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PacyeT onTU4YeCcKOn CUCTEMbI AB/ISETCS

OCHOBHbIM 3Tanom B pa3paboTke CBeTOBOro
npubopa, NOCKOJIbKy onpepenseT He TO/IbKO
TexHu4yeckue, Ho U NOTpebuTeNbCKUe CBOMCTBA
paspabartbiBaemoro npubopa. NMpepctasneH o63op
Haun6oJiee N3BECTHbIX MPOrpaMMHbIX MPOAYKTOB ANS
CBETOTEXHMYECKOro NpoeKTUpPoBaHUSA. PacCMOTpeHbI
0CO6eHHOCTUN NOCTPOEHUSA MaTeMaTU4eCcKomn
MoAenu, NoJI0XKEeHHOW B OCHOBY MPOrpaMMHOro
komnnekca LightModeling, u npuHuUunbl ero pa6oTbl
Ha NpumMepe MOAEeNPOBaHUSA CBETOAUOAHOMN
BTOpUYHOM onTukuK. Co3pgaHbl Moaenu
NoBEepPXHOCTEWN, BbIMOJIHEHA TPACCUPOBKA /y4en

AN 3aJ,aHHOrO TMNA NOBEPXHOCTU C MOJIlyYeHUeM
doTOMeTpUuYeckoro Tena.

BBEOEHWUE

Hcrosnp30BaHHe CBETOBBIX NPHUOOPOB C BBICOKHUM
K03pHUIIMeHTOM II0JIe3HOTO0 [OeNCTBUS I[103BO-
JAsieT 3aMeTHO YBeIUYUTh 3PPeKTHUBHOCTh CBETO-
TeXHUYECKUX YCTAaHOBOK MAaCCOBOLO HCIIOIb30Ba-
HUSI U CHU3UTH IIPU 3TOM HX 3HepromnorpebieHue.
[TIo3TOMy IIpOeKTHPOBaHHEe CBeTOBBIX INPuOOpPOB
(CII) - Ba>kHAS M aKTyaJbHAs 3a/ada COBpeMeHHOH
CBEeTOTeXHHYECKON IPOMBIIIJIEHHOCTH. Pa3BuUTHe
TEeXHOJIOTUH CO3LAHUS CBETOBBIX MPUOOPOB B 3Ha-
YHTEe/JIbPHOU Mepe OIpeJle/sieTCsl COCTOSHUEM M pas-
BHTHEM MeETOLOB MX CBeTOTeXHHUYeCKOro pacyerta.
Pe3ysbTaThl TAKOTO pacyeTa BO MHOTOM OIIpele/IsioT
dbopMy U pasmeprl ONTHUYECKOM CHUCTEeMBl U BCEro
CII, a Takke ero CBeTOTeXHHUYECKHe IapaMeTphl,
CBSI3aHHBIE C YCTIOBUSIMU IIPUMeHeHHU s pubopa.
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systems and Management, Institute of Electronic and
Light Engineering, Ogarev National Research State
University of Mordovia, Saransk

The calculation of the optical system of a light device
determines not only its technical properties, but also
the consumer ones. The review of the most prominent
software products for lighting design is given. The
features of the Light Modeling software package

are considered using the example of designing LED
secondary optics using surface models, ray tracing
and calculation of a photometric body.

INTRODUCTION

The use of light devices with a high coefficient of
efficiency makes it possible to significantly increase
the efficiency of lighting equipment for mass use
and to reduce their energy consumption. Therefore,
the design of light devices (LD) is an important and
urgent task for the modern lighting industry. The
development of the technology of creating light
devices is largely determined by the state and
development of methods for their lighting design. The
results of the calculation largely determine the shape
and dimensions of the optical system and the entire
LD, as well as its lighting parameters associated with
the device application conditions.

The solution of the sequence of direct problems of
calculating the LD lies at the heart of the lighting
design, i.e. finding the LD light distribution with
the known parameters of the optical system and the
light source. Various methods for solving the direct
LD calculation problem are known, based on the
method of elementary mappings, balance of flows
and numerical-ray methods [1].

The optical system calculation is the main
stage in the development of a light device, since it
determines not only the technical properties, but also
the consumer ones of the device under development.
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B OCHOBe CBETOTeXHHUYECKOrO pacyeTa JIeXHUT
pellleHHe IIOCIeOBATENIBHOCTH IIPSIMBIX 3aJad
pacyera CII, T.e. HaXOXJAeHHe CBeTOpacIpejese-
Hus CII IpH KM3BECTHHIX MapaMeTpax ONTHUYeCKOH
CHUCTeMBl M HCTOYHHKA CBeTa. KM3BeCTHBI pas3iuuy-
Hble METOJBbl pelleHHsI MPSIMOM 3aJaduHu pacdeTa
CII, ocCHOBaHHBIE Ha MeTOfe 3JeMeHTapHBIX 0TO-
6paskeHHH, 6ajaHCa IIOTOKOB, YHCIEHHO-Ty4YeBbIX
MeTomax [1].

PacyeT ONTHYECKOM CHCTEMBI SIB/ISIETCSI OCHOB-
HBIM 3TaIlloM B pa3paboTke cBeToBOro mnpubopa,
IIOCKOJIbKY OIlpefienseT He TOJAbKO TeXHHUUYecKHe,
HO U HoTpebUTeNbCKHE CBONCTBA pa3pabarbiBae-
Moro mpubopa. B pesynbpTaTe IpoBefeHUs ONTH-
YeCKOro pacyeTa OIIpele/sIoTCsS reoMeTpHUUYecKHe
XapaKTePUCTUKH ONTHYECKOM CHCTeMBl M HCTOY-
HUKOB M3JIy4eHHS, UX IIapaMeTpsl, obecreduBa-
IOI[Me 3aJaHHBle (QOTOMETPHUYECKHe XapaKTepH-
CTUKHU cBeToBoro mpubopa [2]. IIpu BBIIOJHEHUHU
OITHYECKOr0 pacyeTa MOJENIHPYeTCs IPOXOKIeHHe
CBETOBBIX JIyUel B CHUCTeMaX, COCTOSIIUX K3 JIMH3,
oTpa’karteyeH U Ap. [3].

1. METOAbl U CPEACTBA A1 PACHETA

N MPOEKTUPOBAHNA OCBETUTEJIbHbIX
CUCTEM

[IpakTHKa HMCIIO0Jb30BAHHUS Pa3IUYHBIX OCBETH-
TeJbHBIX YCTPOMCTB CBHJETENBbCTBYeT O HeobXo-
OUMOCTH HMeThb HOKHe MeTOABl M CPelACTBA HX
NIpoeKTUPOBaHHUA. I/l pacdyeTa oTpaskalolux (IIpe-
JIOMJISIIOIMX) IIOBEPXHOCTeH cBobomHOM GOpPMBEL
HCII0/Ib3YIOTCSl Pa3/IMUuHble YHC/AeHHble U UTepaliu-
OHHBle MeTO[BI, I03BOJISIONIKMe ONTHMHU3HPOBATh
dopMy IpeOMISIONUX [T0BEPXHOCTEH M3 YCI0BHSA
bopMHpOBaHHUS 3aJaHHOIO CBETOBOI'O paclipefese-
HUs. B 60BIIMHCTBe C/ydaeB pacyeT OINTHKU — 3TO
TPYAOeMKHH, OIUTENbHBIN U OUeHb OTBETCTBEH-
HBIU IIpoliecc. EC/IM ONTHYeCKUI pacyeT BBHIIIOJIHEH
HEKOPPeKTHO HJIM C OMMOKAMH, BBISICHHUTCS 3TO
TOJIBKO II0CJIe BBIIIOJIHEHHS BCeX OCTAJIbHBIX 3TAIIOB
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The optical calculation leads to determination of the
geometric characteristics of the optical system and
radiation sources, as well as of their parameters that
ensure the given photometric characteristics of the
light device [2]. When optical calculation is performed,
the transmission of light rays in systems consisting of
lenses, reflectors, etc. is modeled [3].

