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Angelus is an Elixir library that returns one geocentric tropical ephemeris for
a supplied instant. Its only public API is Angelus.get_ephemeride/1.
Supported Bodies
Angelus 1.0.1 returns these body atoms in a fixed order:
[
  :sun,
  :moon,
  :mercury,
  :venus,
  :mars,
  :jupiter,
  :saturn,
  :uranus,
  :neptune,
  :pluto,
  :north_node,
  :south_node,
  :lilith,
  :chiron
]
The public datetime range is 1900-01-01 through 2100-01-24, inclusive.
Installation
Angelus is not yet published to Hex. Add it from Git:
def deps do
  [
    {:angelus, github: "MonsignorEduardo/angelus", branch: "master"}
  ]
end
Requirements
	Elixir ~> 1.20.2 on Erlang/OTP 29.0.3.
	For supported platforms, no local C compiler or CSPICE installation is required when installing from Hex.
	Local source builds require a C compiler available as cc, plus Meson, Ninja,
and the native dependencies used by the Meson subprojects.

Precompiled CSPICE-enabled native workers are provided for macOS Apple Silicon
(aarch64-apple-darwin), Linux glibc x86_64 (x86_64-linux-gnu), and Linux
glibc arm64 (aarch64-linux-gnu).
Quick Start
Fetch dependencies and compile the native worker:
mix deps.get
mix compile

When installed from Hex on one of those supported platforms, compilation downloads the matching precompiled angelus_worker. Local development in this repository can force a source build with ANGELUS_FORCE_BUILD=1 or just build.
Install the complete Angelus runtime data:
mix angelus.prepare

This downloads the JPL/NAIF kernels and the pinned Quirón SPK into
priv/kernels/. The pinned SPK is verified against its catalogued SHA-256
checksum.
Calculate an ephemeris. Kernels load automatically on the first call:
{:ok, ephemeride} = Angelus.get_ephemeride(~U[1990-05-24 06:30:00Z])

ephemeride.sidereal_time
ephemeride.positions
Each result includes the UTC instant, weekday, Greenwich sidereal time, and
the positions in this fixed order. Every position contains ecliptic latitude
(lat), true-equatorial declination (decl), and direct/retrograde/stationary
motion. All angular values are expressed in degrees; Angelus does not expose
zodiac signs or formatted ecliptic longitudes.
ephemeride.reference identifies Earth as the geocentric observer and supplies
the PCK ellipsoid radii in km, flattening, coordinate frame, and aberration
correction used by the calculation.
Print the same result in a terminal with an ISO 8601 instant:
mix angelus.ephemeride 2000-01-01T07:00:00-05:00

Development
Common commands:
mix setup
mix compile
mix test test/unit
mix consistency

By default, mix compile may use a published precompiled worker. To force a local source build while working on this repository:
ANGELUS_FORCE_BUILD=1 mix compile

If you have just installed, the repository also provides:
just build             # compile with CSPICE support
just build-stub        # compile stub worker only, no CSPICE download
just test              # run test/unit only
just test-integration  # build with CSPICE and run e2e tests
just test-e2e          # alias for test-integration
just clean             # remove local build outputs and downloaded native libraries

Unit tests live under test/unit. Integration tests require the real CSPICE
worker and downloaded kernels.
Kernel and Data Licensing
Angelus does not include third-party ephemeris data. JPL/NAIF kernels and the
Quirón SPK are downloaded separately and remain subject to their respective terms.
The source code in this repository is MIT licensed. Native artefacts include
components from NAIF CSPICE, distributed under NAIF's respective terms.
Angelus is not affiliated with or endorsed by NASA, JPL, NAIF, IAU, or SOFA.


  

    Third-Party Notices

Angelus source code is MIT licensed. Some native artefacts and optional data files use third-party components distributed under their own terms.
NAIF CSPICE
Angelus native artefacts may include components from the NAIF SPICE Toolkit for C (CSPICE). CSPICE is provided by NASA/JPL/NAIF under custom terms, including warranty and liability disclaimers. Angelus is not affiliated with or endorsed by NASA, JPL, or NAIF.
JPL/NAIF Kernels
Angelus does not bundle runtime data. mix angelus.prepare downloads the required
JPL/NAIF kernels and the pinned Quirón SPK. The pinned SPK is verified against
its catalogued SHA-256 checksum. All kernel files remain subject to their
respective terms.
Build Tooling
Angelus uses elixir_make and cc_precompiler to restore precompiled native artefacts during dependency compilation. Those packages are distributed under their respective licenses.


