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    User guide

A practical end-to-end walkthrough: what to install, how to wire image_plug into a Phoenix or Plug.Router app, the configuration knobs, security considerations, deployment caveats, and recommended best practices.
For the URL grammar itself, see the conformance guide for whichever provider you're using: Cloudflare, imgix, Cloudinary, or ImageKit. For per-module API reference, see the generated module docs.
Contents
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Quick start
def deps do
  [
    {:image_plug, "~> 0.1"},
    {:req, "~> 0.5"}  # optional, only if you use the HTTP source resolver
  ]
end
Make sure libvips 8.x is installed on the host (the image library wraps it via vix). On macOS, brew install vips. On Debian/Ubuntu, apt install libvips-dev.
Mount the plug, configure a source resolver, you're done:
plug Image.Plug,
  provider: {Image.Plug.Provider.Cloudflare, []},
  source_resolver: {Image.Plug.SourceResolver.File,
                    root: Application.app_dir(:my_app, "priv/static/uploads")}
A request to /cdn-cgi/image/width=400,format=webp/photos/sunset.jpg resolves the source, runs the pipeline, content-negotiates the output format, and streams the result.
Pick the provider that matches the URL grammar your clients speak:
	Image.Plug.Provider.Cloudflare — path-segment grammar, /cdn-cgi/image/<options>/<source>. Wire-format-compatible with Cloudflare's hosted Images service. See the Cloudflare conformance guide.

	Image.Plug.Provider.Imgix — query-string grammar, /<source>?w=400&fm=webp. Wire-format-compatible with imgix's hosted service. See the imgix conformance guide.

	Image.Plug.Provider.Cloudinary — chained-transform path grammar, /<account>/image/upload/<transforms>/<source>. Wire-format-compatible with Cloudinary's hosted service. See the Cloudinary conformance guide.

	Image.Plug.Provider.ImageKit — tr:-prefix grammar, /<endpoint>/tr:<transforms>/<source> (also accepts ?tr= query-string form). Wire-format-compatible with ImageKit's hosted service. See the ImageKit conformance guide.


The provider only governs URL parsing and signing — all four share the same canonical pipeline IR, the same source resolvers, and the same renderer.
Mounting in Phoenix
Mount the plug in your endpoint, before MyAppWeb.Router:
defmodule MyAppWeb.Endpoint do
  use Phoenix.Endpoint, otp_app: :my_app

  plug Plug.Static, at: "/", from: :my_app, gzip: false, only: ~w(assets fonts images favicon.ico)

  plug Image.Plug,
    provider: {Image.Plug.Provider.Cloudflare,
               mount: "/img",
               hosted_account_hash: "abc123"},
    source_resolver: {Image.Plug.SourceResolver.Composite,
                      file: [root: Application.app_dir(:my_app, "priv/static/uploads")],
                      http: [allowed_hosts: ["assets.example.com"]]}

  # ... session, parsers, etc.
  plug MyAppWeb.Router
end
Place Image.Plug after Plug.Static (so static assets win when their paths overlap) and before parsers (no body to parse on image requests).
Mounting in Plug.Router
defmodule MyImageServer do
  use Plug.Router
  plug :match
  plug :dispatch

  forward "/img",
    to: Image.Plug,
    init_opts: [
      provider: {Image.Plug.Provider.Cloudflare, []},
      source_resolver: {Image.Plug.SourceResolver.File, root: "priv/uploads"}
    ]
end
Then Bandit.start_link(plug: MyImageServer, port: 4000) or your supervisor of choice.
Mounting multiple providers side-by-side
Nothing stops you from running several URL grammars in the same app — mount the plug once per grammar on different paths, with a different :provider for each:
defmodule MyImageServer do
  use Plug.Router
  plug :match
  plug :dispatch

  forward "/cf",
    to: Image.Plug,
    init_opts: [
      provider: {Image.Plug.Provider.Cloudflare, []},
      source_resolver: {Image.Plug.SourceResolver.File, root: "priv/uploads"}
    ]

  forward "/ix",
    to: Image.Plug,
    init_opts: [
      provider: {Image.Plug.Provider.Imgix, []},
      source_resolver: {Image.Plug.SourceResolver.File, root: "priv/uploads"}
    ]

  forward "/cl",
    to: Image.Plug,
    init_opts: [
      provider: {Image.Plug.Provider.Cloudinary, account: "demo"},
      source_resolver: {Image.Plug.SourceResolver.File, root: "priv/uploads"}
    ]

  forward "/ik",
    to: Image.Plug,
    init_opts: [
      provider: {Image.Plug.Provider.ImageKit, []},
      source_resolver: {Image.Plug.SourceResolver.File, root: "priv/uploads"}
    ]
end
Now /cf/cdn-cgi/image/width=400/photo.jpg, /ix/photo.jpg?w=400, /cl/demo/image/upload/w_400/photo.jpg, and /ik/tr:w-400/photo.jpg all produce the same bytes from the same source — useful when migrating clients off one URL grammar onto another, or when you genuinely have multiple consumer ecosystems.
Source resolvers
Every request needs to know where the source bytes come from. image_plug ships three resolvers and a dispatcher:
Image.Plug.SourceResolver.File
Reads from a configured root directory.
{Image.Plug.SourceResolver.File, root: "/var/lib/uploads"}
	:root (required) — absolute path. Must exist at boot.
	Path-traversal blocked at two levels (Image.Plug.Source.path/1 rejects ..; the resolver re-validates the canonical path is still under root).
	Streaming-friendly decode: passes the file path to Image.open/2 via File.stream!(path, 2048, []).

Image.Plug.SourceResolver.HTTP
Streams from http(s):// URLs via Image.from_req_stream/2. Requires the optional :req dependency.
{Image.Plug.SourceResolver.HTTP, allowed_hosts: ["assets.example.com"]}
	:allowed_hosts (required) — list of hostnames, or :any to disable the allow-list.
	:timeout — milliseconds between chunks (default 5000).
	The streaming decode does not surface upstream response headers; etag_seed is sha256(url). Document this when you cache.

Image.Plug.SourceResolver.Composite
Dispatches by Source.kind to a configured per-kind resolver.
{Image.Plug.SourceResolver.Composite,
 file:   [root: "/var/lib/uploads"],
 http:   [allowed_hosts: ["assets.example.com"]],
 hosted: {MyApp.AssetResolver, table: :my_assets}}
The :hosted value is {module, options} — there is no built-in hosted-asset resolver in v0.1. Hosts plug their own asset store in via the Image.Plug.SourceResolver behaviour.
Variants
A variant is a named, stored Image.Plug.Pipeline. The hosted URL form /<account>/<image-id>/<variant> resolves variants against the configured store.
Seed at boot via app env:
# config/config.exs
config :image_plug,
  variants: [
    {"thumbnail", "width=200,height=200,fit=cover,format=webp"},
    {"hero",      "width=1600,format=auto,quality=82"},
    {"avatar",    "width=64,height=64,fit=cover,gravity=face,format=auto"}
  ]
Or programmatically at runtime:
Image.Plug.put_variant("thumbnail", "width=200,height=200,fit=cover,format=webp")
{:ok, variant} = Image.Plug.get_variant("thumbnail")
{:ok, variants} = Image.Plug.list_variants()
:ok = Image.Plug.delete_variant("thumbnail")
The implicit "public" variant is always seeded (Cloudflare's "no transforms" default). Image.Plug.put_variant("public", ...) overrides it.
Persistence
By default the ETS variant store is in-memory — variants disappear on restart unless they're seeded from Application.get_env(:image_plug, :variants). To persist runtime CRUD changes (variants created/updated via Image.Plug.put_variant/3 or the HTTP admin API), configure a persistence backend:
plug Image.Plug,
  ...
  variant_store: {Image.Plug.VariantStore.ETS, [
    persistence: {
      Image.Plug.VariantStore.Persistence.File,
      path: "/var/lib/image_plug/variants.json"
    }
  ]}
What this does:
	At application boot, before the application-env seeds run, the persistence backend's load/1 callback hydrates the ETS table from disk.

	After every successful put or delete, the backend's write/4 callback writes the change through to the persistent store. Write-through, fire-and-forget — failures are logged at :warn but don't fail the originating CRUD call.


The shipped Image.Plug.VariantStore.Persistence.File backend is JSON-on-disk with atomic writes (write-temp-then-rename). Suitable for a few thousand variants. For larger or higher-write-rate workloads, write your own backend implementing Image.Plug.VariantStore.Persistence (load/1 + write/4); a database-backed implementation is two callbacks plus your own ORM call.
Only variants whose :options field is set (i.e. created from a CDN-grammar options string, which the public CRUD API and the HTTP admin both do) round-trip through persistence. Variants built from a Pipeline struct directly are skipped with a warning — set the :options field too if you want them persisted.
HTTP admin API
For programmatic CRUD over HTTP, mount Image.Plug.Admin under whatever path your auth pipeline guards:
forward "/admin/variants",
  to: Image.Plug.Admin,
  init_opts: [provider: Image.Plug.Provider.Cloudflare]
Routes mirror Cloudflare's variant API (GET /, GET /:name, POST /, PUT /:name, PATCH /:name, DELETE /:name). Bodies use {"name": ..., "options": ..., "metadata": {...}, "never_require_signed_urls": false}. Respond codes: 200/201/400/404/409.
The admin plug does not authenticate. Wrap it.
Caching
Every successful response carries:
	A strong ETag derived from meta.etag_seed (provided by the source resolver) plus the normalised pipeline's fingerprint plus the chosen output format. Two URLs that differ only in option order produce the same ETag.

	Cache-Control: public, max-age=3600, stale-while-revalidate=86400 by default. Override per-request by having the source resolver populate meta.cache_control.

	Vary: Accept so caches differentiate content-negotiated formats.

	Last-Modified when the source resolver provides one.


Conditional GET via If-None-Match returns 304 without invoking libvips — the ETag is computed from cheap inputs (source seed + pipeline fingerprint + format atom).
Error handling
The :on_error config value picks the policy:
	:auto (default) — selects :render_error_image in :dev/:test, :fallback_to_source in :prod. The selection key is Application.get_env(:image_plug, :env, Mix.env()) so releases behave correctly.

	:render_error_image — generates a 400×300 PNG placeholder with the error tag and message painted on. Returns 200 so the broken image renders visibly. Cache-Control: no-store. Best for development.

	:fallback_to_source — re-encodes the loaded source image in its source format and streams it. Logs the failure at :error. Returns 200 with x-image-plug-error: <tag> and Cache-Control: no-store. Falls through to :status_text if the source itself failed to load. Best for production: a transform bug doesn't break the page.

	:status_text — text/plain body, status code mapped from the error tag (Image.Plug.Error.status/1), x-image-plug-error header. Best for APIs / tests.

	:raise — propagate the error. Useful in unit tests.

	{:status, code} — use the given status code with a text body.


Error tags map to status codes via Image.Plug.Error.status/1: :malformed_url/:invalid_option/:unknown_option → 400, :variant_not_found/:source_not_found → 404, :variant_already_exists → 409, :source_too_large → 413, :unsupported_*_format → 415, :source_fetch_error → 502, :request_timeout → 504.
Telemetry
Two events per request under the configured :telemetry_prefix (default [:image_plug]):
	[:image_plug, :request, :start] — at request entry. Measurements: %{system_time}. Metadata: %{request_path, provider}.

	[:image_plug, :request, :stop] — at request completion. Measurements: %{duration} in monotonic native units. Metadata: %{request_path, provider, status, error_tag}.

	[:image_plug, :request, :exception] — only when a handler raises (the plug catches, emits, re-raises). Measurements: %{duration}. Metadata: %{kind, reason, stacktrace}.


Wire into :telemetry_metrics for Prometheus / StatsD:
defmodule MyApp.Telemetry do
  import Telemetry.Metrics

  def metrics do
    [
      summary("image_plug.request.stop.duration",
        unit: {:native, :millisecond},
        tags: [:status, :error_tag]),
      counter("image_plug.request.exception.count")
    ]
  end
end
Signed URLs
When you serve images that should only be accessed by authorised clients, configure the plug's :signing option. Every request URL must then carry a signature whose value is HMAC(secret, path) (algorithm and parameter name vary per provider):
	Cloudflare provider: HMAC-SHA256, ?sig=<hex> and optional ?exp=<unix-seconds>.

	Imgix provider: HMAC-SHA256, ?s=<hex> and optional ?expires=<unix-seconds> — and the canonical-string rule prepends the secret to the payload (matching imgix's wire format).

	Cloudinary provider: SHA-256 (truncated to 32 url-safe-base64 chars) over <transforms>/<source><api-secret>, inserted as a path segment s--<sig>-- between the delivery type (upload) and the first transform stage. No per-URL expiry parameter.

	ImageKit provider: HMAC-SHA1, ?ik-s=<hex> and optional ?ik-t=<unix-seconds>.


Configuration
plug Image.Plug,
  ...
  signing: %{
    keys: [System.fetch_env!("IMAGE_PLUG_SIGNING_KEY")],
    required?: true
  }
	:keys — non-empty list of secret strings. Verification accepts any key in the list (for rotation); signing helpers always use the first.

	:required? — when true, an unsigned URL returns 401 :signature_required. When false (default), unsigned URLs pass through but a signed URL with an invalid signature still 401s. The default is "defense in depth" — useful during a gradual rollout where some clients haven't been updated yet.


Generating signed URLs
path = "/cdn-cgi/image/width=200,format=webp/photos/sunset.jpg"
signed = Image.Plug.Signing.sign(path, ["my-secret"])
# => "/cdn-cgi/image/width=200,format=webp/photos/sunset.jpg?sig=a1b2..."
For client-side rendering via image_components, pass the secret to the URL builder via :signing_keys. See the image_components user guide for the markup-level integration.
Expiry
Pass :expires_at to bound the URL's validity window:
expiry = DateTime.utc_now() |> DateTime.add(3600, :second)
signed = Image.Plug.Signing.sign(path, ["my-secret"], expires_at: expiry)
# => "/cdn-cgi/image/.../sunset.jpg?exp=1735848000&sig=a1b2..."
The verifier rejects expired URLs with 401 :signature_expired.
Key rotation
To rotate signing keys without breaking outstanding URLs:
	Add the new key to the front of :keys: keys: ["new-key", "old-key"].
	Restart the plug. Verification accepts URLs signed with either key; signing helpers use the new key.
	Wait for the longest expected URL lifetime (typically your CDN cache TTL).
	Drop the old key from :keys.

Conformance with hosted services
image_plug's signed-URL format is wire-format-compatible with the hosted services it shadows:
	Cloudflare — interchangeable with Cloudflare Images' hosted signed URLs. Same parameter names (sig, exp), same HMAC-SHA256 algorithm, same canonical-string rule.

	Imgix — interchangeable with imgix's hosted signed URLs. Same parameter names (s, expires), same HMAC-SHA256 algorithm, same secret-prepended canonical-string rule.

	Cloudinary — interchangeable with Cloudinary's hosted signed URLs. Same path segment (s--<sig>--), same SHA-256 algorithm with 32 url-safe-base64-character truncation, same <transforms>/<source><api-secret> canonical-string rule.

	ImageKit — interchangeable with ImageKit's hosted signed URLs. Same parameter names (ik-s, ik-t), same HMAC-SHA1 algorithm.


The HMAC value itself differs only because the signing secret is deployment-specific.
Practical consequence: the same image_components markup can target either an image_plug deployment or the corresponding hosted service by switching the :host config and the signing secret — the URL grammar is identical end to end.
Security considerations
	Path traversal. The File resolver rejects .. segments at two levels (the Source.path/1 constructor and the resolver's canonical-path check). If you write a custom resolver, replicate this check — never join user-supplied path components into a filesystem path without verifying the result stays under your root.

	HTTP source allow-list. The HTTP resolver requires an explicit :allowed_hosts list. :any is supported but only sensible behind your own auth/audit layer. Without an allow-list, a malicious URL can turn your image server into an open proxy that fetches arbitrary internal hostnames.

	Source size limits. The HTTP resolver does not yet impose a body-size cap; it relies on whatever limits the configured Req request honours. For untrusted sources, configure Req (or proxy through a CDN that caps body size) explicitly.

	AdminPlug authentication. Image.Plug.Admin does not authenticate. Wrap it in your auth pipeline (plug :require_admin, basic-auth, OAuth, whatever you use). Anyone who can hit the admin route can create/delete variants.

	Variant injection. Variants are stored opaquely. A variant whose pipeline embeds a draw= op pointing at an external URL will fetch from that URL on every request. If you accept variant definitions from untrusted users (typically you should not), scrub draw= layers or restrict to local sources.

	:render_error_image in production. The placeholder PNG embeds the error tag and message in plain text. Don't enable in prod for public-facing endpoints unless you're comfortable with that information being visible to clients. The default :auto policy picks :fallback_to_source in prod for exactly this reason.

	max_pixels. The plug rejects requests whose computed output exceeds :max_pixels (default 25 MP). Lower this if you serve untrusted source URLs — libvips will happily allocate huge buffers for absurd target dimensions.

	request_timeout. Default 10 s budget per request. Lower for public APIs; raise for batch jobs.


Deployment caveats
libvips capability detection
AVIF write support depends on libvips being built with libheif plus an AV1 encoder (libaom or librav1e). On builds without those, format=avif requests serve as WebP and the response carries x-image-plug-format-fallback: avif->webp. A warning logs once at startup. Check at runtime with Image.Plug.Capabilities.avif_write?/0.
If your client code requires AVIF specifically (e.g. you've decided AVIF is your single output format and don't want WebP fallback), validate at boot:
unless Image.Plug.Capabilities.avif_write?() do
  raise "this deployment requires libvips built with AVIF write support"
end
Memory
libvips is C; image decode/encode work happens outside the BEAM heap. Two implications:
	The BEAM's per-process heap stays small even for huge images. Don't add memory-tuning workarounds based on Erlang process memory; libvips is the consumer.

	OOMs from libvips look like :enomem or NIF crashes, not Erlang errors. Set OS-level limits (cgroups, ulimit) if running multiple workers; one libvips operation can spike RSS by 2-4× the source's uncompressed size momentarily.


Source caching
image_plug does not cache source bytes (only HTTP-level headers on transformed responses). For high-traffic same-source requests, put a CDN or a Plug.Static-style cache in front of SourceResolver.HTTP. v0.1 deliberately punts source caching to the host.
Per-derivative cache
Out of scope for v0.1. Every request re-encodes (subject to the 304 ETag short-circuit). For workloads where the same derivative is requested often and you want to skip the re-encode, cache the response bytes in your own layer (Cachex, a CDN, etc.) keyed by the URL. The per-URL ETag is canonicalised so the same variant always produces the same key.
Telemetry overhead
The handler emits at most 2 events per request (3 if it raises). Default ExUnit benchmarks show ~5 µs of overhead per request. Negligible for any realistic image-encode workload.
Best practices
URL design
	Pick one of: /cdn-cgi/image/<options>/<source> (ad-hoc transforms) or /<account>/<image-id>/<variant> (curated, stored variants). Mix sparingly — the URL surface is easier to reason about when one form dominates.

	Use named variants for everything user-facing. Ad-hoc URLs are convenient in development but make pricing, caching, and security audits harder at scale.

	Configure mount: "/img" (or similar) so /img/cdn-cgi/image/... cleanly separates from your application routes.


Format choice
	format=auto is the right default for content images. The Accept-header negotiation picks AVIF/WebP/JPEG and Vary: Accept lets caches differentiate.

	Specify format=jpeg explicitly for hero/LCP images where you want a single canonical URL across all browsers (avoids Vary cache fragmentation).

	format=json is for metadata extraction, not rendering. Rate-limit it if exposed publicly.


Quality
	quality=82 for content images (Cloudflare's documented sweet spot).

	quality=high (90) for photography portfolios.

	Don't over-tune. The visual difference between 75 and 85 is invisible to most users; the byte difference is significant.


:on_error
	Stick with :auto. It does the right thing in dev (placeholder PNG that surfaces the error in the browser) and prod (fallback to source so a transform bug doesn't blank the page).

	Override to :status_text only when you're building an API where the consumer expects HTTP error semantics rather than a fallback image.


Variants and cache hygiene
	When you change a variant's options, the ETag changes (because the pipeline fingerprint changes). Old caches return 304 against new requests until they expire. Either bump Cache-Control: max-age defaults to suit your tolerance for staleness, or rename the variant (thumbnail → thumbnail-v2) when you want an immediate cache bust.

Sister package: image_components
For Phoenix LiveView apps, install image_components to render <.image> and <.picture> markup against the same Cloudflare URL grammar image_plug parses. The :host option lets you point the component at a different deployment than the one rendering the LiveView, mirroring unpic's domain option.
Mix toolchain
Develop and CI against Elixir 1.20.0-rc.4-otp-28 (the project's pinned toolchain). Library mix.exs declares elixir: "~> 1.17" so consumers can stay on older Elixir; the floor only constrains downstream apps, not local development.
Where to go next
	Cloudflare conformance guide — option-by-option support matrix for the Cloudflare grammar.
	Imgix conformance guide — option-by-option support matrix for the imgix grammar.
	Cloudinary conformance guide — option-by-option support matrix for the Cloudinary grammar.
	ImageKit conformance guide — option-by-option support matrix for the ImageKit grammar.
	The Image.Plug moduledoc — request lifecycle in detail.
	The Image.Plug.Pipeline moduledoc — how to build pipelines programmatically.
	The Image.Plug.Provider moduledoc — how to write a provider for a different URL grammar.



  

    Image sources

This guide describes how image_plug resolves a source reference (the path / URL / hosted-asset-id parsed out of an incoming request) into bytes that libvips can decode. It covers the default file resolver, the bundled HTTP resolver, the Composite dispatcher that lets one mount serve all three kinds, and how to write your own — with a worked S3 example.
The model
A request reaching image_plug carries an opaque source reference. The provider URL parser turns that reference into a %Image.Plug.Source{} struct with one of three kinds:
	:path — an absolute path string like "/cat.jpg". Comes from URLs like /cdn-cgi/image/width=600/cat.jpg.

	:url — an absolute http(s):// URL. Comes from URLs like /cdn-cgi/image/width=600/https%3A%2F%2Fexample.com%2Fcat.jpg.

	:hosted — a {account_hash, image_id} tuple. Comes from URLs like /<account>/<image-id>/<variant> (the Cloudflare hosted form).


A Image.Plug.SourceResolver consumes one such struct and returns either an open Vix.Vips.Image plus a small bag of HTTP-cache metadata, or an Image.Plug.Error. Sources never carry image bytes themselves; they are pure references the resolver knows how to look up.
The resolver is configured per-mount via the :source_resolver option on Image.Plug:
forward "/img", Image.Plug,
  provider: {Image.Plug.Provider.Cloudflare, []},
  source_resolver: {Image.Plug.SourceResolver.File, root: "/var/lib/uploads"}
The shape is {ResolverModule, options} — a module implementing the Image.Plug.SourceResolver behaviour and a keyword list passed to its load/2.
The default: serving files from disk
The most common configuration is Image.Plug.SourceResolver.File. It maps :path sources to files under a configured root directory:
forward "/img", Image.Plug,
  provider: {Image.Plug.Provider.Cloudflare, []},
  source_resolver:
    {Image.Plug.SourceResolver.File, root: "/var/lib/image-uploads"}
A request to /img/cdn-cgi/image/width=600/cat.jpg reads /var/lib/image-uploads/cat.jpg, opens it via Image.open/2, and streams the transformed result.
Configuration
	:root (required) — absolute path to the directory under which source files live. Must exist at boot time. Symlinks pointing outside the root are rejected at request time. Path traversal (.. segments) is blocked at two levels: Image.Plug.Source.path/1 rejects them before the source even reaches the resolver, and the resolver re-validates that the canonical resolved path is still inside the root.

Choosing the right :root
Three patterns are common:
	Pin to an absolute path. Recommended for production. Set root: "/var/lib/uploads" or root: System.fetch_env!("UPLOAD_DIR"). The path lives outside your release tree, survives redeploys, and is straightforward to mount as a Docker volume.

	Path.expand("priv/static/uploads") at boot. Convenient in development; uploads land in priv/static/ so Plug.Static can also serve them as the original. Fragile in releases — priv/static/ lives inside the BEAM tree, and depending on how the path is captured (Application.app_dir(:my_app, ...) vs. compile-time __DIR__) you can get a resolver pointed at a path that doesn't exist at runtime.

	Read from Application.get_env/3 at request time. The most flexible, but forward/3 evaluates its options at compile time (or at boot, depending on the Phoenix version), so a literal Application.get_env/3 call inside the forward options usually fires too early to see your runtime config. The fix is a thin wrapper plug — see "Configuring the directory at runtime" below.


Configuring the directory at runtime
When the upload directory comes from an environment variable in config/runtime.exs, the literal Application.get_env/3 call inside forward runs before runtime.exs has executed. The fix is a one-screen wrapper plug that resolves the resolver options on every request:
defmodule MyAppWeb.RuntimeImagePlug do
  @behaviour Plug

  @impl Plug
  def init(options), do: options

  @impl Plug
  def call(conn, options) do
    full_options =
      Keyword.put(
        options,
        :source_resolver,
        {Image.Plug.SourceResolver.File,
         root: Application.fetch_env!(:my_app, :upload_dir)}
      )

    Image.Plug.call(conn, Image.Plug.init(full_options))
  end
end

# router.ex
forward "/img", MyAppWeb.RuntimeImagePlug,
  provider: {Image.Plug.Provider.Cloudflare, []}

# config/runtime.exs
config :my_app, :upload_dir, System.fetch_env!("UPLOAD_DIR")
The wrapper resolves :upload_dir from app config on every request, which is correct, but the lookup is essentially free (:persistent_term-backed). The same pattern is used by image_playground to make the upload dir Docker-volume-mountable; see its lib/image_playground_web/runtime_image_plug.ex.
Streaming HTTP sources
Image.Plug.SourceResolver.HTTP resolves :url sources by streaming bytes from http(s):// URLs into libvips chunk-by-chunk:
forward "/img", Image.Plug,
  provider: {Image.Plug.Provider.Cloudflare, []},
  source_resolver:
    {Image.Plug.SourceResolver.HTTP, allowed_hosts: ["assets.example.com", "cdn.example.com"]}
A request to /img/cdn-cgi/image/width=600/https%3A%2F%2Fassets.example.com%2Fcat.jpg issues a streaming GET against the inner URL, hands the response body to Vix.Vips.Image.new_from_enum/1, and pipes the encoded output back to the client without ever materialising the full body in BEAM memory.
Configuration
	:allowed_hosts (required) — a list of hostname strings the resolver will fetch from. Hosts not on the list are rejected with :invalid_option. Pass :any to disable the allow-list (only sensible when this resolver sits behind a host-supplied auth/auditing layer).

	:timeout — milliseconds to wait between chunks. Defaults to 5_000.


The HTTP resolver depends on :req (a transitive dep of image); add it to your application's deps if it is not already present.
Serving multiple kinds from one mount: Composite
Most production deployments want one URL prefix that handles both file paths and remote URLs (and possibly hosted asset ids). Image.Plug.SourceResolver.Composite dispatches by source kind to a configured set of per-kind resolvers:
forward "/img", Image.Plug,
  provider: {Image.Plug.Provider.Cloudflare, []},
  source_resolver:
    {Image.Plug.SourceResolver.Composite,
     file:   [root: "/var/lib/uploads"],
     http:   [allowed_hosts: ["assets.example.com"]],
     hosted: {MyApp.AssetResolver, table: :my_assets}}
	:file — keyword list passed to Image.Plug.SourceResolver.File.
	:http — keyword list passed to Image.Plug.SourceResolver.HTTP.
	:hosted — {module, options} tuple for the host's hosted-asset resolver (see "Custom resolvers" below).

A kind not configured returns :invalid_option at request time, so you can omit any kind you don't intend to serve.
Custom resolvers
The Image.Plug.SourceResolver behaviour has a single callback:
@callback load(Source.t(), options :: keyword()) ::
            {:ok, Vix.Vips.Image.t(), meta()} | {:error, Image.Plug.Error.t()}
meta() is a small map used by the Image.Plug.Cache layer to build response cache headers (ETag, Last-Modified, Cache-Control, Content-Type) and to fingerprint responses. The minimum required fields are:
	:content_type — MIME type of the source bytes.
	:etag_seed — any stable per-source binary; Image.Plug.Cache hashes this with the pipeline fingerprint to compute the response ETag.