1. METHODS AND MEANS FOR
CALCULATING AND DESIGNING LIGHTING
SYSTEMS

The practice of using different lighting devices
indicates the need for flexible methods and means
for their design. Numerical and iterative methods are
used to calculate the reflecting (refracting) surfaces
of a free form, allowing optimizing the shape of
the refractive surfaces based on the conditions for
the formation of given light distribution. In most
cases, the optics calculation is a time-consuming,
lengthy and very responsible process. If the optics
calculation is performed incorrectly or with errors,
it will only become clear after all the other design
and construction stages have been completed, when
all the planned time and material resources have
already been spent. Errors can also occur during the
operation of such devices, which is fraught with
serious consequences, including in terms of personal
safety. Furthermore the effectiveness of existing
methods is still not high enough to meet practical
needs. Therefore, the problem of optics calculation
for the formation of a given lighting still plays a large
role [4].

The use of computing technology and the use of
specialized software can relieve the engineers from
time-consuming calculations, multivariate analysis
and a large amount of graphic work. Such automated
systems for calculating and modeling of lighting
systems using modern software significantly expand
the possibilities of modern lighting technology.
Modern computer computing technologies allow
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IIPOeKTHUPOBAHUS U U3TOTOBIEHUS Npubopa, Korga
y>Ke KCTpaueHBbl BCe 3all/IAaHMPOBAHHEIE BpeMeHHbIe
M MaTepHajbHble pecypchl. OmMMOKH MOTYT IIpO-
SABUTBHCA TaKXKe B XOJe 3KCIIJIyaTallMK TaKUX IIPH-
60opoB, UTO UpeBaTO Cepbe3HBIMH IIOCIeACTBUSIMH,
B TOM YHCJIe C TOUKH 3peHHUs 6e30IMacHOCTH TI0feH.
N 3¢ eKTHBHOCTD CYINECTBYIOIIMX METOJO0B IIOKa
HeJOCTaTOYHO BBICOKA JJISl YAOBIETBOPEHMS IIPaK-
THYeCKHUX HYX[. Ilo3ToMy 3aJaya pacyeTa OINTHKH
Oasi GOpPMHPOBAaHHS 3aJaHHOU OCBeIleHHOCTH
Io-TipeskHeMy UTpaeT 60bIIyIO posb [4].

Hcmnonb30BaHHe BBIYHCAHUTENBHOM TeXHHUKH
U IpUMeHeHHe CIelHaJTH3MPOBAHHOIO IIPOrpaMM-
HOoro ofecredeHHUsI II03BO/IseT K30aBUTb HHXKe-
HepoOB OT BBHIIOJHEHUS TPYLOeMKUX PacCUyeToB,
MHOTOBapHMAaHTHOIO aHaau3a U 6onpmoro obwveMa
rpadpudeckux pabor. Ilomo6HbIe aBTOMATH3HPOBAH-
Hble CUCTeMBI [IJIs pacyeTa U MOJEe/IHMPOBAHUS OCBe-
THUTE/bHBIX CHCTEeM, MCIIONb3YyIOINHe COBPEMeHHBbIe
[IporpaMMHBble CpPefCTBa, CYLeCTBEHHO PaCIlH-
PSAIOT BO3MOXKHOCTH COBPeMEHHOM CBeTOTeXHHKH.
CoBpeMeHHBIe KOMIIbIOTePHBIe BBIYMCIHTE/IbHbBIE
TeXHOJIOTHU II03BOJISIOT CYIIeCTBEHHO PaCLIMPHUTh
BO3MOKHOCTH [JIs1 MOJEIHUPOBAHUS KU HCC/IefoBa-
HUS OIITHUYECKUX CUCTEM, CO3[aBasi IIPHU 3TOM Y006~
HBIF HHTepderic ITosb30BaTeNsl.

B HacTosIee BpeMsl B CBETOTeXHUYECKOM IIPO-
eKTUPOBAHMHU U IIPOU3BOACTBE HCIIOJb3YIOTCS
crenyrmomue Haubonee M3BeCTHBIE NPOTPaMMHBIe
IIPOJYKTHI.

DIALux - npobecCHOHAIBHBIN IIaKeT 151 paboTh
C OCBelleHHeM, IPOM3BOAUT pacyeT TaKUX CBETO-
BbIX XapaKTePUCTHUK, KaK SPKOCTh, OCBEIeHHOCTD,
rmokasarenu 61ecTRoCTH, KO3QPUIIMEHT eCcTeCTBEH-
HOI'O OCBeLIeHHS W IIp., II03BOJISIeT PacCUMTHIBATH
NHEBHOM CBeT M TeHW IIPU IUIAHHPOBAHUHU OCBe-
IIeHWs, IPUHHMAas BO BHUMaHHe reorpadpuyeckoe
pacIioyio)keHHe 30aHK s, [IOFOJHbIe YCI0BUS U TeHH
OT OKPYKaOIIUX CTPOEHHUHM M IIPOYUX OOBEKTOB.
DIALux Tak>Ke OCYILIeCTBJIsIeT MOJeIHPOBaHMUE pas-
JIMYHBIX CBETOBBIX CLI€H B IIOMEILeHU X,

[TporpamMHBIE npoaykT Light-in-Night Road
[pefHa3sHaueH [Jjd pacyeTa YJIMYHOIO OCBellleHH S,
[IPOeKTHPOBAHUS HAPYKHOIO OCBeILeHMS BHero-
POACKHMX aBTOMAarMcCTpaaeH, YIHUYHO-LOPOKHOU
CeTH TrOPOJOB M CeJIbCKUX HacCeJleHHBIX IIYHKTOB
U CBSI3aHHOM C HeH MHQPACTPYKTYyPpHl. IIporpamma
[103BOJISeT IPOBOAUTbL pacyeThl OCBeIlleHHUs [JId
Tpex KJIACCOB 00beKTOB: MPSIMOJIHUHENHBIX yUaCTKOB
JOPOr U y/IHI, TUIIOBBIX yYaCTKOB JOPOT 1 Y4aCTKOB
[IPOM3BOJIBHOU KOHQUIYpalHH. OHAa pacCYUTHIBaeT
paciipefie/ieHHe OCBelleHHOCTH M SIPKOCTH LOPOXK-
HOI'0 IIOKPBITH S, HOPMHUPyeMble 3HaUeHU I CPeJHero
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expanding the possibilities for modeling and
researching optical systems significantly, while
creating a user-friendly interface.

Currently, the following most famous
software products are used in lighting design and
production.

DIALux is a professional package for working with
lighting, which calculates light characteristics such
as brightness, lightness, glossiness, natural light
ratio, etc., allowing calculating daylight and shadows
when planning lighting, taking into account the
geographical location of the building, weather
conditions and shadows from surrounding buildings
and other objects. DIALux also simulates various light
scenes in the rooms.

Light-in-Night Road software product is designed
for calculating street lighting, for designing outdoor
lighting for off-city highways, street network of cities
and rural settlements and related infrastructure. The
program allows carrying out lighting calculations for
three classes of objects: straight-line sections of roads
and streets, typical sections of roads and areas of
arbitrary configuration. It calculates the distribution
of illumination and brightness of the road surface,
normalized values of the average level and uniformity
of these characteristics, regulating indicators of
blinding the driver by light devices, etc.

