
Introduction to Solandra

Solandra is a library for creating generative art in JavaScript that tries to think a bit differently. It favours the concise and easy to change over the simple and verbose. It embraces TypeScript. And offers novel APIs around curves and iteration that are both powerful and much easier than creating yourself.

A simple example. Let's use the popular Poisson disk sampling approach to create a natural looking pattern of stars. Solandra offers the ability to iterate over those points as well as many other canvas-related schemes.

We set a background colour, a fill colour and then iterate over the points drawing a star at each. In just a few lines of code we have created.
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s.background(210, 70, 10)
s.setFillColor(30, 60, 70)
s.forPoissonDiskPoints({ minDist: 0.1 }, (at) => {
  s.fill(new Star({ at, r: 0.025, n: 5, a: s.randomAngle() }))
})

Solandra is concise. Like many graphics framework there is some state for things like fill colour. We can also easily get random angles or control parameters. TypeScript guides you. The conciseness and powerful helpers make it easy to change things. Let's vary the colour more and the size of the stars. This is just a few changes.
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s.background(210, 70, 10)
s.forPoissonDiskPoints({ minDist: 0.1 }, (at) => {
  s.setFillColor(s.uniformRandomInt({ from: 10, to: 50 }), 60, 60)
  s.fill(
    new Star({
      at,
      r: 0.025 + 0.025 * s.random(),
      n: 5,
      a: s.randomAngle(),
    })
  )



Getting Started

Jump into code

Solandra Codesandbox (uses React, though other frameworks would be very similar): Solandra CodeSandbox v0.18.

To start coding: clone this project to
try out as add React/NextJS powered GUI around stuff.

On NPM.

Install with pnpm add solandra, npm i solandra or yarn add solandra.

Examples

Recommended over 100 examples with source code to learn from (click on the Source Code button).
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Other Tutorials

[image: Sol LeWitt Solandra Tutorial]
Or an unconventional tutorial introduction based on instructions from Sol LeWitt.

[image: Icon design]
This tutorial shows how you might use Solandra as a way to do Generative design for App Icons

[image: Wallpaper Solandra Tutorial]
Alternatively, why not create iOS 13+ style wallpapers with
Solandra

[image: Watercolours with Solandra]
Create watercolour style graphics
with Solandra.

Talks

On 28th October 2019, I gave a workshop/talk on Solandra which Tariq Rashid wrote up as a introductory tutorial

On 6th November 2019 I gave a talk about TypeScript and Solandra (at the London TypeScript Meetup).

On 15th November 2019 I covered why I created Solandra and the ideas/principles behind it at London Creative Code.





Canvas Basics

Everything in Solandra happens through an SCanvas (by convention called s or p). Your sketch is just a function that takes an SCanvas and draws with it:

import { SCanvas } from "solandra"
 
const sketch = (s: SCanvas) => {
  s.background(45, 30, 95)
  s.setFillColor(220, 70, 40)
  s.fill(new Circle({ at: s.meta.center, r: 0.3 }))
}

[image: Solandra example sketch]


The coordinate system

Solandra uses a normalized coordinate system: the width of the canvas is always 1, whatever the actual pixel size. The height is 1 / aspectRatio. This means your sketches are resolution independent by default: the same code renders a thumbnail or a poster.

The meta property tells you about the drawing area:

s.meta.top // 0
s.meta.left // 0
s.meta.right // 1
s.meta.bottom // 1 / aspectRatio (1 for a square canvas)
s.meta.center // [0.5, 0.5 / aspectRatio]
s.meta.aspectRatio // width / height

Points are just tuples of numbers, [x, y], with x increasing rightwards and y increasing downwards (as is standard for canvases, if not mathematics).

A quick tour of the drawing area; here we mark the corners, edges and center:

const { center, bottom, right } = s.meta
s.background(210, 30, 20)
s.lineWidth = 0.005
s.setStrokeColor(0, 0, 90)
s.draw(new Line([0, 0], [right, bottom]))
s.draw(new Line([right, 0], [0, bottom]))
s.setFillColor(20, 90, 60)
s.fill(new Circle({ at: center, r: 0.05 }))
s.setFillColor(50, 90, 60)
const corners = [
  [0, 0],
  [right, 0],
  [right, bottom],
  [0, bottom],
]
corners.forEach((at) => {
  s.fill(new Circle({ at, r: 0.03 }))
})
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Drawing and filling

Solandra separates what you draw from how you draw it. Shapes (anything implementing Traceable, see Shapes) are passed to one of two methods:


	s.draw(shape) strokes the outline with the current stroke colour and line width

	s.fill(shape) fills the interior with the current fill colour (or gradient)



s.background(0, 0, 95)
s.setStrokeColor(220, 80, 30)
s.lineWidth = 0.02
s.draw(new Rect({ at: [0.1, 0.1], w: 0.35, h: 0.35 }))
s.setFillColor(340, 80, 60)
s.fill(new Rect({ at: [0.55, 0.55], w: 0.35, h: 0.35 }))
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Colours