Optional fields: :last_modified, :byte_size, :cache_control, :immutable?.
A skeleton resolver:
defmodule MyApp.AssetResolver do
  @behaviour Image.Plug.SourceResolver

  alias Image.Plug.{Error, Source}

  @impl Image.Plug.SourceResolver
  def load(%Source{kind: :hosted, ref: {account, image_id}}, options) do
    with {:ok, bytes, meta} <- fetch(account, image_id, options),
         {:ok, image} <- Image.from_binary(bytes) do
      {:ok, image,
       %{
         content_type: meta.content_type,
         etag_seed: meta.etag_seed,
         last_modified: meta.last_modified,
         byte_size: meta.byte_size
       }}
    else
      {:error, :not_found} ->
        {:error, Error.new(:source_not_found, "asset not found",
          details: %{account: account, image_id: image_id})}
    end
  end

  def load(%Source{kind: kind}, _options) do
    {:error, Error.new(:invalid_option, "unsupported source kind",
      details: %{kind: kind})}
  end

  defp fetch(_account, _image_id, _options), do: {:error, :not_found}
end
The behaviour does not require a one-resolver-per-kind layout. Composite is a convenience that dispatches by kind, but a custom resolver is free to handle multiple kinds itself, or only one.
Worked example: an S3 source resolver
A common deployment is uploads stored in S3, pulled on demand for transformation. The minimum viable implementation uses Req with :aws_sigv4 to sign GETs against a bucket:
defmodule MyApp.S3Resolver do
  @moduledoc """
  Source resolver that streams images from an S3 bucket.

  Maps `Image.Plug.Source{kind: :path}` onto
  `s3://<bucket>/<region-aware-key>` and streams the GET into
  libvips chunk-by-chunk via `Image.from_req_stream/2`.

  ### Configuration

  * `:bucket` — required; the S3 bucket name.

  * `:region` — required; the bucket's AWS region (e.g. `\"us-east-1\"`).

  * `:credentials` — required; a 0-arity function that returns
    `%{access_key_id: ..., secret_access_key: ..., token: ...}`. The
    indirection lets you plug in `ExAws.Config.new/1` or a refreshing
    IAM role provider without forcing a hard dep here.

  * `:key_prefix` — optional; prepended to the source path before
    looking up the object. Defaults to `\"\"`.

  * `:timeout` — milliseconds between chunks. Defaults to `5_000`.
  """

  @behaviour Image.Plug.SourceResolver

  alias Image.Plug.{Error, Source}

  @impl Image.Plug.SourceResolver
  def load(%Source{kind: :path, ref: "/" <> path}, options) do
    bucket = Keyword.fetch!(options, :bucket)
    region = Keyword.fetch!(options, :region)
    creds_fun = Keyword.fetch!(options, :credentials)
    prefix = Keyword.get(options, :key_prefix, "")
    timeout = Keyword.get(options, :timeout, 5_000)

    key = Path.join(prefix, path)
    url = "https://#{bucket}.s3.#{region}.amazonaws.com/#{URI.encode(key)}"
    creds = creds_fun.()

    aws_sigv4 = [
      access_key_id: creds.access_key_id,
      secret_access_key: creds.secret_access_key,
      token: Map.get(creds, :token),
      service: "s3",
      region: region
    ]

    case Image.from_req_stream(url, aws_sigv4: aws_sigv4, receive_timeout: timeout) do
      {:ok, image} ->
        {:ok, image,
         %{
           content_type: content_type_for(key),
           etag_seed: "s3:#{bucket}/#{key}"
         }}

      {:error, %{status: 404}} ->
        {:error, Error.new(:source_not_found, "S3 object not found",
          details: %{bucket: bucket, key: key})}

      {:error, reason} ->
        {:error, Error.new(:source_not_found, "S3 fetch failed",
          details: %{bucket: bucket, key: key, reason: reason})}
    end
  end

  def load(%Source{kind: kind}, _options) do
    {:error, Error.new(:invalid_option, "S3Resolver only handles :path sources",
      details: %{kind: kind})}
  end

  defp content_type_for(key) do
    case Path.extname(key) do
      ".jpg"  -> "image/jpeg"
      ".jpeg" -> "image/jpeg"
      ".png"  -> "image/png"
      ".gif"  -> "image/gif"
      ".webp" -> "image/webp"
      ".avif" -> "image/avif"
      _       -> "application/octet-stream"
    end
  end
end
Wire it in:
forward "/img", Image.Plug,
  provider: {Image.Plug.Provider.Cloudflare, []},
  source_resolver:
    {MyApp.S3Resolver,
     bucket: "my-app-uploads",
     region: "us-east-1",
     credentials: &ExAws.Config.new/0,
     key_prefix: "originals/"}
A request to /img/cdn-cgi/image/width=600/cat.jpg now signs and streams s3://my-app-uploads/originals/cat.jpg through libvips and returns a 600-wide WebP without ever buffering the source object in memory.
A few production notes
	etag_seed. The example above derives the ETag seed from the bucket + key. That gives a stable per-key ETag — fine if the object is immutable. If you mutate objects in place, prefer the upstream S3 ETag (one HEAD before the GET) or the last-modified timestamp.

	last_modified. A two-stage HEAD-then-GET lets you populate :last_modified from the upstream Last-Modified header. The skeleton above skips it for simplicity.

	Caching the credentials provider. &ExAws.Config.new/0 resolves on every request — cheap for static credentials but expensive for IAM-role refresh. Wrap with a cached provider in production.

	S3 vs the CDN edge. This pattern has image_plug doing the transform, with S3 just providing the bytes. If you want S3 to serve the transformed image too (rather than image_plug re-transforming on every request), put a CDN like CloudFront in front of image_plug — the response ETag and Cache-Control headers will keep transformed bytes at the edge. See the caching section in the README.


Related
	Image.Plug.SourceResolver — the behaviour.
	Image.Plug.SourceResolver.File — file-on-disk resolver.
	Image.Plug.SourceResolver.HTTP — streaming-HTTP resolver.
	Image.Plug.SourceResolver.Composite — by-kind dispatcher.
	Image.Plug.Source — the source-reference struct providers produce.
	Image.Plug.Cache — how :etag_seed and the pipeline fingerprint combine to produce the response ETag.



  

    Face-aware crops, zoom, and pixelation

This guide describes how image_plug integrates with the optional image_vision library to add face-aware behaviour to the IR. It covers the seam (Image.Plug.FaceAware), the per-provider URL grammar that drives it (gravity=face, face-zoom=…, z_…, z-…, crop=faces), the runtime model loading, and the graceful fallback when image_vision is not in the consumer's dependency tree.
Why a seam, not a hard dep
image_plug does not declare :image_vision as a dependency. The face-detection model — YuNet ONNX, ~340 KB on disk plus the Ortex / Nx / EXLA runtime — adds tens of megabytes to the dependency closure and ML build complexity that not every consumer wants. Apps that don't need face-aware behaviour pay nothing.
The integration point is Image.Plug.FaceAware. It calls into Image.FaceDetection only after a runtime Code.ensure_loaded?/1 check, with @compile {:no_warn_undefined, Image.FaceDetection} so the build stays clean when the optional dep is absent. When image_vision is not loaded, every function in the seam returns {:error, :unavailable} and the interpreter routes around it transparently — face-aware requests fall back to libvips' attention-based saliency crop, which is a reasonable approximation in most cases.
What gets face-aware behaviour
Two operations in the IR consume face detections:
	Ops.Resize{gravity: :face, face_zoom: float} — pre-crops the image to the most prominent detected face plus padding (derived from face_zoom) before the regular thumbnail resize pass. The thumbnail then sees a face-centred region and produces a face-centred result. With :image_vision absent or with no detected face, the existing :attention saliency crop takes over.

	Ops.PixelateFaces{scale: float} — detects every face above the confidence threshold and pixelates each region in place, leaving the rest of the image untouched. With :image_vision absent, the op is a no-op (the original image is returned unchanged).


URL grammar across the four providers
The same IR field — Resize.face_zoom, a float in [0.0, 1.0] — is expressed differently in each provider's URL:
	Provider	Token	Range	Notes
	Cloudflare	face-zoom=<float>	[0.0, 1.0]	Pairs with gravity=face. Default 0.0 is dropped from the URL.
	Cloudinary	z_<float>	[0.0, 1.0]	Pairs with g_face. Added in this version of image_plug's parser.
	imgix	—	—	imgix's URL grammar has no face-zoom equivalent. The IR field is silently dropped on URL projection.
	ImageKit	z-<float>	[0.0, 1.0]	Pairs with fo-face.

Gravity itself rides alongside:
	Provider	Face gravity token
	Cloudflare	gravity=face
	Cloudinary	g_face
	imgix	crop=faces
	ImageKit	fo-face

Image.Components.URL.<provider>/2 emits the right token for each. The four URLs round-trip back to the same IR through the matching parser in image_plug.
Semantics of face_zoom
face_zoom is the tightness of the face-aware crop, not a literal zoom factor:
	face_zoom = 0.0 (the default) gives a loose crop — the bounding box is expanded by a full padding = 1.0 on each side, which often means the entire image. The downstream resize pass then sees the same input as a normal gravity=center request, and the output is indistinguishable from a centred crop. This is the most common reason a user reports "I picked gravity=face and nothing happened" — the answer is to also give face_zoom a non-zero value.

	face_zoom = 0.6 (Cloudflare's documented default) gives a moderately tight crop with some context around the face. This is a good general-purpose setting for portrait thumbnails.

	face_zoom = 1.0 hugs the face bounding box — the resulting crop is essentially the face with no surrounding context.


The mapping inside Image.Plug.FaceAware.face_crop/2 is padding = max(1.0 - face_zoom, 0.0), so the relationship between face_zoom and bounding-box padding is linear and inverse.
Behaviour when no face is detected
Image.FaceDetection.crop_largest/2 returns {:error, :no_face_detected} when nothing scores above the YuNet confidence threshold (default 0.6). The interpreter catches this and falls through to the normal thumbnail flow with the original image and the original gravity setting. The request still succeeds — you don't see a placeholder; you get a saliency-based crop.
Model loading
The first request that invokes face detection downloads the YuNet ONNX weights (face_detection_yunet_2023mar.onnx, ~340 KB) from HuggingFace into image_vision's model cache directory:
	On macOS: ~/Library/Caches/image_vision/opencv/face_detection_yunet/
	In a container: configure via :image_vision, :cache_dir (typically a mounted volume — see the image_playground Dockerfile).

The download happens once per cache directory. Subsequent requests load the model from :persistent_term and run inference on every face-aware request.
Wiring it into your app
Add :image_vision to your dependencies:
def deps do
  [
    {:image_plug, "~> 0.1"},
    {:image_vision, "~> 0.3"},
    # image_vision's ML stack:
    {:ortex, "~> 0.1"},
    {:nx, "~> 0.10"},
    {:exla, "~> 0.10"}
  ]
end
That's it — no further configuration is required. Image.Plug.FaceAware.available?/0 flips to true on next boot and the interpreter starts honouring gravity: :face and Ops.PixelateFaces. To verify end-to-end, point a Cloudflare URL at a known face image:
GET /cdn-cgi/image/width=300,height=300,fit=cover,gravity=face,face-zoom=0.6/portrait.jpg
Compare the bytes against the same URL with gravity=center,face-zoom=0 (the default) on an image that has a face well off-centre — different MD5s prove face detection ran.
Related
	Image.Plug.FaceAware — the seam itself; available?/0, face_crop/2, pixelate_faces/2.
	Image.FaceDetection — the underlying detector in image_vision.
	image_components/guides/usage.md — how to drive face_zoom through the <.image> Phoenix.Component.
	image_playground — exercises this end-to-end with a slider per parameter.



  

    image_plug as a CDN-side service

This guide explains how to deploy image_plug as the origin behind an HTTP cache layer — a CDN like CloudFront, Fastly, or Cloudflare, or a local cache like nginx — so the heavy work of decoding, transforming, and re-encoding happens once per unique transformed URL, and every subsequent hit is served from the cache without ever touching libvips again.
This is the recommended deployment pattern for self-hosted image processing at any non-trivial scale. It is a different model from "use the Cloudflare Images / Cloudinary / imgix / ImageKit edge directly", which is what image_components projects URLs for; both are valid and image_plug exists to make the self-hosted side as fast and as cacheable as the edge service is.
The model
   Browser ─► CDN edge ─► image_plug ─► libvips ─► transformed bytes
              (cache)      (origin)
                ▲              │
                └──────────────┘
                first request: cache miss → origin compute
                subsequent requests: cache hit → no origin call
The contract between CDN and image_plug is plain HTTP: the CDN forwards the request unmodified, image_plug returns the transformed bytes plus cache headers, and the CDN caches by URL and serves all matching subsequent requests from its edge nodes. image_plug does not need to know there is a CDN in front of it; CDNs do not need to know there is image processing happening behind them.
Why this works for image_plug specifically
Three properties of image_plug make it a particularly good origin for CDN caching:
	The URL is the cache key. Every transform parameter rides in the URL itself (/cdn-cgi/image/width=600,fit=cover,format=webp/cat.jpg). The CDN's natural by-URL cache key is therefore the natural by-transform cache key — no Vary on query strings, no per-cookie variation, no auth headers in the cache key.

	The pipeline is normalised before the ETag is computed. Image.Plug.Pipeline.Normaliser.normalise/1 sorts options into a canonical order before fingerprinting, so two URLs that differ only in option order (width=600,fit=cover vs fit=cover,width=600) produce the same strong ETag. CDNs that key on URL will treat them as separate cache entries, but the conditional-GET behaviour is consistent: a If-None-Match against the second URL will 304 against the first URL's ETag.

	The origin response is deterministic and idempotent. Same source bytes + same pipeline = byte-identical output. There is no per-request randomness, no time-dependent state, nothing that would force a CDN to revalidate. A cache entry is valid until either the source changes (rare) or you explicitly evict it.


The headers image_plug emits
Every successful response carries:
	ETag: "<strong>" — base64url-encoded SHA-256 of meta.etag_seed <> "|" <> pipeline_fingerprint <> "|" <> chosen_format. Strong validator (no W/ prefix). Two URLs that produce the same bytes produce the same ETag.

	Cache-Control: public, max-age=3600, stale-while-revalidate=86400 by default. Override per-source via meta.cache_control from the source resolver, or per-mount via the plug's configuration.

	Vary: Accept when the pipeline used format=auto. Tells the CDN to differentiate cache entries by the client's Accept header so a Chrome client (which gets AVIF) and a legacy Safari client (which gets WebP or JPEG) hit different cache entries despite sharing the URL.

	Last-Modified: <RFC 1123 date> when the source resolver populated meta.last_modified. The default File resolver does this from the file's mtime; the HTTP resolver does not (response headers aren't surfaced through the streaming decode path).

	Content-Type: image/<format> for the chosen output format.


Conditional GET via If-None-Match returns 304 Not Modified without invoking libvips at all — the ETag is computed from the source meta and the pipeline fingerprint, neither of which requires opening the image.
When the encoder couldn't satisfy the requested format (e.g. AVIF without libaom), the response also carries x-image-plug-format-fallback: avif->webp. This is informational; CDNs key on URL, not on this header.
Tuning Cache-Control for an image origin
The default max-age=3600, stale-while-revalidate=86400 is conservative — sensible for unknown sources, but rarely what you want for image-CDN traffic. The right values depend on whether your URLs are immutable or mutable.
Immutable URLs (recommended)
If your source paths are content-addressed — e.g. /uploads/<sha256>.jpg — then the URL identifies the bytes uniquely and forever. The transformed URL inherits that immutability: /cdn-cgi/image/width=600/uploads/<sha>.jpg will always produce the same bytes for the same source. In that case the cache headers should say so:
# In your source resolver:
{:ok, image,
 %{
   content_type: "image/jpeg",
   etag_seed: "<sha>",
   cache_control: "public, max-age=31536000, immutable",
   immutable?: true
 }}
max-age=31536000 (one year) plus the immutable directive tells browsers and CDNs to never revalidate. Coupled with content-addressed source paths (which image_playground's Uploads module does by default), this is the configuration that lets a CDN serve the long tail of transforms without ever round-tripping back to your origin.
Mutable URLs
If a source path can change content under the same URL — /uploads/avatar.jpg overwritten when the user uploads a new avatar — immutable is wrong; use a shorter max-age plus stale-while-revalidate:
{:ok, image,
 %{
   content_type: "image/jpeg",
   etag_seed: "#{path}|#{stat.size}|#{mtime_unix}",  # changes when bytes change
   cache_control: "public, max-age=300, stale-while-revalidate=3600"
 }}
The etag_seed should incorporate something that changes when the bytes change (file size, mtime, an upstream ETag) so a content swap invalidates the ETag and the CDN's If-None-Match revalidation produces a 200 with new bytes instead of a stale 304.
Recipe: CloudFront in front of image_plug
CloudFront is the most common pairing for AWS-hosted deployments. The minimum viable setup:
[browser] ─► CloudFront distribution ─► Origin (image_plug behind ALB / nginx / direct)
              cache policy: "image_plug"
In CloudFront terminology you need one Distribution, one Origin pointing at your image_plug host, and one Cache Policy that:
	Includes the URL path in the cache key. This is the default — leave it on.
	Includes the Accept header in the cache key (only when you serve format=auto). CloudFront will not include client headers in the cache key by default; explicitly add Accept to the cache policy's "Headers" list.
	Excludes cookies and query strings from the cache key. Default. Don't add them.
	Honours origin Cache-Control. This is the default behaviour with the CachingOptimized managed policy or any custom policy that doesn't override TTLs.

Origin-side, set image_plug to emit long max-age values (see "Immutable URLs" above) so CloudFront's edge caches keep transformed bytes for as long as possible.
For invalidation when you redeploy with breaking changes (e.g. a libvips bump that produces visibly different output), use CloudFront's invalidation API on a versioned path prefix (/v2/...) rather than wildcarding /*, which is slow and expensive.
Recipe: Fastly (VCL or Compute@Edge) in front of image_plug
Fastly's default behaviour is closer to the model image_plug expects: it honours origin Cache-Control, keys the cache on URL + Vary headers, and supports surrogate keys for tag-based invalidation. The minimal VCL is essentially empty.
Add Surrogate-Key headers from the source resolver if you want tag-based purge:
# In a custom source resolver:
{:ok, image,
 %{
   content_type: "image/jpeg",
   etag_seed: etag,
   cache_control: "public, max-age=31536000, immutable",
   # `Image.Plug.Cache` does not currently emit Surrogate-Key — set it
   # in a Plug after Image.Plug if you need Fastly tag-based invalidation.
 }}
Then on Fastly, purge --soft against the surrogate key (e.g. purge user:1234) invalidates every transform of every avatar belonging to user 1234, without requiring you to enumerate URLs.
Recipe: Cloudflare in front of image_plug
Cloudflare is interesting because it can sit in front of image_plug and serve as the URL-grammar source — your image_components <.image> tags emit /cdn-cgi/image/... URLs that Cloudflare itself recognises (via Cloudflare Images), and your origin recognises (via Image.Plug.Provider.Cloudflare). You can flip between "Cloudflare does the transform" and "image_plug does the transform" without changing application code.
If you just want Cloudflare as a basic cache (not Cloudflare Images), enable the "Cache Everything" page rule for the /cdn-cgi/image/* path and set Edge Cache TTL to honour origin headers. Cloudflare will respect your Cache-Control: max-age=31536000, immutable and the Vary: Accept for format=auto content negotiation.
For an explicit purge, cf purge against the URL pattern works; for app-driven invalidation, use Cloudflare's API.
Recipe: nginx as a local cache layer
When you don't want a CDN — single-host deployment, internal app, on-prem — nginx can play the same role:
proxy_cache_path /var/cache/image_plug levels=1:2 keys_zone=img:100m
                 max_size=10g inactive=30d use_temp_path=off;

server {
    listen 80;

    location /img/ {
        proxy_pass http://127.0.0.1:4000;
        proxy_cache img;
        proxy_cache_key "$scheme$host$request_uri$http_accept";
        proxy_cache_valid 200 304 30d;
        proxy_cache_use_stale error timeout updating http_500 http_502 http_503 http_504;
        proxy_cache_background_update on;
        proxy_cache_lock on;

        proxy_set_header Host $host;
        proxy_set_header X-Real-IP $remote_addr;

        add_header X-Cache-Status $upstream_cache_status;
    }
}
Three knobs worth understanding:
	proxy_cache_lock on — when N concurrent requests arrive for the same uncached URL, only one is forwarded to image_plug; the rest wait for the first to populate the cache. This prevents cache stampede on first-render of a popular transformed URL — important when libvips is doing real work.

	proxy_cache_key "$scheme$host$request_uri$http_accept" — including $http_accept is the nginx equivalent of Vary: Accept. Required when serving format=auto; omit it if every URL specifies an explicit format=.

	proxy_cache_use_stale ... updating — serve stale bytes while a background revalidation is in flight. Combined with the long proxy_cache_valid 30d plus origin max-age=31536000, immutable, this makes the steady-state path 100% cache hits with revalidation only on the cold-cache window after a purge.


URL stability and cache invalidation
Cache invalidation is "the second hardest problem in computer science" because most caches don't have a clean handle on which entries to evict. With image_plug you have several:
	Per-URL purge — every CDN supports it. Cheap if you can enumerate the URLs you want to purge; expensive otherwise.

	Path-prefix purge — also widely supported. Useful when your URL paths are organised by tenant or asset type (/img/cdn-cgi/image/*/uploads/user-123/*).

	Surrogate keys (Fastly, Akamai, Cloudflare) — tag-based. The most flexible: tag every transformed response with the source's logical identity (user:123, post:abc), then purge by tag when the underlying entity changes.

	Versioned paths — bake a version into your source paths (/v2/uploads/...) and bump it when you want a global invalidation. CDN caches the new version cold; old version ages out passively. No purge call required.


For mostly-immutable image traffic (the common case), versioned paths plus content-addressing make explicit invalidation almost never necessary. The one case it does come up is when image_plug itself or libvips changes in a way that produces visibly different bytes from the same source + URL — version the URL prefix at deploy time and let the old cache age out.
Vary: Accept and content negotiation
format=auto is a content-negotiation feature: the response format depends on the client's Accept header (Chrome → AVIF, modern Safari → AVIF/WebP, legacy clients → JPEG). image_plug emits Vary: Accept on these responses so the cache differentiates entries by Accept.
This works correctly with all major CDNs if you remember to include Accept in the cache key. CloudFront and Cloudflare default to URL-only cache keys; Fastly and nginx honour Vary natively. The recipes above all include the Accept step where relevant.
A common mistake is to omit Accept from the cache key, then notice that some users get the "wrong" format. The fix is always at the cache layer, not in image_plug.
If format=auto is not used (you always specify format=webp or similar), Vary: Accept is not emitted and Accept does not need to be in the cache key. Specifying explicit formats is the simpler path; format=auto exists for callers who want the CDN-flavoured "let the edge pick" UX.
Variants vs ad-hoc transforms
image_plug supports two ways to express a transform: an ad-hoc URL with options inline (/cdn-cgi/image/width=600,fit=cover/cat.jpg), and a named variant stored in the variant store (/cdn-cgi/image/variant=thumb/cat.jpg, where thumb is a %Image.Plug.Variant{} registered in advance).
Both cache the same way: each unique URL is a unique cache entry. But variants give you a layer of indirection that's worth using when you have a fixed set of transform recipes:
	One name, multiple URL forms. A thumb variant in the store is reachable from every provider's URL grammar without recomputing.

	Centralised tuning. Adjusting the thumb variant's pipeline (e.g. raising quality from 80 to 85) is one update in one place; ad-hoc URLs require finding and rewriting every reference.

	Predictable cache hit rates. A small set of variants means a small set of cache entries per source, so cache fill is fast and eviction is rare. Ad-hoc URLs proliferate with whatever your callers ask for.


The variant model maps cleanly to Cloudflare Images' "Variants" feature — both are name-based aliases for stored pipelines, and both let CDN consumers reference a transform without needing to know its parameters.
For the long tail of one-off transforms (responsive images at 16 sizes, e.g.), ad-hoc URLs win because predefined variants would explode in count. Use variants for the "site furniture" transforms (avatars, thumbnails, cover images) and ad-hoc for everything else.
Operational concerns
A few things worth knowing before pointing real traffic at this:
	Cold-cache stampede. When a popular URL is first requested by N concurrent clients, all N hit your origin if the CDN doesn't coalesce. CloudFront, Fastly, and Cloudflare all coalesce by default (it's called "request collapsing"). nginx requires proxy_cache_lock on. Without coalescing, your origin gets hammered on every cold cache.

	max_pixels. Image.Plug.init/1 accepts :max_pixels (default 25 million). Requests asking for more pixels than that fail fast, before libvips allocates the buffer. Tune it to whatever your hosting tier can comfortably encode without OOM-ing.

	request_timeout. Per-request budget (default 10 seconds). Very large sources or expensive ops (full segmentation, large rotations) can exceed this; the request fails with a timeout error and the client sees the configured :on_error response. If your CDN has a shorter idle timeout than this, set the two to match.

	Origin scaling. A single image_plug node serves an unbounded URL space — each unique transformed URL is a one-time cost, then the CDN takes over. Capacity planning is "how many unique transform requests per second do I expect during cold-cache periods", not "how many image requests per second total". The latter number is bounded by your CDN's bandwidth, not your origin's.

	Source resolver back-pressure. If your source resolver streams from S3 (see sources.md), the image_plug worker holds an open connection to S3 for the duration of the decode. Sustained high cold-cache rates can saturate S3 connection pools. Consider pre-warming or using a smaller max_pixels to bound per-request memory + connection time.

	Health checks. Point the CDN's origin health check at a known-cheap URL (e.g. /cdn-cgi/image/format=auto/_health.png against a 32×32 PNG) — not at /, which is your app and may take a slow path.


Related
	sources.md — how image_plug resolves source bytes (file, HTTP, S3); the etag_seed shape that enables CDN-friendly ETags.
	usage.md — mounting Image.Plug in your endpoint or router.
	face_aware.md — face detection at the origin; cached at the edge like any other transform.
	Image.Plug.Cache — the pure module that computes ETag, Cache-Control, and Vary headers.
	Image.Plug.Capabilities — feature probes (e.g. avif_write?/0); tells the deployment what formats this origin can actually produce.



  

    Cloudflare Images conformance

This guide documents image_plug's conformance to the Cloudflare Images URL grammar — what we implement, where we differ, and what we deliberately don't ship.
The reference is Cloudflare's published URL spec. When this guide and Cloudflare's documentation disagree, treat Cloudflare's docs as the contract and file an issue against image_plug.
URL forms
	Form	Cloudflare	image_plug	Notes
	/cdn-cgi/image/<options>/<source> (path source)	✅	✅	Full support.
	/cdn-cgi/image/<options>/<https-source> (URL source)	✅	✅	Inner URL must be percent-encoded so the path-split survives intermediaries.
	/<account_hash>/<image-id>/<variant-or-options> (hosted)	✅	✅	Resolves variants against the configured Image.Plug.VariantStore. The implicit "public" variant is always seeded.
	/<account_hash>/<image-id>/<variant>?sig=...&exp=... (signed URLs)	✅	✅	Same parameter names (sig, exp), same algorithm (HMAC-SHA256), same canonical-string rule for the typical signed-URL case. URL format is interchangeable with Cloudflare's hosted Images service. The HMAC value differs only because the secret is deployment-specific. Configure via Image.Plug.Signing and the plug's :signing option.
	Workers binding (fetch(request, { cf: { image: ... } }))	✅	n/a	This is a JS API on Cloudflare's edge, not a URL form. image_plug is server-side Elixir; the Workers API has no analogue here.

Provider configuration
Both URL forms come from the same provider. Configure via:
plug Image.Plug,
  provider: {Image.Plug.Provider.Cloudflare,
             mount: "/img",
             hosted_account_hash: "abc123",
             strict?: true,
             variants_enabled?: true},
  source_resolver: ...
	:hosted_account_hash — when set, the hosted form is recognised. When nil (default), only /cdn-cgi/image/... is.

	:variants_enabled? — false disables variant lookup; hosted-form requests with a variant tail return :variant_not_found.

	:strict? — true (default) rejects unknown option keys with :unknown_option; false logs and ignores them.


Option-key conformance
Every key Cloudflare documents in the URL options reference. ✅ = full conformance. ⚠️ = partial / behavioural difference. ❌ = not implemented.
Resize / sizing
	Key (alias)	Status	Notes
	width (w)	✅	Positive integer or auto.
	height (h)	✅	Positive integer.
	fit	✅	contain, cover, crop, pad, scale-down, squeeze — every documented value.
	gravity (g)	✅	Named (auto/face/compass directions) and normalised XxY form. face uses YuNet via the optional :image_vision dep when present; falls back to libvips' :attention saliency crop otherwise.
	dpr	✅	Multiplies output dimensions. Cloudflare documents 1..2; we accept up to 3.
	zoom / face-zoom	⚠️	Acts on the largest detected face when the optional :image_vision dependency is loaded — 0.0 keeps loose context, 1.0 tight-crops to the bounding box. Without :image_vision, falls back to libvips' :attention saliency crop (still a sensible result, just not face-aware).

Output / format
	Key (alias)	Status	Notes
	quality (q)	✅	1..100 or named (high, medium-high, medium-low, low).
	format (f)	✅	auto, avif, webp, jpeg, baseline-jpeg, json, plus png (we add this; Cloudflare emits PNG only via source-format pass-through).
	metadata	✅	keep preserves all EXIF; none strips everything; copyright (default) preserves copyright + orientation via Image.minimize_metadata/2.
	anim	⚠️	Parsed and stored on the IR; encoder does not yet act on it. Animated WebP/GIF inputs always emit a single frame in v0.1.
	compression	⚠️	fast is parsed and stored; encoder does not yet wire it through to libvips' speed knobs.
	slow-connection-quality (scq)	⚠️	Parsed and stored; we do not yet inspect the Save-Data request header to choose between quality and scq_quality.