  

    LICENSE


MIT License

Copyright (c) 2026 Angelus contributors

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all
copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE
SOFTWARE.
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Geocentric tropical ephemerides backed by SPICE/JPL.
{:ok, ephemeride} = Angelus.get_ephemeride(~U[1998-01-01 00:00:00Z])
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        get_ephemeride(datetime)

      


        Returns the fixed 14-body geocentric tropical ephemeris for datetime.
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          @spec get_ephemeride(DateTime.t()) :: {:ok, Angelus.Ephemeride.t()} | {:error, term()}


      


Returns the fixed 14-body geocentric tropical ephemeris for datetime.
The supplied instant is normalized to UTC. A NaiveDateTime is rejected,
because it has no offset from which UTC can be determined. Kernel loading is
managed internally; run mix angelus.prepare once to install runtime data.

  


        

      


  

    
Angelus.Application 
    



      
OTP application entry point for Angelus.

      




  

    
Angelus.Astro.Adapter behaviour
    



      
Contract for astro engines used by Angelus.Astro.
Adapters resolve supported target atoms and return the public Astro struct for
that target type.
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        get_position(t, atom)
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          @type opt() :: term()
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          @callback get_position(DateTime.t(), atom()) ::
  {:ok, Angelus.Astro.Body.t() | Angelus.Astro.Point.t()} | {:error, term()}


      



  


        

      


  

    
Angelus.Astro.Body 
    



      
State of a physical astronomical body in the v0.1 public API.
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        t()

      


        Physical body state.
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          @type t() :: %Angelus.Astro.Body{
  body: atom(),
  declination: float() | nil,
  declination_rad: float() | nil,
  distance_au: float() | nil,
  et_seconds: float() | nil,
  latitude: float() | nil,
  latitude_rad: float() | nil,
  light_time_seconds: float() | nil,
  longitude: float() | nil,
  longitude_rad: float() | nil,
  metadata: map() | nil,
  position_km: {float(), float(), float()} | nil,
  velocity_km_s: {float(), float(), float()} | nil
}


      


Physical body state.
Fields:
	:body - the body atom (e.g. :sun, :moon).
	:position_km - {x, y, z} position vector in km.
	:velocity_km_s - {vx, vy, vz} velocity vector in km/s.
	:distance_au - distance from Earth to the body in astronomical units.
	:light_time_seconds - one-way light time from target to observer.
	:et_seconds - ephemeris time / TDB seconds past J2000.
	:longitude and :latitude - tropical true-ecliptic coordinates of date in degrees.
	:longitude_rad and :latitude_rad - the same coordinates in radians.
	:declination and :declination_rad - true-equatorial declination of date.


  


        

      


  

    
Angelus.Astro.Point 
    



      
State of a mathematical astronomical point in the v0.1 public API.
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        Mathematical point state.
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          @type t() :: %Angelus.Astro.Point{
  declination: float() | nil,
  declination_rad: float() | nil,
  et_seconds: float() | nil,
  longitude_rad: float() | nil,
  metadata: map() | nil,
  point: atom(),
  speed_rad_day: float() | nil
}


      


Mathematical point state.
Fields:
	:point - the point atom (e.g. :true_node, :lilith).
	:longitude_rad - ecliptic longitude in radians.
	:declination and :declination_rad - true-equatorial declination of date.
	:speed_rad_day - longitude speed in radians per day.
	:et_seconds - ephemeris time / TDB seconds past J2000.
	:metadata - internal metadata map (engine, kernels, source point, etc.).


  


        

      


  

    
Angelus.Ephemeride 
    



      
A geocentric tropical ephemeris at one UTC instant.
This module is the return value of Angelus.get_ephemeride/1.
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          @type calculation_reference() :: %{
  observer: :earth_center,
  earth: %{
    shape: :oblate_spheroid,
    equatorial_radius_km: float(),
    polar_radius_km: float(),
    flattening: float()
  },
  coordinate_frame: :true_ecliptic_of_date,
  aberration_correction: String.t()
}
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          @type motion() :: :direct | :retrograde | :stationary
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          @type position() :: %{body: atom(), lat: float(), decl: float(), motion: motion()}
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          @type t() :: %Angelus.Ephemeride{
  datetime: DateTime.t(),
  day: Date.t(),
  positions: [position()],
  reference: calculation_reference(),
  sidereal_time: %{
    hour: non_neg_integer(),
    minute: non_neg_integer(),
    second: non_neg_integer()
  },
  weekday: atom()
}


      



  


        

      


  

    
Angelus.Motor.KernelSet 
    



      
Validation and metadata for the v0.1 JPL/NAIF kernel set.