However, the analysis of the above mentioned
software has shown their task to be mainly in
the design of lighting, and they do not deal with
calculation and modeling of lightredistributing
devices.

For the design of lighting systems, several
programs based on different principles of work are
used [5]. In some programs, sequence of relative
positions of the constituent elements is indicated to
represent and analyze the operation of the optical
system, and the calculation of the rays is performed
sequentially. The other use the global coordinate
system and inconsistent calculation of the rays to
analyze the operation of the system. This approach is
usually applied for the design and analysis of lighting
systems.

Currently, foreign software packages such as
Zemax, TracePro, Light Tools, OSLO, ASAP, etc. are
widely used for the development of optical systems.
They have a wide range of functions, including
modeling the propagation of light from the sources to
radiation receivers.

One Zemax feature is the ability to analyze a
consistent and inconsistent calculation of the rays,
the ability to calculate designs from lenses, mirrors,
diffraction gratings, light filters and other optical
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YPOBHS M PaBHOMEPHOCTH 3THUX XapaKTepPHUCTHK,
permaMeHTHPYyeMble II0Ka3aTelH OCIeIJIEHHOCTU
BOJ U TeJsl CBeTOBBIMU NpUOOpaMHU U IIp.

OnHAKO aHATH3 BBINIEYIIOMSHYTHIX MPOrPaMM-
HBIX CPe/ICTB ITOKa3aJ, YTO X 3afjada 3aK/I04aeTCs
B OCHOBHOM B IIPOeKTHPOBAHUU OCBeIleHHUs, & pac-
YeTOM K MOJe/lHPOBaHHEM CBeTollepepacIpesens-
IOLIMX YCTPOMCTB OHU He 3aHUMAIOTCS.

JUIs TPOeKTHPOBAHUSI OCBETHUTENIBHBIX CHCTEM
HCIIONB3YeTCsI HeCKOAbKO MPOrPaMM, OCHOBAHHBIX
Ha pa3HBIX NpHUHLHUIAX paboTsl [5]. B omHUX IIpo-
rpaMMax Ajsl IpefCcTaBJIeHUS M aHaAH3a paboTsl
ONTHYECKON CHCTEeMBI YKa3bIBAETCS [IOC/IeI0BATEIIb-
HOCTb B3aHMHOTO PaCIIOJIOKEHH I COCTABISIONIUX ee
37IeMEHTOB, U pacyeT Jy4el BHIIIOTHSETCS I10CIe/0-
BaTe/IBHO. B APYrux - /1 aHa/IM3a PabOTEl CHCTEMBI
HCIIONB3YIOT IJI0OABHYIO CHCTEMY KOOPAHHAT
U HeIIOCJIe[JOBATeJIbHBIM pacyeT Jy4yed. MMeHHO
TaKOM IOJX0J XPaKTepeH OOBIYHO [/ IIPOeKTHPO-
BaHMS U aHA/IN3a OCBETUTEIbHBIX CUCTEM.

B HacTosimee BpeMs AJsi pa3paboTKu omTHYe-
CKHX CHCTeM IIMPOKO IPUMEHSIOTCS TaKHe 3apy-
OeskHble NPOrpaMMHBIe KOMIIJIEKCHI, KaK Zemax,
TracePro, Light Tools, OSLO, ASAP u np. OHu pac-
nosnaraoT 60m1pIIMM HA60poM QYHKLIHM, BK/IOYA-
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elements. LightTools program builds models of
lighting systems, where the effects of refraction,
reflection, scattering, etc. are taken into account in
the calculation of rays. The lighting analysis uses
direct ray tracing, which simulates the propagation of
light through the model, and a reverse tracer showing
the lighting source from the receiver point.

In the design of lighting optical systems, TracePro
software is widely used for the calculation of rays and
photometric analysis, apparently, due to its low cost.
It has a three-dimensional solid-state visualization,
the ability to model optical processes based on
models created in CAD systems such as SolidWorks,
COMPASS. This also significantly facilitates the
research process and, importantly, reduces costs for
the developer [6].

Photopia (LTI Optics) provides computer modeling
of luminaires and their photometric analysis. It can
be integrated as a module in SolidWorks, and also
allows you to import files into AutoCAD, Pro/Engineer.
Furthermore, the program has a database of light
sources and materials.

However, many software systems have significant
disadvantages: they are sometimes not built to
perform highly specialized operations, or require
very thorough study of models. Not the least role for
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IOIMX MOJe/JHpOBaHHEe paCIpOCTPaHEHHS CBeTa
OT MCTOYHHUKOB 10 IPUEeMHHUKOB U3/TyUYeHHSI.

OCcob6eHHOCTBIO Zemax SIBJISeTCS HaJTH4YHe BO3-
MOKHOCTEH aHaJM3a II0CJIe0BATEeNBHOI0 U HeIo-
C/lefloOBATEIPHOTO PpacyeTa Jy4deM, CIOCOOHOCTHU
pacdyeTa KOHCTPYKLHUM H3 JIHH3, 3epKaj, AUPpPaK-
LIUOHHBIX peLIeTOK, CBeTOPUIBTPOB U JAPYrUX
ONTHYeCKUX 31eMeHTOB. IIporpamma LightTools
CTPOMT MOJENH OCBeTHTe/IbHBIX CHCTEM, IJle MpHU
pacdueTe JydeH YYHUTBHIBAIOTCS SIBJIEHHS IIPeoM-
JeHHus, OTPa’keHHUs, paccessHHUA W IHp. AHaIM3
OCBELIeHHOCTH HCIIONb3yeT IMPSIMYI0 TPAacCHPOBKY
Nyder, MOeNIHPYIOUYI0 PacIpocTpaHeHHe CBeTa
yepe3 Mojenb, U 0OpaTHYI TPaCCHPOBKY, [IeMOH-
CTPUPYIONIYI0 HCTOYHHUK OCBEIeHHOCTH C TOYKHU
IIpHeMHUKA.

[Ipy NIpPOEKTHPOBAHUH OCBETHUTEIBHBIX OIITH-
YeCKHX CHCTeM [JIs8 pacdeTa Jyderd U doTome-
TPUYECKOT0 aHaaM3a [JOCTAaTOUHO LIMPOKOEe Pac-
IIpOCTPaHeHHe, MO-BUJUMOMY B CBSI3H C HH3KOH
CTOMMOCTBIO, IO/NyuMsa mporpamma TracePro.
B Hell MMeeTcs TpexMepHas TBepAOTeIbHAsl BH3Y-
anu3alnus, BO3MOKHOCTb MOJEIHPOBAHHUS OITH-
YeCcKHUX IIpolleccoB Ha 6a3e Momesell, CO3LaHHBIX
B CAD-cuctemax tuma SolidWorks, KOMIIAC. 3t1o0
TaK>Ke CyIleCTBeHHO oberdaer mpoiecc UccjiefoBa-
HMS U CHUJKAeT 3aTpaThl 415 paspaboTynKa [6].

Photopia (LTI Optics) ocyImecTBasieT KOMIIBIO-
TepHOe MOJeIHPOBaHHE CBETHJIBHUKOB M UX $OTO-
MeTpHUUYeCKHM aHanu3. OHa MOXeT ObITh BCTPO-
eHa B BUZe Moxpyass B SolidWorks, mosBonser
HMIIOPTHPOBaTh dariel B AutoCAD, Pro/Engineer.
Kpome Toro, mporpaMma pacrosaraeTr 6ason JaH-
HBIX HCTOYHHKOB CBeTa U MaTepHaloB.