Effects
	Key	Status	Notes
	background	✅	Hex (#rgb/#rrggbb/#rrggbbaa), CSS name, rgb() / rgba(). Forwarded verbatim to Image.flatten/2.
	blur	✅	0..250 mapped to a libvips Gaussian sigma via sigma = N / 2 (matches the Sharp project's mapping). Out-of-range values clamp.
	sharpen	✅	0..10 mapped to a libvips sigma.
	brightness	✅	Multiplier; 1.0 is a no-op.
	contrast	✅	Multiplier.
	gamma	✅	Multiplier. Routed via Vix.Vips.Operation.gamma/2 since the Image library doesn't expose a top-level helper.
	saturation	✅	Multiplier.

Geometry
	Key	Status	Notes
	rotate	⚠️	Cloudflare documents 90, 180, 270. We accept any multiple of 90 (and reject the rest), so 360 works while Cloudflare may reject it.
	flip	✅	h, v, hv.
	trim	✅	border (auto-trim) and explicit top;right;bottom;left.
	border	✅	Uniform color=#hex;width=N and per-side color=#hex;top=N;right=N;bottom=N;left=N.

Drawing / overlays
	Key	Status	Notes

| draw | ⚠️ | Cloudflare's docs only define draw for the Workers binding (a JSON array). We invent a URL grammar of the form draw=url(<absolute-url>);width=N;height=N;fit=...;gravity=...;opacity=0.5;repeat=true|x|y;top=N;right=N;bottom=N;left=N;background=#hex;rotate=90. Multiple draw= entries become multiple layers in declaration order. The inner url(...) and ; separators must be percent-encoded so the path-split survives. The interpreter prefers SVG composition for .svg sources (scale-clean); bitmap sources are decoded and composited with the configured opacity and position. |
Misc
	Key	Status	Notes
	segment	⚠️	foreground is parsed and stored on the IR. The interpreter is currently a no-op; subject segmentation lands in a future milestone.
	onerror	⚠️	redirect is parsed and maps to pipeline.on_error = :fallback_to_source. We do not yet honour the URL-level value over the plug-level :on_error config — the plug config wins.

Behavioural differences
These are intentional choices where image_plug does something Cloudflare does not (or vice versa).
Format negotiation for format=auto
Cloudflare picks AVIF → WebP → original-format based on the Accept header and the source's content-type. We do the same, gated by Image.Plug.Capabilities.avif_write?/0 — if libvips lacks AVIF write support at boot, the AVIF tier is skipped and format=avif (whether requested explicitly or via auto) is served as WebP, with x-image-plug-format-fallback: avif->webp on the response. Cloudflare's edge always has AVIF; ours depends on the build. Document this loudly to users.
Output format negotiation: image/* and */* in Accept
Per the HTTP spec, image/* matches every image/<subtype>. We honour that — if image/* is present and Image.Plug.Capabilities.avif_write?/0 is true, format=auto returns AVIF. Cloudflare's behaviour with image/* alone is not documented; this is an interpretation, not a contract.
Option-cardinality
Cloudflare's docs are silent on what happens when an option key appears twice (width=200,width=400). We treat duplicates as last-wins through the parser, then the normaliser enforces "at most one" cardinality per op kind and raises :invalid_option if multiple op-emitting keys collide after parsing (e.g. two width= entries that produce two Resize ops would fail normalisation). In practice the parser already de-duplicates inside one Resize op so this only matters for the few keys that emit a fresh op each time. Behaviour is consistent and predictable; it may differ from Cloudflare's edge.
ETag derivation
Cloudflare's URLs are content-addressed by their CDN; ours derive a strong ETag from meta.etag_seed (provided by the source resolver) plus the normalised pipeline's fingerprint plus the chosen output format. Two URLs that differ only in option order produce the same ETag. If you mirror Cloudflare's URLs through image_plug and want a single consistent cache key across both deployments, you'll need to either canonicalise URLs upstream or accept different ETags.
<picture> markup is the client's responsibility
Cloudflare's documented URL grammar is consumed by client markup the developer writes by hand or via a JS helper. We do the same: image_plug serves bytes, and the image_components sister package emits <.image> and <.picture> markup using the same URL grammar.
Conformance summary
	Category	Conformance	Notes
	URL forms	High	Both /cdn-cgi/image/... and hosted forms; signed URLs deferred.
	Sizing options (width/height/fit/gravity/dpr)	High	zoom/face-zoom is a parsed-but-no-op stub.
	Output format negotiation (format=auto, Accept)	High	AVIF gated on libvips capability; documented soft fallback.
	Effects (background/blur/sharpen/colour adjustments)	Full	Every documented value handled.
	Geometry (rotate/flip/trim/border)	Full	rotate is slightly more permissive than Cloudflare.

| Drawing/overlays (draw=) | Partial | URL grammar invented (Cloudflare doesn't define one); SVG-preferred composition; opacity/position implemented; repeat=true|x|y not yet executed. |
| Metadata (metadata=copyright) | Partial | Treats :copyright as :none for now. |
| Animation (anim=false) | Stub | Parsed; encoder doesn't yet collapse animated inputs. |
| Subject segmentation (segment=foreground) | Stub | Parsed; interpreter is a no-op. |
| URL-level onerror=redirect | Partial | Parsed; plug-level :on_error config wins until the request-level override lands. |
| Signed URLs | Full | Same parameter names (sig, exp), algorithm (HMAC-SHA256), and canonical string as Cloudflare's hosted Images. URL format interchangeable; HMAC value differs because secrets do. |
Reporting gaps
Open an issue at the project's GitHub. Include the request URL, the expected behaviour per Cloudflare's docs (with a link), and the actual response.


  

    imgix conformance

This guide documents image_plug's conformance to the imgix URL grammar — what we implement, where we differ, and what we deliberately don't ship.
The reference is imgix's published rendering API. When this guide and imgix's docs disagree, treat imgix's docs as the contract and file an issue against image_plug.
URL forms
	Form	imgix	image_plug	Notes
	<host>/<source-path>?<options> (web folder)	✅	✅	Source path resolved by the configured Image.Plug.SourceResolver.
	<host>/<percent-encoded-https-url>?<options> (web proxy)	✅	✅	Single percent-encoded path segment. Resolved by SourceResolver.HTTP.
	Signed URLs (?s=<hex>)	✅	✅	HMAC-SHA256 over secret <> path-and-query. Wire-format-compatible with imgix's hosted signed URLs.
	URL templating / placeholders	✅	❌	Out of scope; that's a publishing-time feature, not a request-time one.

Provider configuration
plug Image.Plug,
  provider: {Image.Plug.Provider.Imgix,
             mount: "",
             strict?: true,
             signing: %{keys: [secret], required?: true}},
  source_resolver: ...
	:mount — path prefix to strip before treating the rest as the source. Defaults to "" (root). Most imgix deployments live at the root of their (sub)domain.

	:strict? — true (default) rejects unknown imgix option keys with :unknown_option. false logs and ignores.

	:signing — nil or %{keys: [...], required?: bool}. Wire format matches imgix.


Option-key conformance
Every option imgix documents in the rendering reference. ✅ = full conformance. ⚠️ = partial / behavioural difference. ❌ = not implemented.
Sizing
	Key	Status	Notes
	w	✅	Positive integer.
	h	✅	Positive integer.
	dpr	⚠️	imgix accepts up to 5; we cap at 3 (matches what every browser actually requests).
	fit=clip	✅	Maps to Resize{fit: :contain}.
	fit=clamp	⚠️	Should extend edge pixels into the padded area; we currently treat as :contain. Real visual difference; landing in a follow-up.
	fit=crop	✅	+ crop= for position.
	fit=facearea	✅	Face-aware crop via YuNet when the optional :image_vision dep is loaded; falls back to libvips' :attention saliency crop otherwise.
	fit=fill	✅	Maps to Resize{fit: :pad}; combine with bg=.
	fit=fillmax	✅	Two-step: resize down then pad.
	fit=max	✅	Never upscale.
	fit=min	⚠️	Approximated as :scale_down; imgix's min semantics are slightly different.
	fit=scale	✅	Force exact dimensions.
	crop=top/bottom/left/right	✅	Maps to compass gravities.
	crop=top,left etc.	✅	Combined corner gravities.
	crop=faces	✅	
	crop=entropy / edges	✅	Both map to libvips' :entropy crop.
	crop=focalpoint + fp-x + fp-y	✅	0..1 normalised focal point.

Format / output
	Key	Status	Notes
	q	✅	1..100.
	fm=jpg / jpeg / pjpg / png / webp / avif	✅	pjpg maps to baseline JPEG.
	fm=jp2	❌	We don't encode JPEG 2000. Returns :invalid_option.
	auto=format	✅	Same Accept-driven negotiation as the Cloudflare provider.
	auto=compress	⚠️	Sets Format.compression = :fast but the encoder doesn't yet wire it through to libvips' speed knobs.
	auto=enhance	⚠️	Maps to Image.enhance/2, a sensible-defaults stack of luminance equalisation + saturation boost + mild sharpen. Imgix's hosted version is ML-driven; output is visually similar but not byte-identical.
	auto=redeye	❌	Returns :unsupported_option.

Effects
	Key	Status	Notes
	bg	✅	Hex (with or without leading #).
	blur	✅	0..2000; mapped to libvips sigma via sigma = N / 100.
	sharp	✅	0..100; sigma = N / 10.
	bri / con / sat / gam	✅	-100..100 mapped to multiplier 1.0 + N/100.
	sepia	✅	0..100 strength percentage mapped to Image.sepia/2's 0.0..1.0 blend factor.
	monochrome=<hex>	✅	Tinted monochrome via Image.tint/2 — luminance-projected RGB scaled by the hex tint colour.
	px (pixelate)	✅	1..100 block size in pixels. Wraps Image.pixelate/2 (scale = 1 / N).

Geometry
	Key	Status	Notes
	flip=h/v/hv	✅	
	rot	⚠️	imgix documents arbitrary integer; we accept multiples of 90 only (libvips constraint without expensive rotation).
	or (EXIF orientation override)	✅	1..8 per the EXIF orientation enumeration. Maps to Image.set_orientation/2; survives the encoder's metadata-strip path.
	trim=auto	✅	Maps to Trim{mode: :border}.
	trim=color + trimcolor	⚠️	Recognised; the IR's Trim op accepts a colour but the interpreter ignores it (auto-detects instead).
	border=W,#hex	✅	Uniform-width border. Per-side border not supported in imgix's grammar.

Overlays
	Key	Status	Notes
	mark (overlay URL)	✅	Resolved through the configured SourceResolver. If your deployment doesn't include :url resolution, mark=https://... errors with :invalid_option.
	mark-w / mark-h	⚠️	Parsed but the v0.1 Draw.Layer IR uses a single resize-fit model rather than separate W/H; rounded approximation.
	mark-x / mark-y	✅	Pixel offsets from the top-left.
	mark-fit	✅	Same fit modes as the base image.
	mark-rot	✅	Multiples of 90.
	mark-pad	❌	Not implemented.
	markalign (named position)	⚠️	top, bottom, left, right — combined into x/y offsets. middle/center only.

Misc
	Key	Status	Notes
	cs=srgb / cs=cmyk / cs=rgb / cs=strip	✅	Wraps Image.to_colorspace/2. strip is treated as a sRGB conversion (drops embedded ICC profiles by re-interpreting).
	cs=adobergb1998	❌	Adobe RGB is an ICC-profile target, not one of libvips' built-in interpretations. Needs a 3-arity to_colorspace (or icc_transform) helper in the Image library that accepts ICC profile strings. Returns :unsupported_option.
	expires	✅	Used by signing; the verifier rejects after this unix-seconds timestamp.
	s	✅	HMAC signature.
	ixlib / ixid	✅	imgix client-identification keys. Recognised and silently ignored.

Behavioural differences
Canonical-string for signing
Imgix's HMAC payload prepends the secret to the path-and-query: payload = secret <> path <> "?" <> query. The HMAC key is also the secret. We replicate this exactly. URLs signed by imgix's hosted service verify against an image_plug deployment with the same secret, and vice-versa. No wire-level translation needed.
Multi-value auto
auto=format,compress is two effects in one parameter. The parser splits on , before per-effect dispatch. If any one effect is unsupported (auto=enhance for example) the whole parameter errors with :unsupported_option naming the offending sub-value.
crop= requires fit=crop to take effect
imgix documents that crop= is only honoured when fit=crop (or fit=facearea) is set. The provider doesn't enforce this — crop=top without fit= parses cleanly and the gravity is recorded on the Resize op. If no resize happens (no w/h), the gravity is moot. Behaviour matches imgix's: silently ignored.
Conformance summary
	Category	Conformance	Notes
	URL forms	Full	Web folder + web proxy + signed.
	Sizing options (w/h/fit/crop/fp-x/fp-y)	High	fit=clamp and fit=min approximated.
	Output format (fm, auto=format)	High	auto=enhance deferred.
	Effects (bg/blur/sharp/colour adjusts/monochrome)	High	monochrome= produces plain B&W (hex tint not yet honoured); sepia/px deferred to Image upstream.
	Geometry (flip/rot/trim/border)	High	rot 90-multiples only.
	Overlays (mark*)	Partial	Common subset; mark-pad/markalign=middle deferred.
	Colour-space (cs)	High	srgb/cmyk/rgb/strip supported; adobergb1998 deferred (needs ICC-profile support).
	Signed URLs	Full	Wire-format-compatible with imgix's hosted service.

Reporting gaps
Open an issue at the project's GitHub. Include the request URL, the expected behaviour per imgix's docs (with a link), and the actual response.


  

    Cloudinary conformance

This guide documents image_plug's conformance to the Cloudinary delivery URL grammar — what we implement, where we differ, and what we deliberately don't ship.
The reference is Cloudinary's published transformation reference. When this guide and Cloudinary's docs disagree, treat Cloudinary's docs as the contract and file an issue against image_plug.
URL forms
	Form	Cloudinary	image_plug	Notes
	<host>/<account>/image/upload/<transforms>/<source> (single stage)	✅	✅	The everyday delivery URL. Source resolved by the configured Image.Plug.SourceResolver.
	<host>/<account>/image/upload/<stage1>/<stage2>/<source> (chained transforms)	✅	⚠️	Recognised; the v0.1 IR doesn't model multi-stage pipelines, so all stages flatten to one comma-joined option set. Order-dependent multi-stage recipes (sharpen → resize → sharpen) collapse to last-write-wins.
	<host>/<account>/image/fetch/<transforms>/<https-url> (web proxy)	✅	✅	Cloudinary accepts the absolute URL either fully percent-encoded or in the natural form (split across path segments); both work. Source kind is :url.
	<host>/<account>/image/upload/s--<sig>--/<transforms>/<source> (signed)	✅	✅	SHA-256 truncated to 32 url-safe-base64 characters. Wire-format-compatible with Cloudinary's hosted signed URLs.
	Eager / named / responsive transformations (t_<name>)	✅	❌	Server-side aliases; not modelled by the IR. Returns :unsupported_option.
	Conditional transformations (if_...)	✅	❌	Out of scope for v0.1.
	Video / raw resource types	✅	❌	We're an image server. <resource-type> is parsed but only image is exercised.

Provider configuration
plug Image.Plug,
  provider: {Image.Plug.Provider.Cloudinary,
             mount: "",
             account: "demo",
             strict?: true,
             signing: %{keys: [secret], required?: true}},
  source_resolver: ...
	:mount — path prefix to strip before treating the rest as a Cloudinary URL. Defaults to "" (root).

	:account — when set, asserts the URL's account segment matches this value (rejects mismatches with :malformed_url). When nil (default), any account segment is accepted and reported through the recogniser.

	:strict? — true (default) rejects unknown Cloudinary option keys with :unknown_option. false logs and ignores.

	:signing — nil or %{keys: [...], required?: bool}. Wire format matches Cloudinary's hosted SHA-256 signed URLs (32 url-safe-base64 characters).


Option-key conformance
Every option Cloudinary documents in the transformation reference. ✅ = full conformance. ⚠️ = partial / behavioural difference. ❌ = not implemented.
Sizing
	Key	Status	Notes
	w_<n>	✅	Positive integer.
	h_<n>	✅	Positive integer.
	dpr_<n>	⚠️	Cloudinary accepts up to auto; we cap at 3.
	c_scale	✅	Maps to Resize{fit: :squeeze} (force exact dims).
	c_fit	✅	Maps to Resize{fit: :contain}.
	c_limit	✅	Maps to Resize{fit: :scale_down}.
	c_mfit	⚠️	Approximated as :contain; Cloudinary's mfit upscales when smaller.
	c_fill / c_lfill	✅	Maps to Resize{fit: :cover}.
	c_crop	✅	Maps to Resize{fit: :crop} (absolute-pixel crop).
	c_thumb	✅	Maps to Resize{fit: :cover} (face-aware thumbnail when combined with g_face).
	c_pad / c_lpad / c_mpad / c_fill_pad	✅	Maps to Resize{fit: :pad}.
	c_imagga_crop / c_imagga_scale	⚠️	Approximated as :cover / :squeeze; the AI-driven crop selection is not implemented.
	g_<position>	✅	north, south, east, west, north_east, etc. → compass gravities.
	g_face / g_faces	✅	Face-aware crop via YuNet when the optional :image_vision dep is loaded; falls back to libvips' :attention saliency crop otherwise.
	g_auto / g_auto:subject / g_auto:classic	⚠️	All map to libvips' :entropy crop; the content-aware variants are approximated.
	g_xy_center + x_<n> + y_<n>	✅	0..1 normalised focal point.

Format / output
	Key	Status	Notes
	q_<n>	✅	1..100.
	q_auto / q_auto:eco / q_auto:good / q_auto:best	⚠️	All map to encoder default (85) plus compression: :fast. Cloudinary's content-aware quality model is not implemented; needs an enhance helper in the Image library — see TODO.md.
	f_jpg / f_jpe / f_jpeg / f_png / f_webp / f_avif	✅	
	f_auto	✅	Same Accept-driven negotiation as the other providers.
	f_jp2	❌	We don't encode JPEG 2000. Returns :invalid_option.
	fl_force_strip / fl_preserve_transparency	⚠️	Recognised and silently accepted (force-strip is implicit when metadata=:none; preserve-transparency is implicit on RGBA pipelines).
	fl_progressive	✅	Sets Format.progressive = true; threaded through to libvips on JPEG / PNG output.
	fl_lossy	✅	Sets Format.lossy = true; threaded through to libvips on WebP (lossless = false), AVIF (lossless = false), and PNG (palette quantisation).

Effects
	Key	Status	Notes
	b_rgb:<hex> / b_<color>	✅	Hex (rgb:RRGGBB[AA]) or named colour.
	e_blur:<n>	✅	0..2000; mapped to libvips sigma via sigma = N / 100.
	e_sharpen:<n>	✅	0..100; sigma = N / 10.
	e_brightness:<n> / e_contrast:<n> / e_saturation:<n> / e_gamma:<n>	✅	-100..100 mapped to multiplier 1.0 + N/100.
	e_grayscale / e_greyscale	✅	Approximated as Adjust{saturation: 0}.
	e_sepia / e_sepia:<n>	✅	<n> is 0..100 strength percentage (default 100). Wraps Image.sepia/2.
	e_vignette / e_vignette:<n>	✅	<n> is 0..100 strength percentage (default 50). Wraps Image.vignette/2.
	e_pixelate / e_pixelate:<n>	✅	<n> is the block size in pixels (default 5). Wraps Image.pixelate/2.
	e_pixelate_faces / e_pixelate_faces:<n>	⚠️	Detects faces and pixelates only those regions when the optional :image_vision dependency is loaded. Without :image_vision, the op silently no-ops (request still succeeds, image returned unchanged). <n> is the block size in pixels (default 5).
	e_cartoonify / e_cartoonify:<level_count>	✅	level_count is 2..256 (default 5). Approximated via Image.posterize/2; Cloudinary's edge-detect overlay isn't modelled.
	e_replace_color:<to>[:<tolerance>[:<from>]]	✅	Wraps Image.replace_color/2. Defaults: <from> = :auto (top-left 10×10 average), <tolerance> = 50. Colours accept hex (ffffff), rgb:RRGGBB form, and CSS names.
	e_fade / e_fade:<n>	✅	<n> is the fade length as a 0..100 percentage of the bottom edge (default 20). Wraps Image.fade/2 with edges: [:bottom]. Cloudinary's directional flavours (e_fade_top etc.) aren't modelled.
	e_improve / e_auto_brightness / e_auto_color / e_auto_contrast	⚠️	All four map to Image.enhance/2, a sensible-defaults stack of luminance equalisation + saturation boost + mild sharpen. Cloudinary's hosted versions are ML-driven; output is visually similar but not byte-identical.
	e_redeye	❌	Returns :unsupported_option.

Geometry
	Key	Status	Notes
	a_<n>	⚠️	Cloudinary accepts arbitrary integer; we accept multiples of 90 only (libvips constraint without expensive rotation).
	a_auto_right / a_auto_left / a_vflip / a_hflip	❌	Compound rotation modes not implemented.
	bo_<W>px_solid_<color>	✅	Uniform-width border. Per-side border not supported in Cloudinary's grammar.
	r_<n> / r_max	✅	n is the corner radius in pixels; r_max produces a fully circular / pill-shaped result (radius = half the shorter dimension). Wraps Image.rounded/2 (SVG-mask based).
	o_<n> (opacity)	✅	n is 0..100 opacity percentage. Wraps Image.opacity/2; adds an opaque alpha band when missing.

Overlays
	Key	Status	Notes
	l_<public-id>	⚠️	Single-layer base form supported; the public-id is resolved through the configured SourceResolver as a path. Composite overlay positioning (g_/x_/y_ per-overlay) is not implemented.
	l_text:<font>:<text>	❌	Text overlays not implemented in v0.1.
	u_<public-id>	❌	Underlays not implemented.

Misc
	Key	Status	Notes
	cs_srgb / cs_tinysrgb / cs_cmyk / cs_no_cmyk	✅	Wraps Image.to_colorspace/2. cs_tinysrgb and cs_no_cmyk both map to :srgb (Cloudinary's tinification is a product layer, not a libvips colorspace).
	cs_<other> (Adobe RGB, custom ICC profiles)	⚠️	Image.to_colorspace/3 (ICC-driven) shipped in :image 0.67 and the IR has Ops.IccTransform{} wired through the interpreter. URL parsers deliberately don't synthesise this op — custom ICC paths shouldn't be URL-controllable. Compose IccTransform programmatically when needed.
	t_<name>	❌	Named (server-side alias) transformations are not modelled by the IR. Returns :unsupported_option.
	if_<predicate>	❌	Conditional transforms not implemented.
	vc_<codec> / ac_<codec> / br_<rate>	❌	Video-only options. Returns :unsupported_option.

Behavioural differences
Multi-stage chained transforms collapse to one stage
Cloudinary lets you chain transforms with /: w_200,c_fill/e_blur:300/q_auto. Each stage runs as a separate transformation pass; later stages see the output of earlier ones. The canonical IR in v0.1 doesn't model multi-pass pipelines — all options compose into one Resize op, one Adjust op, etc.
The provider flattens the stages by joining them with , and processes them as a single set. For most useful transforms (resize + format + quality + a single effect) this is identical to Cloudinary. Recipes that genuinely require ordering (sharpen at original resolution → resize → sharpen at output resolution) lose information: only the second sharpen survives.
If you hit a real-world case where this matters, open an issue with the URL and the expected behaviour.
Canonical-string for signing
Cloudinary's HMAC payload is <transforms>/<source><api_secret> — secret appended to the canonical string (not used as the HMAC key). The result is hashed with SHA-256 (we ship SHA-256 only; SHA-1 is legacy) and truncated to 32 url-safe-base64 characters. We replicate this exactly. URLs signed by Cloudinary's hosted service verify against an image_plug deployment with the same secret, and vice-versa. No wire-level translation needed.
Account segment is required
Cloudinary URLs always carry an account segment (<host>/<account>/image/upload/...) even when self-hosted. The provider requires it structurally; configuring :account lets the provider reject mismatches with :malformed_url rather than silently routing them through.
q_auto doesn't auto-tune quality
Cloudinary's q_auto (and its variants q_auto:eco, q_auto:good, q_auto:best) selects an output quality based on image content analysis. The Image library doesn't expose a content-aware quality knob, so we leave the encoder default (85) in place and set compression: :fast. This produces sensible output but isn't byte-identical to Cloudinary's hosted result.
Conformance summary
	Category	Conformance	Notes
	URL forms	High	Single-stage upload + fetch + signed all wire-compatible; multi-stage flattens.
	Sizing options (w/h/c_/g_/x_/y_)	High	c_imagga_* and g_auto:* approximated.
	Output format (f_, q_, dpr_)	High	q_auto doesn't auto-tune; dpr_ capped at 3.
	Effects (b_/e_blur/e_sharpen/colour adjusts/e_grayscale/e_replace_color)	Medium	Common effects plus e_replace_color work; vignette/pixelate/cartoonify/fade/improve still deferred to Image upstream.
	Geometry (a_/bo_)	Medium	a_ 90-multiples only; r_ and o_ not implemented.
	Overlays (l_)	Partial	Base layer form only.
	Colour-space (cs_)	High	Named colorspaces (srgb, tinysrgb, cmyk, no_cmyk) supported; arbitrary ICC profiles deferred.
	Signed URLs	Full	Wire-format-compatible with Cloudinary's hosted service (SHA-256 / 32 url-safe-base64 chars).

Reporting gaps
Open an issue at the project's GitHub. Include the request URL, the expected behaviour per Cloudinary's docs (with a link), and the actual response.


  

    ImageKit conformance

This guide documents image_plug's conformance to the ImageKit URL grammar — what we implement, where we differ, and what we deliberately don't ship.
The reference is ImageKit's published transformation docs. When this guide and ImageKit's docs disagree, treat ImageKit's docs as the contract and file an issue against image_plug.
URL forms
	Form	ImageKit	image_plug	Notes
	<host>/<endpoint>/tr:<transforms>/<source> (path-prefix)	✅	✅	The default form. Source path resolved by the configured Image.Plug.SourceResolver.
	<host>/<endpoint>/<source>?tr=<transforms> (query-string)	✅	✅	Both forms recognised on inbound. The component-side adapter emits the path-prefix form.
	<host>/<endpoint>/<source> (no transforms)	✅	✅	Passthrough — the source is streamed unchanged.
	Chained transforms (tr:w-200,h-100:rt-90)	✅	⚠️	Recognised; the v0.1 IR doesn't model multi-stage pipelines, so all stages flatten to one comma-joined option set. Order-dependent recipes collapse to last-write-wins.
	Signed URLs (?ik-s=<hex> + ?ik-t=<unix>)	✅	✅	HMAC-SHA1 over the path-and-query (excluding ik-s). Wire-format-compatible with ImageKit's hosted signed URLs.
	Remote-image endpoint (absolute https://... source)	✅	✅	Recognised; resolved by SourceResolver.HTTP when configured.
	Named transformations (tr:n-<name> or t-<name>)	✅	❌	Server-side aliases; not modelled by the IR. Returns :unsupported_option.

Provider configuration
plug Image.Plug,
  provider: {Image.Plug.Provider.ImageKit,
             mount: "",
             endpoint: "your_imagekit_id",
             strict?: true,
             signing: %{keys: [secret], required?: true}},
  source_resolver: ...
	:mount — path prefix to strip first. Defaults to "" (root).

	:endpoint — additional path segment to strip after :mount. ImageKit URLs commonly include a per-account endpoint id (e.g. /your_imagekit_id/). Defaults to "".

	:strict? — true (default) rejects unknown ImageKit option keys with :unknown_option. false logs and ignores.

	:signing — nil or %{keys: [...], required?: bool}. Wire format matches ImageKit's hosted SHA-1 signed URLs.


Option-key conformance
Every option ImageKit documents in the transformation reference. ✅ = full conformance. ⚠️ = partial / behavioural difference. ❌ = not implemented.
Sizing
	Key	Status	Notes
	w-<n>	✅	Positive integer.
	h-<n>	✅	Positive integer.
	dpr-<n>	⚠️	ImageKit accepts up to auto; we cap at 3.
	c-maintain_ratio / cm-maintain_ratio	✅	Maps to Resize{fit: :contain}.
	c-force / cm-force	✅	Maps to Resize{fit: :squeeze}.
	c-at_least / c-at_max	✅	Maps to Resize{fit: :scale_down}.
	c-at_max_enlarge	⚠️	Approximated as :contain; the upscaling-when-smaller behaviour is not implemented.
	c-extract / cm-extract	✅	Maps to Resize{fit: :crop} (absolute-pixel crop).
	c-pad_extract / cm-pad_extract	✅	Maps to Resize{fit: :pad}.
	c-pad_resize / cm-pad_resize	✅	Maps to Resize{fit: :pad}.
	fo-<position>	✅	top, bottom, left, right, top_left, etc. → compass gravities.
	fo-face	✅	Face-aware crop via YuNet when the optional :image_vision dep is loaded; falls back to libvips' :attention saliency crop otherwise.
	fo-auto	⚠️	Maps to libvips' :entropy crop; ImageKit's content-aware crop is approximated.
	fo-custom + x-<n> + y-<n>	✅	0..1 normalised focal point.

