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Mojenb anani3y ClieKTpaibHUX
JAHUX ACTPOHOMIYHUX
00'eKTiB

BMKOHAB: KEPIBHWUK:
ct.rp. CnmM-22-3 noy. kao. EOM
HikonaeHko .C. diniMoH4Yyyk T.B.

XAPKIB 2024

MeTolo paHoil po6oTtu € nobyposa mopgeni
06po6KMN crnekTpanbHUX AaHnx
aCTPOHOMIYHUX OB'eKTIB 3 BUKOPUCTaAHHAM
napanenbHux ob4yncneHsb.

O6’eKTOM poChnifg)XeHHA € npouec 06pobku
cnekTpanbHUX AaHuX, Aki 6yno oTpumaHo Bif
aCTPOHOMIYHUX 06’EKTIB.

NMpeaMmeToM AOCNIAXEHHA € iCHYYi Ha AaHuin
Yyac mogeni Ta metoan o6pobku cnekTpanbHUX
OaHuX.
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3agaui kBaai(ikaniinHoi podéoTu

npoaHaniaypatu npegMeTHy ob6nacTtb Ta  O03HAaWOMUTUCA 3  aKTyaNbHUM  NpPOrpamMHuM
3abe3neyYeHHAM;

BUABUTUN HEAONIKM CyYacHOT MoAeni aHanidy cnekTpanbHUX faHux;
03HaMOMUTUCA 3 NOHATTAM NapanesbHUX 064YNCNEeHb Ta iX OCHOBaM;
nobyayBaTtu Moenb aHanisy cnekTpanbHUX 4aHWUX 3 ypaxyBaHHAM HeA0NiKiB akTyanbHOI Mogeni;

Ha OCHOBI pes3ynbTaTiB poboTu Moaeni 3pobUTV BUCHOBKMK LWOAO BUKOPUCTaAHHA napanenismy nig
Yyac aHanisy cnekTpanbHUX faHUX aCTPOHOMIYHUX 06'EKTIB.

CnekTp - ue rpadik abo piarpama, Wo nokasye, AK iHTEHCUBHICTb cBiTna (abo iHwWoro
BUNPOMIHIOBaAHHA) 3MIHIOETBCA B 3aNeXHOCTI Big AOBXWHM XBuNi abo 4yacTtoTu. KoXeH Tun
BUNPOMIiHIOBAHHA Ma€ CBOI yHiKanbHi BNacCTUBOCTI Ta BUKOPUCTOBYETLCA ANA Pi3HUX Linen y
Hayui Ta TexHiuyi.

CnekTpanbHUIA aHani3 € OfHIEl0 3 KIOYOBUX METOAUK Yy Haykax nNpo 3eMnto, acTPOHOMIN,
¢ismui Ta ximii. BiH po3Bonse BMBYaTM BNAacTUBOCTI MaTepianiB Ta 06'ekTiB 4yepes3 iXHi
crnekTpu, Tob6TO poO3noAin IHTEHCUBHOCTI BUMNPOMIHIOBAHHA abo MNOrAUMHAHHA MO PIi3HUX
[OBXWHaX XBUNb.

Light, the visible spectrum
violet blue red
= ""P & yollow orange :
frequency 7 7
My 70 675 630
wavelength 400
om) L 1 1 1 §- =1 1 J
photon 3.1 28 26 24 22 21 19 16
enecgy | 1 1 1 11 1 J
o) * In terahertz (THz); 1 THz = 1x10'2 cycles per second.
** In nanometres (nm); 1nm = 1x10? metre.
© Encyciopmdia Britannica, Inc. *** In electron volts (eV).
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AKTyanbHi 3ac00H 0OpOOKH

Ha gaHuin yac HannonynapHiWnUM cepeaoBuLLemM
ANns aHanizy Ta o06pobku cnekTpanbHUX [aHUX
acTpoHOMIiYHUX 06’ekTiB € cepepoBuwe Image
Reduction and Analysis Facility (IRAF), ske 6yno
cTBopeHo y 80-x pokax AnA wWBMAKOI Ta
onTUManbHOI 06poBKM [JaHUX, OTPUMaAHUX Bif
aCTPOHOMIYHUX 06'EKTIB.

Mook nporpamyBaHHAa cepeposuuia IRAF €
Python, a pnsa mMaTeMaTuyHux  obyuncneHb
BUKOpUCTOBYETbCA 6ibnioTeka Astropy.

