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    StaticMaps

Render a map to an image on the server, with no map library in the browser.
StaticMaps takes a centre, a zoom and a size, works out which tiles cover that view,
fetches them, stitches them into one picture, draws your markers on top and hands you the
bytes. Nothing ships to the client but an <img>.
{lat, lng} + zoom + size
        │
        ▼
   which tiles?  ──▶  fetch (cached)  ──▶  stitch + crop  ──▶  markers  ──▶  attribution  ──▶  PNG
        │                   │
   projection           tile source
This is for maps that do not move: a property listing, an office address, a photo's
location, an OG image, a PDF. If your users need to pan and zoom, you want Leaflet or
MapLibre and you want them in the browser — that is a genuinely different problem, and this
library does not pretend to solve it.
This README is for Elixir developers who want a map image from their application. It
assumes you know what a slippy map and its tiles are, and nothing about how to stitch
them. ARCHITECTURE.md explains how it works inside, and
ROADMAP.md says what is planned next.
Why this exists
Most "just use OpenStreetMap" maps are a client-side map library pointed at
tile.openstreetmap.org. That works until it doesn't: OSM's
tile usage policy is explicit that
their volunteer-funded servers are not for heavy or commercial use, and an interactive map
on every page of a commercial site is exactly the traffic they ask you to take elsewhere.
For a map that never moves, all that machinery buys nothing. One render produces one image
which is then cached forever, and a page view costs zero tile requests.
Installation
def deps do
  [
    {:staticmaps, "~> 0.1"},
    # only if you serve maps over HTTP with StaticMaps.Plug
    {:plug, "~> 1.16"}
  ]
end
StaticMaps sends an identifying User-Agent with every tile request, as OSM's policy
requires. Tell it how the tile provider can reach you:
# config/config.exs
config :staticmaps, contact: "https://example.com/contact"
# User-Agent: StaticMaps/<version> (+https://example.com/contact)
The attribution strip is text, which libvips draws with the fonts installed through
fontconfig. Desktop systems have them; slim Docker images often do not, and there a
render fails with an error naming the missing font rather than producing a map without
its credit. Install one, for example apt-get install fonts-dejavu-core or
apk add font-dejavu.
Usage
{:ok, png} =
  StaticMaps.render(
    center: {14.5547, 121.0244},
    zoom: 15,
    size: {800, 400},
    markers: [{14.5547, 121.0244}]
  )

File.write!("makati.png", png)
That is the whole surface for the common case. Everything else is an option with a
defensible default.
Coordinates are always {latitude, longitude}. Several libraries in this space take
[lng, lat], so check the order when porting code.
	Option	Default	Meaning
	:center	fitted	{lat, lng}
	:zoom	fitted	integer, within the source's zoom range
	:bounds	—	{{south, west}, {north, east}}; the view is fitted to it
	:padding	20	pixels kept clear around :bounds and markers when fitting
	:size	{600, 400}	output pixels, before :scale; at most {2048, 2048}
	:scale	1	2 renders at twice the pixel density for retina
	:markers	[]	{lat, lng} or {lat, lng, opts}; see Markers
	:source	StaticMaps.Source.OSM	a module, or {module, opts}, implementing the behaviour; or a list of them, tried in order
	:format	:png	:png or :jpeg
	:background	"#e0e0e0"	colour for anything no tile covers, such as beyond the poles
	:attribution	true	see Attribution is not optional
	:on_tile_error	:fail	:fail or :fill; see When a tile fails

render/1 returns {:ok, binary} or {:error, exception}. It never raises for bad input.
An unknown option, a zoom outside the source's range or a size over the limit is an
{:error, %ArgumentError{}}.
Fitting the view
You do not have to pick a centre and zoom yourself.
	Give :center and :zoom, and you get exactly that view.
	Give :bounds, and StaticMaps picks the highest zoom at which the bounds, the markers
and :padding all fit, and centres on them.
	Give only :markers, and it fits to the markers. A single marker, or several at the
same spot, gets zoom 15, or the nearest zoom the source serves.
	Give :center without :zoom, and it keeps that centre and picks the highest zoom at
which every marker is still in view; for a single marker, no higher than zoom 15.
	Give :zoom without :center, and it keeps that zoom and centres on the bounds and
markers.

The zoom is chosen from the zooms the first source serves. When nothing fits even at its
lowest zoom, the lowest zoom is used.
Fitting counts each marker's icon size, not just its point, so a pin at the edge is never
half cut off. It also leaves room for the attribution strip.
A :bounds that crosses the antimeridian is written with west > east, for example
{{-20, 170}, {-10, -170}} for a box around Fiji. Markers need no such care: they are
fitted by the shortest span of longitude that covers them all, so markers either side of
the antimeridian frame the Pacific, not the whole world.
Latitudes are clamped to ±85.0511°, the limit of the Web Mercator projection. Anything
beyond that, and anything past the poles at low zoom, is painted :background rather than
filled with the wrong tiles.
Zoom is always an integer. Tiles only exist at integer zooms, and scaling them to fit a
fractional zoom blurs every label on the map.
Markers
Each marker is a default pin, 24 × 36 pixels with its tip on the coordinate, unless its
options say otherwise:
markers: [
  {14.5547, 121.0244},
  {14.5176, 121.0509, color: "#1565c0", label: "B"},
  {14.5995, 120.9842, icon: File.read!("priv/office.svg"), anchor: {16, 32}}
]
	Option	Default	Meaning
	:color	"#d63e2a"	the pin's colour: "#rgb", "#rrggbb" or {r, g, b}
	:label	none	up to three characters written in the pin's head, in black or white, whichever reads better on the colour
	:icon	the pin	SVG or image bytes to draw instead of the pin
	:anchor	bottom centre	{x, y} in the icon's pixels that sits on the coordinate

Pins and SVG icons are drawn at the output scale, so they stay sharp at scale: 2. An
image icon is enlarged for scale: 2, so give an SVG where you can. A label is drawn only
on the default pin.
Markers are drawn in the order given, later ones on top, and at low zoom a marker appears
on every copy of the world the image shows.
Returning a binary, and nothing else
render/1 gives you bytes. It does not write files, talk to S3, or know what a
Phoenix.LiveView is. Where the image lives is your application's business, and an image
library that knows about your bucket is one you cannot reuse in the next application.
The same reasoning applies to coordinates: it takes plain {lat, lng} tuples, not anyone's
geo struct. A three-line adapter on your side bridges whatever you already have.
When a tile fails
A render needs every tile it covers. When one cannot be fetched after retries, the default
is on_tile_error: :fail, and render/1 returns
{:error, %StaticMaps.TileError{}} naming the tiles that failed.
on_tile_error: :fill paints the missing tiles with :background and returns the image
anyway. Use it when a map with a grey square is better than no map, and do not cache the
result for long.
A map with a hole in it that looks like a success is the worst outcome, because it gets
cached and served for weeks. That is why :fail is the default.
A source that fails several renders in a row because it is down, unreachable or
erroring is skipped for a while, 30 seconds by default, rather than every render waiting
for it to fail again. Missing tiles, such as a 404, do not count. The next source in the
list is used instead, or, if there is none, render/1 returns at once with
{:error, %StaticMaps.UnavailableError{}}. The same error, listing each source's
failure, comes back when a render has backup sources and every one of them fails.
config :staticmaps, :circuit_breaker,
  threshold: 5,      # failed renders in a row; nil turns the breaker off
  cooldown: 30_000   # milliseconds a failing source is skipped for
Tile sources
A source is a module that turns a tile {z, x, y} into image bytes, and says what its
tiles look like and what credit their licence requires.
For the usual case, a server with a URL per tile, use StaticMaps.Source.HTTP and describe
the URL:
defmodule MyApp.Tiles do
  use StaticMaps.Source.HTTP

  @impl true
  def url(%{z: z, x: x, y: y, scale: scale}, _opts) do
    suffix = if scale == 2, do: "@2x", else: ""
    "https://tiles.example.com/#{z}/#{x}/#{y}#{suffix}.png"
  end

  @impl true
  def info(_opts) do
    %{attribution: "© Example Maps", tile_size: 256, zoom: 0..19, scales: [1, 2]}
  end
end
StaticMaps.Source.HTTP supplies the fetching: the User-Agent, timeouts, retries, a
limit on concurrent requests and the tile cache. Implement headers/2 to send an API key
or other headers a server needs. A source that does not use HTTP implements fetch/2
itself instead of url/2.
info/1 matters more than it looks:
	:tile_size is 256 or 512 pixels. Getting it wrong puts every tile in the wrong place.
	:zoom is the range the source serves. render/1 rejects a zoom outside it rather
than fetching tiles that do not exist.
	:scales lists the pixel densities the source has tiles for. With scale: 2, a source
that lists 2 provides sharp high-density tiles. One that does not has its tiles scaled
up, so the map is soft but markers and attribution are still sharp.

Two come built in:
	Source.OSM — OpenStreetMap's standard style. Fine for development and light use. Read
the policy note below before you point production at it.
	Source.Template — any {z}/{x}/{y} URL template, which covers most commercial
providers with a key in the URL:
source: {StaticMaps.Source.Template, url: "https://…/{z}/{x}/{y}.png?key=…", attribution: "© Provider"}.
guides/tile-providers.md has configurations for common
providers, and what each one's terms allow.

A source for PMTiles archives, one file of tiles on your own
storage with no tile server, is planned; see the roadmap.
Sources are modules in your code, never values taken from a request. A tile URL built from
user input turns your server into a proxy for anyone who asks.
Backup sources and mirrors
Give :source a list, and when a render fails from the first source, the whole map is
rendered again from the next:
source: [
  {StaticMaps.Source.Template, url: "https://…", attribution: "© Provider"},
  StaticMaps.Source.OSM
]
The fallback always renders the whole map. Different providers draw different maps, so
filling in one provider's missing tiles from another would give a visible patchwork, and
an attribution that credits only one of them. A fallback that does not serve the
requested zoom is skipped.
Servers that serve identical tiles, such as your own tile servers behind different
hosts, are mirrors of one source instead. Source.Template takes a list of URL
templates, sends each tile to a mirror chosen from its position, and fetches a tile from
the next mirror when its own fails. Since the tiles are identical, mixing mirrors within
one image is safe.
Neither feature rotates between different free services to stay under each one's usage
limits. That spreads heavy use across volunteers rather than reducing it.
Attribution is not optional
Tiles carry licence terms. OSM's standard tiles are CC BY-SA 2.0 and the data is ODbL, both
of which require credit, and every commercial provider requires their own.
render/1 therefore draws the source's attribution into the corner of the image by
default: dark text on a translucent white strip, drawn last so nothing covers it. On a
narrow image the text wraps rather than being cut off. When a fallback source rendered
the image, its credit is the one drawn.
You can move it with attribution: [position: :bottom_left], and fitting keeps markers
clear of it wherever it is. You can render it yourself in surrounding markup, but turning
it off in the image takes attribution: false, which is a deliberate act and is your
licence violation to explain, not the library's.
:attribution is an option in your code only. StaticMaps.Plug never reads it from a
request.
Caching
Two caches, doing different jobs:
Tiles are cached by {source, z, x, y, scale}, because adjacent subjects share almost
all of their tiles — a hundred properties in one city are not a hundred times the
fetches. The cache:
	keeps a tile for as long as the source's Cache-Control or Expires header allows,
and for 7 days when the source sends neither, as OSM's policy requires;
	revalidates an expired tile with If-None-Match or If-Modified-Since instead of
downloading it again, and serves the expired tile if the server cannot be reached;
	only stores a response that is a decodable image of the expected size, so a provider's
HTML error page never becomes a tile;
	is limited in size, 64 MB in memory by default, and evicts the least recently used
tiles when full.