Format / output
	Key	Status	Notes
	q-<n>	✅	1..100.
	f-jpg / f-jpeg / f-png / f-webp / f-avif	✅	
	f-auto	✅	Same Accept-driven negotiation as the other providers.
	lo-true / lo-false (lossless)	✅	Sets Format.lossy; threaded to libvips for WebP / AVIF (lossless wire format) and PNG (palette quantisation).
	pr-true / pr-false (progressive)	✅	Sets Format.progressive; threaded to libvips on JPEG / PNG.
	cp-<n> (chroma subsampling)	✅	cp-0 = :auto (libvips default); cp-1 = :on (4:2:0); cp-2 / cp-3 = :off (4:4:4 full chroma). Threaded to libvips on JPEG / AVIF.

Effects
	Key	Status	Notes
	bg-<hex>	✅	Hex (with or without leading #).
	e-blur-<n>	✅	0..2000; mapped to libvips sigma via sigma = N / 100.
	e-sharpen-<n>	✅	0..100; sigma = N / 10.
	e-usm-<radius>-<sigma>-<amount>-<threshold>	⚠️	Approximated by mapping the <sigma> component to libvips Sharpen sigma; the radius/amount/threshold tweaks are not modelled.
	e-grayscale / e-greyscale	✅	Approximated as Adjust{saturation: 0}.
	e-contrast	⚠️	ImageKit's auto-contrast toggle; we approximate as Adjust{contrast: 1.1} (a mild bump). Real visual difference on low-contrast inputs.
	e-shadow / e-shadow-bl-<n>_st-<n>_x-<n>_y-<n>_c-<hex>	✅	Wraps Image.drop_shadow/2. Each component is optional; defaults: bl=10 (sigma 5.0), st=50, x=0, y=10, c=000000. ImageKit's bl is doubled by libvips' Gaussian sigma convention (sigma = bl / 2).
	e-gradient	❌	Needs a gradient overlay helper — returns :unsupported_option.
	e-removedotbg / e-bgremove	⚠️	Image.Background.remove/2 ships in the optional :image_vision library (BiRefNet-lite). Not yet wired into an image_plug IR op — pending an Ops.RemoveBackground{} op behind a Code.ensure_loaded?/1 guard.
	e-changebg / e-edit	❌	Generative-AI calls; not implemented.
	e-retouch	⚠️	Maps to Image.enhance/2, a sensible-defaults stack of luminance equalisation + saturation boost + mild sharpen. ImageKit's hosted version is ML-driven; output is visually similar but not byte-identical.
	e-upscale	❌	Model-driven super-resolution; not implemented.

Geometry
	Key	Status	Notes
	rt-<n>	⚠️	ImageKit accepts arbitrary integer plus auto; we accept multiples of 90 only.
	b-<W>_<color> / b-<W>-<color>	✅	Uniform-width border. Per-side border not supported in ImageKit's grammar.
	r-<n> / r-max (rounded corners)	❌	Not implemented in v0.1.

Overlays
	Key	Status	Notes
	oi-<image-path>	⚠️	Single-layer base form supported; the path is resolved through the configured SourceResolver. ImageKit's nested overlay syntax (l-image,i-<path>,...,l-end) is not implemented.
	ot-<text>	❌	Text overlays not implemented in v0.1.
	obg-<color>	❌	Overlay-background not implemented.

Misc
	Key	Status	Notes
	ik-s	✅	HMAC signature (handled by Image.Plug.Provider.ImageKit.Signing).
	ik-t	✅	Used by signing; the verifier rejects after this unix-seconds timestamp.
	t-<name>	❌	Named (server-side alias) transformations not modelled by the IR. Returns :unsupported_option.
	ar-<W>-<H> (aspect-ratio shortcut)	✅	When given alongside exactly one of w/h, derives the other from the ratio. With both w and h already explicit, ar- is a no-op.
	z-<n> (zoom)	⚠️	Acts on the largest detected face when the optional :image_vision dependency is loaded. 0.0 keeps loose context, 1.0 tight-crops to the face bounding box. Without :image_vision, the option is parsed but does not affect the output (the regular thumbnail / fo- gravity flow still runs).

Behavioural differences
Multi-stage chained transforms collapse to one stage
ImageKit lets you chain transforms with :: tr:w-200,h-100:rt-90:e-blur-300. The v0.1 IR doesn't model multi-pass pipelines — all options compose into one Resize op, one Adjust op, etc.
The provider flattens chained stages by joining them with , and processes them as a single set. For most useful transforms (resize + format + quality + a single effect) this is identical to ImageKit. Recipes that genuinely require ordering lose information: only the last write per op kind survives.
Path-prefix vs query-string
ImageKit accepts both tr:w-200/sample.jpg and sample.jpg?tr=w-200. The provider recognises both — and even accepts a mix (tr:w-200/sample.jpg?tr=q-80 produces the merged set w-200,q-80). The component-side adapter only emits the path-prefix form (the documented default). Mixing is permitted on inbound for compatibility with hand-rolled URLs.
Canonical-string for signing
ImageKit's HMAC payload is the path-and-query of the request, with the ik-s parameter removed but the ik-t parameter retained. The hash is HMAC-SHA1 keyed by the secret, hex-encoded lowercase. We replicate this exactly. URLs signed by ImageKit's hosted service verify against an image_plug deployment with the same secret, and vice-versa.
e-contrast is approximated
ImageKit's e-contrast is a single boolean toggle (auto-contrast on the input). The Image library doesn't expose a content-aware contrast knob, so we approximate as Adjust{contrast: 1.1} — a fixed mild bump. Visible on low-contrast inputs; close-enough on the rest.
Conformance summary
	Category	Conformance	Notes
	URL forms	Full	Path-prefix + query-string + signed all wire-compatible; chained transforms flatten.
	Sizing options (w/h/c-/fo-/x/y)	High	c-at_max_enlarge and fo-auto approximated.
	Output format (f-, q-, dpr-)	High	lo-/pr-/cp- deferred.
	Effects (bg-/e-blur/e-sharpen/e-grayscale/e-contrast/e-usm)	Medium	Common effects work; shadow / gradient / AI-driven calls deferred.
	Geometry (rt-/b-)	Medium	rt- 90-multiples only; r- (rounded corners) not implemented.
	Overlays (oi-)	Partial	Base layer form only.
	Signed URLs	Full	Wire-format-compatible with ImageKit's hosted service.

Reporting gaps
Open an issue at the project's GitHub. Include the request URL, the expected behaviour per ImageKit's docs (with a link), and the actual response.


  

    IIIF Image API 3.0 conformance

This guide documents image_plug's conformance to the IIIF Image API 3.0 specification — what we implement, what we deliberately don't, and the Compliance Level we target.
The reference is the IIIF Image API 3.0 specification and the IIIF Image API Validator. When this guide and the IIIF spec disagree, treat the spec as the contract and file an issue against image_plug.
Compliance level
image_plug's IIIF provider targets Compliance Level 2. Level 2 is the level most production servers (Cantaloupe, Loris, IIPImage) implement; it covers the full set of region / size / rotation / quality / format combinations that real IIIF clients (Universal Viewer, Mirador, OpenSeadragon) need.
We do not currently target Level 3 (which adds more granular size syntax and per-feature negotiation).
URL forms recognised
	Form	IIIF	image_plug	Notes
	<prefix>/<id>/<region>/<size>/<rotation>/<quality>.<format>	✅	✅	The standard image-request URL. All five segments required.
	<prefix>/<id>/info.json	✅	✅	The Image Information document. Returned as application/ld+json.
	<prefix>/<id> (bare identifier)	✅ (303 redirect to info.json)	⚠️	Currently rejected with :malformed_url. Roadmap: add the 303.

The <prefix> segment is fully configurable via the :endpoint option — "iiif/3" (default), "image", "" (mount-root), or anything else. The plug's outer mount path is also stripped before recognition via the :mount option.
Region segment
	Form	image_plug	Notes
	full	✅	No Crop op produced.
	square	⚠️	Parses as pct:0,0,100,100 (whole image). True centred-square requires source-aware computation; the lossy fallback is documented.
	<x>,<y>,<w>,<h> (pixels)	✅	Ops.Crop{units: :pixels}. Out-of-bounds regions are clamped at apply time per spec §4.1.
	pct:<x>,<y>,<w>,<h>	✅	Ops.Crop{units: :percent}. Resolved against actual source dimensions at apply time.

Size segment
	Form	image_plug	Notes
	max	✅	Ops.Resize{upscale?: false} — no dimension constraints; the source size becomes the output size.
	^max	✅	Ops.Resize{upscale?: true} — the ^ permits upscaling.
	<w>,	✅	Width-only resize; height computed from source aspect.
	,<h>	✅	Height-only resize.
	<w>,<h>	✅	Distorts to exact dimensions (fit: :squeeze).
	!<w>,<h>	✅	Fits within the bounding box, preserving aspect (fit: :contain).
	pct:<n>	✅	Resize by percentage; mapped to Ops.Resize{size_pct: n}.
	^ prefix on any of the above	✅	Sets Resize.upscale?: true.

Rotation segment
	Form	image_plug	Notes
	0	✅	Dropped by the normaliser.
	Integer 1–360	✅	Ops.Rotate{angle: n} (integer preserved).
	Float 0.0–360.0	✅	Ops.Rotate{angle: n} (float preserved).
	!N (mirror-then-rotate)	⚠️	The angle parses correctly but the leading mirror is silently dropped — there is no Mirror op in the IR yet. Roadmap.

Quality segment
	Form	image_plug	Notes
	default	✅	No quality-related op.
	color	✅	Treated identically to default (the spec allows this).
	gray	✅	Ops.Adjust{saturation: 0.0}.
	bitonal	✅	Ops.Posterize{levels: 2}.

The IIIF spec lists default, color, gray, bitonal as the four base qualities. Servers MAY advertise more under extraQualities in info.json; we do not.
Format segment
	Extension	IR Format.type	Notes
	jpg, jpeg	:jpeg	Always supported.
	png	:png	Always supported.
	gif	:gif	Always supported (libvips bundled).
	webp	:webp	Always supported (libvips bundled).
	tif, tiff	:tiff	Gated on Image.Plug.Capabilities.tiff_write?/0 (most builds support it).
	jp2	:jp2	Gated on Image.Plug.Capabilities.jp2_write?/0 (requires libvips built with libopenjp2).
	pdf	:pdf	Gated on Cairo support; advertised conditionally.

The info.json document advertises only the formats this build can actually produce.
info.json discovery document
The <id>/info.json endpoint serves the IIIF Image Information document. What we emit:
	Property	Value	Notes
	@context	http://iiif.io/api/image/3/context.json	The Image API 3.0 JSON-LD context.
	id	The canonical service URL	Reconstructed from the request URL with /info.json stripped.
	type	ImageService3	
	protocol	http://iiif.io/api/image	
	profile	level2	We're a Level 2 server.
	width, height	Source dimensions	Read from the source resolver at request time.
	extraQualities	["gray", "bitonal"]	Plus the always-supported default and color.
	extraFormats	Capability-gated subset of ["webp", "tif", "jp2", "avif"]	Always advertise webp; gate the others on Image.Plug.Capabilities.
	extraFeatures	The standard Level 2 set	See Image.Plug.Provider.IIIF.InfoJson source for the full list.

Response headers:
	Content-Type: application/ld+json
	Link: <http://iiif.io/api/image/3/level2.json>;rel="profile" (per spec §6)
	Cache-Control: public, max-age=86400 (info.json is highly cacheable)

What we do not emit (Level 3 / Image API 4.0 features):
	sizes and tiles arrays — the discrete-tile and pyramid-aware features used by IIIF zoom-image viewers.
	service extensions — auth, search, content-state.
	partOf, seeAlso, rights JSON-LD relations.

These are non-blocking for image-rendering clients but block heavyweight viewers like OpenSeadragon's pyramid mode. Roadmap.
Mounting the IIIF provider
forward "/iiif/3", Image.Plug,
  provider: {Image.Plug.Provider.IIIF, []},
  source_resolver: {Image.Plug.SourceResolver.File, root: "/var/lib/iiif"}
Or with a custom endpoint path:
forward "/imageserver", Image.Plug,
  provider: {Image.Plug.Provider.IIIF, [endpoint: "iiif/3"]},
  source_resolver: {Image.Plug.SourceResolver.File, root: "/var/lib/iiif"}
The full source-resolver story (file, HTTP, S3, custom) is in sources.md. The CDN-fronting story (CloudFront/Fastly/Cloudflare in front of the IIIF mount) is in cdn_origin.md — IIIF's URL grammar is just as cache-friendly as the four CDN providers.
Known gaps and roadmap
	square region as true centred-square — needs source-aware computation in the parser, or a :square mode on Ops.Crop. Currently a pct:0,0,100,100 fallback (whole image).
	!N mirror-then-rotate — angle parses; mirror is silently dropped. Add an Ops.Mirror op or a flag on Rotate.
	<id> bare-identifier 303 redirect — currently rejected with :malformed_url. Spec-required redirect to <id>/info.json.
	info.json sizes / tiles arrays — needed for IIIF tile-pyramid clients (OpenSeadragon, Universal Viewer's pyramid mode).
	Authentication / Authorization API integration — IIIF Image API can sit behind the IIIF Auth API; not modelled.

Related
	sources.md — source resolution, including the S3 worked example.
	cdn_origin.md — running image_plug as the origin behind a CDN; applies equally to the IIIF mount.
	face_aware.md — face-aware crops; not used by IIIF (no gravity=face equivalent in the IIIF spec).
	image_components's IIIF guide — the client-side story; how <.image provider={:iiif}> produces URLs this provider parses.



  

    Image.Plug

A pluggable Plug-based image server for Elixir. Maps URLs to a canonical image-processing pipeline executed via the image library, with named, stored variants. Ships a Cloudflare Images URL provider out of the box.
Companion: rendering responsive markup
For Phoenix LiveView apps, the image_components library provides a <.image> (and <.picture>) component that builds best-practice responsive markup against the same Cloudflare URL grammar image_plug parses. The two compose: image_plug serves the bytes; image_components writes the <img srcset sizes> / <picture type media> markup that asks for them.
Why
Pluggable URL grammars mean you can swap your image-CDN's URL syntax (Cloudflare Images, Cloudinary, imgix, ImageKit, IIIF Image API 3.0) without changing the source resolver, the variant store, or the rest of your application. The same canonical pipeline drives every transform.
	Plug-based — mounts under any prefix from a Plug.Router or a Phoenix endpoint.
	Streaming — image decodes the source progressively (Image.open/2 for files; Image.from_req_stream/2 for HTTP) and the encoder pipes its output through Plug.Conn.send_chunked/2 + Plug.Conn.chunk/2 so libvips never materialises the full encoded body in BEAM memory.
	Cloudflare-compatible — recognises both /cdn-cgi/image/<options>/<source> and imagedelivery.net/<account>/<image-id>/<variant-or-options> URL forms; supports the documented option set including width, height, fit, gravity (named, compass, and XxY), dpr, quality, format (incl. auto content-negotiation and json metadata), metadata, anim, compression, background, blur, sharpen, brightness, contrast, gamma, saturation, rotate, flip, trim, border, segment, onerror, and a draw= URL grammar for overlays.
	Variants — named, stored pipelines that any URL can reference. Provider-neutral: any provider can resolve /.../<variant-name> against the same store. Includes an HTTP admin plug for variant CRUD.
	Cache-aware — strong ETag derived from the source's etag_seed and the normalised pipeline's fingerprint; If-None-Match returns 304 without re-encoding; sensible Cache-Control defaults; Vary: Accept for format=auto.
	Soft AVIF fallback — if libvips lacks AVIF write support, requests for format=avif encode as WebP and the response is tagged with x-image-plug-format-fallback: avif->webp. Detected once at boot.
	Friendly error policy — defaults to a placeholder PNG in dev (so broken URLs render visibly in the browser) and to streaming the original source bytes in prod (so a transform bug doesn't break the page).

Installation
Add :image_plug to your dependencies:
def deps do
  [
    {:image_plug, "~> 0.1"},
    {:req, "~> 0.5"}  # optional, for the HTTP source resolver
  ]
end
The :image library is a transitive dependency. Make sure your build has libvips 8.x available.
Quick start
Mount the request plug under your image path and configure a source resolver:
defmodule MyAppWeb.Endpoint do
  use Phoenix.Endpoint, otp_app: :my_app

  plug Image.Plug,
    provider: {Image.Plug.Provider.Cloudflare,
               mount: "/img",
               hosted_account_hash: "abc123"},
    source_resolver: {Image.Plug.SourceResolver.Composite,
                      file: [root: Path.expand("priv/static/uploads")],
                      http: [allowed_hosts: ["assets.example.com"]]}

  plug MyAppWeb.Router
end
Then a request to https://example.com/img/cdn-cgi/image/width=600,fit=cover,format=auto/photos/sunset.jpg resolves the source, runs the pipeline, content-negotiates the format (AVIF → WebP → JPEG fallback), and streams the result.
Variants
Variants are reusable named pipelines. The hosted URL form /<account>/<image-id>/<variant-name> resolves against the configured Image.Plug.VariantStore.
Define variants at boot:
# config/config.exs
config :image_plug,
  variants: [
    {"thumbnail", "width=200,height=200,fit=cover,format=webp"},
    {"hero",      "width=1600,format=auto,quality=82"}
  ]
…or programmatically:
Image.Plug.put_variant("thumbnail", "width=200,height=200,fit=cover,format=webp")
{:ok, variant} = Image.Plug.get_variant("thumbnail")
:ok = Image.Plug.delete_variant("thumbnail")
The implicit "public" variant is always seeded and resolves to the empty pipeline (Cloudflare's "no transforms" default).
HTTP admin API
Mount Image.Plug.Admin under whatever path you protect with auth:
forward "/admin/variants",
  to: Image.Plug.Admin,
  init_opts: [provider: Image.Plug.Provider.Cloudflare]
Routes mirror Cloudflare's variant API:
	Method	Path	Action
	GET	/	List all variants.
	GET	/:name	Fetch one variant.
	POST	/	Create a variant. 409 on name conflict.
	PUT	/:name	Upsert.
	PATCH	/:name	Partial update.
	DELETE	/:name	Delete.

Bodies use the canonical JSON shape {"name": ..., "options": ..., "metadata": {...}, "never_require_signed_urls": false}. The plug does not authenticate requests — wrap it in your host's auth pipeline.
Guides
	Usage — mounting Image.Plug in Phoenix or Plug.Router, configuring provider + source resolver + variant store, error policy, telemetry.

	Sources — how source resolution works, the default file resolver, the streaming HTTP resolver, the Composite by-kind dispatcher, and a worked S3-resolver example.

	Face-aware crops — how gravity=:face and face_zoom integrate with the optional :image_vision dependency, and the URL grammar across the four providers.

	image_plug as a CDN-side service — deploying as the origin behind CloudFront / Fastly / Cloudflare / nginx, tuning Cache-Control for immutable vs mutable URLs, content-negotiation with Vary: Accept, invalidation strategies, and operational concerns.

	Per-CDN conformance: Cloudflare, imgix, Cloudinary, ImageKit, IIIF Image API 3.0 — what each provider's URL grammar parses, with a ✅ / ⚠️ / ❌ matrix.


For server-rendered components — <.image> and <.picture> — see the companion library image_components.
Configuration reference
Image.Plug.init/1 accepts:
	Option	Default	Meaning
	:provider	required	{module, opts} for an Image.Plug.Provider.
	:source_resolver	required	{module, opts} for an Image.Plug.SourceResolver.
	:variant_store	{Image.Plug.VariantStore.ETS, []}	{module, opts}.
	:on_error	:auto	:auto | :render_error_image | :fallback_to_source | :status_text | :raise | {:status, code}. See "Error policy" below.
	:max_pixels	25_000_000	Soft upper bound on output pixel count.
	:request_timeout	10_000	Per-request budget in ms.
	:telemetry_prefix	[:image_plug]	Atom list prepended to telemetry event names.

Error policy
:on_error controls what happens when the pipeline can't produce a result:
	:auto (default) — selects :render_error_image in :dev/:test and :fallback_to_source in :prod. The selection key is Application.get_env(:image_plug, :env, Mix.env()) so releases behave correctly.

	:render_error_image — generates a 400×300 PNG placeholder with the error tag and message painted on. Returns 200 so the broken image still renders visibly in browsers. Cache-Control: no-store.

	:fallback_to_source — re-encodes the loaded source image in its source format and streams it. Logs the failure at :error. Returns 200 with x-image-plug-error: <tag> and Cache-Control: no-store. Falls through to :status_text if the source itself failed to load.

	:status_text — text/plain body, status code mapped from the error tag (Image.Plug.Error.status/1), x-image-plug-error header.

	:raise — propagate the error.

	{:status, code} — use the given status code with a text body.


Telemetry
The plug emits two events per request under the configured :telemetry_prefix (default [:image_plug]):
	[:image_plug, :request, :start] — at request entry. Measurements: %{system_time}. Metadata: %{request_path, provider}.

	[:image_plug, :request, :stop] — at request completion. Measurements: %{duration} (monotonic native units). Metadata: %{request_path, provider, status, error_tag}.

	[:image_plug, :request, :exception] — only fired if a handler raises. Measurements: %{duration}. Metadata includes %{kind, reason, stacktrace}.


AVIF support
AVIF requires libvips built with libheif plus an AV1 encoder (libaom or librav1e). On builds without those, requests for format=avif are served as WebP with x-image-plug-format-fallback: avif->webp. A warning is logged once at startup. Check at runtime with Image.Plug.Capabilities.avif_write?/0.
Caching
Every successful response carries:
	A strong ETag derived from meta.etag_seed and the normalised pipeline's fingerprint. Two URLs that differ only in option order produce the same ETag.
	Cache-Control: public, max-age=3600, stale-while-revalidate=86400 by default. The source resolver can override via meta.cache_control.
	Vary: Accept so the cache differentiates between content-negotiated formats.

Conditional GET via If-None-Match returns 304 without invoking libvips.
License
Apache-2.0.


  

    Changelog

All notable changes to this project will be documented in this file. See Keep a Changelog.
[v0.1.0] — 2026-05-23
Adds
	A canonical, provider-neutral pipeline IR with Trim, Background, Resize, Rotate, Flip, Border, Adjust, Colorspace, IccTransform, Sepia, Tint, ReplaceColor, Posterize, Pixelate, Blur, Sharpen, Draw, Segment, Vignette, Fade, Rounded, DropShadow, Opacity, Orientation, Enhance ops, plus a Format struct for output configuration. The pipeline normaliser enforces a Sharp-style canonical order and per-op no-op detection.

	A pluggable Image.Plug.Provider behaviour with four implementations out of the box:
	Cloudflare Images — recognises /cdn-cgi/image/<options>/<source> and imagedelivery.net/<account>/<image-id>/<variant-or-options>; parses the documented option set including a draw= URL grammar for overlays.
	imgix — query-string format with the documented option set.
	Cloudinary — <account>/image/upload/<options>/<source> with multi-stage chained transforms (flattened to one comma-joined option set in v0.1).
	ImageKit — both URL forms (path-prefix tr:... and query-string ?tr=...).
	IIIF Image API 3.0 provider — targets Compliance Level 2. Parses the standard <prefix>/<id>/<region>/<size>/<rotation>/<quality>.<format> form plus the <prefix>/<id>/info.json discovery document. Mount with forward "/iiif/3", Image.Plug, provider: {Image.Plug.Provider.IIIF, []}. See guides/iiif_conformance.md for the per-segment compliance matrix.


	Each adapter ships with a documented per-option conformance matrix (✅ / ⚠️ / ❌) under guides/.


Pipeline operations
	Resize family — :contain, :cover, :crop, :pad, :scale_down, :squeeze fit modes; gravity (named, compass, focal-point); DPR; aspect-ratio shortcuts (ImageKit ar-W-H).

	Geometry — rotate (multiples of 90°), flip, trim (border-aware and explicit), border, EXIF orientation override (Image.set_orientation/2).

	Colour — brightness, contrast, saturation, gamma; sepia (Image.sepia/2); single-colour tint (Image.tint/2); colourspace conversion (Image.to_colorspace/2); ICC-profile-driven conversion via Ops.IccTransform (Image.to_colorspace/3); colour replace (Image.replace_color/2); content-aware enhance (Image.enhance/2).

	Pixel-domain effects — pixelate (Image.pixelate/2); posterize / cartoonify (Image.posterize/2); blur and sharpen.

	Mask & alpha — vignette (Image.vignette/2); fade (Image.fade/2); rounded corners via SVG mask (Image.rounded/2); drop shadow (Image.drop_shadow/2); mid-pipeline opacity (Image.opacity/2).

	Face-aware crop & pixelation — Resize{gravity: :face} (Cloudflare g=face, imgix fit=facearea / crop=faces, Cloudinary g_face, ImageKit fo-face) pre-crops to the most prominent detected face when the optional :image_vision dependency is loaded. face_zoom (Cloudflare face-zoom, ImageKit z-) controls how much context surrounds the face. Ops.PixelateFaces (Cloudinary e_pixelate_faces) pixelates only the face regions. Without :image_vision, face-aware ops fall back to libvips' :attention saliency crop or no-op silently — the wire-up never errors on missing dependency.

	Overlays — Draw op with multi-layer composition; per-layer source resolution, sizing, rotation, and positioning.

	Output format — JPEG (baseline + progressive), PNG, WebP, AVIF, JSON (metadata endpoint), :auto (Accept-driven negotiation). Per-format encoder flags: :lossy, :progressive, :chroma_subsampling. Selective EXIF preservation via metadata=:copyright (preserves copyright + orientation through the strip).


Streaming & performance
	Streaming decode — Image.open/2 for files, Image.from_req_stream/2 for HTTP via Req. Source bytes are progressively decoded by libvips.

	Streaming encode — Image.stream!/2 piped through Plug.Conn.send_chunked/2 so the encoded body never materialises in BEAM memory.

	AVIF soft fallback — requests for format=avif on libvips builds without libheif/AV1 support encode as WebP and tag the response with x-image-plug-format-fallback: avif->webp. Detected once at boot via Image.Plug.Capabilities.probe/0.


Cache & HTTP semantics
	Strong ETag derived from the source's etag_seed and the normalised pipeline's fingerprint. Conditional If-None-Match GETs return 304 Not Modified without invoking libvips.

	Sensible defaults for Cache-Control and Vary: Accept (the latter on format=auto).


Variants
	Image.Plug.VariantStore behaviour with an ETS-backed default; the implicit "public" variant is always seeded.

	Image.Plug.VariantStore.Persistence behaviour with Image.Plug.VariantStore.Persistence.File (JSON-on-disk with atomic writes). Variants hydrate on boot; write-through on every CRUD.

	Image.Plug.Admin exposes the variant CRUD over HTTP/JSON.


Security
	HMAC-SHA256 signed URLs via Image.Plug.Signing and the plug's :signing config; supports key rotation and optional ?exp=<unix-seconds> expiry. URL format wire-compatible with Cloudflare's hosted signed URLs (same sig / exp parameter names, same algorithm).

	Provider-specific signing for imgix (HMAC-SHA256 ?s=), Cloudinary (SHA-256 s--<sig>-- in-path segment, 32 url-safe-base64 chars), and ImageKit (HMAC-SHA1 ?ik-s= + ?ik-t=). All wire-format-compatible with the hosted services.


Telemetry & error handling
	Per-request telemetry under [:image_plug, :request, :start | :stop | :exception].

	Friendly error policy: a placeholder PNG in dev (so broken URLs render visibly in the browser) and a stream of the original source bytes in prod (so a transform bug doesn't break the page).


Companion library
	For Phoenix LiveView markup that builds against the same URL grammar, see image_components — <.image> and <.picture> components with responsive srcset, lazy loading, blurhash placeholders, and art-direction.

See the README and the user guide for setup, configuration, and security guidance. The four *_conformance.md guides under guides/ document per-option support for each provider.


  

    
Image.Plug 
    



      
The library's request entry point.
Mount this plug under whatever path your host application uses (e.g.
forward "/img", to: Image.Plug, init_opts: [...] for
Plug.Router, or plug Image.Plug, [...] from a Phoenix
endpoint).
Request lifecycle
Each request flows through:
	provider.parse/2 — produces either a fully-formed pipeline +
source, a variant lookup + source, or a passthrough source.

	Variant resolution against the configured
Image.Plug.VariantStore. Variant URLs of the form
/<account>/<image-id>/<variant-name> are expanded to the
stored pipeline; ad-hoc URLs skip this step.

	Image.Plug.Pipeline.Normaliser.normalise/1.

	source_resolver.load/2 — opens the source as a
Vix.Vips.Image, preferring streaming decode.

	Image.Plug.Pipeline.Interpreter.execute/2.

	Image.Plug.Pipeline.Encoder.encode/3 — produces a streaming
body when possible.