OmHAaKO MHOTHEe IIPpOrpaMMHBIE KOMIITEKCHI
HMeIOT CyIleCTBeHHBble MHUHYCBI: OHU TH60 He "3aTO-
YeHBI' Ha BBINOJIHEHHE y3KOCIIelMaIN3HUPOBAHHBIX
oencTBUM, n1ubo TpebyloT odeHb IMyOOKOM IHpopa-
6oTKU Mojeseli. He mocieHIO0 pob A5 UX IIHPO-
KOT0 IPOJBHXKeHHS B POCCHM HIpaeT CTOHMMOCTb,
KOTOpasi MOKET COCTABJISATh COTHH THICSY JOJIIAPOB.
Kpome Toro, B HacTosllee BpeMs HacCTajla oCTpas
HeoOXOAMMOCTh B CHHKEHUM 3aBHCHUMOCTH OTe-
YeCTBEHHOTO IIPOM3BOJCTBA OT 3apybesKHOro IIpo-
rpaMMHoOro obecredeHus U pa3paboTke cobcTBeH-
HBIX IIPOTPAaMMHBIX CPe/ICTB.

B cBg3W C BO3pocCIIer MOTPebHOCTHIO POCCHH-
CKOH CBETOTeXHHYeCKOM OTPAC/]IH B KOMIIBIOTEPHBIX
CpelCTBax [JIsl UCCIeIOBAHUS U IIPOeKTHPOBAHUS
OCBETHUTENbHBIX IHpHOopoB 6plna Hauara pabota
II0 CO3JaHHI0O COOCTBEHHOTO IPOrpaMMHO-MaTe-
MaTH4YeCcKoro CpeAcTBa B BHJe CIeLIHaJH3UPO-
BAaHHOH CHCTEMBI C BO3MOKHOCTSIMH IeOMeTpHuUe-
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their wide promotion in Russia is the cost, which
can amount to hundreds of thousands of dollars.
Furthermore, there is now an urgent need to reduce
the dependence of domestic production on foreign
software and the development of proprietary software
products.

In connection with the increased need of the
Russian lighting industry in computer facilities for
research and design of lighting devices, the creation
of own software and mathematical tools in the
form of a specialized system with the possibilities of
geometric modeling has been started. Let’s consider
the features of construction of the mathematical
model underlying LightModeling software package,
and its operational principles as illustrated by the
modeling of LED module structure and its light
distribution for a street light.

2. MATHEMATICAL MODEL DESCRIPTION
Hierarchical structures in the light devices
geometry modeling

When solving a wide range of problems, complex
objects are often represented as a collection of
simpler ones, which in turn are also disintegrated
into smaller components. This process is carried out
until the required degree of detail is achieved with
the representation of the object in the form of a
tree (hierarchical) structure. This approach is very
convenient and optimal in the calculation and design
of many technical systems, which can be considered
as a LD. In this regard, it was decided to consider the
LD also in the form of a hierarchical structure. In
this case, the LD directly acts as the root element of
the tree, where a casing, an optical system, a light
source, a protective glass, a suspension assembly and
electrics are placed in the next level of the hierarchy
(Fig. 1). Each of these parts, in turn, can be presented
in more detail. For example, an optical system can be
presented in the form of a set of reflector, lens and
diffuser.

The elements in this structure are logic nodes.
Descending nodes inherit the values of the properties
and parameters of the parent nodes. Therefore, if you
hide any node, then all of its descendants will also
disappear. Similarly, if the descending node does
not explicitly specify the type of material, then it is
inherited from the parent.

Also, each parent node specifies a geometric basis
for the descending nodes. All coordinates are relative.
By moving, rotating or scaling any node in space (for
example, a light source), its components (bulb, cap)
will also move, rotate and scale therewith, forming
one indivisible entity.
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CKOro MofmenupoBaHus. PaccMoTpum ocobennoctu || Logic nodes geometry

IIOCTPOEHHsI MaTeMaTH4YeCKoM Mopnenu, monoxkeH- || To calculate the absolute node coordinates, the
HOM B OCHOBY JaHHOTO IporpaMmHoro kommekca || following affine transformations are used:
LightModeling, u nmpuHuuns ero paboTel Ha mpu- || * moving to a vector of 13=(px,py,pz)

Mepe MOJEeITHPOBAHUS CTPYKTYPHl CBETOLHUOJHOTO
MOJY/ISl U €ro CBeTOpacIpesiesleHHs OISl YIUYHOTO

X/ 100 p, X
CBeTHJIBHH KA. y, i 010 s | y ;
2. OMUCAHNE MATEMATUYECKOM Z 1001 PR |2
MO/ZENN 1)looo 1)1
Mepapxuyeckme CTpyKTypbl
B MOA€e/IMpPOBaHUN reOMeTPpUU CBETOBbIX + turn around the X axis by an angle of r,
npnéopos
HPI/I pemeHHH MHPOKOTO0 Kpyra 3aAa4 CJIOKHBIE < 1 0 0 0 .
06BeKTBEl YacTo IIpeACTaB/Ig0OTCA B BHAE COBOKYII- , 0 cosr. -sinr. 0
HOCTU OoJjiee IIPOCTBIX, KOTOPBble TaKKe pas3nes- . . * < Y ;
I0TCA Ha 60jlee MeJIKHe COCTaBAsOmMe. DTOT MPO- 21 0 smnr, cosr, 0 i

0 0 0 1

LIeCC OCYIIeCTBISETCsI O Tex IIop, [I0Ka He Oymer
mocTuruyta tpebyemas CTeleHb MAeTaNTH3ALUU
C mpenctaeineHueM obbekTa B BH[e ApeBOBHAHOM || * turnaround the Y axis by anangle of r,
(MepapxXHU4ecKoM) CTPYKTyphl. TaKOM IOAXOJ SIBIISI-

eTCs OYeHb YJIO6HI:IM U OIITHUMAJIBHBIM IIPDU pacyeTe —sinry

X' cost, 0 0 X
Y IPOeKTHPOBAHUH MHOTHUX TeXHUYECKHX CHUCTEM, ,
B KayeCTBe KOTOPBIX MOXKHO paccMaTpuBaTh U CII. y/ = 0 1 0 IR ;
B cBsI3U ¢ 3TUM 6bL/IO IPUHSITO pellleHHe pacCMaTpU- z cosr, 0 cost, 0 z
BaTh CII TaK>Ke B BH[e HePapXHU4eCKOH CTPYKTYPHI. 1 0 0 0 1 1
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B sToM ciydae KOpPHEBBIM 3Jle-

MeHTOM JiepeBa BBICTYIIaeT Hello-

cpencrtBeHHo cam CII, Ha cie- CseToBoi npr6op

AyIieM ypOBHe Hepapxuu Light device

PaCIIOIOKeHBl KOPIIYC, OIITHYe- ‘ ‘ } ‘ l

CKas CHCTEMA, HCTOYHHK CBETA, OonTunyeckas MNcToYHMK Cucrema

3&LI.II/ITHO€ CTeI{HO’ y3en HO,D;_ KOPI'I\/C cncTtemMa cBeTa 3ﬂeKTpVIKa oxnaxxaeHumsa

Beca, anekTpuka (puc.l). Kaxgas Casing Optics system Light source Electrics Cooling system