The default cache lives in ETS and is lost on restart. Implement the
StaticMaps.TileCache behaviour to keep tiles somewhere else:
config :staticmaps, :tile_cache,
  module: StaticMaps.TileCache.ETS,  # nil turns caching off
  max_bytes: 64 * 1024 * 1024
Tiles from HTTP sources are cached. A source that reads tiles from your own storage
does not implement the cache's callback, and its tiles are not copied into memory.
Several commercial providers forbid keeping their tiles on a server. Give such a source
cache: false, and its tiles are never stored or served from the cache, while other
sources, such as a fallback, are still cached:
source: [
  {StaticMaps.Source.Template, url: "https://…", attribution: "© Provider", cache: false},
  StaticMaps.Source.OSM
]
guides/tile-providers.md says which providers need it. Some
also restrict serving rendered images of their tiles at all, which cache: false does
not address.
Rendered images are not cached by the library, because you are better at it than this
library would be. You already know the identity of the thing being rendered and where its
image belongs.
If you would rather not store images at all, render them on request and let browsers and
a CDN hold them instead. See Serving over HTTP.
Serving over HTTP
StaticMaps.Plug is an optional layer over render/1 for applications that serve maps
straight from a URL and let the HTTP caches in front of them do the storing. It is only
compiled when :plug is in your dependencies, and render/1 does not depend on it.
# router.ex — outside any pipeline that fetches the session
forward "/maps", StaticMaps.Plug,
  secret: {MyApp.Config, :map_secret, []},
  source: StaticMaps.Source.OSM,
  icons: %{office: File.read!("priv/office.svg")},
  cache: [max_age: 86_400, s_maxage: 2_592_000, stale_while_revalidate: 86_400]
# anywhere you build a page
src = StaticMaps.Plug.path("/maps", [center: {14.5547, 121.0244}, zoom: 15], secret: secret)
# => "/maps/0eba24287dc2c888.png?c=14.5547%2C121.0244&z=15&sig=JGwV1b3F…"
The same options always produce the same URL, so the URL itself is the cache key. The
first request for a URL renders the image; after that the CDN answers every request until
the entry expires. The start of the path is a hash of the query, so even a CDN
configured to ignore query strings keys each map separately. format: :jpeg in the third
argument gives a .jpg URL.
path/3 takes the options render/1 does, except the ones only the Plug decides:
:source, :attribution and :on_tile_error come from the Plug's configuration, never
from a URL. A :background given to the Plug is a default, which a URL's :background
overrides. A marker's :icon is the name of one of the Plug's :icons, since a URL
cannot carry an image; {lat, lng, icon: :office} draws the icon registered as
:office.
	:cache option	Default	Header it sets
	:max_age	86_400 (1 day)	max-age, how long browsers keep it
	:s_maxage	2_592_000 (30 days)	s-maxage, how long shared caches (CDNs) keep it
	:stale_while_revalidate	86_400	stale-while-revalidate, so an expired entry is served while the CDN refetches
	:immutable	false	immutable, for when you never want a URL to change

cache: false sends Cache-Control: no-store instead, which is useful in development.
Every cacheable response also says no-transform, so proxies, CDNs and the server's own
compression leave the image alone rather than spending time recompressing a PNG.
Each response also carries a weak ETag derived from the URL, the Plug's configuration
and the library version. A browser revalidating an expired image gets a 304 Not Modified
straight after the signature check, without a render or a single tile fetch. It is weak on
purpose: when the tile provider updates its tiles, the pixels change but the map still
shows the same place, which is what a weak validator means. The library version is in it
so that a release that draws differently replaces old images.
The lifetimes are shorter than immutable by default because the tiles under a map do
change. Roads get built and labels get fixed, and a month-old map is fine but a
year-old one may not be.
Signed URLs
The URL is signed with an HMAC of :secret, and the Plug rejects any request
whose signature does not match with 403. Without that, anyone could use your server to
render arbitrary maps, and every one of those renders is tile traffic to your provider,
billed to you or, with Source.OSM, taken from the volunteers' servers. The signature
also stops people busting your CDN cache with endless variations of one URL.
path/3 writes the parameters in a fixed order before signing, markers included, so the
same map always gets the same URL and the same signature.
Signing keeps strangers out; it does not protect you from your own bugs. The Plug still
enforces limits on every signed request:
	Plug option	Default	
	:max_size	{1280, 1280}	largest :size it will render
	:max_scale	2	
	:max_markers	100	
	:max_concurrency	System.schedulers_online()	renders in progress at once, for this mounted Plug

Identical requests that arrive while a render is in progress wait for that render instead
of starting their own. This matters on a cold CDN: a popular page can send the same URL
many times before the first response is cached.
Responses
	Situation	Status	Cache-Control
	Rendered	200	your :cache settings
	If-None-Match matches	304	your :cache settings
	Bad or missing signature	403	no-store
	Signed, but over a limit or invalid	400	no-store
	A tile failed	503	no-store
	Not GET or HEAD	405	no-store

Every failure is no-store, so a CDN never keeps an error for a month. The Plug always
renders with on_tile_error: :fail for the same reason. Error bodies are a short generic
message; details go to your logs, not to the client. HEAD is answered like GET
without the body.
Keeping the CDN able to cache
A CDN will not cache a response that sets a cookie, and most will not cache one marked
private. Mount the Plug outside your :browser pipeline so no session or CSRF plug
touches its responses. The Plug itself never sets cookies or Vary, because every response
for a URL is the same whoever asks for it. Your web server may add
Vary: Accept-Encoding on its own, as Bandit does; CDNs handle that without trouble.
A note on OSM's servers
If you use Source.OSM in production, you are using infrastructure donated by volunteers.
The policy asks for an identifying User-Agent, forbids bulk downloading, and asks heavy
users to move to their own infrastructure. StaticMaps sends a proper User-Agent, makes
at most two concurrent requests to OSM, and caches as required. It will not pre-seed a
region for you, because that is bulk downloading no matter how it is dressed up.
Caching is also not a loophole. It reduces your load on their servers; it does not turn
heavy use into light use. If this library is carrying real traffic for you, a paid
provider or your own tiles are the honest answer, and switching is one line.
guides/tile-providers.md lists providers and what their terms
allow.
Prior art
The problem is well solved outside Elixir, and these are the implementations this library
learns from:
	StephanGeorg/staticmaps (Node)
	komoot/staticmap (Python)
	flopp/py-staticmaps (Python)
	Luzifer/staticmap (Go)
	mapbox/quilt (Node)

Their APIs converged independently on roughly the same shape — centre, zoom, size,
markers — which is a good sign that it is the right one. Their shared weak spots are just
as useful. Where this design departs from them, ARCHITECTURE.md says
why.
Within Elixir, spherical_mercator
provides projection maths and ex_pmtiles reads
PMTiles archives; this library does the rest, from choosing tiles to the finished image.
License
MIT; see LICENSE.


  

    Changelog

Notable changes to StaticMaps, newest first. Versions follow
Semantic Versioning; before 1.0, a minor version may change the API.
0.1.0 — 2026-10-23
The first release.
	StaticMaps.render/1: a map image from a centre and zoom, or fitted to bounds and
markers, as PNG or JPEG, at scale 1 or 2.
	Tile sources: Source.OSM, Source.Template for any URL template, mirrors, fallback
sources, and a circuit breaker for sources that keep failing.
	A tile cache that honours the server's freshness headers, revalidates expired tiles,
and can be turned off per source with cache: false.
	Markers: the default pin in any colour, with an optional label, or custom SVG and image
icons.
	An attribution strip on every image, crediting the source the image came from.
	StaticMaps.Plug, optional: maps served from signed URLs, with HTTP caching headers
for browsers and CDNs.



  

    LICENSE


MIT License

Copyright (c) 2026 Tristan Peralta

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.



  

    Tile providers

How to point StaticMaps at tile providers other than OpenStreetMap, and what each one's
terms allow. Every entry is a StaticMaps.Source.Template configuration you can paste
into source:.
Last checked against each provider's own documentation on 2026-09-29. Providers change
their URLs, limits and terms; read the linked terms before you depend on one. Where a
detail could not be confirmed from the provider's documentation, the entry says to check
it rather than guessing.
Read this first: two licence traps
Server-side caching. StaticMaps keeps fetched tiles in its tile cache by default.
MapTiler, Stadia Maps, CARTO and Mapbox forbid storing their tiles on a server, and
Thunderforest forbids caching proxies. For those providers, set cache: false, and
every render fetches its tiles fresh:
source: {StaticMaps.Source.Template, url: "…", attribution: "…", cache: false}
Static images. Rendering tiles into an image on your server and serving that image is
itself restricted by some providers. MapTiler and Mapbox forbid serving "a screenshot or
other static image" in place of accessing their API, and Stadia Maps allows saving and
redistributing rendered images only on a paid plan. cache: false does not fix this.
You need a plan or licence that covers static maps.
The providers without either restriction are the community OpenStreetMap servers below
and your own tiles, and those ask for light use only.
Attribution
Each entry gives the credit the provider requires, which goes in the source's
:attribution and is drawn on every image. Most providers also require links, such as
to openstreetmap.org/copyright. An image cannot carry a link, so put the linked credit
next to the image on your page as well.
Commercial providers
MapTiler Cloud
source: {StaticMaps.Source.Template,
         url: "https://api.maptiler.com/maps/streets-v4/256/{z}/{x}/{y}{r}.png?key=YOUR_KEY",
         attribution: "© MapTiler © OpenStreetMap contributors",
         cache: false}
	Tiles: 512 px by default; the /256/ path segment serves 256 px, and @2x gives
high-density tiles. Maximum zoom: check MapTiler's docs.
	Account: key required. The free plan is for non-commercial use and development.
	Licence: forbids server-side caching and serving static images instead of the API.
The free plan also requires the MapTiler logo.
	Terms ·
Tile API ·
Attribution

Stadia Maps
Includes the Stamen styles Stadia hosts.
source: {StaticMaps.Source.Template,
         url: "https://tiles.stadiamaps.com/tiles/alidade_smooth/{z}/{x}/{y}{r}.png?api_key=YOUR_KEY",
         attribution: "© Stadia Maps © OpenMapTiles © OpenStreetMap",
         zoom: 0..20,
         cache: false}
	Styles: alidade_smooth, alidade_smooth_dark, stamen_toner, stamen_terrain,
stamen_watercolor and others. Stamen styles add "© Stamen Design" to the credit.
Watercolor uses .jpg, goes to zoom 16, and is credited
"© Stadia Maps © Stamen Design © OpenStreetMap".
	Tiles: 256 px; @2x gives 512 px. Most styles go to zoom 20. An EU endpoint is
tiles-eu.stadiamaps.com.
	Account: key required for server use. The key can also go in an
Authorization: Stadia-Auth YOUR_KEY header, through a source that implements
headers/2. The free tier is for non-commercial or evaluation use.
	Licence: forbids proxying and server-side caching. Saving and redistributing
rendered images needs a paid plan.
	Terms ·
Raster tiles ·
Attribution

Thunderforest
source: {StaticMaps.Source.Template,
         url: "https://api.thunderforest.com/cycle/{z}/{x}/{y}{r}.png?apikey=YOUR_KEY",
         attribution: "Maps © Thunderforest, Data © OpenStreetMap contributors",
         zoom: 0..22,
         cache: false}
	Styles: cycle, transport, landscape, outdoors, atlas and others.
	Tiles: @2x for high density; zoom 0–22. The base tile size is not stated in the
docs; 256 px is the usual size, but check before relying on it.
	Credit: must name both Thunderforest and OpenStreetMap contributors, with links to
thunderforest.com and openstreetmap.org/copyright. The wording above is one way to do
that; Thunderforest does not prescribe an exact string.
	Account: key required. The free Hobby plan allows 150,000 tiles a month.
	Licence: "Caching proxies or other redistribution methods are not permitted", and
pre-downloading needs an appropriate plan.
	Terms ·
Tile API