	The plug pipes the body to the client via
Plug.Conn.send_chunked/2 + Plug.Conn.chunk/2. Buffered bytes
bodies use Plug.Conn.send_resp/3.



      


      
        Summary


  
    Functions
  


    
      
        call(conn, options)

      


        Handles a single request end-to-end.



    


    
      
        default_telemetry_prefix()

      


        Returns the default telemetry prefix used by the request plug.



    


    
      
        delete_variant(name, options \\ [])

      


        Deletes a variant by name.



    


    
      
        get_variant(name, options \\ [])

      


        Fetches a variant by name.



    


    
      
        init(options)

      


        Validates configuration and returns an opaque options struct passed
through to every call/2 invocation.



    


    
      
        list_variants(options \\ [])

      


        Lists every variant in the store.



    


    
      
        put_variant(name_or_variant, definition_or_options \\ [], options \\ [])

      


        Inserts or updates a variant.



    


    
      
        version()

      


        Returns the library version as a string.



    





      


      
        Functions


        


  
    
      
    
    
      call(conn, options)



        
          
        

    

  


  

      

          @spec call(Plug.Conn.t(), Image.Plug.Options.t()) :: Plug.Conn.t()


      


Handles a single request end-to-end.

  



  
    
      
    
    
      default_telemetry_prefix()



        
          
        

    

  


  

      

          @spec default_telemetry_prefix() :: [atom(), ...]


      


Returns the default telemetry prefix used by the request plug.
Returns
	The list of atoms [:image_plug].

Examples
iex> Image.Plug.default_telemetry_prefix()
[:image_plug]

  



    

  
    
      
    
    
      delete_variant(name, options \\ [])



        
          
        

    

  


  

      

          @spec delete_variant(
  String.t(),
  keyword()
) :: :ok | {:error, :not_found}


      


Deletes a variant by name.
Returns
	:ok on success.

	{:error, :not_found} if the variant does not exist.



  



    

  
    
      
    
    
      get_variant(name, options \\ [])



        
          
        

    

  


  

      

          @spec get_variant(
  String.t(),
  keyword()
) :: {:ok, Image.Plug.Variant.t()} | {:error, :not_found}


      


Fetches a variant by name.
Returns {:ok, variant} or {:error, :not_found}.
Examples
iex> case Image.Plug.get_variant("public") do
...>   {:ok, variant} -> variant.name
...>   {:error, _} -> nil
...> end
"public"

  



  
    
      
    
    
      init(options)



        
          
        

    

  


  

      

          @spec init(keyword()) :: Image.Plug.Options.t()


      


Validates configuration and returns an opaque options struct passed
through to every call/2 invocation.
Raises ArgumentError if required configuration is missing or
malformed. Configuration errors are programmer errors and must surface
at boot time, not per-request.

  



    

  
    
      
    
    
      list_variants(options \\ [])



        
          
        

    

  


  

      

          @spec list_variants(keyword()) :: {:ok, [Image.Plug.Variant.t()]}


      


Lists every variant in the store.
Returns
	{:ok, [variant]} — the order is store-defined (the default ETS
store sorts by name).


  



    

    

  
    
      
    
    
      put_variant(name_or_variant, definition_or_options \\ [], options \\ [])



        
          
        

    

  


  

      

          @spec put_variant(Image.Plug.Variant.t() | String.t(), term(), keyword()) ::
  {:ok, Image.Plug.Variant.t()} | {:error, term()}


      


Inserts or updates a variant.
Arguments
	name_or_variant is either a variant name string or a complete
Image.Plug.Variant struct.

	When the first argument is a name, the second argument is either
a Cloudflare-style options string, an Image.Plug.Pipeline
struct, or a {provider_module, options_string} tuple.


Options
	:store — {module, options} tuple identifying the store.
Defaults to {Image.Plug.VariantStore.ETS, []}.

	:metadata — arbitrary metadata map stored on the variant.

	:never_require_signed_urls? — boolean, defaults to false.


Returns
	{:ok, variant} on success.

	{:error, reason} on failure (e.g. invalid options string).



  



  
    
      
    
    
      version()



        
          
        

    

  


  

      

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


      


Returns the library version as a string.
Returns
	A semver-like version string such as "0.1.0-dev".

Examples
iex> is_binary(Image.Plug.version())
true

  


        

      


  

    
Image.Plug.Admin 
    



      
HTTP admin surface for variant CRUD.
Mount this plug under whatever path your host exposes (the admin
routes are intentionally relative — no baked-in prefix).
	Method	Path	Action
	GET	/	List all variants.
	GET	/:name	Fetch one variant.
	POST	/	Create a variant. 409 on name conflict.
	PUT	/:name	Upsert a variant.
	PATCH	/:name	Partial update of an existing variant.
	DELETE	/:name	Delete a variant.

Request bodies use the canonical variant JSON shape:
{
  "name": "thumbnail",
  "options": "width=200,height=200,fit=cover,format=webp",
  "metadata": {"description": "card thumbnail"},
  "never_require_signed_urls": false
}
options is a provider-specific options string parsed by the
configured provider (Cloudflare by default).
Configuration
	:provider — module used to parse the options string.
Defaults to Image.Plug.Provider.Cloudflare.

	:variant_store — {module, options} tuple identifying the
variant store. Defaults to {Image.Plug.VariantStore.ETS, []}.


Authentication
This plug does not authenticate or authorise requests. Wrap it
in your host's auth pipeline (e.g. a :basic_auth plug or a
Phoenix :require_admin pipeline) before exposing it publicly.

      




  

    
Image.Plug.Capabilities 
    



      
Probes the local libvips build for optional encoder capabilities.
Run once at application boot. Results are cached in
:persistent_term so per-request reads are free.
Currently probes AVIF, JP2, and TIFF write support. Adding a
probe for another capability is one new clause in probe/0 and
one new accessor.

      


      
        Summary


  
    Functions
  


    
      
        avif_write?()

      


        Returns whether the local libvips can encode AVIF.



    


    
      
        jp2_write?()

      


        Returns whether the local libvips can encode JPEG 2000 (JP2).



    


    
      
        probe()

      


        Performs every capability probe and caches the results.



    


    
      
        tiff_write?()

      


        Returns whether the local libvips can encode TIFF.



    





      


      
        Functions


        


  
    
      
    
    
      avif_write?()



        
          
        

    

  


  

      

          @spec avif_write?() :: boolean()


      


Returns whether the local libvips can encode AVIF.
Falls back to a one-off probe if probe/0 (in this module) has
not been called — useful in tests that exercise the encoder
without booting the application.
Returns
	true if libvips can write AVIF.

	false otherwise.


Examples
iex> is_boolean(Image.Plug.Capabilities.avif_write?())
true

  



  
    
      
    
    
      jp2_write?()



        
          
        

    

  


  

      

          @spec jp2_write?() :: boolean()


      


Returns whether the local libvips can encode JPEG 2000 (JP2).
Required by IIIF Image API 3.0 Compliance Level 2 deployments
that promise JP2 support. Available only when libvips was built
with libopenjp2.
Returns
	true if libvips can write JP2.

	false otherwise.



  



  
    
      
    
    
      probe()



        
          
        

    

  


  

      

          @spec probe() :: :ok


      


Performs every capability probe and caches the results.
Idempotent: calling probe/0 twice in the same VM lifetime returns
the same booleans without re-probing.
Returns
	:ok.


  



  
    
      
    
    
      tiff_write?()



        
          
        

    

  


  

      

          @spec tiff_write?() :: boolean()


      


Returns whether the local libvips can encode TIFF.
Required by IIIF Image API 3.0 Compliance Level 2 deployments
that promise TIFF support.
Returns
	true if libvips can write TIFF.

	false otherwise.



  


        

      


  

    
Image.Plug.Error 
    



      
Tagged error type returned by every public function in Image.Plug.
An error carries a stable :tag (an atom suitable for pattern matching
and for mapping to HTTP status codes), a human-readable :message,
and optional :details for diagnostic context.
Errors are returned as {:error, %Image.Plug.Error{}}. They are not
raised — try/rescue is reserved for true system boundaries per the
project's code style.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    


    
      
        tag()

      


        A stable error tag. The set is open; callers should match the tags
documented for the function they call and treat unknown tags as :internal.



    





  
    Functions
  


    
      
        new(tag, message, options \\ [])

      


        Builds an error struct.



    


    
      
        status(arg1)

      


        Maps an error tag to a default HTTP status code.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Image.Plug.Error{details: map(), message: String.t(), tag: tag()}


      



  



  
    
      
    
    
      tag()



        
          
        

    

  


  

      

          @type tag() ::
  :unknown_option
  | :invalid_option
  | :malformed_url
  | :variant_not_found
  | :variant_already_exists
  | :source_not_found
  | :source_fetch_error
  | :source_too_large
  | :unsupported_source_format
  | :unsupported_output_format
  | :unsupported_option
  | :output_too_large
  | :request_timeout
  | :pipeline_failed
  | :signature_required
  | :invalid_signature
  | :signature_expired
  | :not_implemented
  | :internal


      


A stable error tag. The set is open; callers should match the tags
documented for the function they call and treat unknown tags as :internal.

  


        

      

      
        Functions


        


    

  
    
      
    
    
      new(tag, message, options \\ [])



        
          
        

    

  


  

      

          @spec new(tag(), String.t(), keyword()) :: t()


      


Builds an error struct.
Arguments
	tag is an atom from tag/0 describing the error class.

	message is a human-readable description of the failure.


Options
	:details is a map of extra diagnostic context. Defaults to %{}.

Returns
	An Image.Plug.Error struct.

Examples
iex> error = Image.Plug.Error.new(:unknown_option, "no such option", details: %{key: "wat"})
iex> error.tag
:unknown_option
iex> error.details
%{key: "wat"}

  



  
    
      
    
    
      status(arg1)



        
          
        

    

  


  

      

          @spec status(t() | tag()) :: 100..599


      


Maps an error tag to a default HTTP status code.
Arguments
	error_or_tag is either an Image.Plug.Error struct or an
error tag atom.

Returns
	An integer HTTP status code.

Examples
iex> Image.Plug.Error.status(:variant_not_found)
404

iex> Image.Plug.Error.status(Image.Plug.Error.new(:invalid_option, "bad"))
400

iex> Image.Plug.Error.status(:internal)
500

  


        

      


  

    
Image.Plug.Pipeline 
    



      
The canonical, provider-neutral image-processing pipeline.
A pipeline is an ordered list of typed operation structs (under
Image.Plug.Pipeline.Ops.*) plus pipeline-wide settings: the
output format, an error policy, and a debug breadcrumb identifying
the provider that produced it.
Pipelines are pure data. Behaviour lives in
Image.Plug.Pipeline.Interpreter (executes ops),
Image.Plug.Pipeline.Encoder (serialises the result), and
Image.Plug.Pipeline.Normaliser (reorders, folds, validates).

      


      
        Summary


  
    Types
  


    
      
        on_error()

      


    


    
      
        op()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        append(pipeline, op)

      


        Appends an operation to a pipeline.



    


    
      
        new(options \\ [])

      


        Builds a new, empty pipeline.



    


    
      
        put_output(pipeline, format)

      


        Replaces the pipeline's output (Ops.Format) struct.



    





      


      
        Types


        


  
    
      
    
    
      on_error()



        
          
        

    

  


  

      

          @type on_error() ::
  :auto
  | :render_error_image
  | :fallback_to_source
  | :raise
  | {:status, 100..599}


      



  



  
    
      
    
    
      op()



        
          
        

    

  


  

      

          @type op() ::
  Image.Plug.Pipeline.Ops.Rotate.t()
  | Image.Plug.Pipeline.Ops.Trim.t()
  | Image.Plug.Pipeline.Ops.Flip.t()
  | Image.Plug.Pipeline.Ops.Resize.t()
  | Image.Plug.Pipeline.Ops.Background.t()
  | Image.Plug.Pipeline.Ops.Adjust.t()
  | Image.Plug.Pipeline.Ops.Sharpen.t()
  | Image.Plug.Pipeline.Ops.Blur.t()
  | Image.Plug.Pipeline.Ops.Border.t()
  | Image.Plug.Pipeline.Ops.Draw.t()
  | Image.Plug.Pipeline.Ops.Segment.t()


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Image.Plug.Pipeline{
  on_error: on_error(),
  ops: [op()],
  output: Image.Plug.Pipeline.Ops.Format.t(),
  provider: nil | module()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      append(pipeline, op)



        
          
        

    

  


  

      

          @spec append(t(), op()) :: t()


      


Appends an operation to a pipeline.
Arguments
	pipeline is an Image.Plug.Pipeline struct.

	op is any operation struct under Image.Plug.Pipeline.Ops.*.


Returns
	The pipeline with op appended to :ops.

Examples
iex> alias Image.Plug.Pipeline
iex> alias Image.Plug.Pipeline.Ops.Rotate
iex> p = Pipeline.append(Pipeline.new(), %Rotate{angle: 90})
iex> length(p.ops)
1

  



    

  
    
      
    
    
      new(options \\ [])



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      


Builds a new, empty pipeline.
Options
	:output is an Image.Plug.Pipeline.Ops.Format struct describing
the encoder configuration. Defaults to %Ops.Format{} (auto format,
quality 85, copyright-only metadata).

	:on_error is the error policy. Defaults to :auto — see
Image.Plug for selection semantics.

	:provider is an optional debug breadcrumb identifying the provider
module that produced the pipeline.


Returns
	An empty Image.Plug.Pipeline struct.

Examples
iex> p = Image.Plug.Pipeline.new()
iex> p.ops
[]
iex> p.output.type
:auto

  



  
    
      
    
    
      put_output(pipeline, format)



        
          
        

    

  


  

      

          @spec put_output(t(), Image.Plug.Pipeline.Ops.Format.t()) :: t()


      


Replaces the pipeline's output (Ops.Format) struct.
Arguments
	pipeline is an Image.Plug.Pipeline struct.

	format is an Image.Plug.Pipeline.Ops.Format struct.


Returns
	The pipeline with :output replaced.

Examples
iex> alias Image.Plug.Pipeline
iex> alias Image.Plug.Pipeline.Ops.Format
iex> p = Pipeline.put_output(Pipeline.new(), %Format{type: :webp, quality: 80})
iex> p.output.type
:webp

  


        

      


  

    
Image.Plug.Provider behaviour
    



      
Behaviour for URL-API providers.
A provider parses an inbound Plug.Conn into a canonical
Image.Plug.Pipeline plus an Image.Plug.Source reference. It
may also resolve the request to a named variant lookup or to a
passthrough that streams the source unchanged.
Providers are stateless. All configuration is passed in by
Image.Plug as the second argument to parse/2.

      


      
        Summary


  
    Types
  


    
      
        info_kind()

      


        The shape returned by parse/2 on success.



    


    
      
        override()

      


        An override applied on top of a resolved variant. The provider
produces these from per-request options that should win over the
stored variant's defaults.



    


    
      
        result()

      


    





  
    Callbacks
  


    
      
        parse(t, options)

      


        Parses a request into one of the result/0 shapes.



    





      


      
        Types


        


  
    
      
    
    
      info_kind()



        
          
        

    

  


  

      

          @type info_kind() :: :iiif_image_info


      


The shape returned by parse/2 on success.
	{:pipeline, pipeline, source} — fully-formed pipeline; resolve
the source and execute.

	{:variant, name, overrides, source} — look up the variant by
name in the configured Image.Plug.VariantStore, then merge
overrides on top before executing.

	{:passthrough, source} — no transforms. The plug streams the
source unchanged.

	{:info, info_kind, source} — the request is for a metadata
document (currently only :iiif_image_info for the IIIF Image
API 3.0 info.json). The plug builds the document by reading
the source's dimensions and serialises as JSON.



  



  
    
      
    
    
      override()



        
          
        

    

  


  

      

          @type override() :: {atom(), term()}


      


An override applied on top of a resolved variant. The provider
produces these from per-request options that should win over the
stored variant's defaults.

  



  
    
      
    
    
      result()



        
          
        

    

  


  

      

          @type result() ::
  {:pipeline, Image.Plug.Pipeline.t(), Image.Plug.Source.t()}
  | {:variant, name :: String.t(), [override()], Image.Plug.Source.t()}
  | {:passthrough, Image.Plug.Source.t()}
  | {:info, info_kind(), Image.Plug.Source.t()}


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      parse(t, options)



        
          
        

    

  


  

      

          @callback parse(Plug.Conn.t(), options :: keyword()) ::
  {:ok, result()} | {:error, Image.Plug.Error.t()}


      


Parses a request into one of the result/0 shapes.
Implementations must be pure URL/header parsing. They must not fetch
source bytes or look up variants — those are the responsibilities of
Image.Plug.SourceResolver and Image.Plug.VariantStore.
Implementations must not raise on malformed input; return a tagged
Image.Plug.Error instead.

  


        

      


  

    
Image.Plug.Source 
    



      
Reference to a source image. Produced by a provider, consumed by a
source resolver.
A source is intentionally a thin tagged reference. The provider names
what the source is (an absolute path, an absolute URL, or a hosted
asset id) and the source resolver decides where the bytes come from.
Sources never hold image bytes themselves.

      


      
        Summary


  
    Types
  


    
      
        kind()

      


        The kind of source. Determines which Image.Plug.SourceResolver
implementation handles it.



    


    
      
        ref()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        hosted(account_hash, image_id)

      


        Builds a :hosted source.



    


    
      
        path(path)

      


        Builds a :path source.



    


    
      
        url(url)

      


        Builds a :url source.



    





      


      
        Types


        


  
    
      
    
    
      kind()



        
          
        

    

  


  

      

          @type kind() :: :path | :url | :hosted


      


The kind of source. Determines which Image.Plug.SourceResolver
implementation handles it.
	:path — ref is an absolute path string. Resolved against a
configured root directory by Image.Plug.SourceResolver.File.

	:url — ref is an absolute http(s):// URL. Resolved by
Image.Plug.SourceResolver.HTTP against an allow-list.

	:hosted — ref is a {account_hash, image_id} tuple. Resolved
by Image.Plug.SourceResolver.Hosted against a host-supplied
asset table.



  



  
    
      
    
    
      ref()



        
          
        

    

  


  

      

          @type ref() :: String.t() | {String.t(), String.t()}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Image.Plug.Source{
  headers: %{optional(String.t()) => String.t()},
  kind: kind(),
  ref: ref()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      hosted(account_hash, image_id)



        
          
        

    

  


  

      

          @spec hosted(String.t(), String.t()) :: t()


      


Builds a :hosted source.
Arguments
	account_hash is an opaque account identifier string.

	image_id is an opaque image identifier string.


Returns
	An Image.Plug.Source struct (always succeeds).

Examples
iex> source = Image.Plug.Source.hosted("acct123", "img456")
iex> source.kind
:hosted
iex> source.ref
{"acct123", "img456"}

  



  
    
      
    
    
      path(path)



        
          
        

    

  


  

      

          @spec path(String.t()) :: {:ok, t()} | {:error, Image.Plug.Error.t()}


      


Builds a :path source.
Arguments
	path is an absolute path string (must start with /).

Returns
	{:ok, source} on success.

	{:error, %Image.Plug.Error{tag: :invalid_option}} if the path is
not absolute or contains .. segments.


Examples
iex> {:ok, source} = Image.Plug.Source.path("/foo/bar.jpg")
iex> source.kind
:path

iex> {:error, error} = Image.Plug.Source.path("relative.jpg")
iex> error.tag
:invalid_option

  



  
    
      
    
    
      url(url)



        
          
        

    

  


  

      

          @spec url(String.t()) :: {:ok, t()} | {:error, Image.Plug.Error.t()}


      


Builds a :url source.
Arguments
	url is an absolute http:// or https:// URL.

Returns
	{:ok, source} on success.

	{:error, %Image.Plug.Error{tag: :invalid_option}} if the URL is
missing a scheme or host.


Examples
iex> {:ok, source} = Image.Plug.Source.url("https://example.com/a.jpg")
iex> source.kind
:url

iex> {:error, error} = Image.Plug.Source.url("not-a-url")
iex> error.tag
:invalid_option

  


        

      


  

    
Image.Plug.SourceResolver behaviour
    



      
Behaviour for source resolvers.
A resolver turns a Image.Plug.Source.t/0 into an open
Vix.Vips.Image plus a small bag of metadata used for HTTP cache
headers (content_type, etag_seed, optionally last_modified and
byte_size).
A resolver typically handles one Image.Plug.Source kind. The
default Image.Plug.SourceResolver.Composite dispatches by kind to
a configured set of per-kind resolvers.

      


      
        Summary


  
    Types
  


    
      
        meta()

      


        Metadata about the resolved source. The plug uses these values to
build cache headers and to fingerprint the response for ETag
computation.



    





  
    Callbacks
  


    
      
        load(t, options)

      


        Loads the source bytes referenced by source and opens them as a
Vix.Vips.Image.



    





      


      
        Types


        


  
    
      
    
    
      meta()



        
          
        

    

  


  

      

          @type meta() :: %{
  :content_type => String.t(),
  :etag_seed => binary(),
  optional(:last_modified) => DateTime.t(),
  optional(:byte_size) => non_neg_integer(),
  optional(:cache_control) => String.t(),
  optional(:immutable?) => boolean()
}


      


Metadata about the resolved source. The plug uses these values to
build cache headers and to fingerprint the response for ETag
computation.
	:content_type — the MIME type of the source bytes.

	:etag_seed — any stable per-source binary. Image.Plug.Cache
hashes this together with the pipeline fingerprint to compute the
response ETag.

	:last_modified — optional DateTime to emit as Last-Modified.

	:byte_size — optional integer; informational.

	:cache_control — optional Cache-Control directive to forward
on the response.

	:immutable? — if true, the cache layer may add immutable.



  


        

      

      
        Callbacks


        


  
    
      
    
    
      load(t, options)



        
          
        

    

  


  

      

          @callback load(Image.Plug.Source.t(), options :: keyword()) ::
  {:ok, Vix.Vips.Image.t(), meta()} | {:error, Image.Plug.Error.t()}


      


Loads the source bytes referenced by source and opens them as a
Vix.Vips.Image.
Returns the open image plus a meta/0 map.

  


        

      


  

    
Image.Plug.Variant 
    



      
A named, stored pipeline that requests can resolve by name.
Variants are the project's analogue of Cloudflare Images variants:
reusable templates that any URL can name. The :options field holds
the original provider-specific options string for round-tripping
through the admin API; :pipeline holds the parsed canonical form.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Image.Plug.Variant{
  inserted_at: nil | DateTime.t(),
  metadata: map(),
  name: String.t(),
  never_require_signed_urls?: boolean(),
  options: nil | String.t(),
  pipeline: Image.Plug.Pipeline.t(),
  updated_at: nil | DateTime.t()
}


      



  


        

      


  

    
Image.Plug.VariantStore behaviour
    



      
Behaviour for variant stores.
A variant store persists Image.Plug.Variant records keyed by
name. Reads are expected to be cheap (every request that resolves a
variant performs one read); writes are expected to be infrequent.
The default implementation Image.Plug.VariantStore.ETS is
in-memory. A file-backed and a database-backed store may follow in
later milestones.

      


      
        Summary


  
    Callbacks
  


    
      
        delete(name, options)

      


        Deletes a variant by name.



    


    
      
        get(name, options)

      


        Fetches a variant by name.



    


    
      
        list(options)

      


        Lists every stored variant. The order is implementation-defined.



    


    
      
        put(t, options)

      


        Inserts or updates a variant.



    





      


      
        Callbacks


        


  
    
      
    
    
      delete(name, options)



        
          
        

    

  


  

      

          @callback delete(name :: String.t(), options :: keyword()) :: :ok | {:error, :not_found}


      


Deletes a variant by name.
Returns :ok or {:error, :not_found}.

  



  
    
      
    
    
      get(name, options)



        
          
        

    

  


  

      

          @callback get(name :: String.t(), options :: keyword()) ::
  {:ok, Image.Plug.Variant.t()} | {:error, :not_found}


      


Fetches a variant by name.
Returns {:ok, variant} or {:error, :not_found}.

  



  
    
      
    
    
      list(options)



        
          
        

    

  


  

      

          @callback list(options :: keyword()) :: {:ok, [Image.Plug.Variant.t()]}


      


Lists every stored variant. The order is implementation-defined.

  



  
    
      
    
    
      put(t, options)



        
          
        

    

  


  

      

          @callback put(Image.Plug.Variant.t(), options :: keyword()) ::
  {:ok, Image.Plug.Variant.t()} | {:error, term()}


      


Inserts or updates a variant.
Returns {:ok, stored} where stored may differ from the input
(for example, with :inserted_at / :updated_at populated).

  


        

      


  

    
Image.Plug.Pipeline.Ops.Adjust 
    



      
Tonal/colour adjustment operation. A consolidated bag of multiplier
fields so that adjacent adjustments fold into one op during
normalisation.
All four fields are multipliers on the unmodified channel value. A
value of 1.0 is a no-op; the normaliser drops the field if every
multiplier is 1.0.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Image.Plug.Pipeline.Ops.Adjust{
  brightness: float(),
  contrast: float(),
  gamma: float(),
  saturation: float()
}


      



  


        

      


  

    
Image.Plug.Pipeline.Ops.Background 
    



      
Background fill operation. Flattens any transparency in the working
image against the given solid colour.
The colour is parsed lazily by the interpreter — accepted forms are
#rgb, #rrggbb, #rrggbbaa, CSS colour names, and rgb() /
rgba() functional notation.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Image.Plug.Pipeline.Ops.Background{color: String.t()}


      



  


        

      


  

    
Image.Plug.Pipeline.Ops.Blur 
    



      
Gaussian blur operation. Holds a libvips sigma value derived from
the provider's native blur parameter (Cloudflare uses 0..250).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Image.Plug.Pipeline.Ops.Blur{sigma: float()}


      



  


        

      


  

    
Image.Plug.Pipeline.Ops.Border 
    



      
Border operation. Adds a coloured border of the given per-side widths
around the working image by embedding it in a larger canvas of the
border colour.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Image.Plug.Pipeline.Ops.Border{
  bottom: non_neg_integer(),
  color: String.t(),
  left: non_neg_integer(),
  right: non_neg_integer(),
  top: non_neg_integer()
}


      



  


        

      


  

    
Image.Plug.Pipeline.Ops.Colorspace 
    



      
Convert the image to a different colorspace.
Wraps Image.to_colorspace/2. Covers two CDN-grammar features
with one IR primitive:
	Monochrome — target: :bw produces a true 1-channel
grayscale image (smaller bytes than Adjust{saturation: 0.0}).
Used by imgix's monochrome=<hex> (the hex tint is not yet
honoured — v0.1 produces plain B&W).

	Colorspace conversion — any other target. Used by imgix's
cs=<space> and Cloudinary's cs_<space>. Common values
include :srgb, :cmyk, :rgb, :lab, :hsv. See
Image.Interpretation.known_interpretations/0 for the full
list Image.to_colorspace/2 accepts.


Pipeline ordering
The Image.Plug.Pipeline.Normaliser slots Colorspace between
Adjust (which expects RGB) and ReplaceColor (whose colour
matching operates on the post-conversion bytes). When you don't
use Adjust or ReplaceColor, the relative order doesn't matter.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Image.Plug.Pipeline.Ops.Colorspace{target: atom()}


      



  


        

      


  

    
Image.Plug.Pipeline.Ops.Crop 
    



      
Crop operation. Extracts a sub-rectangle of the working image.
Distinct from Image.Plug.Pipeline.Ops.Trim, which auto-detects or
removes a border, and distinct from Image.Plug.Pipeline.Ops.Resize's
fit modes, which scale-and-fit. Crop is an absolute extract of the
region described by (x, y, width, height).
Two coordinate systems via :units:
	:pixels (default) — x, y, width, height are measured in
pixels of the source image. (0, 0) is the top-left corner.

	:percent — all four values are floats in 0.0..100.0,
interpreted as percentages of the source image's dimensions. The
interpreter resolves them against the actual source size at apply
time, which means the same op can be reused across sources of
different dimensions.


Used by
	The IIIF Image API 3.0 provider's region URL segment, which
accepts both x,y,w,h (pixels) and pct:x,y,w,h (percent) forms.

Canonical order
Per Image.Plug.Pipeline.Normaliser, Crop runs after Trim /
Background and before Resize. The IIIF spec processes operations
in this same order — region → size → rotation → quality → format —
so a IIIF round-trip preserves intent.
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    Types
  


    
      
        t()

      


    


    
      
        units()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Image.Plug.Pipeline.Ops.Crop{
  height: number(),
  units: units(),
  width: number(),
  x: number(),
  y: number()
}


      



  



  
    
      
    
    
      units()



        
          
        

    

  


  

      

          @type units() :: :pixels | :percent


      



  


        

      


  

    
Image.Plug.Pipeline.Ops.Draw 
    



      
Overlay/watermark operation. Wraps an ordered list of
Image.Plug.Pipeline.Ops.Draw.Layer structs.
Layers render in list order; later entries appear on top.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Image.Plug.Pipeline.Ops.Draw{
  layers: [Image.Plug.Pipeline.Ops.Draw.Layer.t()]
}


      



  


        

      


  

    
Image.Plug.Pipeline.Ops.Draw.Layer 
    



      
A single overlay layer used by Image.Plug.Pipeline.Ops.Draw.
The interpreter prefers SVG composition: when the layer source
resolves to (or can be expressed as) SVG, the overlay is rendered via
Image.from_svg/2 so it scales without raster artefacts. Bitmap
sources are decoded, optionally resized, and composited with the
configured opacity.
Position is either nil (centre) or {:offset, ...} with any
combination of :top / :bottom and :left / :right (a side and
its opposite cannot both be set; the provider rejects that at parse
time).