Colours in Solandra are HSLA: hue (0–360), saturation (0–100), lightness (0–100) and optional alpha (0–1). This makes it easy to programmatically vary colours in ways that look good; see Colour for much more.

s.background(45, 20, 95) // hue, saturation, lightness
s.setFillColor(220, 70, 50, 0.5) // ...and optional alpha
s.setStrokeColor(0, 0, 20)

The state-based colour setters have FromSpec variants that take a { h, s, l, a } object, which is handy when passing colours around:

const brand = { h: 175, s: 80, l: 40 }
s.setFillColorFromSpec(brand)
s.backgroundFromSpec({ h: 45, s: 20, l: 95 })

Line style

Line width is also in canvas units (so 0.01 is 1% of the width of your canvas). You can also control caps, joins and dashes:

s.background(0, 0, 15)
s.setStrokeColor(45, 90, 70)
s.lineWidth = 0.02
s.lineStyle = { cap: "round" }
s.draw(new Line([0.1, 0.2], [0.9, 0.2]))
s.lineStyle = { cap: "butt" }
s.draw(new Line([0.1, 0.4], [0.9, 0.4]))
s.dash = { pattern: [0.04, 0.02] }
s.draw(new Line([0.1, 0.6], [0.9, 0.6]))
s.dash = { pattern: [0.005, 0.02] }
s.lineStyle = { cap: "round" }
s.draw(new Line([0.1, 0.8], [0.9, 0.8]))
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The dash pattern is specified at the scale of the canvas (unlike raw HTML5 Canvas, where it would be in pixels).

Shadows

Shadows are configured with a single setter (again scaled to canvas size, unlike the raw Canvas API) and removed with clearShadow:

s.background(210, 20, 95)
s.shadow = {
  size: 0.03,
  dX: 0.01,
  dY: 0.02,
  color: { h: 210, s: 40, l: 30, a: 0.6 },
}
s.setFillColor(340, 70, 55)
s.fill(new Star({ at: [0.35, 0.4], r: 0.2, n: 5 }))
s.clearShadow()
s.setFillColor(220, 70, 55)
s.fill(new Circle({ at: [0.7, 0.65], r: 0.15 }))
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Checking whether a point is visible

s.inDrawing(point) returns whether a point lies inside the canvas; useful for terminating random walks or culling offscreen work:

s.background(0, 0, 10)
s.lineWidth = 0.005
s.times(20, (n) => {
  s.setStrokeColor(180 + n * 6, 80, 60, 0.8)
  const path = SimplePath.startAt(s.meta.center)
  let pt = s.meta.center
  while (s.inDrawing(pt)) {
    pt = s.perturb({ at: pt, magnitude: 0.1 })
    path.addPoint(pt)
  }
  s.draw(path.chaiken({ n: 2 }))
})
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Where next


	Shapes for everything you can pass to draw and fill

	Iteration for Solandra's signature looping helpers

	Randomness for the seeded random number APIs used above





Shapes

Solandra ships with a collection of shape classes. They all implement the Traceable interface, so anything on this page can be passed to s.draw(...) (stroke the outline) or s.fill(...) (fill the interior).

All are configured with a single object, using short, consistent names: at for position, r for radius, w/h for width/height, a for angle (radians), n for a count.

The gallery

import {
  Circle,
  Ellipse,
  Rect,
  Square,
  RoundedRect,
  RegularPolygon,
  Hexagon,
  EquilateralTriangle,
  Star,
  Arc,
  HollowArc,
  Spiral,
  Hatching,
  Line,
} from "solandra"
 
s.background(210, 25, 95)
s.setFillColor(215, 60, 45)
const shapes = [
  new Circle({ at: [0, 0], r: 0.11 }),
  new Ellipse({ at: [0, 0], w: 0.22, h: 0.14 }),
  new Rect({ at: [0, 0], w: 0.2, h: 0.14, align: "center" }),
  new Square({ at: [0, 0], s: 0.18, align: "center" }),
  new RoundedRect({ at: [0, 0], w: 0.2, h: 0.15, r: 0.04, align: "center" }),
  new RegularPolygon({ at: [0, 0], n: 5, r: 0.11 }),
  new Hexagon({ at: [0, 0], r: 0.11 }),
  new EquilateralTriangle({ at: [0, 0], s: 0.2 }),
  new Star({ at: [0, 0], n: 5, r: 0.12 }),
  new Star({ at: [0, 0], n: 7, r: 0.12, r2: 0.09 }),
  new Arc({ at: [0, 0], r: 0.11, a: 0, a2: (Math.PI * 3) / 2 }),
  new HollowArc({ at: [0, 0], r: 0.11, r2: 0.06, a: 0, a2: Math.PI * 1.5 }),
]
s.forTiling(
  { n: 4, type: "square", margin: 0.05 },
  (_pt, [dX], [cX, cY], i) => {
    if (!shapes[i]) return
    s.withTranslation([cX, cY], () => {
      s.withScale([dX * 4, dX * 4], () => {
        s.fill(shapes[i])
      })
    })
  }
)
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Rectangles

Rect is positioned by its top-left corner by default; pass align: "center" to position by center. Square is a Rect with a single size s, and RoundedRect adds a corner radius r.