M3 3THX 4YacTeH B CBOIO ouepelb

MoOKeT OBITH IIpefCcTaBIeHa boee i E o

JeTaJIbHO. HaanMep, OIITH- Kapkac OTpaxarenb Konba TR Pagnatop

yeckasg CUCTeMa — B BUE COBO- Frame Reflector Bulb Frawiar Wit Radiator

KYIIHOCTH OTpa’kaTessi, JIMH3BI

Y pacCcenBaTENA. . Y3en I e ks dnekTpuyec- KoHBeK-
JJIeMeHTEl B 3TOH CTPYK- KpenneHus Lens G Kue Kabenn LIMOHHble

Type SBJISAIOTCA JIOTUYeCKHMU Attachment Electric npucnoco6-

y31aMu. JlodepHHUe y3JIbl Hacle- AU EEbIES S

OYIOT 3HAaYeHUs CBOMCTB U IIapa- | Paccengatens COQZ;C;E'O”

METPOB POJUTE/IbCKUX Y3710B. T.e. Diffuser

eCIu CKPBITh KaKok-nubo yser,

TO CKpOIOTCS 1 BCE €r0 HOTOMKIL. Puc.1. Viepapxuveckas cmpykmypa CI1

AHAJIOTUYHO, eCIu y Jo4Yep- Fig. 1. LD hierarchical structure

Hero ysja sSIBHO He yKa3aH THII

MaTepHaja, TO OH Hacjae[yeTcs
13 POAHTEIbCKOTO.

Takske Ka’KABIH POLUTENBbCKHUI y3esl 3amaeT
reoMeTpu4ecKuM 6a3uc A1s JOUepHHUX Y3/0B. Bce
KOOPIHMHATBHI SIBSIIOTCSI OTHOCUTEJIBHBIMU, [Ilepeme-
masi, Bpallas WIK MacCIITabUpys B IPOCTPAHCTBe
KaKoH-1ub0 y3en (HallpuMep UCTOUHUK CBeTa), ero
cocTaBisiomue (Koaba, OKOAb) Takke bynyT mepe-
MeIaThCsl, BPALIAThCsl U MacIITabHMpPOBATHCS BMe-
CTe c HUM, obpa3ys ofHy HeJleIUMYIO CYIIHOCTb.

feoMeTpus nornyeckux ysios

Onst  BbIYMCIeHUST abCOMIOTHBIX KOOPAHHAT
y3/I0B MCIIONB3YIOTCS clenymomue adpPuHHELe
npeobpa3oBaHUA:

+ IlepeMelleHHe HA BEeKTOp P = (px,py,pz)

< 100 p, <
y 010Py y
= X ;
z 001 P z
1 000 1 1

* II0BOPOT BOKPYT OCH X HA yTOM I,

0 0

X 1 0 X
4 0 cosr, -sinr, O

Y| 0ST, O Y|

z 0 sinr, cosr, O v/
1 0 o0 0 1 1
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+ turn around the Z axis by an angle of 1,

X/ cosr, -sint, 0 O X
y sinr, cost, 0 0 [ |V |.
z 0 0 10 z
1 0 0 01 1

 scaling along the axes with the coefficients of

$s8y,S,
<) [s 0 0 0)(x
Y| 0 s, 00 oY :
z' 0 s, 0 Z
1 0 0 01 1

The coordinates transformation order of points
can be carried out in any sequence, but the most
common order is: moving, turning around the
Z, Y, X axes, scaling. To specify a different order,
creating several nested nodes and applying the
desired type of transformation to each one in the
required sequence, starting with the top-level node,
is enough.

Thus, the final expression for converting the
relative coordinates to absolute ones according to
the given basis of the parent node has the following

form
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* IIOBOPOT BOKPYT OCH Y Ha yroJa I

%/ cosr, 0 -sinr, 0 X
y |l o 1 0 o]V
z cosr, 0 cosr, 0 z |3
1 o o o 1)\1
¢ IIOBOPOT BOKPYT OCH Z Ha yION I,
X/ cosr, -sint, 0 O X
y sint, cosr, 0 0 ||V |;
z 0 0 10 z
1 0 0 01 1

* MacmTabupoBaHUe BIOIb 0CeH C KOIQPUIIHEeH-
TaMHU §,,S,,S,

< s, 0 00 .
, 0 00

yo|_| 0 s Y
z 0 0 s, O Z
1 0 0 01 1

[TopsiioK IpHMeHeHHUs Npeobpa3soBaHUN KOOP-
OUHAT TOYeK MOXKHO OCYIeCTBJSTh B 000 Iocie-
IOBaTeJbHOCTH, HO HaHbolee pacHpocTpaHeH
CllellyIOIIHUH IOPSIIOK: IlepeMellleHHe, IIOBOPOTEHI
BOKpYT oceil Z, Y, X, macmrabupoBaHue. UTOOHI
3afaTh JAPYroM IIOPSAMNOK, J[AOCTAaTOYHO CO3JaTh
HEeCKOJIbKO BJIOSKEHHBIX y3/I0B U K KaskKJ,0My IIpHMe-
HUTb HYXXHBIH THII IIpeobpa3oBaHUs B TpebyeMol
[I0C/IeJOBATe/IbHOCTH, HAauMHAasl C y3/a BBICIIETrO
yPOBHS.

TakuM o6pa3oM, OKOHYAaTeIbHOE BbIpPakeHHe
npeobpa3oBaHHUs OTHOCHTEIBHBIX KOOPAHHAT
B abCoMIOTHBIe IO 3aJaHHOMY 6a3ucy poaMUTeNb
CKOTO y3JIa UMeeT BUJ

X' s, 0 0 O 1 0 0 0
y' 0SS 00 0 cosr, -sinr, 0
= X X
2! 0 0 S, 0 0 sinr, cosr, 0
1 0 0 0 1 0 0 0 1
cosr, 0 -sinr, 0 cosr, -sinr, 0 0
N .0 1 0 0 | | sinr, cosr, 0 0 |,
sinr, 0 cosr, 0 0 0 10
0 0 0 1 0 0 01
100 Px X
010
" Py ||V
0 01 p, z
000 1 1

) [sx 0 00 (1 o 0 0
y' 0 s 00 0 cosr, -sinr, 0
= X X
Z' 0 0 S, 0 0 sinr, cosr, O
1 0 0 0 1 0 0 0 1
cosr, 0 -sinr, 0 cosr, -sinr, 0 0
« .0 1 0 0 || sin, cosr, 0 O |,
sint, 0 cosr, 0 0 0 10
0 0 0 1 0 0 01
100 p, b
010
N Py ||Y
001 p, z
000 1 1

Logical nodes at lower levels of abstraction shall be
represented in the form of real objects, for example,
reflecting surfaces, light-emitting elements, and
heat-conducting plates. The geometry of such nodes is
modeled with the help of triangulation grids.

Triangulation grids for light devices geometric
modeling

The triangulation grid as such consists of vertices
and faces. The vertices define the position of points in
space; the faces connect the three given vertices by a
planar triangle. Figure 2 shows an example of a LED
model with a surface represented as a triangulation
grid.

In lighting calculations, there is a problem of
modeling smooth surfaces, such as: paraboloids,
spheres, cylinders, since in most cases such forms
have optical systems that specify the required light
distribution [7]. However, if the triangulation grid is
assumed to be plane for the purposes of ray tracing,
when the rays will be reflected by beams (Fig. 3). In
this case, the result of the calculation of the light
distribution will not correspond to reality: there will
be bursts and dips on the surface of the photometric
body where an equal portion should be obtained.
Only a significant increase in the density of the
triangulation (i.e., an increase in the number of faces
per unit area) can partially relieve this undesirable
effect.