Cepeposuuie ABNAE coboto NOTY>XXHUI
nporpamMHui naker, po3pobnexHunn ansa
BMKOPUCTaAHHA B aCTPOHOMII Ta acTpodisny,i.

| mout | open | savel | savefits | savemyeq | header | source  print | page | ewt

dopmar 36epiranns janux FITS

dopmaTt FITS € ctaHpapToM gnsa 36epiraHHA, nepepadi Ta 06pobku
acTpoHOMiYHUX gaHux. Llen popmaT 6yB pospobneHuin HauioHanbHow
obcepaTopieto onTUYHOI acTtpoHoMmii CLUA (NOAO) y kiHui 1970-x pokiB
i 3 Tux nip cTaB HeBiA'€MHOK 4YacTUHOK iHGpacTpyKTypu
acTpoHOMiYHUX AgocnigxeHb. FITS BukopuctoByeTbcAa ANA 36epiraHHA
PiBHOMaHITHUX TWUNIB [aHWUX, BKAKOYaKOUYM 306paXKeHHs, CnekTpw,
Tabnuyi Ta 6araToBUMIpHI MacuBM AaHUX. Moro rHyuykicTb, HapaitHicTb
Ta 34aTHicTb 36epiraTn MeTagaHi pa3aoM 3 OCHOBHUMU AaHUMU pobnATh
noro igeanbHUM ¢popmMaToM AN aCTPOHOMIYHUX CNOCTEPEXEHb.



ITapanenbHi o64nCICHHA

MapanenbHi 064YUCNEHHA € BaX/IMBOK CKNa[O0BOK CYYaCHUX HayKOBUX
pocnigXeHb Ta TexHonoriin. ix cyTb nonsrae y posnogini 3agavi Ha
MeHWi nig3agavi, AKi MOXYTb BUKOHYBAaTUCA OAHOYACHO Ha AeKiNbKOX
npouecopax abo spgpax npouecopa. Lle posBonse edekTUBHIWe
BUKOPUCTOBYBaTM OBYUCAOBaNbHI pecypcu Ta CcKopouyyBaTu u4ac
BUKOHaHHA 3afaui.

[Ansa po3pobku mopgeni 3 napanesibHUM anropuTMom 6yno obpaHo
cepegosuuje CUDA.

IIporpamna apxirekrypa CUDA

CUDA - ue nporpamMHo-anapaTHa apXiTekTypa napanenbHux obuyucneHb, sika
[03BONAE ICTOTHO 36inbwWUTU obyucnoBanbHy MNPOAYKTUBHICTL 3aBAAKU
BUKOPUCTaHHIO rpadiyHux npouecopis NVIDIA. Mpu BUKOPUCTaHHI TeXHONOTIl
Cnip OPiEHTYBATUCA Ha HACTYNHY TEPMIHONOrIitO:

* npucTpin (device) - cama BigeokapTa, rpadiyHunii npouecop (GPU), skui
BWKOHYE KOMaHAM LLeHTpanbHOro npowecopa;

» xocT (host) = yueHTpanbHu npouecop (CPU), Aknit 3anyckae pi3Hi 3aBaaHHA
Ha NpUCTpPOI, BUAINAE NaM'ATb;

» agpo (kernel) — 3aBpaHHsA, Wo 6yae BukoHyBaTuca Ha GPU.
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CydacHa MoJe/Ib aHaII3y CIEKTPaIbHUX JaHUX

MPgp = {D, S [IRAF, Astropy], SA},

D - gaTaceT cnekTpanbHUX AaHuXx;

S - nporpamHe 3abesneyeHHs, Wo 06pobnsAe gataceT AaHuUx;

SA - nocnipoBHUN anroputm 06pobkM faTaceTy.

OCHOBHWUM Hef0/IKOM MoAenNi € BUKOPUCTAHHA 3acTapinoro nporpaMHoro 3abesneyeHHsa Ta

6ibnioTek, KOTpi He MiCTATb B cobi 3Mory 06pobnaTu gaHi posnoaineHo.

AHaII3 CKJIAaJ0BHUX MOl
CIIEKTPATbHUX JAHUX
Po3pobneHo HOBY MoAenb aHaniay cnekTpanbHUX AaHUX 3

BUKOPUCTaAHHAM nNapanefibHUX o064YucNeHb Ha OCHOBI
apxiTektypu CUDA:

MPgp = {D, S [CUDA, OpenCV], DA},
D - gataceT cnekTpanbHUX AaHUX;

S -3, wo obpobnfAe pataceTt gaHux;
DA - po3nogaineHi anroputmm o6pobkn gatacerty.