Rect also has a lovely split method that subdivides it, either in half, at a proportion, or into weighted pieces:

s.background(40, 30, 94)
const rect = new Rect({ at: [0.1, 0.1], w: 0.8, h: 0.8 })
const columns = rect.split({ orientation: "horizontal", split: [2, 1, 3, 1] })
columns.forEach((column, i) => {
  const rows = column.split({
    orientation: "vertical",
    split: s.samples(3 + i, [1, 2, 3]),
  })
  rows.forEach((r, j) => {
    s.setFillColor(20 + i * 30, 60, 50 + j * 5)
    s.fill(
      new Rect({
        at: [r.at[0] + 0.01, r.at[1] + 0.01],
        w: r.w - 0.02,
        h: r.h - 0.02,
      })
    )
  })
})
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Circles, ellipses and arcs

Circle is simply an Ellipse with w = h = 2r. Both are drawn with cubic Bézier approximations, and are positioned by center by default (align: "topLeft" is also available).

Arc is a filled wedge (pie slice) from angle a to a2; HollowArc is a ring segment with outer radius r and inner radius r2. Angles are in radians, with 0 pointing right and increasing clockwise on screen.

s.background(230, 30, 15)
const { center } = s.meta
s.times(12, (n) => {
  const a = (n * Math.PI) / 6
  s.setFillColor(n * 30, 70, 60, 0.9)
  s.fill(
    new HollowArc({
      at: center,
      a,
      a2: a + Math.PI / 7,
      r: 0.2 + 0.02 * n,
      r2: 0.1 + 0.01 * n,
    })
  )
})
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Polygons and stars

RegularPolygon takes a number of sides n, radius r and optional rotation a (shapes start pointing "up"). Hexagon and EquilateralTriangle are convenient subclasses that work nicely with the hex and triangle grid helpers. Star takes points n, outer radius r and optional inner radius r2 (defaults to r / 2).

s.background(45, 40, 94)
s.forHorizontal({ n: 4, margin: 0.05 }, (_pt, [dX], [cX, cY], i) => {
  s.setFillColor(200 + i * 25, 65, 50)
  s.fill(new RegularPolygon({ at: [cX, cY - 0.15], n: 3 + i, r: dX * 0.4 }))
  s.setFillColor(20 + i * 25, 80, 55)
  s.fill(
    new Star({
      at: [cX, cY + 0.15],
      n: 4 + i,
      r: dX * 0.4,
      r2: dX * (0.15 + 0.05 * i),
    })
  )
})
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Lines, spirals and hatching

Line is the simplest shape: two points. Spiral unwinds from a point with segment length l, segment count n and a growth rate. Hatching fills a circular area with parallel lines at angle a, spaced delta apart; layering two at right angles gives cross-hatching.

s.background(0, 0, 96)
s.lineWidth = 0.003
s.setStrokeColor(340, 70, 40)
s.draw(new Hatching({ at: [0.3, 0.3], r: 0.2, a: Math.PI / 4, delta: 0.015 }))
s.draw(new Hatching({ at: [0.3, 0.3], r: 0.2, a: -Math.PI / 4, delta: 0.03 }))
s.setStrokeColor(215, 70, 40)
s.draw(new Spiral({ at: [0.7, 0.65], l: 0.02, n: 500, rate: 0.02 }))
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Compound paths (shapes with holes)

CompoundPath combines several traceables into one path. When filled, the non-zero winding rule means an inner shape traced in the opposite direction cuts a hole:

s.background(190, 40, 90)
s.setFillColor(215, 65, 35)
s.fill(
  CompoundPath.withPaths(
    new Circle({ at: [0.5, 0.5], r: 0.35 }),
    new RegularPolygon({ at: [0.5, 0.5], n: 6, r: 0.22 }).path.reversed
  )
)
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Converting shapes to paths

Many shapes can be converted to a SimplePath (a list of points), unlocking all the path transformations:


	Rect, RegularPolygon, Star and Line have a .path getter (exact)

	Circle, Ellipse, Arc, HollowArc and RoundedRect have .toPath(detail), where detail controls how many points approximate the curves



s.background(160, 25, 12)
s.setStrokeColor(160, 60, 70)
s.lineWidth = 0.004
const circle = new Circle({ at: [0.5, 0.5], r: 0.35 })
s.times(8, (n) => {
  const path = circle
    .toPath(20)
    .transformLooped((pt) => s.perturb({ at: pt, magnitude: 0.03 + n * 0.01 }))
  s.draw(path.chaiken({ n: 3, looped: true }))
})
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Next: build your own shapes with Paths and Curves.



Paths and Curves

Beyond the built-in shapes, Solandra has two classes for building your own: SimplePath (straight lines between points) and Path (lines and curves). Both offer a fluent, chainable API and a rich set of transformations.