Hence, the third component of the triangulation
grid, the edge, was introduced. It links two vertices
and indicates adjacent faces the way to calculate the
normal vectors at the associated vertices. For that end,
each edge specifies either a sharpening, or a smooth
transition between adjacent faces. In the first case
(Fig. 4a) the normal vectors at both vertices will be
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Jloruyeckue y3apl Ha 6oree HHU3KHX YPOBHSX
abCcTpakivy AO/DKHBEL OBITH IpelCTaB/IeHbl B BHUJE
peasbHBIX O0OBEKTOB, HAIIPUMeEp OTPaKAIIIUX
[IOBEPXHOCTEH, CBeTOM3/My4alolHUX 37eMeHTOB,
TeI/IONPOBOJSIIIUX IUIACTUH. [eoMeTpHsl TaKHX
y3JI0B MOZE/UPYeTCs € IIOMOLIbIO TPHAHIY/ISILIHMOH-
HBIX CETOK.

TpuaHrynauuoHHble CeTKU
npureomerpnyeckom moae/imposaHnn
CBeTOBbIX Npn60OpOB

CaMa mo cebe TPHAHTYISLIMOHHASI CETKA COCTOUT
13 BepIIKH U I'paHel. BeplIMHEI 33/1a10T II0IO’KeHHe
TOYeK B IIPOCTPAHCTBe, IPaHHU CBSI3bIBAIOT TPH 3aJaH-
Hble BepIUHMHBI IJIOCKUM TpeyrolbHHKOM. Ha puc.2
IpHBeleH IpuMep Mofenu CJ| ¢ IIOBEPXHOCTBIO,
IIpefCTaB/IeHHOM B BUZie TPUAHTYISLIMOHHOM CeTKH.

Ilpy CBETOTeXHUYECKUX pacueTax BO3HUKAeT
3a/1aua MoJe/IMPOBaHU S [TIaJKHX [I0BEPXHOCTEH, TAKKUX
Kak Imapabonoupsl, chepel, LUIMHIPBI, IIOCKOIBKY
Takre GOpMbI B GONMBLIIMHCTBE C/Iy4aeB MMEIOT OIITH-
YeCcKHe CHCTEeMBI, KOTOpble M 3aJaloT TpebyeMoe CBe-
TopacrpezeneHue [7]l. OgHAKO eCIM IIPU TPAaCCHPOBKe
JAy4dell CYUTATh TPaHb TPUAHTYISLUOHHOM CeTKHU
IIJIOCKOH, TO JIy4H 6yAyT OTpaskaTbCsl OT Hee IyYKAMU
(puc.3). B 3ToM C/1ydae pe3y/ibTaT pacdera CBeTOpacIIpe-
IeneHUs He OymeT COOTBETCTBOBATh AEHCTBHUTEIBHO-
CTU: MOSIBSTCS BCIUIECKH M IIPOBAJIBl HA IIOBEPXHOCTH
doToMeTpHUecKOro Tela TaM, Ie HO/IKeH I10y4aThCsl
POBHBIE y4dacTOK. JIMIIb 3HAYKTeJbHOE IIOBBbILIEHIE
IIJIOTHOCTH TPUAHIYISLUHU (T.e. yBelIMUeHHe 4MC/Ia
IpaHel Ha eJUHUIY [UIOMAIK) MOKeT YaCTHUYHO H36a-
BUTbD OT II0SIBJIEHH I 3TOr0 HeXKerlaTeIbHOro g deKTa.

B cBs3u C 3TUM OBIT BBeIeH TPETHM KOMIIOHEHT
TPUAHTYISIIUOHHON CEeTKH - pebpo. OHO CBSI3BIBAET
IIBe BEPIIMHBI 1 YKa3blBaeT CMeKHBIM I'PaHSAM, KaK
BBIUMC/ISITh BEKTOPBI HOpMaJiell B CBSI3aHHBIX BEPIIH-
Hax. J1s 3Toro kKaxkzaoe pebpo 3amaer nubo 3aoctpe-
HHe, U0 IJIABHBIH IIepexXof, MeXIY CMeXHBIMH
IpaHsIMU. B mepBom ciydae (prc.4a) BeKTOpBI HOP-
MaJiel B 06eHX BepIIMHAX OyAyT IIepreH UKy PHEI
IIJIOCKOCTSIM COOTBETCTBYIOLIUX I'paHel. Bo BTopom
(puc.4b) - BeKTOpbI HOpMaJIell B 3THUX BEpPIIMHAX IS
KSKIOHM I'paHU OyayT COBMAATh M BBIYHUC/ISITHCS KAk
HOpMaJ/H30BaHHOe CpefHee apudMeTHUeCKoe IIep-
MeHAUKY/ISPHBIX K [PAHSM BEKTOPOB

N-

.

SNy
20

B c/lydae IUIaBHOrO Ilepexofia [jsl STHX IpaHeH
HaIlpaB/leHHe BeKTOpa HopMasau OymeT 3aBHCETh
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Puc.2. [pedcmasneHue modenu CLl ¢ NoMoLbto mpuaHayasi-
UUOHHOU cemku

Fig. 2. Representation of LD model by means of triangulation
grid

perpendicular to the planes of the corresponding faces.
In the second case (Fig. 4b), the normal vectors at
these vertices for each face will coincide and shall be
calculated as the normalized arithmetic mean of the
vectors perpendicular to the faces

SN,
2

In the case of smooth transition for these faces,
the direction of the normal vector will depend on the
location of the point on the triangle surface. This vector
is calculated by the following formula

N=(N,-N)a+(Ny-N¢)B,

P ————
—_— =
—
e —— e )
———
— —— A )
" Fd ,f-r.‘ )
A .Y
i i

Puc.3. Pacxox0eHue ompa><eHHbIX C8EMoabiX Ny4Ko8 0m nao-
CKUX 2paHel
Fig. 3. Divergence of reflected light beams from planar faces
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OT PacIIONOXKeHH st TOUKU Ha I10BepX-
HOCTH TPeyTo/IbHUKA. JTOT BEeKTOp
BBIYHC/IsITCS 110 GopMyrie

N~ (N, - o (N, -N )5,

rae N,,N,, N, - BeKTOpbl HOpMaJier
B COOTBETCTBYIOIIMX BePIIMHAX
TpeyronsHUKa ABC, a u B - 6apu-
LIeHTPHUYECKHE KOOPAUHATBI TOYKH
Ha [I0BEPXHOCTH TPEyTrO/IbHHKA.

Ha pwuc.5 mpencTaBieHbl [ABa
BapUaHTAa IIOBEPXHOCTEH TOpa,
3a/IaHHBIX OIMHAKOBBIM Hab0poM
BEPIIUH W TPaHedl TPUAHTY/IALM-
OHHBIX CETOK M OTIHYAKONMMHUCS
TOJIBKO THIIOM KOHLIEHTPHUYECKHUX

Puc.4. BuiuucneHue Hopmanell 8 sepuiuHax: a) pebpo AB 3adaem 3aocmpeHue;

b) pe6po AB 3adaem naagHbili nepexod

Fig. 4. Calculation of normals at vertices: a) AB edge specifies the point; b) AB edge
specifies smooth transition

U [IepIIeHIUKYISIPHBIX pebep.