      


      
        Summary


  
    Types
  


    
      
        fit()

      


    


    
      
        position()

      


    


    
      
        repeat()

      


    


    
      
        t()
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      fit()



        
          
        

    

  


  

      

          @type fit() :: :contain | :cover | :crop | :pad | :scale_down


      



  



  
    
      
    
    
      position()



        
          
        

    

  


  

      

          @type position() :: nil | {:offset, keyword()}


      



  



  
    
      
    
    
      repeat()



        
          
        

    

  


  

      

          @type repeat() :: false | true | :x | :y


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Image.Plug.Pipeline.Ops.Draw.Layer{
  background: nil | String.t(),
  fit: fit(),
  gravity: Image.Plug.Pipeline.Ops.Resize.gravity(),
  height: nil | pos_integer(),
  opacity: float(),
  position: position(),
  repeat: repeat(),
  rotate: 0 | 90 | 180 | 270,
  source: Image.Plug.Source.t(),
  width: nil | pos_integer()
}


      



  


        

      


  

    
Image.Plug.Pipeline.Ops.DropShadow 
    



      
Drop-shadow operation. The shadow is the source's alpha
silhouette, blurred, tinted, scaled by :opacity, and
composited beneath the original at (:dx, :dy). Maps to
ImageKit's e-shadow=... parameter family.
:color is normalised to a 3-element [r, g, b] 0..255 list
by the provider parser.
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    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Image.Plug.Pipeline.Ops.DropShadow{
  color: [non_neg_integer()],
  dx: integer(),
  dy: integer(),
  opacity: float(),
  sigma: float()
}


      



  


        

      


  

    
Image.Plug.Pipeline.Ops.Enhance 
    



      
Content-aware automatic enhancement. Maps to imgix's
auto=enhance, Cloudinary's e_improve family
(e_improve, e_auto_brightness, e_auto_color,
e_auto_contrast), and ImageKit's e-retouch.
All four CDNs document this as a black-box ML pipeline; we
approximate it with a sensible-defaults stack of luminance
equalisation + mild saturation boost + mild sharpening (see
Image.enhance/2). Results are visually similar to the
hosted services but not byte-identical.
No tuneable fields in v0.1 — the defaults from
Image.enhance/2 are used directly.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Image.Plug.Pipeline.Ops.Enhance{}


      



  


        

      


  

    
Image.Plug.Pipeline.Ops.Fade 
    



      
Alpha-gradient fade-out on one or more edges. :edges is
:all or a list drawn from :top, :bottom, :left,
:right. :length is either an integer pixel count or a
float fraction of the relevant dimension. Maps to
Cloudinary's e_fade[:N] (N interpreted as a percentage).

      


      
        Summary


  
    Types
  


    
      
        edge()

      


    


    
      
        t()
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      edge()



        
          
        

    

  


  

      

          @type edge() :: :top | :bottom | :left | :right


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Image.Plug.Pipeline.Ops.Fade{
  edges: [edge()] | :all,
  length: pos_integer() | float()
}


      



  


        

      


  

    
Image.Plug.Pipeline.Ops.Flip 
    



      
Flip operation. Mirrors the working image along one or both axes.

      


      
        Summary


  
    Types
  


    
      
        direction()
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      direction()



        
          
        

    

  


  

      

          @type direction() :: :horizontal | :vertical | :both


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Image.Plug.Pipeline.Ops.Flip{direction: direction()}


      



  


        

      


  

    
Image.Plug.Pipeline.Ops.Format 
    



      
Output format / encoder configuration. Lives on the pipeline rather
than in the op list — there is exactly one per pipeline.
:type is the requested output format; :auto defers to content
negotiation (Accept header) at encode time. The encoder may
substitute a fallback format and add a header noting the substitution
(currently only :avif -> :webp when libvips lacks AVIF support).
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    Types
  


    
      
        chroma_subsampling()

      


    


    
      
        compression()

      


    


    
      
        metadata()
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      chroma_subsampling()



        
          
        

    

  


  

      

          @type chroma_subsampling() :: nil | :auto | :on | :off


      



  



  
    
      
    
    
      compression()



        
          
        

    

  


  

      

          @type compression() :: nil | :fast


      



  



  
    
      
    
    
      metadata()



        
          
        

    

  


  

      

          @type metadata() :: :copyright | :keep | :none


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Image.Plug.Pipeline.Ops.Format{
  anim?: boolean(),
  chroma_subsampling: chroma_subsampling(),
  compression: compression(),
  dpr: pos_integer(),
  lossy: nil | boolean(),
  metadata: metadata(),
  progressive: nil | boolean(),
  quality: 1..100,
  scq_quality: nil | 1..100,
  type: type()
}


      



  



  
    
      
    
    
      type()



        
          
        

    

  


  

      

          @type type() ::
  :auto
  | :avif
  | :webp
  | :jpeg
  | :baseline_jpeg
  | :png
  | :gif
  | :tiff
  | :jp2
  | :pdf
  | :json


      



  


        

      


  

    
Image.Plug.Pipeline.Ops.IccTransform 
    



      
ICC-profile-driven colourspace conversion. Distinct from
Ops.Colorspace (which uses libvips' named-interpretation
modes); this op invokes Image.to_colorspace/3 and runs an
actual profile-based transform.
Used to map provider parameters that target specific output
profiles — e.g. Cloudinary's cs_adobergb (when wired
against an Adobe RGB ICC file) and any custom-ICC overlay.
:profile is one of :srgb / :cmyk / :p3 (libvips
built-ins) or a path to an .icc file. :intent is
forwarded to Image.to_colorspace/3 and defaults to
:relative.
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      intent()



        
          
        

    

  


  

      

          @type intent() :: :relative | :perceptual | :saturation | :absolute


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Image.Plug.Pipeline.Ops.IccTransform{
  intent: intent(),
  profile: atom() | binary()
}


      



  


        

      


  

    
Image.Plug.Pipeline.Ops.Opacity 
    



      
Mid-pipeline alpha multiplier. :factor is in [0.0, 1.0];
1.0 is a no-op (the normaliser drops the op), 0.0 produces
a fully transparent image. Maps to Cloudinary's o_<n>
(where n / 100 is passed) and ImageKit's e-opacity:<n>.
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        t()
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      t()



        
          
        

    

  


  

      

          @type t() :: %Image.Plug.Pipeline.Ops.Opacity{factor: float()}


      



  


        

      


  

    
Image.Plug.Pipeline.Ops.Orientation 
    



      
EXIF orientation override. :value is an integer in 1..8
per the EXIF orientation enumeration; the interpreter calls
Image.set_orientation/2 to write the metadata field
without rotating the underlying pixels. Maps to imgix's
or=N.
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      t()



        
          
        

    

  


  

      

          @type t() :: %Image.Plug.Pipeline.Ops.Orientation{value: 1..8}


      



  


        

      


  

    
Image.Plug.Pipeline.Ops.Pixelate 
    



      
Block-style pixelation. :scale is the resize factor passed
to Image.pixelate/2 — smaller values produce coarser blocks
(e.g. 0.05 = ~20-pixel blocks on a 400-pixel image). Maps
to Cloudinary's e_pixelate[:N] where N is a block size in
pixels (the provider parser converts N → scale = 1 / N).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Image.Plug.Pipeline.Ops.Pixelate{scale: float()}


      



  


        

      


  

    
Image.Plug.Pipeline.Ops.PixelateFaces 
    



      
Pixelates only the regions of an image occupied by detected
faces, leaving the rest of the image untouched. Maps to
Cloudinary's e_pixelate_faces[:N].
:scale follows the same convention as Ops.Pixelate —
smaller values produce coarser blocks. The interpreter
delegates to Image.Plug.FaceAware.pixelate_faces/2, which
is gated on the optional :image_vision dependency.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Image.Plug.Pipeline.Ops.PixelateFaces{scale: float()}


      



  


        

      


  

    
Image.Plug.Pipeline.Ops.Posterize 
    



      
Tonal-quantisation operation. :levels in 2..256 is the
number of distinct values per band. Maps to Cloudinary's
e_cartoonify[:level_count] (level_count defaults to 5).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Image.Plug.Pipeline.Ops.Posterize{levels: pos_integer()}


      



  


        

      


  

    
Image.Plug.Pipeline.Ops.ReplaceColor 
    



      
Replace one colour in the image with another, with a tolerance.
Wraps Image.replace_color/2. Two source-colour selection modes:
	Threshold — pick all pixels within :threshold of :from.
:from may be a hex string ("#ff0000"), a CSS-name string
("misty_rose" or "misty rose"), an integer in 0..255, an
RGB three-tuple, or the atom :auto (the average of the
top-left 10×10 region of the image is used; this is Image's
documented default).

	Range — pick all pixels with channel values between
:less_than and :greater_than. When both are set, range mode
wins over the threshold mode.


In all modes, matched pixels are replaced with :to (defaults to
"#000000"). When :blend? is true, the replacement blends
smoothly across the boundary rather than hard-cutting.

      


      
        Summary


  
    Types
  


    
      
        color()

      


    


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      color()



        
          
        

    

  


  

      

          @type color() :: String.t() | atom() | non_neg_integer() | [non_neg_integer()]


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Image.Plug.Pipeline.Ops.ReplaceColor{
  blend?: boolean(),
  from: color() | :auto,
  greater_than: nil | color(),
  less_than: nil | color(),
  threshold: non_neg_integer(),
  to: color()
}


      



  


        

      


  

    
Image.Plug.Pipeline.Ops.Resize 
    



      
Resize operation. Combines target dimensions, fit mode, gravity (focal
point for cropping), upscale policy, and DPR (device pixel ratio).
Either :width, :height, or both may be set. When only one is set,
the other is inferred from the source aspect ratio per the chosen
:fit mode.
:width may also be the atom :auto, mirroring Cloudflare's
client-hint-driven sizing. The interpreter resolves it to a concrete
pixel count from request hints; if no hint is available it falls back
to the source width.

      


      
        Summary


  
    Types
  


    
      
        fit()

      


    


    
      
        gravity()

      


    


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      fit()



        
          
        

    

  


  

      

          @type fit() :: :contain | :cover | :crop | :pad | :scale_down | :squeeze


      



  



  
    
      
    
    
      gravity()



        
          
        

    

  


  

      

          @type gravity() ::
  :auto
  | :face
  | :center
  | :north
  | :south
  | :east
  | :west
  | :north_east
  | :north_west
  | :south_east
  | :south_west
  | {:xy, float(), float()}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Image.Plug.Pipeline.Ops.Resize{
  dpr: pos_integer(),
  face_zoom: float(),
  fit: fit(),
  gravity: gravity(),
  height: nil | pos_integer(),
  size_pct: nil | number(),
  upscale?: boolean(),
  width: nil | :auto | pos_integer()
}


      



  


        

      


  

    
Image.Plug.Pipeline.Ops.Rotate 
    



      
Rotation operation. Rotates the working image by angle degrees
clockwise.
Arbitrary angles in 0..360 are accepted by the IR and the
interpreter — internally this calls Image.rotate/2 which uses
libvips' affine transform for non-90° angles. Provider URL parsers
may impose narrower constraints reflecting their CDN's grammar:
	Cloudflare and ImageKit restrict to multiples of 90°
(the only values their URL grammars accept).

	imgix accepts arbitrary integer degrees.

	IIIF Image API 3.0 accepts arbitrary 0..360 (integer or
fractional), so a Rotate{angle: 45.5} round-trips cleanly
through the IIIF provider.


An angle of 0 (or +0.0) is a no-op and is dropped by
Image.Plug.Pipeline.Normaliser.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Image.Plug.Pipeline.Ops.Rotate{angle: number()}


      



  


        

      


  

    
Image.Plug.Pipeline.Ops.Rounded 
    



      
Rounded-corners mask operation. :radius is the corner
radius in pixels. The atom :max produces a fully circular /
pill-shaped result (radius = half the shorter dimension).
Maps to Cloudinary's r_<n> and r_max.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Image.Plug.Pipeline.Ops.Rounded{radius: pos_integer() | :max}


      



  


        

      


  

    
Image.Plug.Pipeline.Ops.Segment 
    



      
Subject-segmentation placeholder operation. Cloudflare's segment=foreground
isolates the subject and replaces the background with transparency.
The op is currently carried through the pipeline as a no-op so requests
using segment=foreground do not 400. A real implementation will land
alongside :image_vision background-removal wire-up (see TODO.md).

      


      
        Summary


  
    Types
  


    
      
        kind()

      


    


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      kind()



        
          
        

    

  


  

      

          @type kind() :: :foreground


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Image.Plug.Pipeline.Ops.Segment{kind: kind()}


      



  


        

      


  

    
Image.Plug.Pipeline.Ops.Sepia 
    



      
Sepia tone operation. :strength is a [0.0, 1.0] blend
factor between the identity (0.0) and the full sepia matrix
(1.0). Maps to imgix's sepia=N (N / 100) and Cloudinary's
e_sepia[:N] (N / 100, default full sepia).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Image.Plug.Pipeline.Ops.Sepia{strength: float()}


      



  


        

      


  

    
Image.Plug.Pipeline.Ops.Sharpen 
    



      
Edge-enhancement operation. Holds a libvips sigma value derived
from the provider's native sharpen parameter (Cloudflare uses 0..10).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Image.Plug.Pipeline.Ops.Sharpen{sigma: float()}


      



  


        

      


  

    
Image.Plug.Pipeline.Ops.Tint 
    



      
Single-colour tinted-monochrome operation.
The image is desaturated and the resulting luminance is scaled
by the requested tint colour: white pixels become the tint
colour, black pixels remain black. Maps to imgix's
monochrome=<hex> and ImageKit's e-monochrome=<hex>.
:color is normalised to a 3-element [r, g, b] 0..255 list
by the provider parser.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Image.Plug.Pipeline.Ops.Tint{color: [non_neg_integer()]}


      



  


        

      


  

    
Image.Plug.Pipeline.Ops.Trim 
    



      
Trim operation. Removes border pixels from the working image.
Two modes:
	:border — auto-detect a uniform border colour and trim it. The
optional :color field overrides the detected colour; :threshold
controls similarity sensitivity (0..255).

	:explicit — trim a fixed number of pixels from each edge given by
the :top, :right, :bottom, :left fields.



      


      
        Summary


  
    Types
  


    
      
        mode()

      


    


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      mode()



        
          
        

    

  


  

      

          @type mode() :: :border | :explicit


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Image.Plug.Pipeline.Ops.Trim{
  bottom: non_neg_integer(),
  color: nil | String.t(),
  left: non_neg_integer(),
  mode: mode(),
  right: non_neg_integer(),
  threshold: non_neg_integer(),
  top: non_neg_integer()
}


      



  


        

      


  

    
Image.Plug.Pipeline.Ops.Vignette 
    



      
Radial vignette darkening operation. :strength is in
[0.0, 1.0] and matches Image.vignette/2's argument of
the same name. Maps to Cloudinary's e_vignette[:N]
(N / 100, default 0.5).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Image.Plug.Pipeline.Ops.Vignette{strength: float()}


      



  


        

      


  

    
Image.Plug.Provider.Cloudflare 
    



      
Cloudflare Images URL provider.
Wires Image.Plug.Provider.Cloudflare.URL (URL-shape recognition)
and Image.Plug.Provider.Cloudflare.Options (option parsing) into
the Image.Plug.Provider behaviour.
Options
	:mount — string path prefix the plug is mounted under.
Defaults to "". See Image.Plug.Provider.Cloudflare.URL.

	:hosted_account_hash — when set, also recognises the
hosted-image delivery form at
/<this-hash>/<image-id>/<variant-or-options>.

	:strict? — if true (default), unknown option keys produce an
:unknown_option error. If false, unknown keys are logged and
ignored.

	:variants_enabled? — defaults to true. When false, a hosted
URL whose tail looks like a variant name produces a
:variant_not_found error instead of returning a :variant
result.


URL forms recognised
	/cdn-cgi/image/<options>/<absolute-path>

	/cdn-cgi/image/<options>/<https-url>

	/<account_hash>/<image-id>/<variant-or-options> (when
:hosted_account_hash is configured)



      




  

    
Image.Plug.Provider.Cloudflare.Options 
    



      
Parses the comma-separated <options> segment of a Cloudflare
Images URL into a canonical Image.Plug.Pipeline.
Recognised keys (canonical name; aliases in parens):
	Resize: width (w), height (h), fit, gravity (g),
dpr, zoom / face-zoom.

	Output: quality (q), format (f), metadata, anim,
compression, slow-connection-quality (scq).

	Effects: background, blur, sharpen, brightness,
contrast, gamma, saturation.

	Geometry: rotate, flip, trim, border.

	Misc: segment, onerror.


Aliases normalise to the canonical key before dispatch. Unknown
keys raise :unknown_option by default; pass strict?: false to
log and ignore them. Drawing/overlays via the URL draw= grammar
(url(...), width, height, fit, gravity, opacity, top,
left, bottom, right, rotate, repeat, background) are
parsed into Ops.Draw layers.

      


      
        Summary


  
    Functions
  


    
      
        parse(options_string, parser_options \\ [])

      


        Parses an options string into a Image.Plug.Pipeline.



    





      


      
        Functions


        


    

  
    
      
    
    
      parse(options_string, parser_options \\ [])



        
          
        

    

  


  

      

          @spec parse(
  String.t(),
  keyword()
) :: {:ok, Image.Plug.Pipeline.t()} | {:error, Image.Plug.Error.t()}


      


Parses an options string into a Image.Plug.Pipeline.
Arguments
	options_string is the comma-separated <options> segment from
the request URL.

	parser_options is a keyword list controlling parsing behaviour.


Options
	:strict? — if true (the default), unknown option keys produce
{:error, %Image.Plug.Error{tag: :unknown_option}}. If false,
unknown keys are logged and ignored.

Returns
	{:ok, pipeline} on success.

	{:error, %Image.Plug.Error{}} on the first malformed entry.


Examples
iex> alias Image.Plug.Provider.Cloudflare.Options
iex> {:ok, pipeline} = Options.parse("width=200,fit=cover,format=webp", [])
iex> [resize] = pipeline.ops
iex> {resize.width, resize.fit}
{200, :cover}
iex> pipeline.output.type
:webp

  


        

      


  

    
Image.Plug.Provider.Cloudflare.URL 
    



      
URL-shape recognition for the Cloudflare Images URL grammar.
Two forms are recognised:
Remote-image transform
/cdn-cgi/image/<options>/<source>
Where <source> is either an absolute path (/foo/bar.jpg) or an
absolute URL (http://... or https://...). Always recognised.
Hosted-image delivery
/<account_hash>/<image-id>/<variant-or-options>
Recognised when the provider is configured with
:hosted_account_hash. The trailing segment is treated as a
variant name iff it contains no = character (matching
Cloudflare's documented rule); otherwise it is parsed as an
options string. An empty trailing segment maps to the implicit
"public" variant.
This module does not interpret the options string — that is
Image.Plug.Provider.Cloudflare.Options' job — and it does not
load any source bytes.

      


      
        Summary


  
    Types
  


    
      
        recognised()

      


        The recognised URL shape, ready for the options parser and the
source resolver.



    





  
    Functions
  


    
      
        parse(conn, options)

      


        Parses the request path of a Plug.Conn into a recognised URL
shape.



    





      


      
        Types


        


  
    
      
    
    
      recognised()



        
          
        

    

  


  

      

          @type recognised() :: %{
  shape: :remote | :hosted,
  options: String.t() | nil,
  variant: String.t() | nil,
  source: Image.Plug.Source.t()
}


      


The recognised URL shape, ready for the options parser and the
source resolver.
	:shape — :remote (cdn-cgi form) or :hosted (delivery form).

	:options — an options string. nil for the hosted form when
the trailing segment was a variant name.

	:variant — a variant name. nil for the remote form and for
the hosted form when the trailing segment looked like options.

	:source — the Image.Plug.Source derived from the URL.



  


        

      

      
        Functions


        


  
    
      
    
    
      parse(conn, options)



        
          
        

    

  


  

      

          @spec parse(
  Plug.Conn.t(),
  keyword()
) :: {:ok, recognised()} | {:error, Image.Plug.Error.t()}


      


Parses the request path of a Plug.Conn into a recognised URL
shape.
Arguments
	conn is a Plug.Conn struct.

	options is a keyword list. The following keys are honoured:


Options
	:mount — string path prefix that the plug is mounted under.
Stripped before pattern matching. Defaults to "".

	:hosted_account_hash — when set, also recognise
/<this-hash>/<image-id>/<tail>. Defaults to nil.


Returns
	{:ok, recognised} on a successful match.

	{:error, %Image.Plug.Error{tag: :malformed_url}} when the
path does not match either form.

	{:error, %Image.Plug.Error{tag: :invalid_option}} when the
source segment is malformed.


Examples
iex> conn = %Plug.Conn{
...>   path_info: ["cdn-cgi", "image", "width=200", "foo", "bar.jpg"],
...>   request_path: "/cdn-cgi/image/width=200/foo/bar.jpg"
...> }
iex> {:ok, %{shape: :remote, options: "width=200", source: source}} =
...>   Image.Plug.Provider.Cloudflare.URL.parse(conn, [])
iex> source.kind
:path

iex> conn = %Plug.Conn{
...>   path_info: ["acct123", "img456", "thumbnail"],
...>   request_path: "/acct123/img456/thumbnail"
...> }
iex> {:ok, parsed} =
...>   Image.Plug.Provider.Cloudflare.URL.parse(conn,
...>     hosted_account_hash: "acct123"
...>   )
iex> {parsed.shape, parsed.variant, parsed.source.ref}
{:hosted, "thumbnail", {"acct123", "img456"}}

  


        

      


  

    
Image.Plug.SourceResolver.Composite 
    



      
Source resolver that dispatches by Image.Plug.Source.kind to a
configured set of per-kind resolvers.
This is the resolver most hosts will use: a single Image.Plug
configuration handles every URL form the Cloudflare provider can
produce (file paths, absolute URLs, hosted asset ids).
Configuration
Each per-kind sub-resolver is configured as a keyword under its
kind name. Sub-resolver options are passed through verbatim.
	:file — keyword list passed to Image.Plug.SourceResolver.File.

	:http — keyword list passed to Image.Plug.SourceResolver.HTTP.

	:hosted — {module, options} for the host's hosted-asset
resolver. There is no built-in implementation in v0.1; hosts
plug their own asset store in here.


Example:
{Image.Plug.SourceResolver.Composite,
 file:   [root: "priv/static/uploads"],
 http:   [allowed_hosts: ["assets.example.com"]],
 hosted: {MyApp.AssetResolver, table: :my_assets}}

      




  

    
Image.Plug.SourceResolver.File 
    



      
Source resolver that reads images from a configured root directory.
Maps %Image.Plug.Source{kind: :path, ref: "/foo/bar.jpg"} onto
<root>/foo/bar.jpg. Only :path sources are accepted.
Decoding is streaming-friendly: the file path is passed straight to
Image.open/2, which lets libvips mmap or progressively decode
rather than slurping the file into a binary first.
Configuration
	:root (required) — absolute path to the directory under which
source files live. Must exist at boot time. Symlinks pointing
outside the root are rejected at request time.

Security
Path-traversal is blocked at two levels: Image.Plug.Source.path/1
rejects .. segments before the source even reaches the resolver,
and the resolver re-validates that the canonical resolved path is
still inside the root.

      




  

    
Image.Plug.SourceResolver.HTTP 
    



      
Source resolver that streams images from http(s):// URLs.
Decoding is streaming-friendly: the body flows from the socket
into libvips chunk-by-chunk via Image.from_req_stream/2, which
uses Req.get/2 with into: :self and feeds bytes into
Vix.Vips.Image.new_from_enum/1.
Configuration
	:allowed_hosts (required) — list of hostname strings the
resolver will fetch from. Hosts not on the list are rejected
with :invalid_option. Pass :any to disable the allow-list
(only sensible when this resolver sits behind a host-supplied
auth/auditing layer).

	:timeout — milliseconds to wait between chunks. Defaults to
5_000 (the Image.from_req_stream/2 default).


Limitations (v0.1)
	The streaming decode path does not surface response headers to
the caller, so the resolver cannot populate :last_modified or
forward an upstream ETag. The etag_seed is derived from the
request URL itself, which gives a stable per-URL ETag without a
second pass over the body. A future milestone may switch to a
two-stage HEAD-then-GET when freshness signals are required.

	Response body size is bounded by whatever limits the configured
Req request honours; we do not impose an additional cap in
this resolver.

	Requires the optional :req dependency. If Req is not loaded
the resolver returns :not_implemented at request time.



      




  

    
Image.Plug.VariantStore.ETS 
    



      
In-memory ETS-backed implementation of Image.Plug.VariantStore.
A singleton owner process holds a :protected ETS table. Reads
go straight to ETS; writes go through the owner process to
serialise inserts and to populate the :inserted_at /
:updated_at timestamps.
Configuration
Started by the :image_plug application with a default table
name of :image_plug_variants. Variants are seeded from the
application environment:
# config/config.exs
config :image_plug,
  variants: [
    {"thumbnail", "width=200,height=200,fit=cover,format=webp"},
    {"hero",      "width=1600,format=auto,quality=82"}
  ]
Each entry value can be:
	a Cloudflare-style options string (parsed by
Image.Plug.Provider.Cloudflare.Options),

	a {provider, options_string, variant_options} triple,

	a pre-built Image.Plug.Pipeline, or

	a complete Image.Plug.Variant struct.


The implicit "public" variant is always seeded and represents
Cloudflare's default "no transforms" behaviour. It can be overridden
by adding an explicit "public" entry to the seeds.
Per-call options
Every callback accepts a :table keyword to address a non-default
table — useful for tests and for hosts that run multiple isolated
stores.

      




  

    
Image.Plug.VariantStore.Persistence behaviour
    



      
Behaviour for persisting variants across application restarts.
A persistence backend is responsible for two things:
	load/1 — called once at boot when the variant store
initialises. Returns the list of previously-stored variants.
The store seeds them into its table before applying any
application-env seeds.

	write/4 — called after every successful put or delete.
Write-through, fire-and-forget: failures are logged at :warn
but do not fail the originating CRUD operation.


Built-in backends
	Image.Plug.VariantStore.Persistence.File — JSON-on-disk.

Configuration
Configure on the ETS variant store:
plug Image.Plug,
  ...
  variant_store: {Image.Plug.VariantStore.ETS, [
    persistence:
      {Image.Plug.VariantStore.Persistence.File,
       path: "/var/lib/image_plug/variants.json"}
  ]}
Persistable variants
Only variants whose :options field is set (i.e. variants
created from a CDN-grammar options string) are persisted. Variants
built programmatically from an Image.Plug.Pipeline struct (no
options string) cannot be round-tripped without a pipeline codec
and are skipped with a warning. If you build pipelines
programmatically and want them persisted, also set the
:options field with an equivalent options string.
Provider
Persisted variants store the original options string, not the
parsed pipeline. At load time the string is re-parsed via the
:provider option (defaulting to Image.Plug.Provider.Cloudflare).
This dodges the JSON-serialisation problem for pipeline ops,
which embed atoms and struct types that don't survive a
round-trip cleanly.

      


      
        Summary


  
    Callbacks
  


    
      
        load(options)

      


        Loads previously-persisted variants.



    


    
      
        write(action, name, variant, options)

      


        Writes a single variant change.



    





      


      
        Callbacks


        


  
    
      
    
    
      load(options)



        
          
        

    

  


  

      

          @callback load(options :: keyword()) :: {:ok, [Image.Plug.Variant.t()]} | {:error, term()}


      


Loads previously-persisted variants.
Arguments
	options is the keyword list configured on the persistence
entry.

Returns
	{:ok, [variant]} on success. Empty list is fine — first run.

	{:error, reason} to abort boot. Use sparingly; a fresh
install with no persisted state is the normal first-boot
condition and should return {:ok, []}, not an error.



  



  
    
      
    
    
      write(action, name, variant, options)



        
          
        

    

  


  

      

          @callback write(
  action :: :put | :delete,
  name :: String.t(),
  variant :: Image.Plug.Variant.t() | nil,
  options :: keyword()
) :: :ok | {:error, term()}


      


Writes a single variant change.
Called after every successful put or delete on the variant
store. Receives the action (:put or :delete), the variant
name, and either the new variant struct (for :put) or nil
(for :delete).
Returns
	:ok on success.

	{:error, reason} on failure. The store logs the error at
:warn but does not fail the originating CRUD call —
persistence is fire-and-forget.



