermore, the circuit design of TV cameras
developed based on CCD arrays is significantly more

Tlamaromui CBeT
Incident light

i

MHKpOJmH3a / Microlens

11BeTHOU QUIBTP
Color filter

Oxcup KpeMHH / Silicon oxide

Photodiode

TlomnoxkKa / Substrate

Puc. 6. ®omouyscmeumenbHbll 3AemMeHm Mampuubl
Fig. 6. Photosensitive array element
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IIPOK3BOJIBHOK BBIOOPKU I10 KOOPAHHATaM, IIPU pea-
NMH3aLUU IIPOLIECCOB C/IesKeHUS 32 00eKTOM C ITIOMO-
b0 OKHa (06/1aCTH) 3aaHHOTO pa3Mepa, KOTOPHIH
MOXXeT MEHAThCS B IIpoLecce CIeKeHHS, a TakKe
IIpy HeoOXOJMMOCTH alIapaTHOM 06paboTKu maH-
HbIX (B camor KMOII-MaTpulie) B peXXHUMe peasb-
HOTO BpeMEeHH.

Texnonorus II13C cymecTByeT yske 6ormee 30 net,
M Ha CerofHs B paMKaX 3TOM TeXHOJIIOTHH pa3pabo-
TaHbl MHOTOYMC/IIEHHbIe MOSUPHUKALMU, IPUCIIOCO-
OreHHBIe [J15 PelIeHUs PAa3HBIX 33/Ja4.

HemocTaTok MaTpHL, H3LOTOBJIEHHBIX IO 3TOHU
TeXHOJIOTUH, ~ OTPaHHYeHHe TAaKTOBOL YaCTOThI CUM-
TBIBAHHS BeTUUYUHOM 30-40 MI'11. Iis IpeoaoieHus
3TOT0 HeJoCTaTKa pa3paboTuMKaM MaTpHUI] MPHUXO-
OUTCS [elaTh HeCKOTIbKO BEIXOJHBIX YCTPOKCTB, YTO
B CBOIO O4Yepe[b IIPHUBOJUT K CIOXKHBIM IIpobreMam
BbIDABHUBAHHS YPOBHSI UepPHOIO U JIMHEHMHOCTHU
ycuneHUsi. Ha 1306paskeHUU 3TO IIPOSIBISETCS Kak
pasHas APKOCTh IIOJIOBUHOK MJIM YeTBEPTHUHOK H30-
OpaskeHH (B 33aBUCHMOCTH OT TOTO, /IBa MJIU YeThIpe
BBIXOJIA UCIIO/IBb3YIOTCS).

Kpome Toro, cxemorexHuka TB-kamep, pas-
paboTaHHBIX Ha 6a3ze I[13C-MaTpHL], CyIIeCTBEHHO
c1oxkHee, yeM y TB-KaMep, IIOCTPOeHHBIX Ha base
KMOII-MaTpull, 4YTO HPHBOJHUT ellle M K yBelude-
HUIO IToTpebneHMs sTUX TB-Kamep.

Texnomorus KMOII uMeeT IIpeuMyIecTBo — Aeme-
BM3Ha IIPOM3BOACTBA (MATPHULBL IIPOU3BOISITCS
1o xopoiuo orpaboranHor KMOII-TeXHOIOTUH) U BO3-
MOKHOCTh pa3sMelllaTh CXeMOTeXHHYEeCKHe pelleHHs
1)1 06paboTKM CHTHajla C MAaTpPHULbl HAa OJHOM KpH-
CTajlyle C CaMOM MaTpuller. TakuM 06pa3oM, MHKpPO-
CxeMa MOKeT COflep>KaTh He TOIBKO IpeobpasoBaresb
CBeT-CHTHAJI, HO U aHAJIOro-IudpPoBOH IIpeobpa3oBa-
Tenb (ALIT), CHHXpOreHepaTop U T. [I.

HepocTaTkoM JaHHOM TeXHOJIOTHH [0 IIOC/IeLHEro
BpPeMeHHU SIBJISUIMCh Oo/lee HM3Kasl YyBCTBUTETbHOCTb
MaTpHUIll W OrpPaHUYEHHas PeryJiupoBKa BpeMeHHU
HakoIruteHus (shutter).

OmHako B Imoc/iefHee BpPeMs HOBble TeXHOJIOTH-
yeckue OCTHKeHHUsI B paspaborke KMOII-maTpuil
I[103BOJIK/IM B 3HAaUMTe/IbHOM CTeIleHH IIPeof0/leTh 3TH
HeIOCTaTKH U IIPUBEJIH K IIOSBJIEHHIO COBPEMEHHBIX
CEHCOPOB, COIOCTaBUMBIX C I13C-MaTpULIAMH 10 YYB-
CTBUTE/IIBHOCTH M YPOBHIO LIYMOB, KOTOpbIe, BKYyIIe
¢ 60/IBIION KaJPOBOK YaCTOTOM, AEAI0T UX He3aMeHH-
MBIMHU /11 OTPOMHOIO KOJIHMUeCTBa IPHUMeHeHHH.

CeMeICTBO BBICOKOCKOPOCTHBIX KMOII-
CeHCOPOB C KaJpOBBIM 3aTBOPOM KMMEKT paspelie-
Hue oT VGA 1o 20 MHIJIMOHOB ITMKCeI0B. CeHCOphI
COCTOSIT M3 MAaTPHIL IIHKCeI0B KOHBEHEPHOro THIIA
C “KaJ[pOBBIM» 3aTBOPOM, IIO3BOJISIONIMX ITPOU3BOAHUTE

i g

complicated than that of TV cameras built based on
CMOS arrays, which also leads to an increase in the
consumption of these TV cameras.

The CMOS technology has the advantage of low
production (the arrays are produced using well-proven
CMOS technology) and the ability to place circuit
solutions for processing the signal from the array on
the same chip as the array itself. Thus, a microcircuit
can contain not only a light-signal converter, but also
an analog-to-digital converter (ADC), a synchronous
generator, etc.

The disadvantage of this technology until recently
was the lower sensitivity of the arrays and the limited
adjustment of the accumulation time (shutter).

Recently, however, the new technological advances
in the development of the CMOS arrays have largely
overcome these shortcomings and have led to the
emergence of modern sensors comparable to the CCD
arrays in sensitivity and noise level, which, together
with a large frame frequency, make them indispensable
for a huge number of applications.