SimplePath

A SimplePath is just an ordered list of points:

import { SimplePath } from "solandra"
 
// build up point by point
const path = SimplePath.startAt([0.1, 0.9])
  .addPoint([0.3, 0.4])
  .addPoint([0.7, 0.6])
  .addPoint([0.9, 0.1])
 
// or all at once
const zigzag = SimplePath.withPoints([
  [0.1, 0.5],
  [0.3, 0.3],
  [0.5, 0.7],
  [0.9, 0.4],
])
 
// close() joins the last point back to the first
const triangle = SimplePath.withPoints([
  [0.2, 0.8],
  [0.5, 0.2],
  [0.8, 0.8],
]).close()
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Smoothing with chaiken

The chaiken method smooths a path by repeatedly cutting corners (Chaikin's algorithm). It's the easiest way to turn a jagged random walk into something organic. Pass n for the number of smoothing iterations, and looped: true for closed paths.

s.background(40, 40, 96)
s.lineWidth = 0.005
s.times(5, (n) => {
  const points = s.build(s.range, { from: 0.1, to: 0.9, n: 12 }, (x) => [
    x,
    0.15 + n * 0.18 + s.random() * 0.1 - 0.05,
  ])
  s.setStrokeColor(20 + n * 40, 70, 50)
  s.draw(SimplePath.withPoints(points).chaiken({ n: 1 + n }))
})
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Path: curves made easy

Path supports cubic Bézier curves, but you never have to place control points by hand. Instead addCurveTo takes a target point and a descriptive configuration:


	curveSize — how far the curve bulges (relative to the line length)

	polarity — which side it bulges towards (1 or -1)

	bulbousness — how rounded the curve is

	curveAngle — skews the peak of the curve

	twist — rotates the control points for S-like curves



import { Path } from "solandra"
 
const curve = Path.startAt([0.1, 0.5]).addCurveTo([0.9, 0.5], {
  curveSize: 0.5,
  bulbousness: 1.5,
})

Here is a grid exploring curveSize (left to right) against bulbousness (top to bottom):

s.background(0, 0, 15)
s.lineWidth = 0.004
s.forTiling({ n: 5, type: "square", margin: 0.05 }, ([x, y], [dX, dY]) => {
  const i = Math.round(x * 10)
  s.setStrokeColor(150 + i * 20, 60, 65)
  s.draw(
    Path.startAt([x + dX * 0.15, y + dY / 2]).addCurveTo(
      [x + dX * 0.85, y + dY / 2],
      {
        curveSize: 0.2 + x,
        bulbousness: 0.2 + y * 2,
      }
    )
  )
})
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Mixing lines and curves, and closing back with a curve, makes leaf- and petal-like forms trivial:

s.background(120, 25, 94)
const { center } = s.meta
s.times(14, (n) => {
  const a = (n * Math.PI * 2) / 14
  const tip = v.polarToCartesian(center, 0.42, a)
  s.setFillColor(90 + n * 6, 55, 45, 0.8)
  s.fill(
    Path.startAt(center)
      .addCurveTo(tip, { curveSize: 0.25, polarity: 1 })
      .addCurveTo(center, { curveSize: 0.25, polarity: 1 })
  )
})
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There is also addCurve({ to, ...config }) if you prefer a single configuration object, and curvify on SimplePath to convert an existing polyline into a curved Path:

const curvy = SimplePath.withPoints(points).curvify((i) => ({
  polarity: i % 2 === 0 ? 1 : -1,
  curveSize: 0.5,
}))

Transforming paths

Both Path and SimplePath support a family of (mostly immutable) transformations:


	moved(delta) — translate by a vector

	scaled(factor) — scale around the centroid

	rotated(angle) — rotate around the centroid

	transformed(fn) — apply any point-wise function (transformLooped keeps closed paths closed with non-deterministic transforms)

	reversed — reverse direction (useful for cutting holes with CompoundPath)

	centroid — the vertex-wise center



s.background(230, 30, 12)
const square = new RegularPolygon({ at: [0.5, 0.5], n: 4, r: 0.35 }).path
s.times(20, (n) => {
  s.setStrokeColor(180 + n * 6, 70, 60, 0.9)
  s.lineWidth = 0.002 + n * 0.0002
  s.draw(square.scaled(1 - n * 0.045).rotated(n * 0.12))
})
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Cutting things up

Paths can be decomposed:


	segmented splits a closed path into triangles around its centroid

	exploded({ magnitude, scale }) does the same but displaces (magnitude) and shrinks (scale) each piece

	subdivide({ m, n }) splits a path into two along the given vertex/edge indices

	edges (on SimplePath) gives each segment as its own path



s.background(0, 0, 96)
const poly = new RegularPolygon({ at: [0.5, 0.5], n: 8, r: 0.35 }).path
poly.exploded({ magnitude: 1.4, scale: 0.85 }).forEach((piece, i) => {
  s.setFillColor(330 - i * 12, 70, 55)
  s.fill(piece)
})
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Recursive subdivision is a classic generative technique; segmented makes it a one-liner per level:

s.background(210, 40, 15)
let pieces = [new RegularPolygon({ at: [0.5, 0.5], n: 6, r: 0.4 }).path]
s.times(4, () => {
  pieces = pieces.flatMap((p) =>
    s.random() > 0.4 ? p.segmented.map((q) => q.scaled(0.92)) : [p]
  )
})
pieces.forEach((p) => {
  s.setFillColor(s.sample([190, 210, 230, 40]), 70, 60, 0.85)
  s.fill(p)
})
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Next: drive your paths with Iteration or displace them with Randomness and Noise.