      


      
        Summary


  
    Functions
  


    
      
        validate(paths)

      


        Validates that paths contain exactly the supported v0.1 kernel set.
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          @spec validate([String.t()]) :: {:ok, map()} | {:error, term()}


          @spec validate(term()) :: {:error, {:invalid_kernel_set, :invalid_paths}}


      


Validates that paths contain exactly the supported v0.1 kernel set.

  


        

      


  

    
Angelus.Motor.Supervisor 
    



      
Supervises the pool of Angelus.Motor.Server workers.
v0.1 starts a single server with restart: :permanent.
The structure allows scaling to N workers without API changes.
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    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        start_link(opts \\ [])

      


        Starts the Motor supervisor.
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Returns a specification to start this module under a supervisor.
See Supervisor.
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          @spec start_link(keyword()) :: Supervisor.on_start()


      


Starts the Motor supervisor.

  


        

      


  

    
Angelus.Motor.WorkerProtocol 
    



      
Encodes requests and decodes responses for the angelus_motor Port protocol.
Frame format (matching Erlang packet: 4):
  [4 bytes big-endian uint32: payload length][payload: UTF-8 JSON]
Elixir opens the Port with packet: 4, so the VM handles the framing
automatically.  This module only deals with the JSON payload layer.
Request schema:
  %{"id" => integer, "op" => string, ...op-specific fields...}
Response schema (success):
  %{"id" => integer, "ok" => true, "result" => term}
Response schema (error):
  %{"id" => integer, "ok" => false, "error" => string}
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        request_id()

      


    





  
    Functions
  


    
      
        coerce_body(arg1)

      


        Coerces a state result map (string keys from JSON) into an Elixir map
with atom keys and typed values.



    


    
      
        coerce_point(arg1)

      


        Coerces a mathematical point result map into an Elixir map.



    


    
      
        decode(binary)

      


        Decodes a raw binary response from the worker.



    


    
      
        encode_body(id, spice_target, iso8601)

      


        Encodes a body request — a single UTC->ET->state round-trip.



    


    
      
        encode_clear_kernels(id)

      


        Encodes a clear_kernels request.



    


    
      
        encode_load_kernels(id, paths)

      


        Encodes a load_kernels request with explicit paths.



    


    
      
        encode_math_point(id, point, iso8601)

      


        Encodes a mathematical point request.



    


    
      
        encode_ping(id)

      


        Encodes a ping request.
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          @type request_id() :: non_neg_integer()
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          @spec coerce_body(map()) :: {:ok, map()} | {:error, :invalid_body_result}


          @spec coerce_body(term()) :: {:error, :invalid_body_result}


      


Coerces a state result map (string keys from JSON) into an Elixir map
with atom keys and typed values.
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          @spec coerce_point(map()) :: {:ok, map()} | {:error, :invalid_point_result}


          @spec coerce_point(term()) :: {:error, :invalid_point_result}


      


Coerces a mathematical point result map into an Elixir map.
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          @spec decode(binary()) ::
  {:ok, request_id(), term()}
  | {:error, request_id(), term()}
  | {:error, :decode_error, binary()}


          @spec decode(term()) :: {:error, :decode_error, term()}


      


Decodes a raw binary response from the worker.
Returns {:ok, id, result} or {:error, id, reason}.
Returns {:error, :decode_error, binary} if JSON is malformed.

  



  
    
      
    
    
      encode_body(id, spice_target, iso8601)



        
          
        

    

  


  

      

          @spec encode_body(request_id(), String.t(), String.t()) :: binary()


      


Encodes a body request — a single UTC->ET->state round-trip.
Fields:
	target (string) — SPICE target name
	utc (string) — ISO8601 datetime
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          @spec encode_clear_kernels(request_id()) :: binary()


      


Encodes a clear_kernels request.

  



  
    
      
    
    
      encode_load_kernels(id, paths)



        
          
        

    

  


  

      

          @spec encode_load_kernels(request_id(), [String.t()]) :: binary()


      


Encodes a load_kernels request with explicit paths.

  



  
    
      
    
    
      encode_math_point(id, point, iso8601)



        
          
        

    

  


  

      

          @spec encode_math_point(request_id(), String.t(), String.t()) :: binary()


      


Encodes a mathematical point request.
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          @spec encode_ping(request_id()) :: binary()


      


Encodes a ping request.

  


        

      


  

    
mix angelus.ephemeride 
    



      
Prints an Angelus ephemeris for one ISO 8601 instant.

      




  

    
mix angelus.prepare 
    



      
Downloads and validates Angelus runtime kernels.
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    Functions
  


    
      
        run(args)

      


        Downloads and validates the kernels required by Angelus.get_ephemeride/1.
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          @spec run([String.t()]) :: :ok | no_return()


      


Downloads and validates the kernels required by Angelus.get_ephemeride/1.
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