ITiaKTIoOUeHHS O10T10TeKH

OpenCV

v

OTpHMAHHA JaHHX Y popmaTti
FITS

v

ITpoX OTKeHHA 1O JaTaceTy 3
BHKOPHCTAHHsM I1a paTelbHHX
Ta PO3NOAIIEHHX OCHCIeHb

v

BuBesIeHH pe3yIbTaTiB
OOUHCIIEHHS

v

30epekeHHA pe3yIbTaTiB
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JloCTynl 10 CIeKTPaTbHUX JAHUX

Ona peanisauii anroputmiB 6yno obpaHo cnekTpanbHi fgaHi ¢opmaty FITS
ranakTukun AHapomepa 3 apxiBiB NASA, ski 3abe3ne4yyoTb BUCOKY CTYyMiHb
CTPYKTYPOBAHOCTI faHUX, WO pOBUTL IX 3pYYHUMU ANA BUKOPUCTAHHSA.

Ona nepBUHHOro aHanisy AaHWx apxiBu HapawTb iIHCTPYMEHTU ANA Bisyanisauii,
o A03BONAOTL NOMepeAHbOo nepernaHyTu Ta 06pobuTn gaHi 6e3 HeobXigHOCTI
3aBaHTaXeHHA Ha NoKaNnbHU KOMN'lOTep.

11

MeToam HOCAA0BHOIO TA ITAPAJIEIbHOIO AHAII3Y
CIIEKTPAJIbHUX JAHUX

void FindMaxIntensityByProcessor(const float* spectrum, float& maxIntensity, int spectrumSize)
maxIntensity = 0.6f;
for (int i = @; i < spectrumSize; ++i)
if (spectrum[i] > maxIntensity)
maxIntensity = spectrum[i];
¥
--global__ void FindMaxIntensityByGraphicsCard(float* spectrum, float* maxIntensity, int spectrumSize)
{

extern __shared__ float shared_data[];

int tid
int idx

= threadIdx.x;
= blockIdx.x * blockDim.x + threadIdx.x;
if (ddx < spectrumSize)
shared_data[tid] = spectrum[idx];
else
shared_data[tid] = -FLT_MAX;

__syncthreads();
for (int stride = blockDim.x / 2; stride > @; stride >>= 1)
{
if (tid < stride)
shared_data[tid] = fmaxf(shared_data[tid], shared_data[tid + stridel);
__syncthreads();
}
if (tid == @)

atomicMax((int*)maxIntensity, __float_as_int(shared_data[e]))
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Pesynbrarn anamisy

# Spectrum Analysis - o X # ' CPU and GPU Results

m!”'\'
“, “|.u||||u|||- I|||>'l||' V|“ i “|| lll'wl[ i

nn-.lh‘ll

Pesynbraru anamisy

Yac BUKOHaHHA Ha CPU B Yac BuKoHaHHA Ha GPU B i1bKil i KinbKicte onepauiii 8

SpectrumSizeMultiplicator
cexyHpaax CexkyHpaax CceKyHay Ha GPU

0.0000767

0.0012743 187744000 11303000

0.0203643 0.0126303 724091000 1167480000
0.0306026 0.0271126 962742000 1086670000
0.0784251 0.0475633 751351000 1238870000
0.126231 0.091471 923562000 1274530000



BucunosBku

Ons Benukmx obcarie gaHux GPU pgeMOHCTpye 3HauyHy nepeBary y LWBMAKOCTI 06pobku. Lle
noB'A3aHO 3 BUCOKOK MapanenbHol o64YncnoBanbHOK NOTYXHicTio GPU, Aka 403BONSAE OfHOYACHO
obpobnATK Benuki MacueBuM JaHux. Y Takux BuNagkax HaknafgHi BUTpaTu Ha nepepavy AaHux i
3anycK Aaapa cTaloTb HE3HaYY WMWY NOPIBHAHHI 3 YacoM, AKUA BUTpavyaeTbCcA Ha 06pobKYy AaHUX.

PesynbTaT eKCnepuMEHTIB NiATBEPAXYHOTb HEOBXIAHICTb BUKOPUCTaAHHA napanenbHux o64yncneHb
Ha GPU pgna e¢pekTMBHOI 06pobOKM Benukux o06CAriB cnekTpanbHUX Qf[aHUX B acTPOHOMII.
BukopuctaHHa GPU posBonfe 3Ha4YHO CKOPOTUTU Yyac o6pobKU AaHMX, WO € KPUTUYHO BaXX/IMBUM
ONA NPUCKOPEHHA HaYKOBUX AOCNIAXEHb Ta BIAKPUTTA HOBUX aCTPOHOMIYHUX ABULY.