Iteration

Generative art is mostly loops. Solandra makes the common looping patterns first-class: instead of fiddling with indices and offsets you get positions, sizes and centers handed to you, already in canvas coordinates.

forTiling

The workhorse. Divides the canvas into an n-column grid and calls you for each tile with (point, delta, center, index):


	point — the top-left corner of the tile

	delta — the [width, height] of the tile

	center — the center of the tile

	index — a sequential counter



Options: margin (space around the edges), type: "square" (force square tiles; the default "proportionate" follows the canvas aspect ratio), and order ("columnFirst" or "rowFirst").

s.background(210, 25, 95)
s.forTiling(
  { n: 8, type: "square", margin: 0.05 },
  ([x, y], [dX], [cX, cY], i) => {
    s.setFillColor(120 + i * 2, 60, 50)
    s.fill(
      new RegularPolygon({
        at: [cX, cY],
        n: 3 + (i % 5),
        r: dX * 0.4,
        a: i * 0.05,
      })
    )
  }
)
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forHorizontal and forVertical

Divide the canvas into full-height columns or full-width rows. Same callback signature as forTiling.

s.background(0, 0, 15)
s.forHorizontal({ n: 12, margin: 0.1 }, ([x, y], [dX, dY], _c, i) => {
  const h = 0.3 + 0.6 * Math.abs(Math.sin(i * 0.8))
  s.setFillColor(20 + i * 10, 80, 60)
  s.fill(
    new Rect({ at: [x + dX * 0.15, y + dY * (1 - h)], w: dX * 0.7, h: dY * h })
  )
})
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forMargin(margin, callback) is the degenerate but useful case: a single cell inset from the edges.

forGrid

Iterates over integer coordinates, for algorithmic patterns on discrete grids (pair it with the hex, triangle and isometric transforms):

s.background(45, 40, 96)
s.forGrid({ minX: 1, maxX: 9, minY: 1, maxY: 9 }, ([x, y], i) => {
  const on = (x * y) % 3 === 0
  s.setFillColor(on ? 340 : 215, 70, 55)
  s.fill(
    new Circle({
      at: [x * 0.1, y * 0.1],
      r: on ? 0.04 : 0.015,
    })
  )
})
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times, downFrom and range

Simple counting loops: times(n, cb) counts up from 0, downFrom(n, cb) counts down from n (great for painter's-algorithm layering), and range({ from, to, n }, cb) walks n (by default inclusive) steps across a numeric interval:

s.background(230, 40, 12)
s.downFrom(9, (n) => {
  s.setFillColor(260 - n * 15, 70, 25 + n * 6)
  s.fill(new Circle({ at: [0.5, 0.5], r: 0.05 * n }))
})
s.setStrokeColor(0, 0, 100, 0.6)
s.lineWidth = 0.002
s.range({ from: 0, to: Math.PI / 3, n: 12, inclusive: false }, (a) => {
  s.draw(new RegularPolygon({ at: [0.5, 0.5], n: 3, r: 0.47, a }))
})
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aroundCircle

Places n points evenly around a circle (at defaults to the canvas center, r to 0.25):

s.background(20, 30, 95)
s.aroundCircle({ n: 24, r: 0.35 }, ([x, y], i) => {
  s.setFillColor(i * 15, 70, 55)
  s.fill(new Star({ at: [x, y], n: 5, r: 0.045, a: i * 0.3 }))
})
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forPoissonDiskPoints

Poisson disk sampling gives random points that are never closer than minDist: random but evenly spread, like scattered seeds. Much nicer than uniform random points for organic textures.

s.background(210, 60, 12)
s.forPoissonDiskPoints({ minDist: 0.08 }, ([x, y], i) => {
  s.setFillColor(180 + y * 100, 70, 60)
  s.fill(new Circle({ at: [x, y], r: 0.025 }))
})
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Higher order iteration: build and withRandomOrder

Every iteration helper can be composed with two higher-order utilities.

build runs an iteration helper but collects the callback's return values into an array, so you can gather data first and draw later:

// collect tile centers, then connect them in a shuffled tour
s.background(0, 0, 96)
const centers = s.build(
  s.forTiling,
  { n: 6, type: "square" },
  (_pt, _d, c) => c
)
s.shuffle(centers)
s.lineWidth = 0.004
s.setStrokeColor(215, 60, 45)
centers.forEach((from, i) => {
  const to = centers[(i + 1) % centers.length]
  s.draw(new Line(from, to))
})

withRandomOrder runs an iteration helper but executes the callbacks in shuffled order; essential when overlapping tiles should layer unpredictably:

s.background(40, 30, 95)
s.withRandomOrder(
  s.forTiling,
  { n: 6, type: "square", margin: 0.1 },
  ([x, y], [dX], _c, i) => {
    s.setFillColor(i * 4, 70, 55, 0.95)
    s.fill(new Square({ at: [x, y], s: dX * 1.4 }))
  }
)
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Choosing at random: proportionately and doProportion