The family of high-speed CMOS sensors with a
frame shutter has a resolution from VGA to 20 million
pixels. The sensors consist of arrays of conveyor-type
pixels with a «frame» shutter, allowing exposure
during the reading of the previous frame, as well as
performing double correlated sampling (DCS), which
significantly reduces the proportion of noise and dark
currents in the useful signal. A distinctive feature
of modern CMOS sensors is their ultra-high frame
frequency at full resolution and the possibility of its
increase through partial reading, window mode and
sub-sampling mode.

The readout circuit consists of LVDS digital serial
outputs. The sensor includes an amplifier with a
programmable gain and has the ability to adjust the
offset. All settings are typically made through the SPI
serial peripheral interface. The internal clock generates
the synchronization signals necessary for reading and
controlling the exposure. External exposure control
is also possible. Depending on the model, the sensors
support 8-, 10- and/or 12-bit ADC.

Distinctive features of the CMOS sensors:

« high frame rate;

 ability to highlight several areas of interest;

*  built-in PLL (phase locked loop);

¢ built-in temperature sensor;

e Dbuilt-in clock generator;

e SPIinterface;

« monochrome and color versions.

The CMOS sensors are widely used in the following
areas:

» machine vision;
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3KCIIO3HIIMIO BO BpeMs CYMTHIBAHHS IIPEIbIAYIIEro
KaJlpa, a TaKKe OCYIIeCTB/ISITh JBOMHYIO KOPPeIHpO-
BaHHYIO BBIOOPKY ([JKB), 3HAYHUTENTBHO yMeEHBIIAI0-
Iy OO0 IIYMOB M TEeMHOBBIX TOKOB B II0JIE3HOM
curHane. OTIMYUTEIbHOH 4YepTOHM COBPeMeHHBIX
KMOII-ceHCOpOB ABJISETCS UX CBEPXBBICOKAS KapoBas
YacToTa IIPH [IOJIHOM pa3pellleHUH K BO3MOXKHOCTb ee
yBeJIMYEHUS IIOCPEeJCTBOM YaCTUYHOIO CYMTHIBAHMS,
OKOHHOTO Pe’KMMa 1 PeXKHMa Cy6IHCKpeTH3allkH.

CxeMa CYMTBIBAHHS COCTOMT M3 LIMPPOBBIX I1OCIIe-
JIoBaTe/IbHBIX BEIX0MOB LVDS. CeHCoOp BKIIOYAET B cebs
YCUJIUTEAb C IPOrpaMMHPyeMbIM KO3QOUIIMEHTOM
YCHJIEHUS U MMeeT BO3MOKHOCTh PeryJIMpOBKH CMe-
IleHHs. Bce HACTPOKKHM, KaK IIPaBUJIO, IPOU3BOISTCS
4Jepe3 IIOC/Ae0BaTeNbHBIN IepUPEepPUHHBIN HHTEp-
deric SPI. BHYTpeHHHUM TAaKTOBBIK FeHepaTop BblIaeT
CUTHQJIBl CHHXPOHH3ALNH, HeOOXOAMBIe /IS CIUThI-
BaHUS U YIIpaBJIeHHUs 3KCIIO3UIIKel. BHelllHee yIIpaB-
JeHHe 3KCIIO3UIHel TakKe BO3MOXKHO. B 3aBHCHMO-
CTH OT MOJI@JIH CeHCOPHI [TOALePKUBAIOT 8-, 10- 1/ unu
12-6utHbIT ALIII.

OTnnuuTenpHble 0cobeHHOCTH KMOII-ceHCOpOoB:

*  BBICOKas 4acCTOTa KaZpoB;

* BO3MOXKHOCTb BBIJe/IeHHSI HeCKOJbKHUX obJa-

CTel MHTepeca;
e BcTpoeHHass PAITY (pa3oBasi aBTOMOICTPOMKA
YaCTOTBHI);

*  BCTPOEHHBIH JATUHMK TeMIIepaTypHl;

*  BCTPOEHHBIH TaKTOBBIK F€HepaTop;

e uHTepderic SPI;

* MOHOXPOMHas U LIBeTHAas BEPCHH.

KMOII-ceHCOpbl HaxXO0OAT IIHMPOKOE IIPHMeEHeHHe

B CJIefyIOIIHX 00/1acTsIX:

* MaIIMHHOE 3peHHue;

* BBICOKOCKOPOCTHOM KOHTPOJIb;
* TeJleBellaHue;

* a3poPOTOCHEMKA;

* KOCMOC/aCTPOHOMHMS;

* BUJeoHabIOgeHHe.

s cpaBHEHUS IIPHUBeAeM XapaKTePUCTUKUA Hau-
6osee BBICOKOKAYECTBEHHBIX MATPHUIL], CO3LAHHBIX
10 I13C- u KMOII-TexHonorusam (cM. tabi. 1).

Martpuna KAI-02050 cosgana 1o I13C TexXHOJIOrHH,
rMeeT 4 BbIxofa (A/si obecriedyeHHs BBICOKOK KaJlpo-
BOM YacTOTBI) M, COOTBETCTBEHHO, TpebyeT deThipe ALIII,
MHOI'O JPaKBepoB ISl YIIpaBIeHUsI pasaMHU MaTpHLIBL,
HECKOJIBKO HCTOYHUKOB ITUTaHUS IS obecriedeHHs
paboTel MaTpHLbl. KpoMme TOro, ee UyBCTBUTEIBHOCTH
ycTymaeT MaTprLe EV76C560.

Martpuna EV76C560 ¢upmbl E2V IIpU HCIIBITAHUAX
IIOKa3ajia CIeAyIOIIHe Pe3y/IbTaThl: IIPH OCBEIEHHOCTH
B IIJIOCKOCTH MAaTPHIIBI 51073 JIK OTHOIIEHUe CUTHAJI-
mym S/N=4 ripu 5Kcriosunuu 40 Mc. B JaHHOM MaTpHULie
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« high-speed control;

 television broadcasting;

« aerial photography;

e space/astronomy;

e CTCV.

For comparison, we give the characteristics of the
most high-quality arrays created by CCD and CMOS
technologies (see Table 1).