MainbyTHi fOCNIAXEHHA B Ui ranys3i MOXYyTb BKAKOYaATU nofanblue BAOCKOHaNEHHA anropuTmis
napanenbHoOl 06pobKKU, pPo3WUPEHHA QYHKLiOHany iIHCTPYMEHTIB, WO BUKOPUCTOBYITHCA, a TaKOX
afjanTauito mogeni onsa HoBux obnacTen 3acTocyBaHHA B aCTPOHOMIl.
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JIOJIATOK B

Jlictunr kony

Jlictuar b.1 — Mertoa rpadiuHoro BigoOpaskeHHS IHTEHCHUBHOCTI CIIEKTPaTbHUX

JTaHUX

void DisplaySpectrumData (const float* spectrum, int spectrumSize)
{

int image width = 800;

int image height = 600;

int margin = 50;

cv::Mat graph = cv::Mat::zeros(image height, image width, CV_8UC3);

float maxIntensity = *std::max element (spectrum, spectrum +
spectrumSize) ;

for (int 1 = 0; 1 < spectrumSize - 1; ++1i)

{

float intensityl spectrum[i];

float intensity2 = spectrum[i + 1];

int x1 = static_cast<int>(static_cast<float>(i) / spectrumSize *
(image width - 2 * margin) + margin);

int yl = static cast<int>((1.0f - intensityl / maxIntensity) *
(image _height - 2 * margin) + margin);

int x2 = static cast<int>(static_ cast<float>(i + 1) / spectrumSize *
(image width - 2 * margin) + margin);

int y2 = static cast<int>((1.0f - intensity2 / maxIntensity) *
(image height - 2 * margin) + margin);

cv::1line(graph, cv::Point(xl, yl), cv::Point(x2, y2), cv::Scalar (255,

255, 255), 1);

}

cv::line(graph, cv::Point (margin, margin), cv::Point(margin, image height
- margin), cv::Scalar (255, 255, 255), 1);

cv::line(graph, cv::Point (margin, image height - margin),
cv::Point (image width - margin, image height - margin), cv::Scalar (255, 255,
255), 1);

cv::putText (graph, "Intensity (a.u.)", cv::Point (10, margin / 2),
cv::FONT HERSHEY SIMPLEX, 0.7, cv::Scalar (255, 255, 255), 1, cv::LINE AA);

cv::putText (graph, "Wavelength (nm)", cv::Point (image width / 2,
image height - 10), cv::FONT HERSHEY SIMPLEX, 0.7, cv::Scalar (255, 255, 255),
1, cv::LINE AA);

int num ticks x = 10;
for (int 1 = 0; i <= num ticks_x; ++1)
{
int x = margin + i * (image width - 2 * margin) / num ticks x;

cv::line(graph, cv::Point(x, image height - margin), cv::Point(x,
image height - margin + 5), cv::Scalar (255, 255, 255), 1);

std::stringstream ss;

ss << 1 * (spectrumSize / num ticks x);

cv::putText (graph, ss.str(), cv::Point(x - 10, image height - margin
+ 20), cv::FONT HERSHEY SIMPLEX, 0.4, cv::Scalar (255, 255, 255), 1,
cv::LINE AR);

}

int num ticks y = 10;

for (int i = 0; i1 <= num ticks y; ++1i)

{
int y = margin + i * (image height - 2 * margin) / num ticks y;
cv::line(graph, cv::Point (margin - 5, image height - y),

cv::Point (margin, image height - y), cv::Scalar (255, 255, 255), 1);
std::stringstream ss;
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ss << static cast<int>(std::round(i * (maxIntensity / num ticks y)));
cv::putText (graph, ss.str(), cv::Point (10, image height - y + 5),
cv::FONT HERSHEY SIMPLEX, 0.4, cv::Scalar (255, 255, 255), 1, cv::LINE AA);
}

cv::imshow ("Spectrum Analysis", graph);