Mapbox Static Tiles
source: {StaticMaps.Source.Template,
         url: "https://api.mapbox.com/styles/v1/mapbox/streets-v12/tiles/512/{z}/{x}/{y}{r}?access_token=YOUR_TOKEN",
         attribution: "© Mapbox © OpenStreetMap",
         tile_size: 512,
         zoom: 0..22,
         cache: false}
	Tiles: 512 px, or 256 px at four times the request count; @2x doubles them.
Zoom 0–22. The Mapbox Standard styles are not available through this API.
	Account: token required. There is a monthly free allowance; check Mapbox's pricing
page for the current figure.
	Licence: caching is allowed only on an end user's device, and serving "a
screenshot or other static image" instead of the API is forbidden. The Mapbox logo is
also required.
	Product terms ·
Static Tiles API ·
Attribution

CARTO basemaps
source: {StaticMaps.Source.Template,
         url: "https://{s}.basemaps.cartocdn.com/light_all/{z}/{x}/{y}{r}.png?key=YOUR_KEY",
         subdomains: ~w(a b c d),
         attribution: "© OpenStreetMap, © CARTO",
         zoom: 0..20,
         cache: false}
	Styles: light_all (Positron), dark_all (Dark Matter), rastertiles/voyager,
and _nolabels and _only_labels variants.
	Tiles: @2x for high density; zoom 0–20. The base tile size is not stated; check
CARTO's docs.
	Account: a key is now required; older guides show keyless URLs that no longer
apply. Free up to a monthly tile allowance, which is lower for commercial use.
	Licence: credit must be prominent on each map. Server-side caching and proxying are
forbidden.
	Terms ·
Styles ·
Keys

Esri (ArcGIS)
Esri's servers put the row before the column: {z}/{y}/{x}. Source.Template handles
that, since placeholders can go in any order.
source: {StaticMaps.Source.Template,
         url: "https://services.arcgisonline.com/ArcGIS/rest/services/World_Imagery/MapServer/tile/{z}/{y}/{x}",
         attribution: "Source: Esri, Vantor, Earthstar Geographics, and the GIS User Community",
         zoom: 0..23}
	Services: the long-standing World_Imagery and World_Street_Map services serve
256-px tiles. World_Street_Map is no longer updated. The current product, the Static
Basemap Tiles service, serves 512-px tiles at zoom 0–22 and needs an ArcGIS Location
Platform account; how its token is passed is not covered in the docs this guide was
checked against, so read its API reference.
	Licence: the Esri Master License Agreement. The service pages say the layers are
"not intended to be used to export tiles for offline" use. Whether the older services
need a key, and what their terms say about server-side rendering, is not clear from
their pages; confirm with Esri before production use.
	World Imagery ·
Static Basemap Tiles

Community servers
These run on donated or community resources, need no key, and allow server-side
rendering with caching. They ask for light use and offer no uptime guarantee. The
OpenStreetMap Foundation's tile policy covers only tile.openstreetmap.org, but the same
courtesy applies: an identifying User-Agent, which StaticMaps sends, honouring cache
headers, which the tile cache does, and no bulk downloading.
OpenStreetMap France and Humanitarian (HOT)
source: {StaticMaps.Source.Template,
         url: "https://{s}.tile.openstreetmap.fr/osmfr/{z}/{x}/{y}.png",
         subdomains: ~w(a b c),
         attribution: "données © OpenStreetMap/ODbL - rendu OSM France",
         zoom: 0..20}

source: {StaticMaps.Source.Template,
         url: "https://{s}.tile.openstreetmap.fr/hot/{z}/{x}/{y}.png",
         subdomains: ~w(a b c),
         attribution: "données © OpenStreetMap/ODbL - Tiles courtesy of Humanitarian OpenStreetMap Team",
         zoom: 0..19}
	Credit: must be visible in the map corner, with a link to
https://osm.org/copyright.
	Licence: "Any abusive usage may result in traffic limitation or blocking."
	Usage

OpenTopoMap
source: {StaticMaps.Source.Template,
         url: "https://{s}.tile.opentopomap.org/{z}/{x}/{y}.png",
         subdomains: ~w(a b c),
         attribution: "Kartendaten: © OpenStreetMap-Mitwirkende, SRTM | Kartendarstellung: © OpenTopoMap (CC-BY-SA)",
         zoom: 0..15}
	Zoom: the maximum is not stated reliably; zoom 16 and 17 are reported as
unreliable, so the configuration above stops at 15. Raise it if it works for you.
	Licence: free, including commercial use, with attribution and share-alike, as long
as the server is not overloaded by bulk downloads. The credit above is the German
original from OpenTopoMap's about page.
	About and terms

CyclOSM
source: {StaticMaps.Source.Template,
         url: "https://{s}.tile-cyclosm.openstreetmap.fr/cyclosm/{z}/{x}/{y}.png",
         subdomains: ~w(a b c),
         attribution: "CyclOSM & OSM-FR, © OpenStreetMap contributors",
         zoom: 0..20}
	Credit: OpenStreetMap contributors, and ideally CyclOSM and OSM-FR. The exact
wording is not prescribed.
	Licence: reusable under the OpenStreetMap tile usage policy.
	CyclOSM ·
Tile policy

Your own tile servers
Several servers serving identical tiles are mirrors: pass a list of templates, and each
tile goes to a mirror chosen from its position, falling back to the next mirror if that
one fails.
source: {StaticMaps.Source.Template,
         url: ["https://tiles1.example.com/{z}/{x}/{y}.png",
               "https://tiles2.example.com/{z}/{x}/{y}.png"],
         attribution: "© OpenStreetMap contributors",
         max_concurrency: 16}
:max_concurrency is the limit across all the mirrors together, so no single server
ever sees more than that many requests, even while another mirror is down and its tiles
go elsewhere. Mirrors must serve the same tiles; to fall back to a different provider,
list it as a fallback source instead: source: [primary, fallback].


  

    Architecture

How StaticMaps turns options into an image, and why each stage is built the way it is.
This is written for people working on the library: it assumes you know Elixir and OTP and
have used a slippy map, and explains the map maths from there. For the public API, see
README.md. For what is planned next, see ROADMAP.md.
The pipeline
opts ──▶ Options ──▶ Viewport ──▶ TileGrid ──▶ Fetcher ──▶ Canvas ──▶ encode ──▶ binary
          validate    fit centre     which        cache,      stitch+crop,
          + normalise  and zoom      tiles,       source      markers,
                                      where                   attribution
Each stage is a pure function of the one before it, except the fetcher, which is the only
stage that does I/O. That split is what makes everything else testable without a network.
	Module	Job	Pure?
	StaticMaps.Options	validate and normalise options, look up the source's info/1	yes
	StaticMaps.Projection	lat/lng ↔ world pixels, latitude clamp	yes
	StaticMaps.Viewport	the resolved view, world-to-output rounding, and fitting centre and zoom	yes
	StaticMaps.TileGrid	which tiles cover the viewport and where each is placed	yes
	StaticMaps.Fetcher	get the bytes for every tile: cache, dedupe, limit, retry	no
	StaticMaps.TileCache	behaviour, with an ETS implementation	no
	StaticMaps.CircuitBreaker	skips a source that keeps failing	no
	StaticMaps.Marker	marker options, how far each marker reaches, the pin's SVG	yes
	StaticMaps.Canvas	the only module that calls libvips	yes, given bytes
	StaticMaps.Plug	optional HTTP layer over render/1	no
	StaticMaps.Plug.URL	the signed URL format, written by path/3 and read by the Plug	yes
	StaticMaps.Plug.Renders	joins identical renders and limits each Plug's concurrency	no

Coordinates and projection
There are three coordinate spaces, and most bugs in prior art come from mixing them up.
	Geographic: {lat, lng} in degrees. What the caller gives us.
	World pixels: Web Mercator, where the whole world is a square 256 · 2^zoom pixels
on a side, x growing east and y growing south. All geometry happens here, in floats.
	Output pixels: the image, width · scale by height · scale. World pixels become
output pixels by subtracting the top-left corner of the viewport and multiplying by
scale.

StaticMaps.Projection owns the conversion. Latitude is clamped to ±85.05112878° before
projecting, because Mercator y goes to infinity at the poles. It never wraps latitude:
lat 100 is an invalid input, not lat −80.
The 256 in the world size is fixed. It defines what a zoom level means, the convention
every slippy map uses, and is independent of the size of the tile images a source serves.
Confusing the two is the most common tile-maths bug in prior art; see
Tile size and scale.
Rounding happens once, at the end, when a position becomes an output pixel, and it always
rounds halves up. Kernel.round/1 rounds halves away from zero, which puts −0.5 and 0.5
two pixels apart and opens a one-pixel seam between neighbouring tiles. Tiles and overlays
go through the same function, Viewport.to_output/2, so a marker and the street under it
can never disagree by a pixel.
Fitting the viewport
StaticMaps.Viewport resolves :center and :zoom when the caller does not give both.
	Collect what must be visible: the :bounds corners and every marker. A :bounds with
west > east crosses the antimeridian, so east gets + 360 before projecting.
	Unwrap longitudes onto the shortest arc that covers them all. Markers at 179° and
−179° are 2° apart, not 358°, and a box around them has to be contiguous in world
pixels. The shortest arc always starts where some marker or bounds edge starts, so
trying each of those as the start and keeping the shortest is enough.
	For each candidate zoom, highest first within the first source's range, project
everything to world pixels and grow the box by each marker's icon extent (a pin's tip
is its coordinate; the rest of it sits above).
	Take the first zoom where that box, plus :padding on every side and the attribution
strip at the bottom, fits in :size. If none does, take the lowest.
	The centre is the middle of that box in world pixels, then projected back. Because
the box includes the pins, a single pin is centred with its whole icon in view, not
with its tip at the centre and its top cut off in a short image.

Everything at one point has no size to fit, so it gets zoom 15 instead: close enough to
see the street, far enough to see where it is. With a centre but no zoom, the centre stays
put and the zoom is the highest at which everything fits around it; with a zoom but no
centre, the zoom stays and the centre is the middle of the box at that zoom.
Taking the middle in degrees instead is a common mistake. Mercator stretches latitudes
unevenly, so a centre halfway between two latitudes in degrees is not halfway between them
on the map. For a box spanning many degrees of latitude, the view ends up off-centre and
the padding is not respected.
The tile grid
StaticMaps.TileGrid turns a viewport into a list of placements:
%{key: {z, x, y}, at: {px, py}}.
	The tile columns and rows are those covering the viewport in world pixels, kept only if
their rounded output position still lands on the image. When the view's origin sits on
a half pixel, rounding can push a tile that just touches the view entirely off it, and
fetching that tile would be wasted.
	Placement uses the unwrapped column. A view across the antimeridian may need column
-1 or 2^z. Its position on the canvas is computed from that unwrapped column. Only
the fetch key wraps, with Integer.mod(x, 2^z), which is correct for negative numbers
where rem/2 is not.
	Rows outside 0..2^z - 1 are dropped, not wrapped. Past the poles there is no map;
the canvas background shows through. Wrapping them fetches tiles from the opposite pole,
and requesting them fetches tiles that do not exist.
	Keys are deduplicated. At zoom 0 or 1 a wide image may need the same tile in several
places. It is fetched once and placed many times.