The KAI-02050 array was created using CCD
technology, it has 4 outputs (to ensure a high frame
rate) and, therefore, requires four ADCs, many
drivers for controlling the phases of the array, and
several power sources for the operation of the array.
Furthermore, its sensitivity is inferior to the EV76C560
array.

The EV76C560 array (by E76V) when tested, showed
the following results: when the illumination in the
array plane is 5-1073 lux, the signal-to-noise ratio
S/N=4 with an exposure of 40 ms. This array also has
a possibility to use 2 different methods of reading the
signal from the array - the so-called Global shutter and
Rolling shutter.

The Global shutter is the reading of the charge from
all pixels of the array at the same time, and the Rolling
shutter is the sequential reading of lines of the array.
Therefore, if there is a moving object in the frame, the
exposure of the Global shutter type will be a «slur», the
value of which depends on the speed of the observed
object and the exposure time, and with the Rolling
shutter type of exposure, the object will be distorted
geometrically, since its different parts will be read at
different times.

However, with a rolling shutter in a CMOS array,
the noise is substantially less (signal-to-noise ratio
S/N=8 at illumination of 51073 lux and exposure at 40
ms). The reading modes are switched by commands via
the serial interface with the array during operation.

Also, a binning mode was introduced in this
array (combining four adjacent pixels into one) for
the first time for arrays manufactured using CMOS
technology. This provides in low light conditions
increased sensitivity by reducing the spatial resolution
by half.

The sensitivity level of this array in the binning
and the Rolling shutter mode approaches the
characteristics of the most sensitive CCD arrays (e.g.,
SONYICX429ALL arrays).

Our tests performed using CMV4000 array by
CMOSIS showed that the sensitivity of this array
is somewhat inferior to that of the EV76C560array,
besides, there is no binning mode and Rolling shutter
in this array, but this array allows forming an image
with a frequency of up to 180 fps.
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Tabnumua 1. XapakTepncTmkm Hanbonee BbICOKOKAYeCTBEHHbIX MaTpULL, CO34aHHbIX M0 M3C- 1 KMOTMM-TexHOA0rnsam
Table 1. Characteristics of the most high-quality arrays created using CCD and CMOS technologies

dunpma- ®opmart Pasmep nukcena, Anarouans, YacToTa kagpos
npou3BoAUTENb TTyMpne Téi':}?}g?gg: MaTpULLbI . MKM Diaggﬂnal (fps)

Manufacturer Array format Pixel size, micron _ ’ Frame rate (fps)
SONY IMX174 KMOTMM / CMOS 1920x1200 5,86%5,86 13,4 128
SONY ICX445 Mn3C/Cccb 1280%960 3,75%3,75 6 25
SONY ICX625 Mn3c/Cccb 2448 %2050 3,45x%3,45 11 43
KODAK KAI-02050 M3C/CCcb 1600x1200 5,5x5,5 11 60
E2V EV76C560 KMOMM / CMOS 1280x1024 5,3x5,3 8,7 60
TRUESEHSE KAI-02150 Mn3C/Cccb 1920%x1080 5,5%5,5 12,1 64
TRUESEHSE KAI-04070 Mn3c/Cccb 2048x2048 74x74 21,4 28
CMOSIS CMV4000 KMOM / CMOS 2048x%x2048 5,5%x5,5 15,8 180
CYPRESS VITA5000 KMOTMM / CMOS 2592x2048 4,8x4,8 20,2 75

€CTb BO3MOYKHOCTB TaK’Ke HCITI0JIb30BaTh 2 Pa3HBIX METOIA Based on the analysis of the above materials, it is

CYMTHIBAHMS CUTHAJIA C MATPHLBI — TaK Ha3bIBaeMbIe
peskuMel Clobal shutter u Rolling shutter.

Global shutter - »3To cumTbiBaHHe 3apsnaa
CO BCeX IIMKCeJI0B MATPHIBl OJHOBPEMEHHO,
a Rolling shutter - 3to mocnemoBaTenpHOE CUUTHIBA-
HHe CTPOK MarTpuipl. CleqoBaTeqpHO, NPHU HAIH-
YUK JBIDKYIIErocsi o6beKTa B KaJpe IIPU 3KCIIO3HU-
uuu Ttuna Global shutter 6ymer «cmas», BenuunHa
KOTOPOTO 3aBUCHUT OT CKOPOCTH 06beKTa HabII0meHHU S
U BpeMeHHU 3KCIO3ULIMH, a IIPU SKCIO3HULMHU THUIIA
Rolling shutter o6BexT b6ymeT MCKakeH reoMeTprye-
CKH, T.K. pa3’Hble ero 4acTH OyAayT CUMTaHBI B pa3-
HOe BpeMs.

Opnako mpu Rolling shutter B KMOII-MaTtpulie
CyIIeCTBEHHO MeHblIIe IyM (OTHOIIeHHe CUTHa / IIyM
S/N=8 mnpu oOCBelleHHOCTH 5103 JIK U SKCIO3HU-
uy 40 MC). PeKMMBI CYUTBIBAHUS I1ePeKII0YAI0TCS
KOMaH/JaMH II0 IIOCTIeI0OBaTeIbBHOMY HHTepercy
C MaTpHLEH B ITpoLiecce paboTsl.

Taxke B 3TOM MaTpHlle BIIepBble I MaTpHII,
U3roTtoBieHHbIXx 110 KMOII-TexHO/TOTUM, BBeOeH
pekuM OUHHMHTA (0OBefHHeHHe UYeThipeX PsooM
PaCIIONIOKeHHBIX ITHKCENIOB B OOHH). JTo obecrequ-
BaeT B YCIOBHSX HU3KOHM OCBELIeHHOCTH ITOBBIIIEHHE
YYBCTBUTEJBHOCTH 3a C4YeT YMEHBIIEHUS ITPOCTpPaH-
CTBEHHOTO pa3pelleHHUs B IBa pa3a.

YpoBeHb UYBCTBUTEJBHOCTH 3TOM MaTPHUIIBL
B pexkuMe 6uHHMHTA U Rollig shutter mpubnu-
SKaeTcsl K XapaKTepUCTHKaM Haubonee YyBCTBH-
TenpHbIx I[I13C MaTpul (HampuMep, MaTpHIIBL
SONYICX429ALL).

advisable to use the CMV4000ES-3ESM1PP CMOS array
and color CMV4000ES-3E5CIPP array, respectively, in
the television camera for the hyperspectral channel.
Tab. 2 shows the main technical characteristics of
CMV4000ES CMOS-array.

