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INTRODUCTION

SuperNOVAS is a high-precision, fast, and modern
C/C++ positional astronomy and astrometry library
based on the Naval Observatory Vector Astrometry
Software (NOVAS) C edition!', lts goals are:

* precision (latest standards and methods!?34)
* usablility and expanded functionality

* performance

* portability

* code safety and best practices

* accessible documentation

* optional high-level object-oriented (OOP) API

* community involvement

IMPROVEMENTS

NEW FEATURES

New features make SuperNOVAS more powerful than
NOVAS ever was.

* elegant, high-level C++11 API
CALCEPH?®! / CSPICEL! integration

* efficient observing frame-based approach

* airborne and Solar-system based observers
* astronomical timescales and conversions

* Keplerian orbital elements

ITRF realizations and Earth ellipsoids
* interferometric uvw projections

* more atmospheric refraction models
* and more....
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* more accurate spectroscopic calculations

* regression testing with 100% code coverage
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SuperNOVAS C99

#include <novas.h> astropy
astropy.coordinates
cat_entry star;
object source;
observer loc;
novas_timespec time;

novas_frame frame;
sky_pos app;
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make_ﬁat_entry(”ﬂntares”, "HIP", 80763,
novas_hms_hours("16h 29m 24.45970s"),

source = SkyCoord(

units

EarthlLocation, Longitude, Latitude, CIRS

'16h 29m 24.45970s', '-26d 25m 55.2094s’,
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Fig. 1: SuperNOVAS coordinate systems and transforms

SuperNOVAS C++

u #include <supernovas.h>
SkyCoord,

using namespace SUpPernovas;

Ma£ima T [ 3 5 m oo
JETINE ] eSS

auto source = CatalogEntry("Antares",
"16h 29m 24.45970s", "-26d 2bm 55.2094s")

novas_dms_degrees("-26d 25m 55.20894s"), d = u.AU / 5.89 * u.mas, .parallax(5.89 * Unit::mas)
-12.11, -23.30, 5.89, -3.4, &star); pmra = -12.11 * u.mas / u.yr, .proper_motion(-12.11 * Unit::mas / Unit::yr,
pmdec = -23.30 * u.mas / u.yr, -232.30 * Unit::mas / Unit::yr)
make_cat_object(&star, &source); rv = -3.4 * u.km / u.s) .radial_velocity(-2.4 * Unit::km / Unit::s)
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make_gps_observer(50.7374, 0.0, &loc);
Longitude(50.7374),
Latitude(7.0982),
height=60.0)
novas_set_str_time(NOVAS_TAI,
"2025-02-27T19:57:00.728+0200", O,

time = astrﬂﬁy.time.Time(
NAN, &time);

nﬂvas_make_f}ame(HﬂUﬁS_FULL_ﬁEEURﬁEY,
&loc, &time, dx, dy, &frame);
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nﬂvaﬁ;sky_pnﬁ(ﬂsnurce, &frame, NOVAS_CIRS, Rapp);

loc = EarthlLocation.from_geodetic(

"2025-02-27719:57:00.728+0200", scale='tai')

sy -I.I.I.: cEeErFvel 1ME A T g2m

frame = EIEE{ﬂhstime:time, location=1loc)

Elp:p”= source.transform_to(frame);

.to_source();

auto obs = Site::from_GPS(50.7374 * Unit::deg,
7 9 * Unit::m)
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/.0982 * Unit::deg, 60.
.to_observer(eop);
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Time t(”EGEG—G3—14T13:43:@@ ?28+@2@@”, NULL,
NOVAS_TAI);
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auto frame :-ﬂhs.frame_at(t);
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autﬂ.épp = source.apparent_in(frame).cirs();

Fig. 2: Calculating the position of a star in the Celestial Intermediate Reference System (CIRS) of date.

BENCHMARKS

SuperNOVAS is 3 to 5 orders of magnitude faster than

astropy'’! for calculations on the true equator of date.

SuperNOVAS benchmarks
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Fig. 3: Benchmarks against NOVAS and astropy

SuperNOVAS can calculate true-of-date positions
for the entire Gaia dataset (1.7 billion stars) to

1 uas in under 1 minute on a typical desktop PC.

AVAILABILITY

SuperNOVAS is free and open-source software (FOSS)

with no licensing restrictions (“Unlicense™).

* Sigmyne/SuperNOVAS GitHub repository

* Fedora / EPEL / Debian Linux packages

* vcpkg repository

* Homebrew (attipaci/pub/supernovas)

* NIX package

CONCLUSIONS

SuperNOVAS brings the simplicity, elegance, and
(much of) the safety of Python and astropy to
precision astrometry in modern C/C++, while
providing superior performance. It is actively
maintained, well documented, and suitable for
embedded systems also. SuperNOVAS already

powers major observatories. Will yours be next?
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