Two small helpers bridge iteration and randomness. doProportion(p, cb) runs the callback with probability p. proportionately picks one of several weighted branches (weights need not sum to anything in particular):

s.background(220, 30, 14)
s.forTiling({ n: 10, type: "square" }, ([x, y], [dX], [cX, cY]) => {
  s.proportionately([
    [
      3,
      () => {
        s.setFillColor(45, 90, 60)
        s.fill(new Circle({ at: [cX, cY], r: dX * 0.35 }))
      },
    ],
    [
      2,
      () => {
        s.setFillColor(340, 80, 60)
        s.fill(new Square({ at: [cX, cY], s: dX * 0.6, align: "center" }))
      },
    ],
    [1, () => {}], // sometimes do nothing
  ])
})
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Next up: Randomness and Noise, which powers all the sampling used above.



Randomness and Noise

Randomness is the raw material of generative art, and Solandra builds it in properly: every SCanvas has a seeded pseudo-random number generator. The same seed always produces exactly the same picture, which means you can reproduce, iterate on, and export the exact variation you like. Change the seed, get a sibling artwork.

All the methods below live on SCanvas and draw from that seeded generator.

The basics

s.random() // uniform number in [0, 1)
s.uniformRandomInt({ from: 3, to: 6 }) // integer: 3, 4, 5 or 6
s.uniformRandomInt({ to: 6, inclusive: false }) // 0..5
s.randomPoint() // a random point on the canvas
s.randomAngle() // uniform in [0, 2π)
s.randomPolarity() // -1 or 1
s.uniformGridPoint({ minX: 0, maxX: 4, minY: 0, maxY: 4 }) // random integer point

s.background(220, 25, 12)
s.times(150, () => {
  s.setFillColor(s.uniformRandomInt({ from: 150, to: 220 }), 80, 60, 0.8)
  s.fill(
    new Star({
      at: s.randomPoint(),
      r: 0.01 + 0.04 * s.random(),
      n: s.uniformRandomInt({ from: 4, to: 7 }),
      a: s.randomAngle(),
    })
  )
})
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Working with collections

sample picks one element from an array, samples picks n (with replacement), and shuffle reorders an array in place:

const palette = [200, 215, 340, 45]
s.sample(palette) // e.g. 340
s.samples(3, palette) // e.g. [45, 200, 45]
s.shuffle([...palette]) // e.g. [215, 45, 200, 340]

s.background(0, 0, 96)
const hues = [200, 215, 340, 45]
s.forTiling({ n: 9, type: "square", margin: 0.05 }, ([x, y], [dX]) => {
  s.setFillColor(s.sample(hues), 70, s.sample([45, 55, 65]))
  s.fill(new Square({ at: [x + dX * 0.05, y + dX * 0.05], s: dX * 0.9 }))
})
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perturb

perturb({ at, magnitude }) nudges a point by a uniform random offset up to magnitude / 2 in each direction; the quickest way to make something regular feel hand-made:

s.background(35, 40, 94)
s.lineWidth = 0.005
s.setStrokeColor(25, 60, 30)
s.forTiling({ n: 12, type: "square" }, ([x, y], [dX, dY]) => {
  s.draw(
    SimplePath.withPoints([
      [x, y],
      [x + dX, y],
      [x + dX, y + dY],
      [x, y + dY],
    ])
      .close()
      .transformLoopedPoints((pt) => s.perturb({ at: pt, magnitude: 0.02 }))
  )
})
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Other distributions

Uniform randomness often looks too random. Solandra also offers:


	gaussian({ mean, sd }) — normally distributed values, which cluster around the mean

	poisson(lambda) — non-negative integers with mean (and variance) lambda, good for "how many things here?" decisions



s.background(0, 0, 12)
s.times(400, () => {
  const x = s.gaussian({ mean: 0.5, sd: 0.12 })
  const y = s.gaussian({ mean: 0.5, sd: 0.12 })
  const d = v.distance([x, y], [0.5, 0.5])
  s.setFillColor(200 + d * 300, 80, 60, 0.7)
  s.fill(new Circle({ at: [x, y], r: 0.012 }))
})
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Also see proportionately and doProportion on the Iteration page for weighted random choices, and forPoissonDiskPoints for evenly spread random points.

Perlin noise

Random numbers are independent of each other; noise is randomness with continuity: nearby inputs give nearby outputs. Solandra exports a 2D Perlin noise function, perlin2(x, y), returning values in roughly [-1, 1]. Scale your inputs to control the frequency (zoomed-in inputs change slowly, zoomed-out ones quickly).