;
‘ KaMmepa TenreBU3HOHHAS |
i o '
' Television camera !
i
i
i

BusieoceHCOp
MaTtpuiia CMV4000
Video sensor array

1udpoBOI BULEOCHTHA
> Digital video signal

Mogyns nHudpoBOH
06paboTku
Digital processing
module

.
l

: Q AHaJIOTOBBIH BUAEOCUTHAJT
3 Analogue video signal

l

<—f— CHUTHAaJIBI YIIPABIE€HUS

' Control signals

i

Mogyns IUTaHUS
Poennoaun 5 OT UCTOYHHKA [IUTAHUS

| From power supply source

Puc. 7. CmpykmypHas cxema Kamepbl menegu3uoHHOL
Fig. 7. Television camera structural scheme
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[IpoBeseHHBIE HAMH HKCIIBITA"
HUs MaTpulel CMV4000 ¢pupmbl
CMOSIS T1okasajgu, YTO YYB-
CTBUTE/IIBHOCTb 3TOM MAaTPHLIBI
HeCKOJIBKO YCTyIIaeT MaTpHIle
EV76C560, xpome TOro, peskMMOB
6unHuHra U Rollingshutter B 3o
MaTpHulle He HMeeTCs, OJHAKO
3Ta MaTpHulla I103BOJisLeT GOpMU-
poBaTh M300paskeHHEe C YacTOTOM
1o 180 xazp/c.

Ha ocHOBaHMM aHa/iK3a BhIIIE-
NIpUBEIEHHBIX MaTepHaJIoB Lieje-
coobpasHO B TeleBU3HOHHOM
KaMepe [ THIePCIeKTpaib-
HOTO KaHaj1a npuMeHUTb KMOII-
matpuny CMV4000ES-3E5M1PP
u upetHyro CMV4000ES-3E5CIPP
COOTBeTCTBeHHO. B Tabn. 2 mpu-
BeJleHbl OCHOBHbIE TeXHHYeCKHe
XapakTepucTUKU KMOII-MaTpHUIIbI
CMV4000ES.

AHaNN3 CTpYKTYPHOW CXeMbl
KamMmepbl Te/1eBUSUOHHOWM
Huke mpHBefeHO OIMCAaHHE pas-
paboTtaHHOM HaMu Iyt paboTsl
B COCTaBe TIHIIepCIeKTpoMeTpa
TeJIeBU3MOHHOMN KaMepHl.
CTpyKTypHas cxeMa KaMepbl
TesnieBU3nOHHON (KT) m3obpaskeHa
Ha puc. 7.
Kamepa TeJleBU3HMOHHAA
COCTOMT M3 CJIeAYIOIIHUX MOJY/IeH
*  BHJEOCEHCOpa;
e Momyns UHOpoBoK obpa-
6otku (MIIO);
*  MOAYJS IIMTAHUS.
BupeoceHcOp IpencTaBisieT
coboll MaTpu4yHoe QOTOIpUEM-
Hoe ycTporcTtBo (MQIIY), pabo-
Tamllee B BUAWMOM [HaIla30He
onuH BojaH 0,4-1,0 MKM. B Kaye-
CTBE BMJIEO0CeHCOpPAa MCIIOJb3Y-
ercs KMOII-matpuua CMV4000
dopmaToMm 2048x2048 mHKcenoB
dupmer CMOSIS (Benbrus).
BupeoceHcOp Ha MaTpHlLe
CMV4000 ocymecTBasieT mpeob-
pasoBaHue H300pakeHHUS C POTO-
YYBCTBUTE/NIbPHOU IIOBEPXHOCTH
MaTpULBl B MacCHUB LIUPPOBBIX
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Tabnunua 2. OCHOBHble TEXHMYECKME XapaKTepucTmkm KMOM-

maTpuubl CMV4000ES

Table 2. Main technical characteristics of CMOS array (CMV4000ES)

[MapameTp

Parameter

YnCI0 aKTUBHbIX MUKCENO0B

3HayeHune
Value

Frame frequency, fps

Number of active pixels 2048x2048
Pasmep nukcena, MKm

Pixel size, pm 2:5%3.3
YacToTa KaapoB., kagp/c 180

BbIXxogHOW MHTepdenc
Outputinterface

16 BbIxogoB LVDS
16 LVDS outputs

BuaeoBbIXos
Video output

10-pa3pagHbin ALM
npuyactote 180 kaap/c
10-bit ADCat 180 fps

YrnpasneHue no kafjpam u cTpokam

Power consumption, mwW

Frame and line control LVDS
YyBCTBUTENBHOCTb, B/ K- C 556
Sensitivity, V/Ix-s !
TeMHOBOW LWyM, e~

X 4 13
Dark noise, e
TeMHOBOW TOK, e~/ ¢

_ 125

Dark current, e”/s
JnHamunyeckuin ananasoH, ab

. 60
Dynamicrange, dB
KoaddpuruneHT npeocbpasoBaHus,
MA. pa3psa/e” 0,075
Conversion factor, min discharges/e~
YpoBeHb cUrHana, B 33
Signal strength, V '
ﬂapa;v!THaﬂ CBETOHYBCTBUTE/NILHOCT 1/50000
Parasitic sensitivity
MoTpebnsiemas MOWHOCTb, MBT 600

Kopnyc Kepamunyecknm PGA 95 BbIBOAOB
Housing Ceramic PGA 95-pin
BHYTPEeHHWNI TaKTOBbIV FreHepaTop EcTb

Internal clock Availbale

BHYTPeHHUI AaT4MK TeMnepaTypbl EcTb

Internal temperature sensor Available




RRRRR RN RN R N R R R RN R R R NN AR R RN NN R A AR RN RN
I OPTICAL ELECTRONIC SYSTEMS & COMPLEXES m
RRRRR RN RN R N R R R RN R R R NN AR R RN NN R A AR RN RN o