TakuM 06pa3oM, IIpUMeHEeHHe
3TOr0 PaCIIMPEHHOro Crocoba 3afJjaHUs TPHUAHTYISIH-
OHHOM CeTKH C IIpMeHeHHeM pebep I103BOJIsIeT 3HAUU-
Te/IbHO YIIPOCTHUTb IIPOLIECC AIITPOKCUMALIMK [IAAKUX
IIOBepXHOCTeN 6e3 KaKoro-Tubo yBeTH4YeHHs IJIOTHO-
CTH CaMOM CeTKH U 6e3 pydHOro 3aJaHHs BEeKTOPOB
HOpMaJIeH.

dopmMupoBaHue pesyibTUPYIOLLEN Moaen

Bo muorux CII HMeEIOTCSI OJHHAKOBBIE 37€MeHTHI
(HampuMep cBeTOmMOAbI). YTOOBI /s KakKAOro y3ia
MOMIe/IN He CO03/1aBaTh U He XPAaHUTh OAMHAKOBBIE
TPUAHTYISIUOHHBIE CeTKM, OblIa obpalleHa 3aBU-
CHMOCTb CeTKH OT y3/7a: Ka’KABIM y3el yKa3blBaeT
Ha CeTKy, FeOMeTPHIO KOTOPOH OH HCIIONb3yeT. JJaH-
HBIM [IPUHLIMII MOJAENHPOBAHUS CXeMATHYHO IIpen-
CTaBJIeH Ha pUC.6. Termepb JOCTATOYHO CMOAEIHUPOBATH
OZIHY WJIH HecKoJIbKo 6a30BbIX GOpM (IeTasiert), co3gaTh
U PaCIIONOXKHUTh B IIPOCTPAHCTBe JIOTHMUYECKHeE Y37Ibl
Y IIPUBS3aTh JaHHBle OPMBEI K 3TUM y371aM. B pe3ynp-
TaTe I10Jy4aeTcs] MOAe/b, COCTOSIAs U3 OOMHAKOBBIX
3/1eMeHTOB. [Ipu KOppeKTHUpPOBAaHUU GOPMBI OFHOM
IeTand CHHXPOHHO OyAyT HM3MeHSTbCS QOpPMBI Ipy-
rux. IIpakTUdecKkoe IpUMeHeHHe TaKOH CXeMBI ITpojie-
MOHCTPHPOBAaHO Ha IIPHMepe CBeTOAHOMHOIO0 MOLYIS
(puc.?).

OmHako IpU TPAcCHPOBKe Jy4deH HeobXOoLHMO
IeHOPMaJ/IHM30BaTh TaKyl0 CTPYKTypy IyTeM Aaybau-
POBaHMS y3JI0B U IIOCTPOEHHUS OFHOM TII106aTbHOM
TPUAHTY/ISLIMOHHON ceTKU. TakuM obpa3oM, IIpen-
CTaB/eHHble Ha30Bble METOIBl IIOCTPOEHHUSI U OpraHU-
3allMK reoMeTpPHUeCKUX MOJie/ et BIIOTHE TP MeHH MBI
K MOJENHPOBAHHIO KOHCTPYKTHBHBIX 371eMeHTOB CII.
JTO CyLecTBeHHO oblerdaer IpoLecc pacyeTa, HCCie-
JNOBAaHUS U aHAK3a pa3pabaTeiBaeMbIX IPUOOPOB.

whereN,,N,, N are normal vectors at the corresponding
vertices of the ABC triangle, a and B are the barycentric
coordinates of the point on the triangle surface.

Fig. 5 shows two variants of torus surfaces defined
by the same set of vertices and faces of triangulation
grids and differing only in the type of concentric and
perpendicular edges.

Thus, the application of this expanded method
of specifying a triangulation grid with the use of
edges makes it possible to greatly simplify the smooth
surfaces approximation process without any increase
in the density of the grid as such and without manually
specifying the normal vectors.

Resulting model creation

Many LD have the same elements (e.g., LEDs).
In order to avoid creating and storing the same
triangulation grids for each model node, the grid was

Puc.5. Omauyue nosepxHocmel mopoe ¢ pasHbiMu munamu
pe6ep: a) pe6pa 3adatom 3aocmpeHue; b) pe6pa 3adarom
nAasHbil nepexod

Fig. 5. Difference of torus surfaces with different types of
edges: A) edges are pointed; B) edges define smooth transition

PHOTONICS N25/65/2017 101



i g

CECEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e
m ONTUYECKME YCTPOUCTBA M CUCTEMbI I
CECEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e

3. MPAKTUYECKAS
PEAIN3ALUNA 3AAAYN
MOZAE/INPOBAHUA CI1
OmnMcaHHble MOJENH II0JI0KeHBI
B OCHOBY Pa3paboTaHHOIo IIpo-
IPaMMHOIO KOMILIEKCa, C IIOMO-
IIBI0 KOTOPOrO MOZEIUPYeTCsl CBe-
TOAMONHASA ONTHKAa M MPpHUOOPHI :
Ha ee OCHOBe. PacueT BTOPHYHOM
ONTHKH CBeTOAHOMAOB SIBISETCS E\j

basosble popMbl
Basic forms

OfHOM U3 Hauboiee CIOKHBIX
3aJja4, BO3HUKAIOUIUX B CBETOTEX-
HUKe. DTOT KOMIIJIEKC I103BOJISET
[I0 H3BeCTHOMY CBETOBOMY pac-
IIpefieJIEeHUI0O CBETOLUOAA U Tpe-
fyeMoMy CBETOBOMY pacIipene-
neHUI0 mpubopa CMOLETUPOBATH
TeOMETPHIO JIMH3BI C I/I3J'Iy‘{aIOI.LIEI:I
[IOBEPXHOCTHIO, 00eCIeyrBaOIeH
KOMOPTHOe 3pUTE/NbHOE BOCIIPH-

forms

Puc.6. Cxema popmuposaHus pesyabmupytouiell Modeau Ha 0CHOB8e N02U4eCK020
depesa U 6a308bix popm
Fig. 6. Scheme of formation of the resulting model based on logic tree and basic

Jlornyeckoe fepeso
Logic tree

Ow:0 Y
—() Gia)
—O a2
—(©:0 )
—Owo) —

_O (2:0) 3 [7j 3 E,j
—(Oas) 0 X

—()©0
—(O a0

Pe3synbTat
Result

ATHe W JIeTKO BOCIIPOM3BOJAHMOM
COBpeMeHHBIMH MeTOAaMH ITPOM3BOLCTBA.

B KavecTBe MCXOAHBIX JAHHBIX [IJIS1 pacyeTa UCIIOIb
3yI0TC C/IeyIolIHe [MapaMeTphbl: KPUBasl CHUJIbL CBeTa
(KCC - dyHKIIMSA, OMHCHIBAIONIAST 3aBHCHMOCTDb CHIJIBI
CBeTa CBeTOAMOAA OT HaIlpaBjaeHUs HaOIoOfeHUS
B BBIOPaHHOM IIJIOCKOCTH, HaIlPUMep B TOPH30HTaJIb-
HOM SIBJISeTCd CedyeHHeM CBeTOBOIO pacIpelereHHs
3TOM ILIOCKOCTBIO) CBETOAMOAA, CTaHAAapTHas (Tpebye-
Mast) KCC npubopa, rokasateb IIpeIOMIeHUS MaTepU-
ajia OITHKHY, rabapUTHBIE pPa3Mephl TUH3HI [8].