Tile size and scale
:zoom always means the 256-pixel convention above. A source's info/1 says how its tiles
relate to it, and the grid picks the tile zoom and how large each tile is drawn:
	Source tile_size	:scale	Source lists scale 2?	Tiles fetched	Drawn at
	256	1	—	zoom z	256 px
	256	2	yes	zoom z, high-density	512 px, native
	256	2	no	zoom z	512 px, scaled up
	512	1	—	zoom z − 1	512 px
	512	2	—	zoom z − 1	1024 px, scaled up

A 512-pixel tile at zoom z − 1 covers the same ground as four 256-pixel tiles at zoom
z, which is why a 512 source is asked for one zoom lower. Its minimum usable :zoom is
therefore one higher than its own minimum.
Every fetched tile is checked against the size this table predicts. A mismatch is an
error naming the source, because it means info/1 is wrong, and silently scaling would
hide that.
Fetching
StaticMaps.Fetcher gets bytes for a list of tile keys. For each key it:
	looks in the tile cache;
	joins an in-flight fetch of the same key if another render already started one;
	otherwise waits for a slot under the source's concurrency limit and calls the source's
fetch/2 in its own task, so a source that raises or hangs fails that tile and nothing
else.

The concurrency limit is per source and shared across all renders, not per render. A
per-render limit of 2 is no limit at all when fifty renders run at once, and OSM's
policy is about the total load you put on them. A source here is its module together
with its options, so two Source.Template servers do not throttle each other.
Source.OSM allows two concurrent requests; other sources default to eight.
A Source.Template with several mirrors still has one limit, shared by all of them.
Giving each mirror its own limit looks natural but cannot hold during failover: while one
mirror is down, its tiles move to the others, which then carry their own share and the
dead mirror's at once, twice their limit, just when they are the only servers left. One
limit for the source means no mirror ever sees more than :max_concurrency requests.
A render that gives up waiting withdraws its requests: queued fetches nobody is waiting
for are dropped, and late replies are discarded rather than left in the caller's mailbox.
The same happens when a caller process dies mid-render.
StaticMaps.Source.HTTP implements fetch/2 for URL-based sources:
	One User-Agent for everything: StaticMaps/<version> (+<contact>). Headers a source
adds are merged with it, never replace it.
	A connect timeout and a receive timeout on every request. There is no request without a
deadline.
	Retries, with exponential backoff, on transport errors, 408, 429, 500, 502, 503
and 504. Retry-After is honoured up to a limit, 10 seconds by default; a server
asking for a longer wait fails the tile instead of stalling the render. A 404 is not
retried; it means the tile does not exist.
	The response must be 200 with an image content type, and must be a complete image of
the expected size, before it counts as a tile. Anything else is an error and is not
cached. Completeness is checked from each format's end marker, because libvips decodes a
truncated PNG or JPEG without complaint and fills in the missing rows.
	Subdomains, when a source uses them, are chosen from x + y, so a tile always has the
same URL and HTTP caches along the way can do their job.

A render whose tiles all come back is complete. Otherwise the render fails with
%StaticMaps.TileError{}, or, under on_tile_error: :fill, the missing placements are
dropped and the background shows through. There is no third case where some errors are
swallowed and others crash.
Fallback sources and the circuit breaker
:source may be a list. render/1 tries each source in order, building a separate tile
grid for each, since sources can differ in tile size. The first source whose tiles all
come back is drawn. Tiles are never mixed between sources: providers draw different
maps, and a fallback tile in the middle of the primary's map is a visible patch with the
wrong attribution. Mixing is only safe between mirrors of one source, which is why
mirrors live inside Source.Template and fallback lives in render/1.
If every source fails, a render with one source returns its %TileError{}, and a
render with several returns %StaticMaps.UnavailableError{} listing each attempt. Under
on_tile_error: :fill, the first source that was tried is drawn with its gaps.
StaticMaps.CircuitBreaker counts consecutive failed renders per source, in an ETS
table. Only failures that say the source is unhealthy count: connection errors,
timeouts, 5xx, 408, 429, 401 and 403, responses that are not images, truncated
images, and crashes. A 404 or a tile of the wrong size does not; otherwise one area of
the map with no tiles would take a working source offline for every render. At the threshold, 5 by default, the source is open: renders skip it for the
cooldown, 30 seconds by default. When the cooldown ends the next render tries it again.
Success clears the count; another failure opens it for a further cooldown. Without the
breaker, a source that is down costs every render a full round of timeouts and retries
before the fallback is even tried.
The tile cache
StaticMaps.TileCache is a behaviour: get/1, put/2, and nothing else the pipeline
depends on. Freshness, revalidation and validation live in StaticMaps.TileCache itself,
so an implementation only stores and evicts. The default implementation is an ETS table
owned by a process in the library's supervision tree.
Only sources that implement the optional fetch_cacheable/3 callback are cached. Every
HTTP source does; a source that reads tiles from local storage gains nothing from a copy in
memory. A source whose info/1 says cache: false is skipped entirely: its tiles are
never stored, never answered from the cache, and never served stale. Several commercial
providers forbid server-side caching in their terms, so this is per source; the rest
of the sources in a render are still cached.
	Key: {source_module, hash(source_opts), z, x, y, scale}. The options are hashed so
an API key in them never sits in a cache key or a log line.
	Freshness: Cache-Control: s-maxage, else max-age, less any Age a CDN in front
of the server reports; else Expires; else 7 days. no-cache is stored but
revalidated every time; no-store is not stored. An unreadable Expires, such as the
common Expires: 0, counts as already expired.
	Where it is checked: a fresh tile is answered in the rendering process before
anything is queued, so a cache hit never waits for a slot behind slow fetches.
	Revalidation: an expired entry keeps its ETag, Last-Modified and lifetime, so
the next fetch is a conditional request, and a 304 renews it without a download. Many
servers send a bare 304; the entry then keeps the lifetime it was stored with, rather
than a no-cache tile turning into a week-long one. If the server cannot be reached,
the expired entry is served rather than failing the render.
	Failure: a cache that raises, such as the ETS table while its owner restarts, is a
miss. Renders carry on fetching; they never fail because of the cache.
	Validation: a response is stored only after it decodes as a complete image of the
expected size, so a bad tile is never cached for a week.
	Size: a byte limit, 64 MB by default. When a put goes over it, the least recently
used entries are evicted down to 90% of the limit, so eviction does not run on every
put. Reads go straight to the ETS table, but puts and eviction go through its owner
process, so the byte count is only changed in one place and cannot drift. A cache that
never evicts is an outage waiting for a busy week.

A disk-backed implementation writes to a temporary file and renames it into place, so a
reader never sees half a tile.
Compositing
StaticMaps.Canvas is the only module that talks to libvips, through
vix, which ships precompiled libvips binaries.
Keeping it in one module means a change of imaging library touches one file.
	Create a canvas of the output size, filled with :background.
	Insert each tile at its placement. libvips clips anything outside the canvas, so
stitching and cropping are one step, and the full mosaic of tiles is never built.
A tile with transparency is flattened against :background first, and a tile fetched
at scale 1 for a scale 2 render is scaled up to its drawn size.
	Draw markers, in order. The default pin is an SVG built from a template, and SVG
icons are loaded as they are; libvips renders both at the output scale, so edges are
anti-aliased and a scale: 2 pin is drawn at twice the size, not enlarged. A label
and a colour are escaped before going into the SVG, so no marker option can inject
markup. A marker is drawn once for every copy of the world it lands on.
	Draw the attribution strip: text on a translucent box, in a bottom corner, wrapping
onto more lines when the image is too narrow. If libvips draws nothing, because no
font is installed, the render fails: a map without its credit must not pass as
finished.
	Encode. A JPEG has no transparency, so the background colour matters there.

Overlays are composited onto the tiles with an alpha channel added for the purpose, then
the canvas goes back to three bands, so every image has the same shape whatever was
drawn on it.
All drawing uses one draw order: tiles, then markers, then attribution. Attribution is
always on top, so nothing a caller draws can cover it.
Fitting has to know the strip's height before anything is drawn, so StaticMaps.Options
measures the strip of every source the render might use at the requested width, and
passes the tallest to Viewport.fit/1 as a band along the bottom that nothing is fitted
into. Measuring every source matters because a fallback's credit may wrap onto more
lines than the primary's. The fitted box must fit above the band, and the centre moves
down by half the band so the box sits in the middle of the space above it.
The Plug
StaticMaps.Plug is described from the outside in the README. Inside, a request goes:
GET /maps/<hash>.<ext>?<query>&sig=<hmac>
  │
  ├─ not GET or HEAD ──────────────────────────────────────────── 405, no-store
  ├─ HMAC over "<hash>.<ext>?<query>", hash == sha256(query) ── fail ─▶ 403, no-store
  ├─ If-None-Match == weak ETag of (query, Plug config, version) ─▶ 304   (no render, no fetch)
  ├─ decode, resolve named icons, enforce limits ──────────────── fail ─▶ 400, no-store
  ├─ join an in-flight render of the same map, or wait for this Plug's render slot
  ├─ render(opts ++ on_tile_error: :fail) ──────────── tiles fail ─▶ 503, no-store
  └─ 200, Cache-Control from :cache plus no-transform, ETag, Content-Type
The URL format lives in StaticMaps.Plug.URL, which path/3 writes and the Plug reads,
so the two cannot drift apart. The query is canonical, with a fixed parameter order and
number format, so one map has one URL. The signature covers the file name as well as the
query, and it always comes last, so the Plug can split it off the raw query string and
check exactly the bytes that were signed. The hash in the file name makes the path alone
identify the map, for CDNs that ignore query strings.
The ETag is computed from the file name, the signed query and the Plug's own
configuration, so the 304 path costs one HMAC and one comparison. The file name is in it
because the PNG and JPEG of one map share a query but not their bytes; the ETag also keys
the renders, so without it one format's request could receive the other's image. That is the point of a validator: a
revalidating browser should cost nothing. The configuration is in it because the same
URL renders differently from a different source, attribution or icon; the library
version is in it so a release that draws differently replaces what caches hold.
StaticMaps.Plug.Renders runs the renders. It works like the fetcher: requests for the
map already rendering wait for that render, and each mounted Plug has its own limit and
queue, keyed by its configuration. A single limit shared by every mount would be set by
whichever asked last, so one mount's :max_concurrency would override another's.
The Plug sends the whole image for HEAD as for GET; the server drops the body and
keeps the Content-Length, so a HEAD reports the real size.
The :attribution and :source options come from the Plug's configuration, never from
the query string. Anything a request can set, a stranger can set, signature or not, once
they have one valid URL to copy.
Testing strategy
	No network in the test suite. Tests use a synthetic source whose tiles are solid
colours derived from {z, x, y}, each labelled with its key. A tile in the wrong place
or from the wrong wrap is visible at a glance in a failing image.
	Projection and grid maths are property-tested: round trips through the projection,
every output pixel covered by exactly one placement, keys always inside 0..2^z - 1.
Antimeridian, pole and zoom 0 cases are explicit examples as well.
	Images are compared by decoded pixels with a tolerance, never by bytes. PNG bytes
change with the zlib and libvips versions, and a byte comparison fails on an upgrade
while telling you nothing about the map.
	The Plug is tested with Plug.Test: signature rejection, the 304 path not calling
the fetcher, error responses carrying no-store, and concurrent identical requests
producing one render.