JAaHHBIX, KOTOPBIN Jlaee mocTymaoT B moaynb nud- || The analysis of the structural diagram of the
POBO¥1 06PabOTKH. television camera
Mopyne nndposort obpaborku (MLIO) obecrieun- || Belowisadescriptionof thetelevision cameradeveloped
BaeT PeaIM3aLIUIO CTIeAYIOUHNX QYHKIIMI: by us for operation within a hyperspectrometer.
* BBOJ LMUOPOBBIX [JaHHBIX, IIOCTYMIAOIIHX The structural diagram of the television camera
OT BU,E0CEHCOPa; (TC) is shown in Fig. 7
* 00paboTKy CUTHA/IOB OT BHUJIEOCEHCOpa U IIpeob- The television camera consists of the following
pasoBaHUe UX B TpebyeMbiil popmart r3obpaxe- || modules:

HUsI [IPU [Iepefiaye ITUKCeN B ITUKCeTT; + video sensor;
e GopMHpOBaHHEe BBIXOJHOrO LIUPPOBOro BHUIE- + digital processing module (DPM);
OCHTHAaJ/Ia, BBILABAEMOIO C YaCTOTOM KaJpoB » power module.

50 I'g mo 5 LVDS mapaM, HCIIO/Ib3ys IIPOTOKOJI The video sensor is an array photodetector
Base Camera Link; (APD) operating in the visible wavelength range of
* QopMHpOBaHHE CTAHIAPTHOIO aHaJ/IOTOBOIO 0.4-1.0 pm. The CMOS array is used as a video sensor
BULeocurHasa o FOCT 7845-92 Ha BUI€OBBIXOI (CMV4000, format of 2048x2048 pixels by CMOSIS
Ipu Harpyske (75+7,5) OM mius TexHonorude- || (Belgium)).
CKUX LIeJIeH ; The CMV4000 array video sensor transforms the
e PerylIMpoBKy BpeMeHHM HaKoIIeHHs Bufe- || image from the photosensitive surface of the array
ouHpopMaLuu B  pyd-
HOM M aBTOMAaTH4eckoM  Ta6amua 3. OCHOBHbIe TEXHUYECKME XapaKTePUCTUKM KaMepbl TeNeBU3NOHHOM
pekuMe; Table 3. Main technical characteristics of the television camera
: BOSMOXKHOCTE  M3MEHEHI HanmeHoBaHwe napametpa 3HayeHwne
[IOJIOKEHHA M pasMepa Parameter Value
OKHa BHUJIEOIAHHBIX;
*  BCTPOEHHBIM  KOHTPOJb
TOTOBHOCTH;
e  JOIOJHMUTeNbHYW  obpa-
60TKy H306paskeHU .
MIIO BrImonHeH Ha 6a3e ITJIHUC
CYCLONEIII ¢upmbr  ALTERA,

Yncno GoToUYBCTBUTENbHbLIX 31€MEHTOB GOTOHYBCTBUTE/b-
HOro NONS, He MeHee

Number of photosensitive elements of the photosensitive
field, not less

2048x2048

Pasmep GOTOUYBCTBUTEILHOO MO/, MM

Size of photosensitive field, mm 11,264x 11,264

obecrieunBapmel TH6KO mpo- P;3mepqJOToquCTBv!Tganoro3neMQHTa,MKM 5.5x5.5
Size of the photosensitive element, microns

TpaMMHUDPYEMYIO JIOTUKY YyIIpaB-

JIeHUs TelleBU3MOHHOHM KaMepou MHTepdenc BbiBOAA LMPOBOro
BuaeocurHana Cameralink

1 HeobXxomuMy0 06paboTKy cHr-

Digital video signal output interface
Hasa. [ToHMKeHHOe moTpebieHMe

FOCT 7845-92

II0 CPAaBHEHUIO C IIpelbIIyLIHMU
riokosieHus MU ITJIMC (CYCLONEI)
obecrieurBaeT HeobXoIUuMBbII

- ’ WHTepdenc ynpaBneHus CAN2.0
TeIIJIOBOM PEKUM TeJIeBH3HOHHOK Control interface ’
KAMEpEI. YacToTa KaZLpoB NpOrpeccuMBHOM pasBepTKu, My,

B IUIMC peanusyroTcs Bce Progressive scan frame rate, Hz >0
BUIBl 00paboTku curHana, byde-
pI/ISa.LII/Iﬂ IAHHBIX B O3y, qu)_ ,fl,.VIIc':'\]I;IaB'OHOCIBELIJ,EHHOCTI/I,I'IK 0,25-700
| range, Iux
pOBBIe CUTHaJ/IBI  yIIpaBJIeHHS - -
BUEOCEHCOPOM. CneKkTpanbHbLIV AManasoH, HM 400-1000
Ha IUIMC peanusoBaHo ympap- | ~Pectralrange,nm
nenure IAIl s BBIBOJA aHAIO- HanpsskeHune nuTanus, B 5922
TOBOTO TeJIeBU3WOHHOIO0 CUTHala Power supply, V
no T'OCT 7845-92 udpoBoro
» uudp [fabapuTHbIe pa3Mmepbl, MM, He 6onee 58x58x48
BUJEOCHTHaMA 10 5 LVDS mapam, Dimensions, mm, maximum
KCIIONB3ysl IIPOTOKOI B dopmare
Cameralink. IUIMC Ttakke mpu- | Macca, kr Hebonee 0,22

HHMaeT YIPaBISAIYI0 HHPOpMa-

®opmarT BblBOAA aHaI0r0BOro BUAeOCUIHaNa
Analog video signal output format

GOST 7845-92

Weight, kg, maximum
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LIKIO OT COIPSIraeMoro obOpyIOBaHMUS U BBLAAET Tejle-
MeTpHIo 1o uHTepdericy CAN2.0b.

Mopaynb NUTaHUS, pa3MellaeMbIN B Kamepe, dop-
MHUPYeT BTOPUUYHBIe HCTOYHHUKH AJI 3/TeKTPOIIUTaHHU S
IUIUC, maTtpuusl, O3V, I13Y, ALII, nudpoBoHr U aHa-
JIOTOBOM YacCTH TeJeBU3HMOHHON Kamephl. Monyib
IIUTaHUs obecriedrBaeT BBIXOAHBIE CTAOMIN3HPOBAH-
Hble HAIPsSDKeHUS A1 NMUTAaHHS COCTaBHBIX 4acTel
KaMephl TeJIeBU3HOHHON IIPU BXOLHOM HaIlpsDKeHUHU
OUTaHus 22-29 B.