import { perlin2 } from "solandra"
 
s.background(0, 0, 96)
s.forTiling({ n: 30, type: "square" }, ([x, y], [dX], [cX, cY]) => {
  const n = perlin2(x * 3, y * 3)
  s.setFillColor(190 + n * 60, 70, 50)
  s.withTranslation([cX, cY], () => {
    s.withRotation(n * Math.PI, () => {
      s.fill(
        new Rect({ at: [0, 0], w: dX * 0.9, h: dX * 0.18, align: "center" })
      )
    })
  })
})
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A classic use is a flow field: use noise as an angle everywhere and let particles follow it:

s.background(220, 40, 14)
s.lineWidth = 0.003
s.times(120, (i) => {
  let pt = s.randomPoint()
  const path = SimplePath.startAt(pt)
  s.times(30, () => {
    const a = perlin2(pt[0] * 2.5, pt[1] * 2.5) * Math.PI * 2
    pt = v.add(pt, [0.008 * Math.cos(a), 0.008 * Math.sin(a)])
    path.addPoint(pt)
  })
  s.setStrokeColor(170 + i, 70, 60, 0.7)
  s.draw(path.chaiken({ n: 2 }))
})
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Seeds and reproducibility

The seed is supplied when the SCanvas is created (in this site's canvases there's a refresh control for it; with the raw API it's a constructor argument). Within a sketch you can also rewind determinism explicitly:

s.resetRandomNumberGenerator(42) // restart the sequence from a known seed

If you need seeded randomness outside a sketch, the underlying generator is exported directly:

import { RNG } from "solandra"
 
const rng = new RNG(42)
rng.number() // deterministic sequence of numbers in [0, 1)

Next: Colour, Gradients and Palettes.



Colour, Gradients and Palettes

Solandra standardises on HSLA colours: hue (0–360), saturation (0–100), lightness (0–100), alpha (0–1). HSLA is a great fit for generative work because meaningful variations are simple arithmetic: rotate the hue for a new colour scheme, nudge lightness for depth, drop alpha for layering.

s.setFillColor(210, 70, 50) // h, s, l
s.setStrokeColor(210, 70, 50, 0.5) // ... and alpha
s.background(45, 20, 95)
 
// or with a { h, s, l, a } object (a ColorSpec)
s.setFillColorFromSpec({ h: 210, s: 70, l: 50 })
s.backgroundFromSpec({ h: 45, s: 20, l: 95 })

Hue arithmetic in action; each ring shifts hue and lightness slightly:

s.background(230, 40, 12)
s.aroundCircle({ n: 12, r: 0.3 }, ([x, y], i) => {
  s.times(5, (n) => {
    s.setFillColor(200 + i * 12, 70, 65 - n * 8, 0.85)
    s.fill(new Circle({ at: [x, y], r: 0.11 - n * 0.02 }))
  })
})
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Canvas gradients

LinearGradient and RadialGradient produce real canvas gradients. Both take colour stops as [position, ColorSpec] tuples and can be used for fills, strokes or backgrounds via setFillGradient, setStrokeGradient and backgroundGradient.

import { LinearGradient, RadialGradient } from "solandra"
 
s.backgroundGradient(
  new LinearGradient({
    from: [0, 0],
    to: [0, 1],
    colors: [
      [0, { h: 215, s: 80, l: 25 }],
      [0.6, { h: 340, s: 70, l: 40 }],
      [1, { h: 30, s: 90, l: 60 }],
    ],
  })
)
s.setFillGradient(
  new RadialGradient({
    start: [0.5, 0.42],
    end: [0.5, 0.42],
    rStart: 0,
    rEnd: 0.35,
    colors: [
      [0, { h: 50, s: 100, l: 80 }],
      [1, { h: 50, s: 100, l: 80, a: 0 }],
    ],
  })
)
s.fill(new Circle({ at: [0.5, 0.42], r: 0.35 }))
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Colour themes (step-wise gradients)

Sometimes you want a discrete sequence of colours rather than a canvas gradient: one colour per tile, per layer, per particle. The theme helpers each return a function from a step number to a ColorSpec:


	simpleLinearGradient(a, b, steps) — interpolate every channel between two colours

	hueRange({ h1, h2, s, l, steps }) — vary only hue

	saturationRange({ h, s1, s2, l, steps }) — vary only saturation

	lightnessRange({ h, s, l1, l2, steps }) — vary only lightness

	alphaRange({ h, s, l, a1, a2, steps }) — vary only alpha



import { hueRange, lightnessRange } from "solandra"
 
s.background(0, 0, 96)
const warm = hueRange({ h1: 0, h2: 60, s: 80, l: 55, steps: 12 })
const fade = lightnessRange({ h: 215, s: 70, l1: 25, l2: 80, steps: 12 })
s.forHorizontal({ n: 12, margin: 0.06 }, ([x, y], [dX, dY], _c, i) => {
  s.setFillColorFromSpec(warm(i))
  s.fill(new Rect({ at: [x, y], w: dX * 0.85, h: dY * 0.45 }))
  s.setFillColorFromSpec(fade(i))
  s.fill(new Rect({ at: [x, y + dY * 0.55], w: dX * 0.85, h: dY * 0.45 }))
})
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Generative palettes

Based on Inigo Quilez's cosine palette technique, Solandra can generate whole colour palettes procedurally. palettePreset(name, steps) gives you a curated palette as an array of [h, s, l] tuples; presets are "rainbow", "warmth", "rusty", "autumnal", "natural", "neon" and "subtle".