Ha puc.8 mokasaH mpuMep pacyeTa CBeTOpacIipe-
JeleHHsl eJHHMYHOI0 CBETOOAHOJHOIO0 MOAYJs, TIHe
IIprBeieHO GoTOMEeTpHUYecKoe Teso. lIBeTHas IIKaja,
comepsRainass MHGOPMAILIMI0 0 MMHHMAJIBHOM H MakK-
CHMAaJbHOM 3HAYeHHSX CHJIBI CBeTa, IIOMOraeTr 'Ha
r7a3" OLeHUTb CHJIy CBeTa B KOHKPETHOM HaIIpaBJe-
HUM. Mccnenys U aHalM3UPYd II0JydYeHHble JaHHEIe

Puc.7. Modenb c6emoduo0H020 ModyAsi
Fig. 7. LED module model
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mapped based on the node: each node points to a grid
which geometry it uses. This principle of modeling is
shown schematically in Fig. 6. Now it is enough to
simulate one or several basic forms (details), create
and arrange logical nodes in space and bind these
forms to the nodes. As a result, a model consisting
of the same elements is obtained. When you adjust
the shape of one part, the forms of the other will
synchronously change. The practical application of
such scheme is demonstrated by an example of LED
module (Fig. 7).

However, when ray tracing is required, it is
necessary to denormalize such structure by duplicating
nodes and constructing one global triangulation grid.
Thus, the presented basic methods for constructing
and organizing geometric models are quite applicable
to modeling of the LD structural elements. This greatly
facilitates the process of calculating, studying and
analyzing the devices under development.

3. PRACTICAL IMPLEMENTATION OF THE LD
MODELING TASK

The described models are the basis for the developed
software package, used for LED optics and devices
modeling. The calculation of LED secondary optics
is one of the most complex problems in lighting
engineering. This package, according to the known LED
light distribution and the required light distribution of
the device, allows you to simulate the geometry of the
lens with a radiating surface providing a comfortable
visual perception and easily reproduced by modern
production methods.
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Fig. 8. Single LED module model and its light distribution
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0 CBeTOpacIipele/ieHHH, IIPOeKTUPOBINUK IIBITAETCS
ropobpaTh TakHe IIapaMeTpPsl MOAETH ONTHYeCKOH
CUCTeMBI, YTOOBI IIOTY4YUTH TpebyeMble XapaKTepH-
CTHKH CBETOBOro Irpubopa. Ha pric.9-12 mokas3aHsl CO0T-
BeTCTBeHHO Mogenb CJl mopysis aist CII, Mmomenb caMoro
cBeToayonHoro ynuyHoro CII, Immpoliecc TpacCHPOBKHU
JIy4ell OT CBETOLHOAHOIO MOAYJs, pabodee OKHO ITPO-
rpaMMBI, Ime orpaskeHbl momenu CII u CI mopmynsd,
YIIPOIleHHAasi MOJe/Ib CBeTHJ/IbBHHKA, ITPOLECC TPACCH-
POBKHU JIy4deH U II0ONydeHHOe $OoTOMeTpHYecKoe TeJlo,
KOTOpOe XapaKTepHO [Jisi IIMPOKOM KPHUBOH CHUJIBI
CBeTa.

3AK/TIOYEHUE

B coBpeMeHHOI CBeTOTeXHHUKe pacueT U MOAETHPO-
BaHHe CBETOTeXHHYEeCKHUX XapaKTEePHUCTHK CBeTO-
IOVIOAHBIX MOAYIEH U CBETOBBIX IIPHUOOPOB SIB/SETCS
aKTyaJbHOHM 3ajadei. Pa3paboTaHHBIA ITPOrpaMM-
HBIM KOMIUIEKC I103BOJISIET 3HAUUTEIBHO OO/IerdUTh
IIpoliecc IPOeKTHPOBAHHS ONTHYECKHX CBETONHOM-
HBIX CHUCTeM U IIOBBICUTh UX KadeCTBO. B JaHHOM
KOMIIJIeKCe CBETOBOM Ipubop, IpelCcTaBISIOMIUN
coboil C/IOKHOe H3[enre, pacCMaTpHBaeTCs Kak
vepapxyuyecKasi CTPYKTypa B BHJe POAUTENIbCKHUX
M JIOYepHHUX Y37I0B, TeOMeTPHs KOTOPBIX MOJe/IH-
pyeTcsi C IIOMOLIbI0 TPHAHTYISLMOHHBIX CeTOK.
J71sl CIMakKMBaHMS IOBEPXHOCTH OITHUYECKOIo 3jie-

The following parameters are used as the initial
data for the calculation: light intensity curve (LIC
is a function describing the dependence of the LED
light intensity from the direction of observation in
the selected plane, e.g., in the horizontal plane, and
it is a cross section of the light distribution by this
plane) of LED, the standard (required) LIC of the device,
refractive index of the optics material, lens overall
dimensions [8].

Fig. 8 shows an example of calculating the light
distribution of a single LED module, where the
photometric body is given. The color scale, containing

Puc.9. Modenb C/l modyas 0ns1 c6emodu0OH020 YAUYHO20
c8emuAbHUKa
Fig. 9. LED module model for LED street light
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Puc.10. Moodenb
c8emoouoo-
H020 YAUYHO20
c8emuAbHUKA
Fig. 10. LED
street light
model

MeHTa U $OTOMETPHUUECKOro Tesa 65110 BBeIeHO pebpo
B KayecTBe JIONOJHHUTEIBHOIO 3/eMeHTa TPHUAHTIY/IS-
LIMOHHOM CeTKH. Takoe 3aJjaHMe TPHAHTIYISLMOHHON
CeTKH II03BOJISIeT CYIIeCTBEHHO YIPOCTUTh IIPOLIeCC
ANNpoKCHMMallUM INaJKHUX IIOBepXHOCTeH. TaKXke
B pa3paboTaHHOI ITporpaMMe GOpMHPOBaHUE Pe3ysb-
TUPYIOIIeH MoJenu ObLIO peasl30BaHO Ha OCHOBE
6a30BEIX GOPM M JIOTHYeCKOro fepeBa, 4uTo obecrie-
YMBaeT CMHXPOHHOCTb HM3MeHeHHs GOpM OJHOTHII-
HBIX 371eMeHTOB. C IIOMOIILIO JAHHOTO IIPOrPAMMHOIO0
KOMIIIeKca ObLJIO OCYIIeCTBIEHO MOJeIUpPOBaHUe CBe-
TOAMONHON BTOPUYHOM ONTHUKHU IIyTeM pa3paboTKHU
MoOfie/Iell IIOBEPXHOCTel, TPACCUPOBKHU Jy4deHl [IJs
3aJJaHHOTO THIIa IOBEPXHOCTH C IOlydyeHHeM $OTo-
MeTPHUYeCcKOro Teja.
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information about the minimum and maximum
values of the intensity of light, helps to approximately
assess the strength of light in a particular direction.
When studying and analyzing the obtained data on
light distribution, the designer tries to select such
parameters of the optical system model in order to
obtain the required characteristics of the light device.
Fig. 9-12, respectively, show the LD module model
for the LD, the model of the LED street light as such,
the process of ray tracing from the LED module, the
software work window, where the LED and LED module
models are reflected, the simplified model of the
luminaire, the ray tracing process and the photometric
body obtained for a broad light intensity curve.

CONCLUSION

In modern lighting engineering, calculation and
modeling of lighting characteristics of light-emitting
modules and light devices is an urgent task. The
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developed program complex allows considerably
simplifying the process of designing optical LED
systems and improving their quality. In this software
package, the light device as a complex product is
viewed in the form of a hierarchical structure of parent
and descending nodes, which geometry is modeled,
using triangulation grids. To smooth the surface of
the optical element and the photometric body, an
edge was introduced as an additional element of the
triangulation grid. This triangulation grid assignment
makes it possible to substantially simplify the process
of smooth surfaces approximation. Also, the formation
of the resulting model was realized in the developed
software using basic forms and logic tree, thus
ensuring synchronism of changing the forms of the
same type elements. Using this software package, we
simulated LED secondary optics by developing surface
models, ray tracing for a given type of surface with
obtaining a photometric body.
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