Mopnynp IMMTaHHS HMeeT rajlbBaHHYeCKyl pas-
BSI3KY I10 BXOAYy, QUILTP CMH(A3HBIX IIOMEeX H BBIXOJ-
Hble GUIBTPBI.OCHOBHBIE TeXHHUUYEeCKHe XapaKTe-
PUCTUKH KaMepbl TeJleBU3HOHHOM IIpHUBeJeHbl
B TabI1. 3.

B3anmopgencreme c conpsraeMmbiMu
n3pgennamum

BrixogHo MHbopmanuei KT saBisercs HHUPPOBOU
M aHaJIOTOBBIM BH/IEOCHTHA/l HM300paskeHUs, BbIAA-
BaeMBIH IO 5-TH mapam LVDS, c uCI0/1b30BaHHEM
nporokosa Base Camera Link u TOCT 7845-92 coot-
BeTCTBEHHO. AHAJIOTOBBIM BHUJEOCHUTHAJI MCIIOJb3Y-
eTCsl [J151 TeXHOJIOTHYeCKHUX Lie/Ien.

YnpaBneHue pexkxuMaMu paboTel KT U pexu-
MaMH BBIBOJA BHIEOMHPOPMALIMH OCYILECTBIIS-
eTCsl 110 BHEeHNIHUMM KOMaHJaM (CHUTHajlaM), IOCTy-
MaoMUM II0 IudpoBoMy uHTepdericy CAN2.0b
cornmacHo 1SO-11898 (ympaBieHHe peXXHMaMU
paborsl KT BO3MOSKHO OCYIIeCTBISATh IO LHPO-
BOMY IIOC/IefjoBaTeJIbHOMY HHTepdericy RS-485).
Hudopmanuga o coctosHUU KT (curHanpl rOTOB-
HOCTH, MCIPAaBHOCTH W T.J.) BBIJAETCS B ONTHKO-
3JIeKTPOHHYIO CUCTeMY I10 LHPPOBOMY UHTepderncy
CAN2.0b.

I GOpMHPOBAHMS BBIXOLHOIO BHUAEOCHMIHAJIA
B pekHMe BHeIIHer CHHXpoHMU3aluu B KT oT BHeIlI-
Hel amnapaTypbl IIOCTYIAalOT CHHXPOHMIIYJIbCHI
C IIepHOOM IIOBTOPeHHM He MeHee 10 Mc.

Hutepderic LVDS (Low Voltage Differential
Signaling - HM3KOBOJNBTHHIN AUdPdepeHIIHAD-
HBIM CHUTHAJI) HCHOO/Ab3yeT AHUbdepeHIIUANBHYIO
rnepefavyy CUMIHa/JIOB C MajJbIMU CHUTHAJIbHBIMU
ypoBHsiMH. Hanbosnee wacto LVDS- mepegaTduk
U NPHEeMHUK MCIIONB3YIOTCA B KOHQUIYpaLUHU
TOYKa- TOYKaA.

HuTepderic LVDS obecreunBaeT BBICOKYIO CKO-
POCTh IHepemauyu JAaHHBIX. AMIIIMTyOa OJupoepeH-
IIMAa/IPHOTO CHMTHajla paBHa 350 MB, 4To mo3BojseT
coenath 6onee peskre GPOHTHI CUTHAJIOB U Teope-
THYECKH BO3MOXKHYI CKOPOCTH Ilepefadyu AaHHBIX
1,923 I'6uTt/cex B cpeme 6e3 moTepb. DTOT HHTEP-
deric HedyyBCTBUTeNIeH K CHHQA3HBIM HaBOJKaM
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into a digital data array, which is then passed to the
digital processing module.

The digital processing module (DPM) provides the
following functions:

« input of digital data from the video sensor;

« processing signals from the video sensor and
converting them into the required image format
when transferring a pixel to a pixel;

« formation of the output digital video signal
output with a frame rate of 50 Hz in 5 LVDS
pairs using the Base Camera Link protocol;

« formation of a standard analog video signal
according to GOST 7845-92 on the video output
under load (75+7.5) Ohms for technological
purposes;

« adjustment of the time of accumulation of video
information in manual and automatic mode;

+ ability to change the position and size of the
video window;

e Dbuilt-in readiness control;

+ additional image processing.

The DPM is made on the basis of FPGA CYCLONEIII
(ALTERA), which provides a flexibly programmable
logic control of a television camera and the necessary
signal processing. Reduced consumption compared
with previous generations of FPCAs (CYCLONEII)
provides the necessary thermal regime of a television
camera.

The FPGA implements all types of signal processing,
data buffering in RAM, digital video sensor control
signals.

The DAC control is implemented on the FPGA
to output an analog television signal according to
GOST 7845-92, digital video signal over 5 LVDS pairs,
using a protocol in the CameraLink format. The FPCA
also receives control information from the mating
equipment and provides telemetry via the CAN2.0b
interface.

The power module, located in the chamber, forms
the secondary power sources for the power supply
of the FPCA, array, RAM, ROM, ADC, digital and
analogue parts of the television camera. The power
supply module provides output stabilized voltage to
power the components of the television camera at an
input supply voltage of 22-29 V.

The power module is galvanically isolated at the
input, the common mode filter and output filters. The
main technical characteristics of the television camera
are given in Table. 3

Interaction with mating devices
The output information of the TC is digital and
analog video signal of an image, output over LVDS5
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oo *x1 B Ha nuddepeHIManbHBIe BXOAbl. TaKk Kak
LVDS wucronb3yeT IHpH Iepesavye MHPOpMaALIUH
PEeKMM IIepeKIIYeHMs TOKa, TO IPH IIPOEKTHPO-
BaHUU YCTPOMCTB HeobxooumMo ocoboe BHHMaHHe
yOeNdaTh 3HEProeMKOCTH H 3J1eKTPOMAarHUTHBIM
HaBOJKaM Ha COCeJHHEe IIMHBI, YTO SBJISETCS IljIa~
TOI 33 CKOPOCTb.