  


        

      


  

    
Image.Plug.VariantStore.Persistence.File 
    



      
JSON-on-disk variant persistence backend.
Serialises variants as a single JSON file containing a top-level
array of variant objects:
[
  {
    "name": "thumbnail",
    "options": "width=200,height=200,fit=cover,format=webp",
    "metadata": {"description": "card thumbnail"},
    "never_require_signed_urls": false,
    "inserted_at": "2026-04-26T12:34:56Z",
    "updated_at": "2026-04-26T12:34:56Z"
  },
  ...
]
Whole-file rewrites on every write/4 (atomic via
write-temp-then-rename). Suitable for stores up to a few thousand
variants; for larger or higher-write-rate workloads, plug a
database-backed implementation in instead.
Configuration
variant_store: {Image.Plug.VariantStore.ETS, [
  persistence: {
    Image.Plug.VariantStore.Persistence.File,
    path: "/var/lib/image_plug/variants.json",
    provider: Image.Plug.Provider.Cloudflare  # default
  }
]}
Options
	:path (required) — absolute filesystem path. The directory
must exist; the file is created if absent.

	:provider — module used to re-parse persisted options
strings at load time. Defaults to
Image.Plug.Provider.Cloudflare.



      




  

    
Image.Plug.Cache 
    



      
HTTP-cache helpers used by Image.Plug.
This module is pure. It computes a stable ETag from the source's
etag_seed and the normalised pipeline's fingerprint, evaluates
If-None-Match for conditional GETs, and produces a default
Cache-Control directive.
The ETag is a strong validator computed as:
base64url(sha256(meta.etag_seed <> "|" <> pipeline_fingerprint <> "|" <> chosen_format))
Because the pipeline is normalised first, two URLs that differ
only in option order produce the same ETag — bandwidth-friendly
and cache-friendly.

      


      
        Summary


  
    Types
  


    
      
        cache_info()

      


        The shape returned by compute/3. The plug attaches these to the
conn before the body is sent.



    





  
    Functions
  


    
      
        compute(meta, pipeline, chosen_format)

      


        Computes cache headers for a given source meta + normalised
pipeline + chosen output format.



    


    
      
        fingerprint(pipeline)

      


        Computes a stable fingerprint for a normalised pipeline. Used by
etag/3 and exposed for tests.



    


    
      
        fresh?(conn, etag)

      


        Returns true when the request's If-None-Match header matches the
computed ETag (i.e. we should respond 304).



    





      


      
        Types


        


  
    
      
    
    
      cache_info()



        
          
        

    

  


  

      

          @type cache_info() :: %{
  :etag => String.t(),
  :cache_control => String.t(),
  optional(:last_modified) => DateTime.t(),
  optional(:vary) => [String.t()]
}


      


The shape returned by compute/3. The plug attaches these to the
conn before the body is sent.

  


        

      

      
        Functions


        


  
    
      
    
    
      compute(meta, pipeline, chosen_format)



        
          
        

    

  


  

      

          @spec compute(map(), Image.Plug.Pipeline.t(), atom()) :: cache_info()


      


Computes cache headers for a given source meta + normalised
pipeline + chosen output format.
Arguments
	meta is the Image.Plug.SourceResolver.meta map.

	pipeline is the (normalised) Image.Plug.Pipeline.

	chosen_format is an atom describing the actual output format
selected by the encoder (e.g. :webp even when the request was
format=auto). Caller passes this so that two requests choosing
different formats get different ETags.


Returns
	A cache_info/0 map.


  



  
    
      
    
    
      fingerprint(pipeline)



        
          
        

    

  


  

      

          @spec fingerprint(Image.Plug.Pipeline.t()) :: binary()


      


Computes a stable fingerprint for a normalised pipeline. Used by
etag/3 and exposed for tests.

  



  
    
      
    
    
      fresh?(conn, etag)



        
          
        

    

  


  

      

          @spec fresh?(Plug.Conn.t(), String.t()) :: boolean()


      


Returns true when the request's If-None-Match header matches the
computed ETag (i.e. we should respond 304).
Accepts the bare ETag form and the W/"..." weak form, since some
intermediaries strip the surrounding quotes.

  


        

      


  

    
Image.Plug.FaceAware 
    



      
Face-aware crop, zoom, and pixelation, gated on the optional
:image_vision
dependency.
This is the single seam between image_plug and
Image.FaceDetection. The interpreter calls
available?/0 to decide whether to do face-aware work or
fall back to today's saliency-based behaviour
(libvips' :attention crop). Without :image_vision in
the consumer's deps, every function in this module returns
{:error, :unavailable} and the interpreter routes around
it transparently.
Used by
	Resize{gravity: :face, face_zoom: ...} — pre-crops the
image to the most prominent face plus padding before the
regular thumbnail resize pass.

	PixelateFaces — detects faces and pixelates only those
regions, preserving the rest of the image.


Maps to Cloudflare face-zoom, ImageKit z-, Cloudinary
gravity=face / e_pixelate_faces, and imgix crop=faces.

      


      
        Summary


  
    Functions
  


    
      
        available?()

      


        Returns true if Image.FaceDetection is loaded — i.e. if
the consumer added :image_vision to their deps.



    


    
      
        face_crop(image, face_zoom)

      


        Crops the image to the largest detected face, expanded by
padding derived from face_zoom.



    


    
      
        pixelate_faces(image, scale)

      


        Pixelates the regions of an image occupied by detected
faces, leaving the rest of the image untouched.



    





      


      
        Functions


        


  
    
      
    
    
      available?()



        
          
        

    

  


  

      

          @spec available?() :: boolean()


      


Returns true if Image.FaceDetection is loaded — i.e. if
the consumer added :image_vision to their deps.
Cheap to call; checked on every Resize that asks for
gravity: :face.

  



  
    
      
    
    
      face_crop(image, face_zoom)



        
          
        

    

  


  

      

          @spec face_crop(Vix.Vips.Image.t(), float()) ::
  {:ok, Vix.Vips.Image.t()} | {:error, :no_face | :unavailable}


      


Crops the image to the largest detected face, expanded by
padding derived from face_zoom.
Arguments
	image is any Vix.Vips.Image.t/0.

	face_zoom is a float in [0.0, 1.0]:
	0.0 → loose crop with lots of context around the face
(padding = 1.0).
	1.0 → tight crop hugging the face bounding box
(padding = 0.0).
	0.6 (Cloudflare's default) → moderate zoom
(padding = 0.4).



Returns
	{:ok, cropped_image} on success.

	{:error, :no_face} if no face was detected at the
default confidence threshold.

	{:error, :unavailable} if Image.FaceDetection isn't
loaded.



  



  
    
      
    
    
      pixelate_faces(image, scale)



        
          
        

    

  


  

      

          @spec pixelate_faces(Vix.Vips.Image.t(), float()) ::
  {:ok, Vix.Vips.Image.t()} | {:error, :unavailable | term()}


      


Pixelates the regions of an image occupied by detected
faces, leaving the rest of the image untouched.
Used by Cloudinary's e_pixelate_faces.
Arguments
	image is any Vix.Vips.Image.t/0.

	scale is the pixelation scale factor (smaller =
chunkier blocks). Same convention as Image.pixelate/2.


Returns
	{:ok, image_with_pixelated_faces} on success — the
returned image has the same dimensions as the input.

	{:ok, image} (unchanged) when no faces are detected —
nothing to pixelate.

	{:error, :unavailable} if Image.FaceDetection isn't
loaded.

	{:error, reason} if Image.crop/4, Image.pixelate/2, or
Image.compose/3 fails when reconstructing the result.



  


        

      


  

    
Image.Plug.Options 
    



      
Validated, frozen configuration for Image.Plug.
Built once at compile/boot time by Image.Plug.init/1. The
request path then only reads struct fields.
Construct with new!/1. Direct struct construction is discouraged —
the validator enforces invariants such as "the provider module must
export parse/2" that are not visible from the struct shape alone.

      


      
        Summary


  
    Types
  


    
      
        module_with_options()

      


    


    
      
        signing_options()

      


        Signing configuration. nil disables signing entirely.



    


    
      
        t()

      


    





  
    Functions
  


    
      
        new!(options)

      


        Validates a keyword list and returns an Image.Plug.Options
struct.



    





      


      
        Types


        


  
    
      
    
    
      module_with_options()



        
          
        

    

  


  

      

          @type module_with_options() :: {module(), keyword()}


      



  



  
    
      
    
    
      signing_options()



        
          
        

    

  


  

      

          @type signing_options() ::
  nil | %{:keys => [String.t(), ...], optional(:required?) => boolean()}


      


Signing configuration. nil disables signing entirely.
When set, every request URL is verified against the configured
:keys list (HMAC-SHA256). When :required? is true, an
unsigned URL produces :signature_required. When :required? is
false, unsigned URLs pass through but a signed URL with an
invalid signature still 401s — defense in depth.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Image.Plug.Options{
  max_pixels: pos_integer(),
  on_error: Image.Plug.Pipeline.on_error(),
  provider: module(),
  provider_options: keyword(),
  request_timeout: pos_integer(),
  signing: signing_options(),
  source_resolver: module(),
  source_resolver_options: keyword(),
  telemetry_prefix: [atom(), ...],
  variant_store: module(),
  variant_store_options: keyword()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new!(options)



        
          
        

    

  


  

      

          @spec new!(keyword()) :: t()


      


Validates a keyword list and returns an Image.Plug.Options
struct.
Arguments
	options is a keyword list. The :provider and :source_resolver
keys are required. Each must be a {module, options} tuple.

Options
	:provider (required) — {module, options} for an
Image.Plug.Provider implementation.

	:source_resolver (required) — {module, options} for an
Image.Plug.SourceResolver implementation.

	:variant_store — {module, options} for an
Image.Plug.VariantStore implementation. Defaults to
{Image.Plug.VariantStore.ETS, []}.

	:on_error — error policy atom or {:status, code} tuple.
Defaults to :auto.

	:max_pixels — soft upper bound on the output pixel count.
Defaults to 25_000_000.

	:request_timeout — total per-request budget in milliseconds.
Defaults to 10_000.

	:telemetry_prefix — list of atoms prepended to telemetry event
names. Defaults to [:image_plug].


Returns
	An Image.Plug.Options struct.

Examples
iex> defmodule TestProv do
...>   @behaviour Image.Plug.Provider
...>   @impl true
...>   def parse(_conn, _options), do: {:error, Image.Plug.Error.new(:not_implemented, "test")}
...> end
iex> defmodule TestRes do
...>   @behaviour Image.Plug.SourceResolver
...>   @impl true
...>   def load(_source, _options), do: {:error, Image.Plug.Error.new(:not_implemented, "test")}
...> end
iex> options = Image.Plug.Options.new!(
...>   provider: {TestProv, []},
...>   source_resolver: {TestRes, []}
...> )
iex> options.provider
TestProv
iex> options.on_error
:auto

  


        

      


  

    
Image.Plug.Pipeline.Encoder 
    



      
Serialises a transformed Vix.Vips.Image into bytes for the HTTP
response.
Returns {:ok, body, content_type} where body is one of:
	{:stream, Enumerable.t()} — preferred. Backed by
Image.stream!/2, which wraps Vix.Vips.Image.write_to_stream/2
so libvips emits encoded bytes chunk-by-chunk.

	{:bytes, iodata()} — fallback for callers that need the
response fully buffered (HEAD requests, hosts that disable
chunked transfer, the format=json output).


Canonical streaming pipeline
The full source-to-client chain mirrors the canonical shape
documented in the
Image library's stream test suite:
path
|> File.stream!(2048, [])      # Image.Plug.SourceResolver.File
|> Image.open()                # ditto
|> ...transforms...            # Image.Plug.Pipeline.Interpreter
|> Image.stream!(suffix: ext)  # this module's `:stream` body
|> Enum.reduce_while(conn, fn chunk, conn ->
     case Plug.Conn.chunk(conn, chunk) do
       {:ok, conn}      -> {:cont, conn}
       {:error, :closed} -> {:halt, conn}
     end
   end)                        # Image.Plug.Plug.send_body/4
Image.write(image, conn, suffix: ext) does the chunked-write
loop internally and is functionally identical to that
reduce_while block. We keep the loop in our own plug so we
retain explicit control over the conn for header manipulation,
error fallbacks, and telemetry.
Format support
Supports JPEG (baseline + progressive), PNG, WebP, AVIF, TIFF,
JP2, GIF, PDF, the Accept-driven :auto selection, and the
small :json metadata endpoint.
AVIF fallback
If libvips lacks AVIF write support, requests for format=avif
encode to WebP and the response is tagged with the
x-image-plug-format-fallback: avif->webp header. The plug
forwards the header set by the encoder. Detection runs once at
application boot via Image.Plug.Capabilities.probe/0.

      


      
        Summary


  
    Types
  


    
      
        body()

      


        The encoded body. Streaming form is preferred; the bytes form is
used when buffering is requested or required.



    


    
      
        extra_headers()

      


        Optional response headers the plug should add. Keys are lowercase
binaries.



    





  
    Functions
  


    
      
        encode(image, format, encode_options \\ [])

      


        Encodes the working image according to the pipeline's Ops.Format.



    





      


      
        Types


        


  
    
      
    
    
      body()



        
          
        

    

  


  

      

          @type body() :: {:stream, Enumerable.t()} | {:bytes, iodata()}


      


The encoded body. Streaming form is preferred; the bytes form is
used when buffering is requested or required.

  



  
    
      
    
    
      extra_headers()



        
          
        

    

  


  

      

          @type extra_headers() :: [{String.t(), String.t()}]


      


Optional response headers the plug should add. Keys are lowercase
binaries.

  


        

      

      
        Functions


        


    

  
    
      
    
    
      encode(image, format, encode_options \\ [])



        
          
        

    

  


  

      

          @spec encode(Vix.Vips.Image.t(), Image.Plug.Pipeline.Ops.Format.t(), keyword()) ::
  {:ok, body(), String.t()}
  | {:ok, body(), String.t(), extra_headers()}
  | {:error, Image.Plug.Error.t()}


      


Encodes the working image according to the pipeline's Ops.Format.
Arguments
	image is the transformed Vix.Vips.Image.

	format is the pipeline's Image.Plug.Pipeline.Ops.Format
struct. The encoder reads :type, :quality, and :metadata.

	encode_options is a keyword list:


Options
	:buffer — :stream (default) or :bytes. Controls whether the
body is returned as a stream or as buffered iodata. The :json
output is always buffered regardless of this setting.

	:source_content_type — the source image's MIME type. Used by
the :auto selector as the final fallback when neither AVIF nor
WebP is acceptable.

	:accept — the request's Accept header value (a single string
or nil). Used by the :auto selector to negotiate the output
format.


Returns
	{:ok, body, content_type} on success.

	{:ok, body, content_type, extra_headers} when the encoder
needs to add response headers (currently only the AVIF fallback).

	{:error, %Image.Plug.Error{}} on encode failure.



  


        

      


  

    
Image.Plug.Pipeline.Interpreter 
    



      
Executes a normalised pipeline against an open Vix.Vips.Image.
The interpreter is a single Enum.reduce_while/3 over the op list
with one apply_op/2 clause per op kind. There is no implicit
reordering — Image.Plug.Pipeline.Normaliser runs first, so the
ops arrive in canonical order with no-ops already folded away.

      


      
        Summary


  
    Functions
  


    
      
        execute(pipeline, image, options \\ [])

      


        Runs the pipeline.



    





      


      
        Functions


        


    

  
    
      
    
    
      execute(pipeline, image, options \\ [])



        
          
        

    

  


  

      

          @spec execute(Image.Plug.Pipeline.t(), Vix.Vips.Image.t(), keyword()) ::
  {:ok, Vix.Vips.Image.t()} | {:error, Image.Plug.Error.t()}


      


Runs the pipeline.
Arguments
	pipeline is a normalised Image.Plug.Pipeline struct.

	image is an open Vix.Vips.Image.

	options is a keyword list of context the interpreter may
need for ops that reference external resources.


Options
	:resolve_layer_source — a 1-arity function
fn %Image.Plug.Source{} -> {:ok, Vix.Vips.Image.t()} | {:error, term()} end
used by the Image.Plug.Pipeline.Ops.Draw clause to fetch
overlay images. The plug passes a closure over its configured
Image.Plug.SourceResolver. If omitted and a Draw op is
encountered, the interpreter returns :invalid_option.

Returns
	{:ok, image} on success.

	{:error, %Image.Plug.Error{}} on the first failed op.



  


        

      


  

    
Image.Plug.Pipeline.Normaliser 
    



      
Reorders, folds, and validates a pipeline so that two requests with
the same semantic effect produce identical fingerprints — and so
that order-sensitive libvips operations land in a position where
they actually work.
Canonical operation order
Mirrors the order
Sharp
applies operations internally (Sharp wraps the same libvips
primitives this library uses). The order encodes years of
experience with libvips' constraints — most importantly that
resize must run early enough to benefit from libvips'
shrink-on-load fast path, and that operations like blur, sharpen,
and modulate must run in a specific bracket around resize.
The ordering this module enforces:
	%Trim{} — trim has to run before resize so the resize sees
only the meaningful pixels.

	%Background{} — flatten alpha against the chosen background
before any colour-shifting op runs.

	%Resize{} — runs as early as possible so libvips can
shrink-on-load.

	%Rotate{} and %Flip{} — Cloudflare's rotate is free-angle
and runs post-resize.

	%Border{} — embedded after resize because it grows the canvas.

	%Adjust{} — Sharp's "modulate" stage. Runs after geometry
so the new pixels participate in tone shifts.

	%Colorspace{} — runs after %Adjust{} (whose multipliers
expect RGB) and before %ReplaceColor{} (whose chroma-key
match operates on the post-conversion bytes).

	%ReplaceColor{} — colour-substitution. Runs after Adjust so
tone shifts on the source colour have already settled, and
before the sigma-based ops so blur/sharpen operate on the
post-replace pixels.

	%Blur{} — Sharp explicitly runs blur before sharpen.

	%Sharpen{}.

	%Draw{} — composite layers go on top of the finished base.

	%Pipeline.Ops.Segment{} — placeholder; ordered last for now.


Cardinality
These ops must appear at most once per pipeline. The provider's
options parser already de-duplicates per request, but the
normaliser is the source of truth so any future programmatic
pipeline-builder gets the same guarantee:
	Resize, Trim, Flip, Rotate, Background, Border,
Adjust, Colorspace, ReplaceColor, Sharpen, Blur,
Segment.

Draw may appear at most once but holds an arbitrary list of
layers internally, so multiple overlay requests collapse onto
layers of one Draw op.
No-op folding
Drops ops whose fields make them semantically inert:
	%Resize{width: nil, height: nil}

	%Rotate{angle: 0}

	%Flip{direction: nil}

	%Adjust{} with every multiplier 1.0

	%Sharpen{sigma: 0}, %Blur{sigma: 0}

	%Border{} with every side 0

	%Trim{mode: :explicit} with every side 0


Idempotence
normalise(normalise(p)) == normalise(p) for every input.
Errors
Returns {:error, %Image.Plug.Error{tag: :invalid_option}} when
the pipeline contains more than one of an op kind that must be
unique.

      


      
        Summary


  
    Functions
  


    
      
        normalise(pipeline)

      


        Normalises a pipeline. See the moduledoc for the rules applied.
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      normalise(pipeline)



        
          
        

    

  


  

      

          @spec normalise(Image.Plug.Pipeline.t()) ::
  {:ok, Image.Plug.Pipeline.t()} | {:error, Image.Plug.Error.t()}


      


Normalises a pipeline. See the moduledoc for the rules applied.
Arguments
	pipeline is an Image.Plug.Pipeline struct.

Returns
	{:ok, pipeline} on success.

	{:error, %Image.Plug.Error{tag: :invalid_option}} on a
cardinality violation.


Examples
iex> alias Image.Plug.Pipeline
iex> alias Image.Plug.Pipeline.Ops.{Resize, Rotate, Sharpen}
iex> p =
...>   Pipeline.new()
...>   |> Pipeline.append(%Sharpen{sigma: 1.0})
...>   |> Pipeline.append(%Resize{width: 200})
...>   |> Pipeline.append(%Rotate{angle: 90})
iex> {:ok, normalised} = Image.Plug.Pipeline.Normaliser.normalise(p)
iex> Enum.map(normalised.ops, & &1.__struct__)
[Image.Plug.Pipeline.Ops.Resize,
 Image.Plug.Pipeline.Ops.Rotate,
 Image.Plug.Pipeline.Ops.Sharpen]

  


        

      


  

    
Image.Plug.Provider.Cloudinary 
    



      
Cloudinary URL provider.
Wires Image.Plug.Provider.Cloudinary.URL (URL recognition),
Image.Plug.Provider.Cloudinary.Signing (optional HMAC verification),
and Image.Plug.Provider.Cloudinary.Options (option parsing) into
the Image.Plug.Provider behaviour.
Mount under any path. The expected URL shape is:
<mount>/<account>/image/<delivery>/[s--<sig>--/]<transforms>/<source>
where <transforms> may be a single comma-separated stage or
multiple stages joined with / (v0.1 flattens multiple stages
into one).
Options
	:mount — string path prefix the plug is mounted under.
Stripped before treating the rest as the cloudinary path.
Defaults to "".

	:account — when set, asserts the URL's account segment
matches this value. When nil (default), any account is
accepted.

	:strict? — true (default) rejects unknown cloudinary option
keys with :unknown_option. false logs and ignores them.

	:signing — nil (default; no signing) or
%{keys: [...], required?: bool}. When set, every request URL
must carry a valid s--<sig>-- segment. Wire format matches
Cloudinary's hosted signed URLs (SHA-256, 32 url-safe-base64
characters). See Image.Plug.Provider.Cloudinary.Signing.


Conformance
See guides/cloudinary_conformance.md for the per-option support
matrix and the documented gaps.

      




  

    
Image.Plug.Provider.Cloudinary.Options 
    



      
Parses a Cloudinary transform string
into a canonical Image.Plug.Pipeline.
Cloudinary's transform vocabulary is large (~100+ keys). v0.1
implements the common subset that maps cleanly onto the canonical
IR:
	Sizing: w_, h_, dpr_, c_ (crop mode), g_ (gravity),
x_ / y_ (focal point — derived together with g_xy_center).

	Output: q_, f_.

	Effects: b_ (background), e_blur:, e_sharpen:,
e_brightness:, e_contrast:, e_saturation:, e_gamma:.

	Geometry: a_ (rotate, multiples of 90), e_grayscale (treated
as Adjust{saturation: 0.0}), bo_ (border bo_<W>px_solid_<color>).

	Overlays: l_<public-id> (single-layer base form).


Multiple transform stages (w_200,c_fill/e_blur:300/) are
flattened by the URL recogniser into a single comma-joined string;
this parser then walks them as one set. The canonical IR doesn't
model chained transforms in v0.1, so order-dependent multi-stage
recipes (sharpen → resize → sharpen) collapse to last-write-wins.
This is documented in guides/cloudinary_conformance.md.
Cloudinary-only features that don't fit the canonical IR
(e_vignette, e_pixelate, e_cartoonify, e_replace_color,
e_fade, cs_srgb, named transformations t_<name>) raise
:unsupported_option so users learn early.

      


      
        Summary


  
    Functions
  


    
      
        parse(transform_string, parser_options \\ [])

      


        Parses a Cloudinary transform string into an Image.Plug.Pipeline.
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      parse(transform_string, parser_options \\ [])



        
          
        

    

  


  

      

          @spec parse(
  String.t(),
  keyword()
) :: {:ok, Image.Plug.Pipeline.t()} | {:error, Image.Plug.Error.t()}


      


Parses a Cloudinary transform string into an Image.Plug.Pipeline.
Arguments
	transform_string — the comma-joined transform string emitted
by Image.Plug.Provider.Cloudinary.URL (multiple stages are
pre-flattened to one comma-separated list).

	parser_options — keyword list. :strict? (default true)
controls whether unknown keys raise.


Returns
	{:ok, pipeline} on success.

	{:error, %Image.Plug.Error{}} on the first malformed entry.


Examples
iex> alias Image.Plug.Provider.Cloudinary.Options
iex> {:ok, pipeline} = Options.parse("w_200,c_fill,f_webp,q_80")
iex> [resize] = pipeline.ops
iex> {resize.width, resize.fit}
{200, :cover}
iex> pipeline.output.type
:webp

  


        

      


  

    
Image.Plug.Provider.Cloudinary.Signing 
    



      
Cloudinary-flavoured URL signing.
Per Cloudinary's docs:
	SHA-256 (modern, default) over the canonical-string <transforms>/<public-id><api-secret>.
	Signature appears as a path segment s--<base64url-truncated>--
inserted between the delivery type (upload) and the first
transform stage.
	Cloudinary truncates the SHA-256 digest to 32 url-safe-base64
characters by default. We follow that convention; longer
signatures are rejected as invalid even if the prefix matches.

v0.1 ships SHA-256 only. Cloudinary's older SHA-1 scheme (8-char
signature, no -- delimiters around the segment) is not
supported — open an issue if you need it.
Sign and verify share the same wire format. The module mirrors
Image.Plug.Signing's public API so it's a drop-in alternative
when configuring the Cloudinary provider.

      


      
        Summary


  
    Functions
  


    
      
        sign(path, keys, options \\ [])

      


        Signs a Cloudinary path with the first key in keys.



    


    
      
        split_at_delivery(path)

      


        Splits a Cloudinary path into {prefix, transforms_and_source}
where prefix is /<account>/<resource-type>/<delivery> and the
remainder is the rest of the path with no leading /.



    


    
      
        verify(path, keys, options \\ [])

      


        Verifies the signature on a Cloudinary path.
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      sign(path, keys, options \\ [])



        
          
        

    

  


  

      

          @spec sign(String.t(), [String.t(), ...], keyword()) :: String.t()


      


Signs a Cloudinary path with the first key in keys.
Arguments
	path is the path-and-query of a Cloudinary URL without an
s--<sig>-- segment. The signer inserts the segment between
<delivery> (e.g. upload) and the first transform stage.

	keys is a non-empty list of API secrets.


Options
	:expires_at — currently unused. Cloudinary's signed-URL flow
relies on path-bound signatures rather than a per-URL expiry
parameter; expirations live on the API-secret rotation cycle.

Returns
The signed path.
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          @spec split_at_delivery(String.t()) :: {String.t(), String.t()}


      


Splits a Cloudinary path into {prefix, transforms_and_source}
where prefix is /<account>/<resource-type>/<delivery> and the
remainder is the rest of the path with no leading /.
Used by both signing and verification to canonicalise.

  



    

  
    
      
    
    
      verify(path, keys, options \\ [])



        
          
        

    

  


  

      

          @spec verify(String.t(), [String.t(), ...], keyword()) ::
  :ok | {:error, Image.Plug.Error.t()}


      


Verifies the signature on a Cloudinary path.
Returns :ok or an Image.Plug.Error with one of
:signature_required, :invalid_signature.
Options
	:required? — when true, missing s--<sig>-- segment produces
:signature_required. Default false.


  


        

      


  

    
Image.Plug.Provider.Cloudinary.URL 
    



      
URL-shape recognition for the Cloudinary delivery URL grammar.
Cloudinary URLs have the shape:
<host>/<account>/<resource-type>/<delivery>/[<signature>/]<transforms>/<source>
with:
	<account> — the cloud name (e.g. demo).
	<resource-type> — image, video, raw. v0.1 supports image.
	<delivery> — upload, fetch, private, authenticated, sprite,
facebook, etc. v0.1 recognises any value but only upload and
fetch are exercised by tests.
	<signature> — optional s--<hex>-- segment for signed URLs.
	<transforms> — zero or more comma-separated transform stages,
each separated by /. v0.1 collapses multi-stage transforms by
concatenating with commas; the canonical IR doesn't model chained
transforms as v0.1.
	<source> — the public id (with extension); for delivery=fetch
it's a percent-encoded HTTPS URL.

Unlike imgix and Cloudflare, Cloudinary embeds account + delivery
segments in the path, so the recogniser strips them before reaching
the source.

      


      
        Summary


  
    Types
  


    
      
        recognised()

      


        The recognised URL shape.



    





  
    Functions
  


    
      
        parse(conn, options)

      


        Parses the request path of a Plug.Conn into a recognised URL shape.



    





      


      
        Types


        


  
    
      
    
    
      recognised()



        
          
        

    

  


  

      

          @type recognised() :: %{
  shape: :cloudinary,
  options: String.t(),
  source: Image.Plug.Source.t(),
  account: String.t() | nil,
  resource_type: String.t(),
  delivery: String.t(),
  signature: String.t() | nil
}


      


The recognised URL shape.
	:options is the joined transform string (multiple stages comma-
flattened) and may be empty.

	:source is the resolved source.

	:account, :resource_type, :delivery, :signature are the
parsed path segments. Used by the wiring module to verify
signatures and to reconstruct the canonical-string for HMAC
verification.