Lessons from prior art
Before this design was written, five existing implementations were read closely. Each
decision above answers something they got wrong or right.
	Decision	What it avoids
	Clamp latitude, drop rows past the poles	Wrapping y to the opposite pole (komoot, StephanGeorg); wrapping latitude so 100° becomes −80° (komoot)
	Place from the unwrapped column	Tiles across the antimeridian landing off-canvas because the offset was computed after wrapping (quilt)
	Centre in world pixels, not degrees	Off-centre views and ignored padding on tall bounds (komoot, StephanGeorg)
	tile_size and scales declared by the source	One tile size hard-coded (256 in four of them, 512 in quilt), or tile size confused with scale (komoot, StephanGeorg)
	One tile-failure policy, :fail by default	Tiles silently dropped (StephanGeorg, Luzifer); some errors swallowed while others crash (flopp); one failure retried six times and the image lost (quilt)
	Failures sent no-store	A map with a hole in it cached for a day as a success (Luzifer)
	Retry 429/5xx, never 404	Retrying the permanent error and giving up on the transient ones (quilt)
	Timeouts on every request	Requests with no deadline at all (komoot, StephanGeorg, Luzifer)
	Concurrency limited per source, globally	One goroutine per tile (Luzifer); unbounded Promise.all (quilt)
	Identifying User-Agent that callers cannot remove	No User-Agent at all (StephanGeorg); a generic one replaced by any custom headers (komoot)
	Tile cache honours HTTP headers and has a size limit	Disk caches that never expire and never evict (flopp, Luzifer)
	Validate a tile before caching it	An HTML error page saved as a tile
	Attribution drawn by default, not settable from a request	No attribution at all (komoot, StephanGeorg, quilt); anyone can turn it off with a query parameter (Luzifer)
	Sources are modules	Any caller making the server fetch any URL (Luzifer's overlays)
	render/1 is a pure function of its options	Mutable builders holding render state, unsafe to share between processes (komoot, StephanGeorg, flopp)
	Explicit 0 handled as a value	zoom: 0 treated as "not given" (komoot, StephanGeorg)
	Pixel-tolerance image tests, no network	Tests hitting live tile servers (StephanGeorg), byte-equal PNG assertions that never ran (quilt), a test file that cannot import (komoot), no tests (Luzifer)

Some things they got right, and this design keeps them:
	Fitting that counts marker icon extents, not just marker points (all three fitting
implementations).
	Drawing overlays anti-aliased, whether through SVG (StephanGeorg) or supersampling
(komoot).
	Handing the renderer a plain tile → bytes function rather than an HTTP client (flopp).
It is why Source has a fetch/2 callback, and why a source reading tiles from a file
fits the same behaviour as a tile server.
	Putting the renderer's version in the cache identity (Luzifer), which is why the Plug's
ETag includes the library version.
	Stitching and cropping in one operation on an output-sized canvas (quilt).



  

    Roadmap

What gets built, in what order, and where each piece stands. This is the only document
that tracks status. README.md describes the API, and
ARCHITECTURE.md describes how it works.
The order follows the pipeline, pure stages first. Every phase ends with something
testable without a network, and nothing touches a real tile server until the phase
that needs one.
	Phase		Status
	0	Design: README, architecture, prior-art audit	done
	1	Projection and tile grid	done
	2	Canvas and a synthetic source	done
	3	HTTP sources and fetching	done
	4	Tile cache	done
	5	Fallback sources and mirrors	done
	6	Fitting the viewport	done
	7	Markers and attribution	done
	8	StaticMaps.Plug	done
	9	StaticMaps.Component for Phoenix LiveView	not started
	10	Source.PMTiles	not started
	11	Tile cache shared across a cluster	not started
	12	StaticMaps.TilePlug: serving tiles you may redistribute	not started

Phase 0 — Design
Done. README and architecture written, and five existing implementations
(StephanGeorg/staticmaps, komoot/staticmap, flopp/py-staticmaps, Luzifer/staticmap,
mapbox/quilt) audited from source. What the audit changed is recorded in
ARCHITECTURE.md § Lessons from prior art.
Phase 1 — Projection and tile grid
Done. Pure maths, no dependencies.
	StaticMaps.Projection: lat/lng ↔ world pixels, latitude clamp.
	StaticMaps.Viewport: the resolved view and the one world-to-output rounding rule.
Fitting joins it in Phase 6.
	StaticMaps.TileGrid: tile keys and placements for a centre, zoom, size, scale and
source tile size, with antimeridian wrap by placement, pole rows dropped and keys
deduplicated.
	Property tests for round trips and full coverage; explicit cases for zoom 0, the
antimeridian, the poles and 512-px sources.

Done when the grid for any valid viewport covers every output pixel exactly once with
in-range keys.
Phase 2 — Canvas and a synthetic source
Done. The first image out.
	StaticMaps.Canvas over vix: background, tile insertion with clipping, PNG and JPEG
encoding.
	StaticMaps.Source behaviour with fetch/2 and info/1.
	A test-only synthetic source drawing labelled, coloured tiles.
	The pixel-tolerance image comparison helper used by every later phase.
	render/1 end to end with :center, :zoom, :size, :scale, :format and
:background, and {:error, _} for invalid options.

Done when golden images for the Phase 1 edge cases match.
Phase 3 — HTTP sources and fetching
Done.
	StaticMaps.Source.HTTP: User-Agent with the configured contact, timeouts, retries
on transport errors, 429 and 5xx with Retry-After, response validation.
	StaticMaps.Fetcher: per-source global concurrency limit, joining in-flight fetches.
	Source.OSM and Source.Template.
	on_tile_error: :fail | :fill and %StaticMaps.TileError{}.

	Tested against a local Bandit server that can be told to fail, stall or lie about
content type.

Done when a real OSM render works by hand, and every failure mode of the local server
produces the documented result.
Phase 4 — Tile cache
Done. Expired tiles are also served when revalidation fails, so a tile server outage does
not fail renders it has already served.
	StaticMaps.TileCache behaviour and the ETS implementation.
	Freshness from Cache-Control, Expires or the 7-day default; conditional
revalidation; byte limit with LRU eviction.

Done when a second render of the same view makes no requests, and an expired tile is
revalidated with a conditional request.
Phase 5 — Fallback sources and mirrors
Done. Attribution is not drawn yet, so that a fallback's image carries the fallback's
attribution is checked in Phase 7. Checking providers' terms for the guide showed that
several forbid server-side caching, so sources can opt out of the tile cache with
cache: false.
Two ways to keep rendering when a tile server is slow or down: fallback between different
sources, and load spread across mirrors of the same source.
	source: [primary, fallback, …]. When a render fails with a TileError, the whole
map is rendered again from the next source. Tiles are never mixed between sources:
providers draw different maps, so a mixed image is a visible patchwork, and the
attribution would credit only one of them.
	The attribution drawn is always that of the source the image came from.
	A circuit breaker per source: after repeated failures that show it is unhealthy, not
merely missing tiles, a source is skipped for a cooling-off period instead of every
render waiting for it to fail again.
	A guide listing Source.Template configurations for common providers, each with a link
to its terms, rather than a built-in module per provider. Provider URLs change, and
built-in presets go stale: tile-providers.md.
	cache: false per source, for providers whose terms forbid server-side caching.

Mirrors are several servers serving identical tiles: your own tile servers, or one
provider's hosts.
	Source.Template accepts a list of URL templates as :url. Each tile goes to a mirror
chosen from its position, so a tile always has the same URL and HTTP caches along the
way keep working, and the load spreads evenly across mirrors.
	When a tile fails on its mirror, it is retried on the next one. Unlike fallback, this
is per tile: the tiles are identical, so the image stays seamless.
	One concurrency limit per source, shared by its mirrors. Per-mirror limits were the
original plan, but they cannot hold during failover: a down mirror's tiles land on the
others on top of their own.

Fallback and mirrors exist for availability and capacity. Neither is a way to spread load
across several different free services to stay under each one's limits; the library does
not rotate between different providers.
Done when a render whose primary source fails comes back from the fallback with the
fallback's attribution, a failing source is skipped until its cooling-off ends, tiles are
spread across mirrors by position, and a tile that fails on one mirror is served by
another.
Phase 6 — Fitting the viewport
Done. Markers are fitted but not drawn yet; drawing them, and reserving room for the
attribution strip while fitting, come with Phase 7.
	StaticMaps.Viewport: :bounds, markers, :padding, antimeridian bounds, centre in
world pixels, zoom limited to the source's range.
	:center without :zoom, and markers only.

Done when fitted views keep every marker and the padding inside the image across the
edge cases, including a single marker and bounds across the antimeridian.
Phase 7 — Markers and attribution
Done. Markers also take a short :label, and the strip can move to the bottom left.
	Default pin and {lat, lng, opts} styling; icon extents fed back to fitting.
	Anti-aliased drawing at output scale.
	Attribution strip with wrapping on narrow images, reserved during fitting,
attribution: false.
	The attribution drawn is that of the source the image came from, including a fallback.

Done when the README's usage example produces the image it describes.
Phase 8 — StaticMaps.Plug
Done. Custom icons are registered with the Plug by name, since a URL cannot carry them.
The CDN check was made at the level of headers, with Plug.Test and a real Bandit
server; a CDN in front of a real deployment is still to be tried.
	path/3 with canonical parameter order and HMAC signing.
	The request flow in ARCHITECTURE.md § The Plug: 403, 304
without rendering, 400 on limits, 503 on tile failure, no-store on every error,
HEAD.
	:cache headers and weak ETag including the library version.
	Render slots and joining identical in-flight renders.

Done when a CDN in front of a sample app caches 200s and passes errors through
uncached.
Phase 9 — StaticMaps.Component for Phoenix LiveView
An optional function component that puts a map in a page as an <img>, compiled only
when phoenix_live_view is present, like StaticMaps.Plug.
	<StaticMaps.Component.map center={…} zoom={…} size={…} markers={…} alt="…" />
renders an <img> whose src is a signed StaticMaps.Plug.path/3, so every map gets
the Plug's browser and CDN caching.
	A srcset with the scale: 2 version, so high-density screens get sharp maps.
	width and height on the tag, so the page does not move when the image loads.
	alt is required: a map with no text alternative says nothing to a screen reader.
	The image is rendered when the browser asks for it, not in the LiveView process, so a
slow tile server never blocks a LiveView.

It lives in this library rather than its own package because it and the Plug must agree
on the signed URL format; one package keeps them in step. It moves to a separate package
if it grows beyond one component, or if keeping up with LiveView releases starts forcing
releases here.
Interactive maps stay out of scope; for panning and zooming, use Leaflet or MapLibre
through a hook.
Done when a LiveView renders the component, and the browser loads both densities of
the image through the Plug.
Phase 10 — Source.PMTiles
	Raster PMTiles through ex_pmtiles, local and S3.
	A clear error for vector archives.
	A guide to producing a raster archive. The basemaps Protomaps publishes are vector
tiles, so self-hosting means rendering raster tiles from them first; the guide has to
cover that step, not just the download.

Phase 11 — Tile cache shared across a cluster
Nodes of one deployment share their tile caches, so a tile fetched on one node serves
every node, and the cluster behaves as one client toward a tile server.
	Nodes find each other through Erlang distribution, however the application already
clusters (libcluster or otherwise); the library adds no discovery of its own.
	A StaticMaps.TileCache implementation that looks in the local cache first, then asks
peers in a :pg group before fetching. Peers answer only from their cache, never by
fetching on another node's behalf.
	Peers are the application's own nodes, so they are trusted and there is no licence
question: it is one deployment, one client.
	A slow or missing peer costs a short timeout, then the fetch goes ahead as usual.

Done when a tile fetched on one node of a test cluster is served to another without
a second upstream request, and a peer that stops answering does not fail renders.
Phase 12 — StaticMaps.TilePlug: serving tiles you may redistribute
An opt-in endpoint, /{z}/{x}/{y}.png, that serves tiles to other applications, making
a deployment a tile server in the ordinary, deliberate sense.
	Serves only from sources whose info/1 says redistributable: true, such as a
Source.PMTiles archive or tiles you render yourself. A source that does not say so is
refused at startup, since most providers' terms forbid redistribution.
	Never fetches upstream on a request's behalf. A tile not already in the archive or
cache is a 404, so the endpoint cannot become an open proxy onto someone else's
tile server.
	Rate limits on by default, per client and in total, with Retry-After on 429.
	The same HTTP caching as StaticMaps.Plug: Cache-Control, ETag and 304.
	The attribution of the source, in a response header and in the documentation of the
endpoint.