[lepesaTyuK ymnpabiasieT OUPepeHLHANbHOMU
TUHHUEeH. B JIMHUIO BBIJAETCS TOKOBAasl IIOCHIIKA
c TokoM 3,5 MA. Harpyskoud /JHHHH CIyXKaT
napauleJibHO BKJIIOUYeHHble NUPPepeHIIUaIbHBIH
LVDS-npuemHuKk u 100 Om pesucrop. CaM mpu-
€MHHK HMeeT BBICOKOe BXOJHOEe COIIPOTHBIIEHHE,
1 OCHOBHOe GOPMHPOBaHHE CHUTHAja IIPOUCXONUT
Ha Harpy3o4yHoM pesucTope. IIpu Toke THHHH 3,5
MA Ha HeM QopMHUpyeTCsa IaJeHHe HaIPsSKeHUS
350 mMB, KoTOpoe M METeKTHUPYEeTCS HPHEMHHUKOM.
IIpy1 mepexaOYeHUH HaIlpaBJIeHHS TOKa B JIMHUU
MeHSeTCs IIOJSPHOCTh HaIpPsKeHMs Ha Harpysou-
HOM pe3ucTope, QOPMHUPYS COCTOSHUS JIOTHYECKOTO
HYJISI K JIOTUYeCKOM eJHHHUIIBL.

Mcmonp3yemass cxema Iepefadyd HMeeT ILe/blU
psAn mpeMMyllecTB. LVDS-uHTepderic MMeeT BBICO-
KyI0 CKOpPOCTb Ilepefayd OaHHBIX. OmnpepesieHHas
CTaHZAPTOM MaKCHMaJibHasi CKOPOCTh COCTaBIsgeT
oo 622 M6wurt/c, 4To CPaBHUMO C OIITUYECKHM
uHTepdericom. IIpu 3TOM peanbHOe OBICTPOZeEN-
crBue LVDS-KaHama OrpaHUYMBAETCS OBYMS GaKTO-
PaMM: CKOPOCTBIO II0JAYM U CheMa AAHHBIX U I1apa-
MeTpaMU Cpefbl IlepeJayu.

Hcrmonb3yeMelll AuddepeHIMANTbHBIN MeTO[,
rnepegavyy CMTHA/JIOB I103BOJIIeT MaKCHMAJIbHO CHH-~
3UTh BAMSAHHE BHEIIHUX HABOAOK. Majoe M3MeHe-
HHe HaIps>KeHUs, CHMMETPUYHBIe JIMHUH IIepe-
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pairs using the Base Camera Link protocol and
GOST 7845-92, respectively. Analog video signal is used
for technological purposes.

The control of the TC operating modes and the
output modes of the video information is carried
out by external commands (signals) received from
the CAN2.0b digital interface using 1SO-11898 (It is
possible to control the operating modes of the TC via
the digital RS-485 serial interface). Information on
the state of the TC (readiness signals, health, etc.) is
output to the opto-electronic system via the CAN2.0b
digital interface.

In order to form the output video signal in the
external synchronization mode, clock pulses with a
repetition period of at least 10 ms are sent to the TC
from the external equipment.

The LVDS (Low Voltage Differential Signaling)
interface uses differential signaling with low signal
levels. Most commonly, LVDS transmitter and receiver
are used in a point-to-point configuration.

The LVDS interface provides high speed data
transfer. The amplitude of the differential signal is
350 mV, which makes it possible to make sharper
fronts of signals and a theoretically possible data
transfer rate of 1.923 Cbit/s in a lossless environment.
This interface is insensitive to common mode pickups
up to 1 V to differential inputs. Since LVDS uses
the current switching mode when transmitting
information, it is necessary to pay special attention to
power consumption and electromagnetic pickups on
adjacent buses when designing devices, which is the
price of speed.

The transmitter controls the differential line. A
marking impulse with a current of 3.5 mA is output
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Ja4dMd U HHU3KOe HapacTaHMue HampskeHHUs (1 B/HC)
06yCI0BIMBAIOT MaJIbIF YPOBEHb HABOJOK OT CAMOI0
HHTepderica. B cBoo odepeib, Majbld ypPOBeHb
IIepeKPeCTHhIX HAaBOLOK M HH3Kasg YYBCTBUTE/b-
HOCTb K BHELIIHHMM HAaBOAKAM II03BOJISIOT KCIIO/Ib-
30BaTh BBICOKYIO IIJIOTHOCTb COeJUHEHHI KaK Ha
[leYaTHOM IIaTe, Tak U B Kaberme. Merop mepe-
Jayu LVDS He 3aBHUCHUT OT HANPSKeHUS MHUTAHUSA
u paboTaeT mpu HaNpsDKeHUHM NHUTaHUS Iepefart-
YKMKa U IIpUeMHHKa 5 B, 3 B unu 2,5 B. [Ipu sTom
COMpsDKeHHe YCTPOMCTB C Pa3sHBIM HaIPSUKeHHEM
MIUTAHUS He SB/ISeTCS NPobrieMo.

Hcmonb3yeMBI MeTOH Ilepefadd I103BOJIsIeT
Takke CyIleCTBEHHO CHH3UTb D3Hepromnorpebie-
HHe HHTepderica. Ha 100 Om Harpyske LVDS npu
nageHuy HanpsoskeHus 400 MB coctasiser 1,2 MBT.
s cpaBHeHUs, uHTepderc RS-422 nMeeT paccenBa-
@MY MOIIHOCTh Ha Harpys3Ke mopsaka 90 mMBt, 4To
B 75 pa3 bosnbmie.

Cinenyer OTMETHUTh M IIPOCTOTY TePMHHHPOBa-
HUS CUTHAIBHBIX LVDS-THHUE - 11 3TOro Tpeby-
eTCsl BCero OJHWH Pe3HCTOp A1 KasKIOM IIaphl, U BCe.
Jng cpaBHeHHs, APYrhe CKOPOCTHBIE MeTOJbl Tpe-
OyoT Iapel Pe3UCTOPOB, OAMH M3 KOTOPBIX IIOJ-
K/II04YaeTcsl Ha 3eMJ/II0, a BTOPOM K IIMTaHHUIO, IIPU-
4YeM 3a4acTylo He HAIIPSIMYIO, a Yepe3 CIelMaJbHBIN
HWCTOYHHUK.