Jlictunar B.2 — MeTon BimoOpakeHHS pe3yibTaTiB aHATI3Y

void DisplayResults(const std::stringé& results)
{

double font scale = 0.5;

int font face = cv::FONT HERSHEY SIMPLEX;

int baseline = 0;
int thickness = 1;
cv::Size text size = cv::getTextSize (results, font face, font scale,

thickness, &baseline);
int image width = 800;
int image height = text size.height * 10 + 40;
cv::Mat output = cv::Mat::zeros(image height, image width, CV_8UC3);
std::istringstream iss(results);
std::string line;
int y = 30;
while (std::getline(iss, line))
{
cv::putText (output, line, cv::Point (10, y), font face, font scale,
cv::Scalar (255, 255, 255), thickness, cv::LINE AA);
y += text size.height + 10;
}
cv::imshow ("CPU and GPU Results", output);

Jlictunr b.3 — ["'o10BHMIT METO TPOrpaMu

int main ()
{
fitsfile* fptr;
int status = 0;
long naxes[3] = { 1, 1, 1 };
float* h spectrum;
float* d spectrum, * d max intensity;
int bitpix, naxis;
bool uselncreasedSize = false;
const char* fits path = "C:\\Demon files\\University\\6-th Course Second
Semester\\SpectrumAnalysis\\x64\\Debug\\spectrum.fits";
if (fits open file(&fptr, fits path, READONLY, é&status))
{
fits report error(stderr, status);
return status;
}
if (fits get img param(fptr, 3, &bitpix, &naxis, naxes, é&status))
{
fits report error(stderr, status);
fits close file(fptr, &status);
return status;
}
long totalSize = 1;
for (int i = 0; 1 < naxis; ++i)
totalSize *= naxes([i];
int spectrumSize = uselncreasedSize ? totalSize *
SpectrumSizeMultiplicator : totalSize;
h spectrum = (float*)malloc (spectrumSize * sizeof (float));
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if (h_spectrum == nullptr)

std::cerr << "Failed to allocate host memory" << std::endl;
fits close file(fptr, &status);
return -1;
}
if (fits read img(fptr, TFLOAT, 1, totalSize, nullptr, h spectrum,
nullptr, &status))
{
fits report error(stderr, status);
fits close file(fptr, é&status);
free (h spectrum);
return status;
}
fits close file(fptr, &status);
if (uselncreasedSize)
for (int 1 = totalSize; i < spectrumSize; ++1)
h spectrum[i] = h spectrum[i % totalSize];
float max _intensity cpu = 0.0f;
auto start cpu = std::chrono::high resolution clock::now();
FindMaxIntensityByProcessor (h _spectrum, max intensity cpu, spectrumSize);
auto end cpu = std::chrono::high resolution clock::now();
std::chrono::duration<double> elapsed cpu = end cpu - start cpu;
double ops per sec cpu = spectrumSize / elapsed cpu.count();
std::stringstream ss;
ss << "CPU Max intensity: " << max intensity cpu << std::endl;
ss << "CPU Elapsed time: " << elapsed cpu.count() << " seconds" <<
std::endl;
ss << "CPU Operations per second: " << ops per sec _cpu << std::endl;
cudaMalloc ((void**) &d spectrum, spectrumSize * sizeof (float));
cudaMalloc ((void**) &d max intensity, sizeof (float));
cudaMemcpy (d_spectrum, h spectrum, spectrumSize * sizeof (float),
cudaMemcpyHostToDevice) ;
float initial max = -FLT MAX;
cudaMemcpy (d_max_ intensity, &initial max, sizeof (float),
cudaMemcpyHostToDevice) ;
int blockSize = 256;
int numBlocks = (spectrumSize + blockSize - 1) / blockSize;
auto start gpu = std::chrono::high resolution clock::now();
FindMaxIntensityByGraphicsCard <<<numBlocks, blockSize, blockSize *
sizeof (float) >>> (d spectrum, d max intensity, spectrumSize);
cudaDeviceSynchronize () ;
auto end gpu = std::chrono::high resolution clock::now();
std::chrono::duration<double> elapsed gpu = end gpu - start gpu;
double ops per sec gpu = spectrumSize / elapsed gpu.count();
cudaMemcpy (émax intensity cpu, d max intensity, sizeof (float),
cudaMemcpyDeviceToHost) ;

ss << "GPU Max intensity: " << max intensity cpu << std::endl;

ss << "GPU Elapsed time: " << elapsed gpu.count () << " seconds" <<
std::endl;

ss << "GPU Operations per second: " << ops per sec _gpu << std::endl;

cudaFree (d_spectrum) ;
cudaFree (d max intensity);
DisplaySpectrumbData (h spectrum, spectrumSize);
DisplayResults (ss.str());

free (h_spectrum);

cv::waitKey (0) ;

return 0;