Done when the endpoint serves an archive's tiles within its limits, refuses a source
not marked redistributable, and answers a missing tile with 404 without any upstream
request.
Later
Asked for often enough in prior art to be likely, but not needed for the first release.
	Lines and polygons as overlays, feeding fitting like markers do. Every prior
implementation with overlays supports them.
	WebP output.
	A disk-backed TileCache.
	Telemetry events for renders, fetches and cache hits.

Out of scope
	Fractional zoom. Tiles exist at integer zooms, and scaling them blurs every label.
	Rendering vector tiles. That is a map renderer, a different and much larger project.
	Pre-seeding or bulk-downloading tiles for a region.
	An internet-wide peer-to-peer tile network, where every deployment discovers others and
shares tiles with strangers. Tiles from OpenStreetMap and commercial providers are not
signed, so a peer could serve a wrong or malicious tile and nothing could tell;
commercial terms forbid redistribution; and re-serving OSM tiles to strangers hides
that load from OSM. For your own tiles, a PMTiles archive is one file with a known
hash, which existing networks such as BitTorrent or IPFS already distribute and verify.
	Interactive maps.



  

    
StaticMaps 
    



      
Render a map to an image on the server.
render/1 takes a centre, a zoom and a size, fetches the tiles that cover that view from
a StaticMaps.Source, stitches them into one image and returns the encoded bytes.

      


      
        Summary


  
    Functions
  


    
      
        render(opts)

      


        Renders a map and returns the encoded image.



    





      


      
        Functions


        


  
    
      
    
    
      render(opts)



        
          
        

    

  


  

      

          @spec render(keyword()) :: {:ok, binary()} | {:error, Exception.t()}


      


Renders a map and returns the encoded image.
Options
	:center — {lat, lng} in degrees, required
	:zoom — integer zoom within the source's range, required
	:source — a module implementing StaticMaps.Source, or {module, opts};
defaults to StaticMaps.Source.OSM
	:size — {width, height} in pixels before :scale, at most {2048, 2048};
defaults to {600, 400}
	:scale — 1 or 2; defaults to 1
	:format — :png or :jpeg; defaults to :png
	:background — "#rrggbb", "#rgb" or {r, g, b}, painted wherever no tile
covers the image; defaults to "#e0e0e0"
	:on_tile_error — :fail returns {:error, %StaticMaps.TileError{}} when any tile
cannot be fetched or decoded; :fill paints those tiles with :background and
returns the image anyway. Defaults to :fail.

Returns {:error, %ArgumentError{}} for invalid options.

  


        

      


  

    
StaticMaps.Marker 
    



      
A point marked on the map.
The default marker is a pin 24 × 36 logical pixels, with its tip on the coordinate, so
it extends 12 pixels either side of the point and 36 above it. A custom icon has its
own size, and its anchor is the pixel that sits on the coordinate. Fitting the view
counts the whole marker, not just the point, so a pin near the edge is never cut off.
Options
	:color — the default pin's colour, "#rgb", "#rrggbb" or {r, g, b}
	:label — up to three characters written in the default pin's head
	:icon — SVG or image bytes to draw instead of the default pin
	:anchor — {x, y} in the icon's pixels that sits on the coordinate; defaults to
the middle of the icon's bottom edge


      


      
        Summary


  
    Types
  


    
      
        extent()

      


        Pixels a marker reaches from its coordinate: {left, top, right, bottom}.



    


    
      
        icon()

      


        A custom icon: its bytes, whether they are SVG, which is drawn sharp at any scale, or a
raster image, which is scaled up for scale: 2.



    


    
      
        t()

      


    





  
    Functions
  


    
      
        extent(marker)

      


        How far marker reaches from its coordinate, in logical pixels.



    


    
      
        new(lat, lng, opts)

      


        Builds a marker from its options, or says which option is wrong.



    


    
      
        pin_svg(marker)

      


        The SVG of a default pin, 24 × 36 with its tip at the bottom centre.



    





      


      
        Types


        


  
    
      
    
    
      extent()



        
          
        

    

  


  

      

          @type extent() ::
  {non_neg_integer(), non_neg_integer(), non_neg_integer(), non_neg_integer()}


      


Pixels a marker reaches from its coordinate: {left, top, right, bottom}.

  



  
    
      
    
    
      icon()



        
          
        

    

  


  

      

          @type icon() :: %{bytes: binary(), kind: :svg | :raster}


      


A custom icon: its bytes, whether they are SVG, which is drawn sharp at any scale, or a
raster image, which is scaled up for scale: 2.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %StaticMaps.Marker{
  anchor: {non_neg_integer(), non_neg_integer()},
  color: [0..255],
  icon: icon() | nil,
  label: String.t() | nil,
  lat: number(),
  lng: number(),
  size: {pos_integer(), pos_integer()}
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      extent(marker)



        
          
        

    

  


  

      

          @spec extent(t()) :: extent()


      


How far marker reaches from its coordinate, in logical pixels.
iex> StaticMaps.Marker.extent(%StaticMaps.Marker{lat: 0, lng: 0})
{12, 36, 12, 0}

  



  
    
      
    
    
      new(lat, lng, opts)



        
          
        

    

  


  

      

          @spec new(number(), number(), keyword()) :: {:ok, t()} | {:error, String.t()}


      


Builds a marker from its options, or says which option is wrong.

  



  
    
      
    
    
      pin_svg(marker)



        
          
        

    

  


  

      

          @spec pin_svg(t()) :: String.t()


      


The SVG of a default pin, 24 × 36 with its tip at the bottom centre.
Text in it is escaped, so a label cannot inject markup.

  


        

      


  

    
StaticMaps.Projection 
    



      
Web Mercator conversion between geographic coordinates and world pixels.
At zoom z the world is a square 256 * 2^z world pixels on a side, with x growing
east from longitude -180 and y growing south from the northern edge of the projection.
The 256 is the slippy-map convention that defines what a zoom level means; it is
independent of the pixel size of any tile images.
Latitudes are clamped to ±85.0511°, where Mercator y reaches the edge of
the square. Longitudes are not wrapped: lng + 360 projects one world width further
east, which is what a view across the antimeridian needs.

      


      
        Summary


  
    Types
  


    
      
        lat_lng()

      


        {latitude, longitude} in degrees.



    


    
      
        point()

      


        {x, y} in world pixels at some zoom.



    





  
    Functions
  


    
      
        clamp_latitude(lat)

      


        Clamps a latitude to the range Web Mercator can represent.



    


    
      
        from_world(arg, zoom)

      


        Converts world pixels at zoom back to {lat, lng}.



    


    
      
        max_latitude()

      


        The largest latitude Web Mercator can represent, in degrees.



    


    
      
        to_world(arg, zoom)

      


        Projects {lat, lng} to world pixels at zoom.



    


    
      
        world_size(zoom)

      


        The width and height of the world, in world pixels, at zoom.



    





      


      
        Types


        


  
    
      
    
    
      lat_lng()



        
          
        

    

  


  

      

          @type lat_lng() :: {number(), number()}


      


{latitude, longitude} in degrees.

  



  
    
      
    
    
      point()



        
          
        

    

  


  

      

          @type point() :: {float(), float()}


      


{x, y} in world pixels at some zoom.

  


        

      

      
        Functions


        


  
    
      
    
    
      clamp_latitude(lat)



        
          
        

    

  


  

      

          @spec clamp_latitude(number()) :: number()


      


Clamps a latitude to the range Web Mercator can represent.
iex> StaticMaps.Projection.clamp_latitude(90)
85.0511287798066
iex> StaticMaps.Projection.clamp_latitude(45)
45

  



  
    
      
    
    
      from_world(arg, zoom)



        
          
        

    

  


  

      

          @spec from_world(point(), non_neg_integer()) :: {float(), float()}


      


Converts world pixels at zoom back to {lat, lng}.
The inverse of to_world/2 for latitudes within the projection's range.

  



  
    
      
    
    
      max_latitude()



        
          
        

    

  


  

      

          @spec max_latitude() :: float()


      


The largest latitude Web Mercator can represent, in degrees.

  



  
    
      
    
    
      to_world(arg, zoom)



        
          
        

    

  


  

      

          @spec to_world(lat_lng(), non_neg_integer()) :: point()


      


Projects {lat, lng} to world pixels at zoom.
iex> StaticMaps.Projection.to_world({0, 0}, 0)
{128.0, 128.0}
iex> StaticMaps.Projection.to_world({0, -180}, 1)
{0.0, 256.0}

  



  
    
      
    
    
      world_size(zoom)



        
          
        

    

  


  

      

          @spec world_size(non_neg_integer()) :: pos_integer()


      


The width and height of the world, in world pixels, at zoom.
iex> StaticMaps.Projection.world_size(0)
256
iex> StaticMaps.Projection.world_size(3)
2048

  


        

      


  

    
StaticMaps.TileGrid 
    



      
Works out which tiles cover a viewport and where each one is drawn.
A source's tiles are either 256 or 512 pixels. A 512-pixel tile at zoom z - 1 covers
the same ground as four 256-pixel tiles at zoom z, so for a 512-pixel source the grid
asks for tiles one zoom lower than the viewport's.
Three rules keep the grid correct at the edges of the world:
	placements are computed from the unwrapped column, and only the tile key wraps, so
a view across the antimeridian puts each tile on the correct side;
	rows above the north edge or below the south edge are left out rather than wrapped,
so the area past the poles stays empty;
	a tile needed in several places, as happens when a wide image at zoom 0 shows the
world more than once, appears once per place but has one key, and keys/1 lists
each key once.


      


      
        Summary


  
    Types
  


    
      
        key()

      


    


    
      
        placement()

      


    


    
      
        t()

      


        


    





  
    Functions
  


    
      
        build(viewport, tile_size)

      


        Builds the grid for viewport from a source whose tiles are tile_size pixels.



    


    
      
        keys(tile_grid)

      


        The distinct tile keys in grid, in the order they first appear.



    





      


      
        Types


        


  
    
      
    
    
      key()



        
          
        

    

  


  

      

          @type key() :: {non_neg_integer(), non_neg_integer(), non_neg_integer()}


      



  



  
    
      
    
    
      placement()



        
          
        

    

  


  

      

          @type placement() :: %{key: key(), at: {integer(), integer()}}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %StaticMaps.TileGrid{
  tile_px: pos_integer(),
  tiles: [placement()],
  zoom: non_neg_integer()
}


      


	:zoom — the zoom of the tiles to fetch
	:tile_px — the width and height each tile is drawn at, in output pixels
	:tiles — every placement, row by row from the top left


  


        

      

      
        Functions


        


  
    
      
    
    
      build(viewport, tile_size)



        
          
        

    

  


  

      

          @spec build(StaticMaps.Viewport.t(), 256 | 512) :: t()


      


Builds the grid for viewport from a source whose tiles are tile_size pixels.
Raises ArgumentError for a 512-pixel source at viewport zoom 0, which has no tiles
large enough to cover it.
iex> vp = StaticMaps.Viewport.new({0, 0}, 0, {256, 256}, 1)
iex> StaticMaps.TileGrid.build(vp, 256).tiles
[%{key: {0, 0, 0}, at: {0, 0}}]

  



  
    
      
    
    
      keys(tile_grid)



        
          
        

    

  


  

      

          @spec keys(t()) :: [key()]


      


The distinct tile keys in grid, in the order they first appear.