Ludposout untepderic Cameralink, ocHoBaHHBIN
Ha uHTepderice LVDS, mpencraBiseT cobor mocie-
OOBaTe/lbHBIM IIPOTOKOJ IlepefayM [OaHHBIX, pas-
paboTaHHBIM /s 33aa4y MAIIMHHOIO 3peHHs. [ua-
IIa30H 4acToT MHTepderica Camera Link mo3Bonser
paboTaTh ¢ KamMepaMH, paspellaiomiasi CIIOCOOHOCTh
KOTOPBHIX [JOCTHIAaeT MerallMKCeJI0B, a CKOPOCTh -
HECKOJIBKMX COTeH KaJpoB B CekyHAy. s Kamep,
PacCUMTAaHHBIX Ha IIPOIYCKHYIO CIIOCOOHOCTDb KaHa/Ia
100-850 M6ant/c, peKOMeHIYyeTCsl HKCIIONb30BaTh
CTaHJApPTH30BaHHBIN HHTepderic Camera Link.

ITockonbky Camera Link 6p11 paspaboTan crenu-
AJIBHO /11 KaMep MAIIMHHOTO 3PeHMs, OH rapaH-
THUPyeT O4YeHb BBICOKYI CKOPOCTb BHIEOCHTHaJaA,
IIPOCTOTY MCIIOJIb30BAHMS M COXPAaHHOCTh JaHHBIX.
HuTepderic Camera Link nmeeT Tpu BapuaHTa KOH-
durypanuu Base, Medium u Full. CkopocTs ast pas-
HBIX BAPHAHTOB KOHQHUIypaluu: Base - 255 Mbairt/c,
Medium - 510 Mbamut/c; Full - 850 M6ait/c.

HudopMmanroHHoe B3auMogencteue KT ¢ conps-
raeMbIMH CUCTEMaMH B COCTaBe FHUIIePCIIeKTPalbHOU
Kamepbl 0QOPMJISeTCS COOTBETCTBYIOMMMHU CXeMaMU
CBSI3ell M IPOTOKOJIAMM B3aHUMOJEHCTBHUS, OIlpele-
JSIOIMMU JIOTUKY B3aMMOJEHNCTBHS, ITapaMeTphl
Y CUTHQJIBI CBsI3€l, pa3pabaTeiBaeMBIMU U COTIacye-
MBIMH Ha 3Tare paspaborku K] [4-6].
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to the line. The load lines are parallel-connected
differential LVDS receiver and 100 Ohm resistor. The
receiver itself has a high input impedance, and the
main signal shaping occurs at the load resistor. When
the line current is 3.5 mA, a voltage drop of 350 mV
is formed, which is detected by the receiver. When
switching the direction of the current in the line, the
polarity of the voltage across the load resistor changes,
forming the states of a logical zero and a logical
unit.

The transmission scheme used has a number
of advantages. The LVDS interface has a high data
transfer rate. The maximum speed determined by the
standard is up to 622 Mbit/s, which is comparable
with the optical interface. At the same time, the
actual speed of the LVDS channel is limited by two
factors: the feed rate and data retrieval rate and the
transmission medium parameters.

The differential signaling method used allows
minimizing the effects of external interference. A
small voltage change, symmetrical transmission lines
and a low voltage rise (1 V/ns) cause a low level of
interference from the interface itself. In turn, the
low level of crosstalk and low sensitivity to external
pickups make it possible to use a high density of
connections both on the printed circuit board and in
the cable. The LVDS transmission method does not
depend on the supply voltage and operates at the
transmitter and receiver supply voltage of 5V, 3V or
2.5V. At the same time, pairing devices with different
supply voltages is not a problem.

The transmission method used also makes it
possible to significantly reduce the power consumption
of the interface. At 100 Ohms the LVDS load with a
voltage drop of 400 mV is 1.2 mW. For comparison, the
RS-422 interface has a power dissipation at a load of
about 90 mW, which is 75 times more.

The simplicity of the termination signal LVDS-lines
should also be noted: this requires only one resistor for
each pair, and that"s it. For comparison, other high-
speed methods require a pair of resistors, one of which
is connected to ground, and the second is connected to
the power supply, and often not directly, but through
a special source.

The Cameralink digital interface, based on the
LVDS interface, is a serial data transmission protocol
designed for machine vision tasks. The frequency
range of the Camera Link interface allows you to
work with cameras with the resolution reaching
megapixels, and the speed reaching several hundred
frames per second. For cameras designed for a channel
capacity of 100-850 MB/s, a standardized Camera Link
interface is recommended.
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DNneKTpONUTaHUe 1 OLeHKa 3HepronoTpebneHus
JnexktponuTaHue KT OCyIIeCTBAATECS IIOCTOSHHBIM
HaIpspkeHHeM OT 22 [0 29 B 0T MCTOYHHUKA IHUTAHUS
OCHOBHOr0 00bexTa. Ko3dpduiivieHT IIy/IbCALIMKM B LIEIH
IIUTaHUS 0T 22 10 29 B He 6onee 7,4%. MOLIHOCTE, IIOTpe-
6ssemast KT oT MCTOYHMKA [TMTaHUA — He 6osee 10 Br. KT
MMeeT 3alllMTy OT IIePerpy3oK B 3IeKTPUYEeCKUX LIeIIX
Y KOPOTKOIO 3aMBIKaHMS IPHU HeIIPaBUJIBHOM IIOJKIIIO-
YeHUH K UCTOYHHUKaM 3/1eKTPOITUTaHUS Liellell [TUTaHuUS.
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Since Camera Link was designed specifically
for machine vision cameras, it guarantees a very
high video speed, ease of use and data integrity. The
Camera Link interface has three configuration options,
Base, Medium and Full. The speed for different
configuration options: Base - 255 MB/s, Medium - 510
MB/s; Full - 850 MB/s [4 -6].

Informational interaction of TC with interfaced
systems in the composition of the hyperspectral
camera is made out by appropriate communication
schemes and interaction protocols defining the
interaction logic, communication parameters and
signals developed and coordinated during the design
phase of the design documentation [4-6].

Power supply and energy consumption
evaluation

The TC power supply is carried out with a constant
voltage from 22 to 29 V from the power source of the
main object. The ripple factor in the power circuit
from 22 to 29 V is not more than 7.4%. The power
consumed by the TC from the power source is not more
than 10 W.The TC has protection against overloads in
electrical circuits and short circuits, in case the power
supply circuits are not properly connected to power
supplies.
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