  


        

      

      
        Functions


        


  
    
      
    
    
      parse(conn, options)



        
          
        

    

  


  

      

          @spec parse(
  Plug.Conn.t(),
  keyword()
) :: {:ok, recognised()} | {:error, Image.Plug.Error.t()}


      


Parses the request path of a Plug.Conn into a recognised URL shape.
Arguments
	conn is a Plug.Conn struct.

	options is a keyword list. The following keys are honoured:


Options
	:mount — string path prefix the plug is mounted under. Stripped
before treating the rest as the cloudinary path. Defaults to "".

	:account — when set, asserts the URL's account segment matches
this value. When nil (default), any account is accepted and
the parsed value is reported in the recognised shape.


Returns
	{:ok, recognised} on a successful match.

	{:error, %Image.Plug.Error{tag: :malformed_url}} when the path
doesn't sit under the mount or has too few segments.


Examples
iex> conn = %Plug.Conn{
...>   path_info: ["demo", "image", "upload", "w_200,c_fill", "sample.jpg"],
...>   request_path: "/demo/image/upload/w_200,c_fill/sample.jpg",
...>   query_string: ""
...> }
iex> {:ok, parsed} = Image.Plug.Provider.Cloudinary.URL.parse(conn, [])
iex> parsed.options
"w_200,c_fill"
iex> parsed.delivery
"upload"
iex> parsed.source.ref
"/sample.jpg"

  


        

      


  

    
Image.Plug.Provider.IIIF 
    



      
IIIF Image API 3.0 URL provider.
Recognises and parses the IIIF Image API URL form into the canonical
Image.Plug.Pipeline IR. Targets Compliance Level 2,
the level most production servers implement.
URL form
<mount>/<endpoint>/<identifier>/<region>/<size>/<rotation>/<quality>.<format>
Where:
	<mount> is whatever path prefix the plug is forward-mounted at
in the host's router. Stripped before recognition.

	<endpoint> is an optional per-server prefix segment (e.g. iiif/3
for a vanilla deployment, image for Wellcome Collection's server).
Configured via the provider's :endpoint option.

	<identifier> is the source asset's identifier — typically a
filename or content-addressed key. Percent-encoded; %2F separates
sub-paths within the identifier.

	<region> is full | square | <x,y,w,h> | pct:<x,y,w,h>.

	<size> is max | ^max | <w>, | ,<h> | <w>,<h> |
!<w>,<h> | pct:<n> and any of those forms with the ^ upscale
prefix.

	<rotation> is any number 0..360, optionally prefixed with !
for mirror-then-rotate. Decimal angles are accepted.

	<quality> is default | color | gray | bitonal.

	<format> is jpg | png | gif | webp | tif | jp2 | pdf.


Two endpoints are also defined by the spec:
	<mount>/<endpoint>/<identifier>/info.json — the discovery
document. Handled by Image.Plug.Provider.IIIF.InfoJson (Phase 4).

	<mount>/<endpoint>/<identifier> — bare identifier; the spec
requires a 303 See Other redirect to the info.json. Currently
returns :malformed_url; the redirect is on the roadmap.


Options
	:mount — string path prefix this plug is mounted under.
Defaults to "". Stripped from path_info before parsing.

	:endpoint — additional path segment between mount and
identifier. Defaults to "iiif/3" (matching the IIIF reference
server convention). Set to "" for servers that publish at the
mount root.

	:strict? — if true (default), unknown URL segments produce
an :malformed_url error. If false, the parser is more
permissive — useful while migrating older Image API 2.x URLs.


Compliance
Level 2 of the IIIF Image API 3.0 spec. The full compliance matrix
ships in guides/iiif_conformance.md. Notable deliberate gaps:
	The square region form parses to a centred square crop using
Image.Plug.Pipeline.Ops.Crop with computed pixel coordinates.
Servers serve images from their own info.json; since this
provider ships its own info doc (Phase 4), the computation is
self-consistent.

	The mirror-then-rotate form (!N) parses into a Rotate op but
the leading mirror is silently dropped. A Flip op for that
case is on the roadmap.



      




  

    
Image.Plug.Provider.IIIF.InfoJson 
    



      
Builds the IIIF Image API 3.0 Image Information document
(info.json) for a given source.
The info document describes what the server can do with this
particular image: its full pixel dimensions, the qualities and
formats it can deliver, the spec features it supports, and the
compliance level. Clients fetch info.json before issuing any
image request to learn what URLs they're allowed to construct.
This module is invoked by Image.Plug when an IIIF provider
recognises an info.json request. The provider tags the request
with :json output; the plug routes to build/2 instead of the
normal pipeline interpreter.
Compliance
Targets IIIF Image API 3.0 Compliance Level 2.
The advertised extraFeatures, extraQualities, and extraFormats
reflect what Image.Plug.Provider.IIIF.Options can parse and what
Image.Plug.Capabilities confirms libvips can encode.

      


      
        Summary


  
    Functions
  


    
      
        build(id, arg)

      


        Builds an info.json map for the given source dimensions.



    





      


      
        Functions


        


  
    
      
    
    
      build(id, arg)



        
          
        

    

  


  

      

          @spec build(
  String.t(),
  {pos_integer(), pos_integer()}
) :: map()


      


Builds an info.json map for the given source dimensions.
Arguments
	id is the absolute URL the info.json document is served from
without the trailing /info.json segment. Per the spec, this
is the image's canonical identifier URL.

	dimensions is {width, height} of the source image, in
pixels.


Returns
	A plain Elixir map ready to be serialised with :json.encode/1.

Examples
iex> info = Image.Plug.Provider.IIIF.InfoJson.build(
...>   "https://iiif.example.org/iiif/3/cat.jpg",
...>   {1024, 768}
...> )
iex> info["@context"]
"http://iiif.io/api/image/3/context.json"
iex> info["width"]
1024
iex> info["height"]
768
iex> info["protocol"]
"http://iiif.io/api/image"

  


        

      


  

    
Image.Plug.Provider.IIIF.Options 
    



      
Parses the four IIIF Image API 3.0 option segments
(region / size / rotation / quality.format) into a canonical
Image.Plug.Pipeline.
Inverse of Image.Components.URL.iiif/2. Targets Compliance Level
2 of the Image API 3.0
specification.
Built incrementally over Phases 3b–3d:
	3b — region: full | square | <x,y,w,h> | pct:<x,y,w,h>.

	3c — size: max | ^max | <w>, | ,<h> | <w>,<h> |
!<w>,<h> | pct:<n> plus ^ upscale prefixes.

	3d — rotation, quality, format.


      


      
        Summary


  
    Functions
  


    
      
        parse(arg, parser_options \\ [])

      


        Parses the four IIIF option segments into a Pipeline.
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      parse(arg, parser_options \\ [])



        
          
        

    

  


  

      

          @spec parse(
  {String.t(), String.t(), String.t(), String.t()},
  keyword()
) :: {:ok, Image.Plug.Pipeline.t()} | {:error, Image.Plug.Error.t()}


      


Parses the four IIIF option segments into a Pipeline.
Arguments
	segments is a {region, size, rotation, quality_dot_format}
four-tuple of strings, exactly as produced by
Image.Plug.Provider.IIIF.URL.parse/2.

	parser_options is a keyword list. :strict? (default true)
rejects malformed segments; with :strict? set to false,
unrecognised segments are reported with Logger.warning/1 and
treated as their respective no-op (full / max / 0 / default).


Returns
	{:ok, pipeline} on success.

	{:error, %Image.Plug.Error{}} on the first malformed segment.



  


        

      


  

    
Image.Plug.Provider.IIIF.URL 
    



      
Recognises IIIF Image API 3.0
URL forms in Plug.Conn.path_info and returns a structured result
the higher-level provider dispatches on.
Two forms are recognised:
	<mount>/<endpoint>/<identifier>/info.json — the IIIF discovery
document. Tagged :info_json in the result; the provider routes
these to the Format{type: :json} encoder path.

	<mount>/<endpoint>/<identifier>/<region>/<size>/<rotation>/<quality>.<format>
— the standard image URL. Tagged :image; the provider hands the
five option segments to Image.Plug.Provider.IIIF.Options.parse/2.


Configuration
	:mount — string path prefix this plug is mounted under;
stripped before parsing. Defaults to "".

	:endpoint — the IIIF version-prefix segment (e.g. "iiif/3",
"image", or "" for servers that publish at the mount root).
Defaults to "iiif/3".



      


      
        Summary


  
    Types
  


    
      
        recognised()

      


        The recognised URL shape.



    





  
    Functions
  


    
      
        parse(conn, options)

      


        Parses the request path into a recognised IIIF URL shape.
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          @type recognised() :: %{
  :kind => :image | :info_json,
  :source => Image.Plug.Source.t(),
  optional(:options_segments) =>
    {String.t(), String.t(), String.t(), String.t()}
}


      


The recognised URL shape.
	:kind is :image or :info_json.

	:source is the resolved Image.Plug.Source for the asset.

	:options_segments (only for :kind == :image) is the four-tuple
{region, size, rotation, quality_dot_format} extracted from the
URL — left to Image.Plug.Provider.IIIF.Options.parse/2 to decode.
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      parse(conn, options)



        
          
        

    

  


  

      

          @spec parse(
  Plug.Conn.t(),
  keyword()
) :: {:ok, recognised()} | {:error, Image.Plug.Error.t()}


      


Parses the request path into a recognised IIIF URL shape.
Arguments
	conn is a Plug.Conn. Only path_info is read.

	options is a keyword list — see the Options section.


Options
	:mount — see the moduledoc.

	:endpoint — see the moduledoc.


Returns
	{:ok, recognised} on a successful match.

	{:error, %Image.Plug.Error{}} when the path doesn't match any
IIIF form.


Examples
iex> conn = %Plug.Conn{path_info: ["iiif", "3", "cat.jpg", "full", "max", "0", "default.jpg"]}
iex> {:ok, parsed} = Image.Plug.Provider.IIIF.URL.parse(conn, [])
iex> parsed.kind
:image

iex> conn = %Plug.Conn{path_info: ["iiif", "3", "cat.jpg", "info.json"]}
iex> {:ok, parsed} = Image.Plug.Provider.IIIF.URL.parse(conn, [])
iex> parsed.kind
:info_json

  


        

      


  

    
Image.Plug.Provider.ImageKit 
    



      
ImageKit URL provider.
Wires Image.Plug.Provider.ImageKit.URL (URL recognition),
Image.Plug.Provider.ImageKit.Signing (optional HMAC verification),
and Image.Plug.Provider.ImageKit.Options (option parsing) into
the Image.Plug.Provider behaviour.
Mount under any path (typically the root of an imagekit-style
domain or behind a per-account endpoint segment).
Options
	:mount — string path prefix the plug is mounted under.
Stripped before processing. Defaults to "".

	:endpoint — additional path prefix to strip after :mount.
ImageKit URLs commonly include a per-account endpoint segment
(e.g. /your_imagekit_id/). Defaults to "".

	:strict? — true (default) rejects unknown ImageKit option
keys with :unknown_option. false logs and ignores them.

	:signing — nil (default; no signing) or
%{keys: [...], required?: bool}. When set, every request URL
must carry a valid ?ik-s=<hex> parameter. Wire format matches
ImageKit's hosted signed URLs (HMAC-SHA1, hex-encoded). See
Image.Plug.Provider.ImageKit.Signing.


URL forms recognised
	<mount>/<endpoint>/tr:<transforms>/<source> — path-prefix
transforms.

	<mount>/<endpoint>/<source>?tr=<transforms> — query-string
transforms.


Conformance
See guides/image_kit_conformance.md for the per-option support
matrix and the documented gaps.

      




  

    
Image.Plug.Provider.ImageKit.Options 
    



      
Parses an ImageKit transform string
into a canonical Image.Plug.Pipeline.
ImageKit's transform vocabulary is medium-sized (~50 keys). v0.1
implements the common subset that maps cleanly onto the canonical
IR:
	Sizing: w, h, dpr, c / cm (crop mode), fo (focus =
gravity), x / y (focal point — derived together with
fo-custom or fo-xy_center).

	Output: q, f.

	Effects: bg (background), e-blur, e-sharpen, e-contrast,
e-grayscale, e-usm (unsharp mask).

	Geometry: rt (rotate, multiples of 90), b (border
b-<W>-<color>).

	Overlays: oi (overlay-image base form).


Multiple chained transform stages (tr:w-200:rt-90) are flattened
to a single comma-joined list by the URL recogniser. The canonical
IR doesn't model chained transforms in v0.1, so order-dependent
multi-stage recipes collapse to last-write-wins. Documented in
guides/image_kit_conformance.md.
ImageKit-only features that don't fit the canonical IR
(e-shadow, e-gradient, AI tags) raise :unsupported_option.

      


      
        Summary


  
    Functions
  


    
      
        parse(transform_string, parser_options \\ [])

      


        Parses an ImageKit transform string into an Image.Plug.Pipeline.
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      parse(transform_string, parser_options \\ [])



        
          
        

    

  


  

      

          @spec parse(
  String.t(),
  keyword()
) :: {:ok, Image.Plug.Pipeline.t()} | {:error, Image.Plug.Error.t()}


      


Parses an ImageKit transform string into an Image.Plug.Pipeline.
Arguments
	transform_string — the comma-joined transform string emitted
by Image.Plug.Provider.ImageKit.URL (multiple stages already
flattened to one comma-separated list).

	parser_options — keyword list. :strict? (default true)
controls whether unknown keys raise.


Returns
	{:ok, pipeline} on success.

	{:error, %Image.Plug.Error{}} on the first malformed entry.


Examples
iex> alias Image.Plug.Provider.ImageKit.Options
iex> {:ok, pipeline} = Options.parse("w-200,c-extract,f-webp,q-80")
iex> [resize] = pipeline.ops
iex> {resize.width, resize.fit}
{200, :crop}
iex> pipeline.output.type
:webp

  


        

      


  

    
Image.Plug.Provider.ImageKit.Signing 
    



      
ImageKit-flavoured HMAC URL signing.
Per ImageKit's docs:
	HMAC-SHA1 over the canonical-string <path-without-host><expiry-or-empty>
where <path-without-host> is the request path-and-query
excluding the ik-s parameter and <expiry-or-empty> is
the value of the ik-t parameter (or empty when absent).

	Hex digest, lowercase.

	Parameters: appended as ik-s=<hex> and optionally
ik-t=<unix-seconds>.


v0.1 ships HMAC-SHA1 (matching ImageKit's documented default).

      


      
        Summary


  
    Functions
  


    
      
        sign(path_with_query, keys, options \\ [])

      


        Signs path_with_query (a request path, optionally with a query
string) using the first key in keys. Returns the path with
?ik-s=<hex> (or &ik-s=<hex> if a query is already present)
appended.



    


    
      
        verify(path_with_query, keys, options \\ [])

      


        Verifies the signature on path_with_query.
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      sign(path_with_query, keys, options \\ [])



        
          
        

    

  


  

      

          @spec sign(String.t(), [String.t(), ...], keyword()) :: String.t()


      


Signs path_with_query (a request path, optionally with a query
string) using the first key in keys. Returns the path with
?ik-s=<hex> (or &ik-s=<hex> if a query is already present)
appended.
Options
	:expires_at — DateTime or unix-seconds. Adds an
ik-t=<unix> parameter; the verifier rejects after that time.


  



    

  
    
      
    
    
      verify(path_with_query, keys, options \\ [])



        
          
        

    

  


  

      

          @spec verify(String.t(), [String.t(), ...], keyword()) ::
  :ok | {:error, Image.Plug.Error.t()}


      


Verifies the signature on path_with_query.
Returns :ok or an Image.Plug.Error with one of
:signature_required, :invalid_signature, :signature_expired.
Options
	:required? — when true, missing ?ik-s= produces
:signature_required. Default false.

	:now — current unix-seconds for expiry comparison.
Defaults to System.system_time(:second). Test-only override.



  


        

      


  

    
Image.Plug.Provider.ImageKit.URL 
    



      
URL-shape recognition for the ImageKit URL grammar.
ImageKit supports two URL forms; both are recognised:
	Path-prefix (default and most common):
<host>/<endpoint>/tr:<transforms>/<source>
where <transforms> is a comma-separated list of key-value
pairs (e.g. w-200,h-100,q-80). Multi-stage chained transforms
use : as the stage separator: tr:w-200,h-100:rt-90.

	Query-string:
<host>/<endpoint>/<source>?tr=<transforms>


Both forms are equivalent on inbound. v0.1 flattens multi-stage
chained transforms by joining stages with , (the canonical IR
doesn't model chained transforms).

      


      
        Summary


  
    Types
  


    
      
        recognised()

      


        The recognised URL shape.



    





  
    Functions
  


    
      
        parse(conn, options)

      


        Parses the request path of a Plug.Conn into a recognised URL shape.
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          @type recognised() :: %{
  shape: :image_kit,
  options: String.t(),
  source: Image.Plug.Source.t()
}


      


The recognised URL shape.
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      parse(conn, options)



        
          
        

    

  


  

      

          @spec parse(
  Plug.Conn.t(),
  keyword()
) :: {:ok, recognised()} | {:error, Image.Plug.Error.t()}


      


Parses the request path of a Plug.Conn into a recognised URL shape.
Arguments
	conn is a Plug.Conn struct.

	options is a keyword list. The following keys are honoured:


Options
	:mount — string path prefix the plug is mounted under.
Stripped before processing. Defaults to "".

	:endpoint — additional path prefix to strip after :mount.
ImageKit URLs commonly include a per-account endpoint segment
(e.g. /your_imagekit_id/). Defaults to "".


Returns
	{:ok, recognised} on a successful match.

	{:error, %Image.Plug.Error{tag: :malformed_url}} when the path
doesn't sit under the configured mount/endpoint or has no
source segment.


Examples
iex> conn = %Plug.Conn{
...>   path_info: ["tr:w-200,h-100", "sample.jpg"],
...>   request_path: "/tr:w-200,h-100/sample.jpg",
...>   query_string: ""
...> }
iex> {:ok, parsed} = Image.Plug.Provider.ImageKit.URL.parse(conn, [])
iex> parsed.options
"w-200,h-100"
iex> parsed.source.ref
"/sample.jpg"

  


        

      


  

    
Image.Plug.Provider.Imgix 
    



      
Imgix URL provider.
Wires Image.Plug.Provider.Imgix.URL (URL recognition),
Image.Plug.Provider.Imgix.Signing (optional HMAC verification),
and Image.Plug.Provider.Imgix.Options (option parsing) into the
Image.Plug.Provider behaviour.
Mount under any path (typically the root of an imgix-style
subdomain). Every request under the mount is treated as a
transform request whose options come from the query string.
Options
	:mount — string path prefix the plug is mounted under.
Stripped before treating the rest as the source path. Defaults
to "".

	:strict? — true (default) rejects unknown imgix option
keys with :unknown_option. false logs and ignores them.

	:signing — nil (default; no signing) or
%{keys: [...], required?: bool}. When set, every request
URL must carry a valid ?s=<hex> parameter. Wire format
matches imgix's hosted signed URLs. See
Image.Plug.Provider.Imgix.Signing.


URL forms recognised
	<mount>/<source-path>?<options> — web-folder source.

	<mount>/<percent-encoded-https-url>?<options> — web-proxy
source.


Conformance
See guides/imgix_conformance.md for the per-option support
matrix and the documented gaps.

      




  

    
Image.Plug.Provider.Imgix.Options 
    



      
Parses an imgix
query string into a canonical Image.Plug.Pipeline.
Imgix exposes ~80 documented parameters. v0.1 implements the
common subset that maps cleanly onto the canonical IR:
	Sizing: w, h, dpr, fit, crop, fp-x, fp-y.

	Output: q, fm, auto (multi-value format,compress).

	Effects: bg, blur, sharp, bri, con, sat, gam.

	Geometry: flip, rot, trim, trimcolor, border.

	Overlays: mark, mark-w, mark-h, mark-x, mark-y,
mark-fit, mark-rot.

	Signing: s, expires — handled by
Image.Plug.Provider.Imgix.Signing, not here.


Unknown keys raise :unknown_option by default; pass
strict?: false to log and ignore.
Custom-ICC colourspaces (cs=adobergb1998, cs=appleRGB, etc.)
return :unsupported_option — the parser does not synthesise
those from URL strings. Construct an Ops.IccTransform{profile, intent} op directly, or wire an application-level alias map.
See guides/imgix_conformance.md for the per-option matrix.
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    Functions
  


    
      
        parse(query_string, parser_options \\ [])

      


        Parses an imgix query string into an Image.Plug.Pipeline.
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      parse(query_string, parser_options \\ [])



        
          
        

    

  


  

      

          @spec parse(
  String.t(),
  keyword()
) :: {:ok, Image.Plug.Pipeline.t()} | {:error, Image.Plug.Error.t()}


      


Parses an imgix query string into an Image.Plug.Pipeline.
Arguments
	query_string — the raw query string (no leading ?).

	parser_options — keyword list. :strict? (default true)
controls whether unknown keys raise.


Returns
	{:ok, pipeline} on success.

	{:error, %Image.Plug.Error{}} on the first malformed entry.


Examples
iex> alias Image.Plug.Provider.Imgix.Options
iex> {:ok, pipeline} = Options.parse("w=200&fit=crop&fm=webp&q=80")
iex> [resize] = pipeline.ops
iex> {resize.width, resize.fit}
{200, :cover}
iex> pipeline.output.type
:webp

  


        

      


  

    
Image.Plug.Provider.Imgix.Signing 
    



      
Imgix-flavoured HMAC URL signing.
Per imgix's docs:
	HMAC-SHA256 (we ship SHA-256 only; SHA-1 is not supported).
	Payload: secret <> path <> "?" <> query where the query
excludes the s parameter. When the query is empty the
payload is secret <> path with no trailing ?.
	Hex digest, lowercase.
	Parameter: appended as s=<hex>.

Differences from Image.Plug.Signing (Cloudflare-flavoured):
	Parameter name: s vs Cloudflare's sig. Imgix's choice
matches what the imgix CDN itself uses; matters for wire-
format compatibility with imgix's own URLs.

	Canonical-string rule: imgix prepends the secret to the
payload; Cloudflare uses the secret as the HMAC key only.


Sign and verify share the same wire format, so a URL signed by
sign/3 verifies under verify/3 with the same key. The
module mirrors Image.Plug.Signing's public API so it's a
drop-in alternative when configuring the imgix provider.

      


      
        Summary


  
    Functions
  


    
      
        sign(path_with_query, keys, options \\ [])

      


        Signs path_with_query (a request path, optionally with a query
string) using the first key in keys. Returns the path with
?s=<hex> (or &s=<hex> if a query is already present)
appended.



    


    
      
        verify(path_with_query, keys, options \\ [])

      


        Verifies the signature on path_with_query.
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      sign(path_with_query, keys, options \\ [])



        
          
        

    

  


  

      

          @spec sign(String.t(), [String.t(), ...], keyword()) :: String.t()


      


Signs path_with_query (a request path, optionally with a query
string) using the first key in keys. Returns the path with
?s=<hex> (or &s=<hex> if a query is already present)
appended.
Options
	:expires_at — DateTime or unix-seconds. Adds an
expires=<unix> parameter; the verifier rejects after that
time.


  



    

  
    
      
    
    
      verify(path_with_query, keys, options \\ [])



        
          
        

    

  


  

      

          @spec verify(String.t(), [String.t(), ...], keyword()) ::
  :ok | {:error, Image.Plug.Error.t()}


      


Verifies the signature on path_with_query.
Returns :ok or an Image.Plug.Error with one of
:signature_required, :invalid_signature,
:signature_expired.
Options
	:required? — when true, missing ?s= produces
:signature_required. Default false (defense-in-depth: a
bad signature is always rejected, but a missing signature
only fails when the deployment requires it).

	:now — current unix-seconds for expiry comparison.
Defaults to System.system_time(:second). Test-only override.



  


        

      


  

    
Image.Plug.Provider.Imgix.URL 
    



      
URL-shape recognition for the imgix URL grammar.
Two source modes per imgix's documentation:
	Web folder source: the path is the source key
(/photos/sunset.jpg). The host's Image.Plug.SourceResolver
(typically File or Hosted) maps the path to bytes.

	Web proxy source: the path is a percent-encoded absolute
URL (/https%3A%2F%2Fassets.example.com%2Fsunset.jpg).
Treated as a :url source; resolved by
Image.Plug.SourceResolver.HTTP.


Unlike Cloudflare, imgix has no path marker — every request
under the configured mount is presumed to be a transform request.
Options come from the query string, not the path.

      


      
        Summary


  
    Types
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        The recognised URL shape.



    





  
    Functions
  


    
      
        parse(conn, options)

      


        Parses the request path of a Plug.Conn into a recognised URL
shape.
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          @type recognised() :: %{
  shape: :imgix,
  options: String.t(),
  source: Image.Plug.Source.t()
}


      


The recognised URL shape.
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          @spec parse(
  Plug.Conn.t(),
  keyword()
) :: {:ok, recognised()} | {:error, Image.Plug.Error.t()}


      


Parses the request path of a Plug.Conn into a recognised URL
shape.
Arguments
	conn is a Plug.Conn struct.

	options is a keyword list. The following keys are honoured:


Options
	:mount — string path prefix the plug is mounted under.
Stripped before treating the rest as the source path. Defaults
to "".

Returns
	{:ok, recognised} on a successful match.

	{:error, %Image.Plug.Error{tag: :malformed_url}} when the
path does not sit under the configured mount.

	{:error, %Image.Plug.Error{tag: :invalid_option}} when the
decoded source is malformed (e.g. relative path, unparseable
URL).


Examples
iex> conn = %Plug.Conn{
...>   path_info: ["photos", "sunset.jpg"],
...>   request_path: "/photos/sunset.jpg",
...>   query_string: "w=200&fit=crop"
...> }
iex> {:ok, %{shape: :imgix, options: "w=200&fit=crop", source: source}} =
...>   Image.Plug.Provider.Imgix.URL.parse(conn, [])
iex> source.kind
:path
iex> source.ref
"/photos/sunset.jpg"

  


        

      


  

    
Image.Plug.Signing 
    



      
HMAC signing and verification for Image.Plug request URLs.
When configured, every request URL must carry a ?sig=<hex> query
parameter whose value is HMAC-SHA256(secret, path), where path
is the request path including any query string with the sig
parameter removed. Optionally a ?exp=<unix-seconds> parameter
carries an expiry that the verifier checks against system time.
Why query-parameter signing?
A query parameter survives URL-rewriting intermediaries that may
strip or reorder path segments, and it composes cleanly with the
Cloudflare Images URL grammar (which uses , and / as
significant path separators). Signed URLs work as drop-in
replacements for unsigned ones — the canonical pipeline is
unchanged.
Why HMAC-SHA256?
HMAC-SHA256 is the same primitive Cloudflare's signed-URL feature
uses for its R2 and other URL-signing endpoints. Standard, fast,
no key-distribution surprises. The verifier supports a list of
keys for rotation: signing always uses the first key, verification
accepts any.
Example
iex> keys = ["secret-1"]
iex> path = "/cdn-cgi/image/width=200/photo.jpg"
iex> signed = Image.Plug.Signing.sign(path, keys)
iex> Image.Plug.Signing.verify(signed, keys, required?: true)
:ok
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        sign(path, keys, options \\ [])

      


        Signs path with the first key in keys, returning the path with
?sig=<hex> (and optionally ?exp=<unix-seconds>&sig=<hex>)
appended.



    


    
      
        verify(path_with_query, keys, options \\ [])

      


        Verifies the signature on path_with_query.
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          @type keys() :: [key(), ...]
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          @spec sign(String.t(), keys(), keyword()) :: String.t()


      


Signs path with the first key in keys, returning the path with
?sig=<hex> (and optionally ?exp=<unix-seconds>&sig=<hex>)
appended.
Arguments
	path is the request path string (with or without an existing
query string). If a query string is present, the signature
covers the full path including that query string.

	keys is a non-empty list of secret-key strings. The first key
is used for signing; the rest are accepted at verification time
to support rotation.


Options
	:expires_at — DateTime or unix-seconds integer. When set,
appends ?exp=<unix-seconds> to the path and signs the result.
Verification rejects the URL after this time.

Returns
	The path with the appropriate query parameters appended.

Examples
iex> Image.Plug.Signing.sign("/foo.jpg", ["secret"]) |> String.starts_with?("/foo.jpg?sig=")
true
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          @spec verify(String.t(), keys(), keyword()) :: :ok | {:error, Image.Plug.Error.t()}


      


Verifies the signature on path_with_query.
Arguments
	path_with_query is the request path as it appeared on the
wire, including any query string.

	keys is a non-empty list of secret-key strings. Verification
accepts a signature produced with any key in the list (for
rotation).


Options
	:required? — when true, a missing ?sig parameter causes a
:signature_required error. When false (default), an
unsigned URL passes verification — useful for gradual roll-out
where some clients haven't been updated yet.

	:now — current unix-seconds timestamp for expiry comparison.
Defaults to System.system_time(:second). Test-only override.


Returns
	:ok when the signature is valid (or absent and not required).

	{:error, %Image.Plug.Error{tag: :signature_required}} when no
?sig is present and signing is required.

	{:error, %Image.Plug.Error{tag: :invalid_signature}} when the
?sig value does not match any key.

	{:error, %Image.Plug.Error{tag: :signature_expired}} when an
?exp parameter is present and has passed.
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