  


        

      


  

    
StaticMaps.Viewport 
    



      
A resolved view: the centre, zoom, size and scale of one rendered image.
The viewport converts world pixels to output pixels. Everything that places something on
the image goes through to_output/2, so tiles and overlays share one rounding rule and
cannot disagree about where a coordinate lands.
fit/1 works out the centre and zoom when the caller gives bounds or markers instead.

      


      
        Summary


  
    Types
  


    
      
        fit_request()

      


        What fit/1 fits the view to. :center and :zoom are kept when given; :zooms is
the range to choose a zoom from, highest first. :reserve is a band of that many
logical pixels along the bottom, such as the attribution strip, that nothing is fitted
into.



    


    
      
        t()

      


        


    





  
    Functions
  


    
      
        fit(request)

      


        Resolves the centre and zoom of a view.



    


    
      
        new(center, zoom, size, scale)

      


        Builds a viewport centred on center.



    


    
      
        output_size(viewport)

      


        The size of the output image in pixels, size * scale.



    


    
      
        to_output(viewport, arg)

      


        Converts a point in world pixels to output pixels, rounding halves up.



    





      


      
        Types


        


  
    
      
    
    
      fit_request()



        
          
        

    

  


  

      

          @type fit_request() :: %{
  optional(:reserve) => non_neg_integer(),
  center: StaticMaps.Projection.lat_lng() | nil,
  zoom: non_neg_integer() | nil,
  bounds:
    {StaticMaps.Projection.lat_lng(), StaticMaps.Projection.lat_lng()} | nil,
  markers: [StaticMaps.Marker.t()],
  padding: non_neg_integer(),
  size: {pos_integer(), pos_integer()},
  zooms: Range.t()
}


      


What fit/1 fits the view to. :center and :zoom are kept when given; :zooms is
the range to choose a zoom from, highest first. :reserve is a band of that many
logical pixels along the bottom, such as the attribution strip, that nothing is fitted
into.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %StaticMaps.Viewport{
  center: StaticMaps.Projection.lat_lng(),
  origin: StaticMaps.Projection.point(),
  scale: pos_integer(),
  size: {pos_integer(), pos_integer()},
  zoom: non_neg_integer()
}


      


	:center — {lat, lng} of the middle of the image
	:zoom — integer zoom, in the 256-pixel convention
	:size — {width, height} in logical pixels, before :scale
	:scale — output pixels per logical pixel
	:origin — the top-left corner of the view, in world pixels


  


        

      

      
        Functions


        


  
    
      
    
    
      fit(request)



        
          
        

    

  


  

      

          @spec fit(fit_request()) :: {StaticMaps.Projection.lat_lng(), non_neg_integer()}


      


Resolves the centre and zoom of a view.
	With :center and :zoom, returns them as given.
	With neither, picks the highest zoom at which the bounds and every marker, pin
included, fit inside :size less :padding on every side, and centres on them.
	With :center only, keeps it and picks the highest zoom at which everything fits
around it.
	With :zoom only, centres everything at that zoom.

The centre is the middle of what is shown in world pixels, not in degrees: Mercator
stretches latitudes unevenly, so the midpoint in degrees is off-centre on the map.
Longitudes are fitted by the shortest arc that covers them all, so markers either side
of the antimeridian frame the antimeridian rather than the whole world. A :bounds
with west > east crosses the antimeridian. Everything at a single point gets zoom
15, within :zooms, or lower if a given centre is too far from it
for the point to show. When nothing fits even at the lowest zoom, the lowest zoom is
used.
iex> {{lat, lng}, zoom} =
...>   StaticMaps.Viewport.fit(%{center: nil, zoom: nil, bounds: {{0, 0}, {10, 10}},
...>     markers: [], padding: 0, size: {256, 256}, zooms: 0..19})
iex> {Float.round(lat, 4), Float.round(lng, 4), zoom}
{5.0191, 5.0, 5}

  



  
    
      
    
    
      new(center, zoom, size, scale)



        
          
        

    

  


  

      

          @spec new(
  StaticMaps.Projection.lat_lng(),
  non_neg_integer(),
  {pos_integer(), pos_integer()},
  pos_integer()
) :: t()


      


Builds a viewport centred on center.
iex> vp = StaticMaps.Viewport.new({0, 0}, 0, {256, 256}, 1)
iex> vp.origin
{0.0, 0.0}

  



  
    
      
    
    
      output_size(viewport)



        
          
        

    

  


  

      

          @spec output_size(t()) :: {pos_integer(), pos_integer()}


      


The size of the output image in pixels, size * scale.

  



  
    
      
    
    
      to_output(viewport, arg)



        
          
        

    

  


  

      

          @spec to_output(t(), {number(), number()}) :: {integer(), integer()}


      


Converts a point in world pixels to output pixels, rounding halves up.
iex> vp = StaticMaps.Viewport.new({0, 0}, 1, {100, 100}, 2)
iex> StaticMaps.Viewport.to_output(vp, {256.0, 256.0})
{100, 100}

  


        

      


  

    
StaticMaps.Source behaviour
    



      
A source of map tiles.
A source turns a tile into image bytes with fetch/2 and describes its tiles with
info/1. Both receive the options given alongside the module, as in
source: {MyApp.Tiles, api_key: "…"}, or [] when the source is a bare module.
info/1
	:attribution — the credit the tiles' licence requires, drawn on every image
	:tile_size — 256 or 512, the pixel size of a tile at scale 1
	:zoom — the range of tile zooms the source serves
	:scales — the pixel densities it has tiles for; always includes 1
	:max_concurrency — optional; how many fetches from this source may run at once
across every render in the node, default 8
	:cache — optional; false keeps this source's tiles out of the
StaticMaps.TileCache entirely, including as stale copies when the server fails.
Defaults to true. Several commercial providers forbid server-side caching.

:zoom is in the source's own terms. A 512-pixel source's tile zoom z serves render
zoom z + 1, so its render zooms are its range shifted up by one.

      


      
        Summary


  
    Types
  


    
      
        cache_meta()

      


        How long a response may be cached: :max_age in seconds, :no_store, or nil when
the response does not say, and the validators to revalidate it with once it expires.



    


    
      
        info()

      


    


    
      
        tile()

      


        The tile to fetch. :scale is 2 only for a source that lists it in :scales.



    


    
      
        validators()

      


        Validators from an earlier response, for a conditional request.



    





  
    Callbacks
  


    
      
        fetch(tile, opts)

      


        Returns the encoded image for tile, tile_size * scale pixels on a side.



    


    
      
        fetch_cacheable(tile, opts, validators)

      


        Fetches tile conditionally, saying how long the result may be cached.



    


    
      
        info(opts)

      


        Describes the source's tiles.



    





      


      
        Types


        


  
    
      
    
    
      cache_meta()



        
          
        

    

  


  

      

          @type cache_meta() :: %{
  max_age: non_neg_integer() | :no_store | nil,
  etag: String.t() | nil,
  last_modified: String.t() | nil
}


      


How long a response may be cached: :max_age in seconds, :no_store, or nil when
the response does not say, and the validators to revalidate it with once it expires.
With nil, a new tile is kept for 7 days, and a 304 keeps the lifetime of the tile
it renews.

  



  
    
      
    
    
      info()



        
          
        

    

  


  

      

          @type info() :: %{
  :attribution => String.t(),
  :tile_size => 256 | 512,
  :zoom => Range.t(),
  :scales => [1 | 2],
  optional(:max_concurrency) => pos_integer(),
  optional(:cache) => boolean()
}


      



  



  
    
      
    
    
      tile()



        
          
        

    

  


  

      

          @type tile() :: %{
  z: non_neg_integer(),
  x: non_neg_integer(),
  y: non_neg_integer(),
  scale: 1 | 2
}


      


The tile to fetch. :scale is 2 only for a source that lists it in :scales.

  



  
    
      
    
    
      validators()



        
          
        

    

  


  

      

          @type validators() :: %{etag: String.t() | nil, last_modified: String.t() | nil}


      


Validators from an earlier response, for a conditional request.

  


        

      

      
        Callbacks


        


  
    
      
    
    
      fetch(tile, opts)



        
          
        

    

  


  

      

          @callback fetch(tile(), opts :: keyword()) :: {:ok, binary()} | {:error, term()}


      


Returns the encoded image for tile, tile_size * scale pixels on a side.

  



  
    
      
    
    
      fetch_cacheable(tile, opts, validators)


        (optional)


        
          
        

    

  


  

      

          @callback fetch_cacheable(tile(), opts :: keyword(), validators()) ::
  {:ok, binary(), cache_meta()}
  | {:not_modified, cache_meta()}
  | {:error, term()}


      


Fetches tile conditionally, saying how long the result may be cached.
Optional. A source that implements it has its tiles kept in the StaticMaps.TileCache;
every StaticMaps.Source.HTTP source does. validators come from the cached copy, if
there is one; {:not_modified, meta} means that copy is still good.

  



  
    
      
    
    
      info(opts)



        
          
        

    

  


  

      

          @callback info(opts :: keyword()) :: info()


      


Describes the source's tiles.

  


        

      


  

    
StaticMaps.Source.HTTP behaviour
    



      
A source that fetches each tile from a URL.
use StaticMaps.Source.HTTP and implement url/2 and StaticMaps.Source.info/1;
this module supplies fetch/2 and fetch_cacheable/3:
defmodule MyApp.Tiles do
  use StaticMaps.Source.HTTP

  @impl true
  def url(%{z: z, x: x, y: y}, _opts), do: "https://tiles.example.com/#{z}/#{x}/#{y}.png"

  @impl true
  def info(_opts), do: %{attribution: "© Example", tile_size: 256, zoom: 0..19, scales: [1]}
end
To add headers a server needs, such as an API key, implement headers/2. To replace
how tiles are fetched entirely, override fetch_cacheable/3: it is the one function
every fetch goes through, cached or not. fetch/2 cannot be overridden, because the
cache never calls it, so an override there would be silently skipped.
Every request:
	sends User-Agent: StaticMaps/<version> (+<contact>), with the contact from
config :staticmaps, contact: "…", which no source or option can replace;
	has a connect timeout and a receive timeout;
	is retried with backoff on connection errors and on 408, 429, 500, 502,
503 and 504, honouring Retry-After up to a limit and giving up rather than
waiting longer;
	counts as a tile only when the response is 200 with an image/* content type.

Configuration
config :staticmaps, :http,
  connect_timeout: 5_000,
  receive_timeout: 10_000,
  max_retries: 2,
  retry_base: 500,
  max_retry_after: 10_000
retry_base is the first backoff in milliseconds, doubling on each retry.
max_retry_after is the longest Retry-After the fetcher will wait, in milliseconds.

      


      
        Summary


  
    Callbacks
  


    
      
        headers(tile, opts)

      


        Extra request headers for tile; none by default. A user-agent here is ignored.



    


    
      
        url(tile, opts)

      


        The URL of tile.



    





  
    Functions
  


    
      
        get(url)

      


        Fetches url and returns the body of a 200 image response.



    


    
      
        get_cacheable(url, validators, headers \\ [])

      


        Like get/1, but conditional on validators, and returns how long the response may be
cached.



    


    
      
        user_agent()

      


        The User-Agent sent with every tile request.



    





      


      
        Callbacks


        


  
    
      
    
    
      headers(tile, opts)



        
          
        

    

  


  

      

          @callback headers(StaticMaps.Source.tile(), opts :: keyword()) :: [
  {String.t(), String.t()}
]


      


Extra request headers for tile; none by default. A user-agent here is ignored.

  



  
    
      
    
    
      url(tile, opts)



        
          
        

    

  


  

      

          @callback url(StaticMaps.Source.tile(), opts :: keyword()) :: String.t()


      


The URL of tile.

  


        

      

      
        Functions


        


  
    
      
    
    
      get(url)



        
          
        

    

  


  

      

          @spec get(String.t()) :: {:ok, binary()} | {:error, term()}


      


Fetches url and returns the body of a 200 image response.
Errors are {:http_status, status}, {:not_an_image, content_type}, or
{:transport, reason} for a connection that failed or timed out.

  



    

  
    
      
    
    
      get_cacheable(url, validators, headers \\ [])



        
          
        

    

  


  

      

          @spec get_cacheable(String.t(), StaticMaps.Source.validators(), [
  {String.t(), String.t()}
]) ::
  {:ok, binary(), StaticMaps.Source.cache_meta()}
  | {:not_modified, StaticMaps.Source.cache_meta()}
  | {:error, term()}


      


Like get/1, but conditional on validators, and returns how long the response may be
cached.
With an :etag or :last_modified from an earlier response, the request carries
If-None-Match or If-Modified-Since, and a 304 returns {:not_modified, meta}.
See StaticMaps.Source.cache_meta/0 for meta. headers are sent too, except any
user-agent.

  



  
    
      
    
    
      user_agent()



        
          
        

    

  


  

      

          @spec user_agent() :: String.t()


      


The User-Agent sent with every tile request.

  


        

      


  

    
StaticMaps.Source.OSM 
    



      
OpenStreetMap's standard tile layer, from tile.openstreetmap.org.
These servers are run by volunteers under a
tile usage policy that asks for
an identifying User-Agent, caching, and moving heavy use elsewhere. This source makes
at most two requests to them at once, across every render in the node. Set
config :staticmaps, contact: "…" so they can reach you; without it, the first fetch
logs a warning.

      




  

    
StaticMaps.Source.Template 
    



      
A source for any tile server with a URL template.
source: {StaticMaps.Source.Template,
         url: "https://{s}.tiles.example.com/{z}/{x}/{y}{r}.png?key=…",
         subdomains: ~w(a b c),
         attribution: "© Example Maps"}
Placeholders
	{z}, {x}, {y} — the tile
	{-y} — the row counted from the south, for TMS servers
	{s} — a subdomain from :subdomains, chosen from the tile so a tile always has the
same URL
	{r} — "@2x" for a high-density tile, "" otherwise

Mirrors
:url may be a list of templates for servers that serve identical tiles, such as your
own tile servers:
url: ["https://tiles1.example.com/{z}/{x}/{y}.png",
      "https://tiles2.example.com/{z}/{x}/{y}.png"]
Each tile goes to a mirror chosen from its position, so a tile always has the same URL
and the load spreads evenly. If that mirror fails, the tile is fetched from the next
one, and so on; a 404 is not retried elsewhere, since the tile does not exist.
:max_concurrency is the limit for the source as a whole, across all its mirrors. A
per-mirror limit cannot hold during failover: while one mirror is down, its tiles go to
the others, which would then see their own share and the dead mirror's at once. With
one limit, no mirror ever sees more than :max_concurrency requests, so raise it by
the number of mirrors if each can take the full amount.
Mirrors must serve the same tiles. Different providers draw different maps, and mixing
their tiles makes a patchwork; for a different provider as a backup, use a fallback
source instead: source: [primary, fallback].
Options
	:url — the template, or a list of mirror templates; required
	:attribution — required
	:tile_size — 256 (default) or 512
	:zoom — the tile zooms the server serves, default 0..19
	:scales — default [1, 2] when the template has {r}, else [1]
	:subdomains — required when the template has {s}
	:max_concurrency — requests in flight at once, across all mirrors; default 8
	:cache — false keeps these tiles out of the tile cache, for providers whose
terms forbid server-side caching; default true. guides/tile-providers.md says
which providers need it.


      


      
        Summary


  
    Functions
  


    
      
        expand(template, map, opts \\ [])

      


        Fills the placeholders in template for tile.



    





      


      
        Functions


        


    

  
    
      
    
    
      expand(template, map, opts \\ [])



        
          
        

    

  


  

      

          @spec expand(String.t(), StaticMaps.Source.tile(), keyword()) :: String.t()


      


Fills the placeholders in template for tile.
iex> StaticMaps.Source.Template.expand("https://t/{z}/{x}/{-y}{r}.png", %{z: 2, x: 1, y: 0, scale: 2})
"https://t/2/1/3@2x.png"

  


        

      


  

    
StaticMaps.TileCache behaviour
    



      
Where fetched tiles are kept between renders.
A cache is a module implementing this behaviour. The default,
StaticMaps.TileCache.ETS, keeps tiles in memory up to a byte limit. Configure it, or
another implementation, with:
config :staticmaps, :tile_cache,
  module: StaticMaps.TileCache.ETS,
  max_bytes: 64 * 1024 * 1024
module: nil turns caching off.
Only sources that implement StaticMaps.Source.fetch_cacheable/3 are cached, which
includes every StaticMaps.Source.HTTP source, unless their info/1 says
cache: false. Several commercial providers forbid keeping their tiles on a server;
see guides/tile-providers.md. A tile is kept for as long as the
server's Cache-Control or Expires allows, 7 days when it sends neither, and not at
all under no-store. An expired tile is revalidated with a conditional request, and
served stale if the server cannot be reached.
The cache never holds a tile that would fail to render: a response is stored only once
it has decoded as a complete image of the expected size.

      


      
        Summary


  
    Types
  


    
      
        entry()

      


        


    


    
      
        key()

      


        A cache key; opaque to the implementation.



    





  
    Callbacks
  


    
      
        get(key)

      


        Returns the entry for key, fresh or not.



    


    
      
        put(key, entry)

      


        Stores entry under key, replacing any entry already there.



    





      


      
        Types


        


  
    
      
    
    
      entry()



        
          
        

    

  


  

      

          @type entry() :: %{
  body: binary(),
  expires_at: integer(),
  max_age: non_neg_integer(),
  etag: String.t() | nil,
  last_modified: String.t() | nil
}


      


	:body — the tile's bytes
	:expires_at — Unix time in seconds after which the tile must be revalidated
	:max_age — the lifetime the tile was stored with, kept for when a 304 renews it
without saying
	:etag, :last_modified — validators for the conditional request, if the server
sent them


  



  
    
      
    
    
      key()



        
          
        

    

  


  

      

          @type key() :: term()


      


A cache key; opaque to the implementation.

  


        

      

      
        Callbacks


        


  
    
      
    
    
      get(key)



        
          
        

    

  


  

      

          @callback get(key()) :: {:ok, entry()} | :error


      


Returns the entry for key, fresh or not.

  



  
    
      
    
    
      put(key, entry)



        
          
        

    

  


  

      

          @callback put(key(), entry()) :: :ok


      


Stores entry under key, replacing any entry already there.

  


        

      


  

    
StaticMaps.TileCache.ETS 
    



      
The default tile cache: an ETS table in memory, lost on restart.
The cache holds at most :max_bytes of tile bodies, 64 MB by default. When a put takes
it over the limit, the least recently used tiles are evicted until it is back under
90% of the limit, so eviction does not run again on every put.
config :staticmaps, :tile_cache, max_bytes: 128 * 1024 * 1024

      


      
        Summary


  
    Functions
  


    
      
        bytes(name \\ __MODULE__)

      


        The total size of the tile bodies held, in bytes.



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        get(name, key)

      


        Like get/1, for the cache started as name.



    


    
      
        put(name, key, entry)

      


        Like put/2, for the cache started as name.



    


    
      
        start_link(opts \\ [])

      


        Starts the cache.



    





      


      
        Functions


        


    

  
    
      
    
    
      bytes(name \\ __MODULE__)



        
          
        

    

  


  

The total size of the tile bodies held, in bytes.

  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



  
    
      
    
    
      get(name, key)



        
          
        

    

  


  

Like get/1, for the cache started as name.

  



  
    
      
    
    
      put(name, key, entry)



        
          
        

    

  


  

Like put/2, for the cache started as name.

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  

Starts the cache.
Options: :name (default StaticMaps.TileCache.ETS) and :max_bytes.

  


        

      


  

    
StaticMaps.Plug 
    



      
Serves maps from signed URLs, for browsers and CDNs to cache.
Compiled only when :plug is a dependency. Mount it where no session or CSRF plug
touches its responses, since a response that sets a cookie is not cached by a CDN:
forward "/maps", StaticMaps.Plug,
  secret: {MyApp.Config, :map_secret, []},
  source: StaticMaps.Source.OSM,
  icons: %{office: File.read!("priv/office.svg")}
and build URLs with path/3, using the same secret:
StaticMaps.Plug.path("/maps", [center: {14.5547, 121.0244}, zoom: 15], secret: secret)
Options
	:secret — at least 32 bytes, or {module, function, args} returning them, to
read runtime configuration. Required.
	:cache — :max_age (86 400), :s_maxage (2 592 000),
:stale_while_revalidate (86 400) and :immutable (false) for successful
responses; false sends no-store instead.
	:max_size ({1280, 1280}), :max_scale (2), :max_markers (100) — limits on
every request, signed or not.
	:max_concurrency — renders in progress at once; defaults to the number of
schedulers.
	:source, :attribution — passed to StaticMaps.render/1, and never read from a
request.
	:background — the default background; a URL built with :background overrides it.
	:icons — named marker icons, %{name => svg_or_image_bytes}, for markers given
icon: :name. A URL names an icon; it never carries one.

Responses
	Situation	Status	Cache-Control
	Rendered	200	the :cache settings
	If-None-Match matches	304	the :cache settings
	Bad or missing signature	403	no-store
	Signed, but over a limit or invalid	400	no-store
	A tile failed	503	no-store
	Not GET or HEAD	405	no-store

A 304 is answered straight after the signature check, without rendering or
fetching a tile. Identical requests that arrive during a render wait for it rather
than starting their own.

      


      
        Summary


  
    Functions
  


    
      
        path(prefix, render_opts, opts)

      


        The signed path of a map, under prefix, where the Plug is mounted.



    





      


      
        Functions


        


  
    
      
    
    
      path(prefix, render_opts, opts)



        
          
        

    

  


  

      

          @spec path(String.t(), keyword(), keyword()) :: String.t()


      


The signed path of a map, under prefix, where the Plug is mounted.
render_opts are the options StaticMaps.render/1 takes, except :source,
:attribution and :on_tile_error, which the Plug decides. A marker's :icon is the
name of an icon registered with the Plug. The same options always give the same path.
Options: :secret, as for the Plug, and :format, :png (default) or :jpeg.
Raises ArgumentError for render options a URL cannot carry.

  


        

      


  

    
StaticMaps.TileError exception
    



      
One or more tiles a render needed could not be used.
:tiles pairs each failed tile key {z, x, y} with the reason:
	the reason from a source's {:error, reason}
	{:invalid_return, value} when fetch/2 returned something other than
{:ok, binary} or {:error, reason}
	{:truncated, format} for a PNG, JPEG or WebP cut short
	{:undecodable, message} for bytes that are not an image
	{:wrong_size, actual, expected} for an image whose size does not match the
source's info/1


      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %StaticMaps.TileError{
  __exception__: term(),
  source: module(),
  tiles: [{StaticMaps.TileGrid.key(), term()}]
}


      



  


        

      


  

    
StaticMaps.UnavailableError exception
    



      
No source could render the map.
Returned when a render has fallback sources and every one failed, or when a source was
skipped because its circuit breaker is open. :attempts lists each source in the order
it was tried, with the StaticMaps.TileError it failed with, or :circuit_open if it
was skipped.
A render with a single source whose tiles fail returns the StaticMaps.TileError
itself.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %StaticMaps.UnavailableError{
  __exception__: term(),
  attempts: [{module(), StaticMaps.TileError.t() | :circuit_open}]
}
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