import { palettePreset } from "solandra"
 
s.background(0, 0, 10)
const presets = ["rainbow", "warmth", "natural", "neon", "subtle"]
s.forVertical({ n: 5, margin: 0.05 }, ([x, y], [dX, dY], _c, i) => {
  const colors = palettePreset(presets[i], 10)
  colors.forEach(([h, sat, l], j) => {
    s.setFillColor(h, sat, l)
    s.fill(
      new Rect({
        at: [x + (j * dX) / 10, y + dY * 0.1],
        w: dX / 10 - 0.005,
        h: dY * 0.8,
      })
    )
  })
})
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For full control use palette({ a, b, c, d, steps }) with your own cosine coefficients (each a [r, g, b] triple): color(t) = a + b * cos(2π(c * t + d)).

import { palette } from "solandra"
 
s.background(230, 30, 10)
const colors = palette({
  a: [0.6, 0.4, 0.5],
  b: [0.4, 0.4, 0.4],
  c: [1.0, 1.0, 1.0],
  d: [0.1, 0.25, 0.55],
  steps: 64,
})
s.forTiling(
  { n: 8, type: "square", margin: 0.05 },
  (_pt, [dX], [cX, cY], i) => {
    const [h, sat, l] = colors[i % colors.length]
    s.setFillColor(h, sat, l)
    s.fill(new Star({ at: [cX, cY], n: 6, r: dX * 0.42, a: i * 0.1 }))
  }
)
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Transparency and layering

Because alpha is a first-class argument everywhere, translucent layering (a staple of generative texture) is easy; combine it with withBlendMode from Transforms for stronger effects:

s.background(45, 30, 96)
s.times(60, () => {
  s.setFillColor(s.sample([200, 215, 230]), 70, 55, 0.15)
  s.fill(
    new Circle({
      at: s.perturb({ at: [0.5, 0.5], magnitude: 0.6 }),
      r: 0.08 + s.random() * 0.15,
    })
  )
})
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Transforms, Clipping and State

Canvas state (colours, line width, transforms, clipping, blend modes) is global and mutable, which is a classic source of bugs. Solandra's answer is a family of with... methods: each takes a callback, and every change you make inside is automatically undone afterwards. No manual save/restore, no leaking state.

withContext

The plainest one: withContext just scopes state changes:

s.background(0, 0, 95)
s.setFillColor(215, 70, 45)
s.withContext(() => {
  s.setFillColor(340, 80, 55) // only applies inside
  s.fill(new Circle({ at: [0.3, 0.5], r: 0.15 }))
})
s.fill(new Circle({ at: [0.7, 0.5], r: 0.15 })) // back to blue
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Translation, rotation and scale

withTranslation(vector, cb), withRotation(angle, cb) and withScale([sX, sY], cb) transform the coordinate system inside their callback. Rotation and scaling happen around the origin, so the standard recipe for "rotate this thing in place" is: translate to where you want it, then rotate, then draw at [0, 0]:

s.background(40, 30, 95)
s.forTiling(
  { n: 7, type: "square", margin: 0.05 },
  (_pt, [dX], [cX, cY], i) => {
    s.setFillColor(200 + i * 2, 60, 50)
    s.withTranslation([cX, cY], () => {
      s.withRotation(i * 0.15, () => {
        s.fill(
          new Rect({ at: [0, 0], w: dX * 0.7, h: dX * 0.7, align: "center" })
        )
      })
    })
  }
)
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Nesting transforms composes them, which makes recursive figures natural:

s.background(230, 40, 12)
s.setStrokeColor(180, 70, 60)
s.lineWidth = 0.006
const branch = (depth) => {
  if (depth === 0) return
  s.draw(new Line([0, 0], [0, -0.22]))
  s.withTranslation([0, -0.22], () => {
    s.withScale([0.72, 0.72], () => {
      s.withRotation(0.5, () => branch(depth - 1))
      s.withRotation(-0.4, () => branch(depth - 1))
    })
  })
}
s.withTranslation([0.5, 0.95], () => branch(8))
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For an arbitrary affine transform there is withTransform({ hScale, hSkew, vSkew, vScale, dX, dY }, cb), mirroring the raw canvas transform matrix.

Clipping

withClipping(shape, cb) restricts all drawing inside the callback to the area of any Traceable. Great for keeping wild textures inside tidy frames:

s.background(45, 30, 94)
s.withClipping(new Circle({ at: [0.5, 0.5], r: 0.4 }), () => {
  s.background(215, 70, 25)
  s.lineWidth = 0.012
  s.times(40, (n) => {
    s.setStrokeColor(180 + n * 3, 70, 60)
    const y = 0.05 + n * 0.025
    s.draw(
      SimplePath.withPoints(
        s.build(s.range, { from: -0.1, to: 1.1, n: 20 }, (x) => [
          x,
          y + 0.02 * Math.sin(x * 12 + n),
        ])
      ).chaiken({ n: 2 })
    )
  })
})
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Blend modes

withBlendMode(mode, cb) scopes a globalCompositeOperation: "multiply", "screen", "overlay", "lighten", "difference" and friends.

s.background(0, 0, 98)
s.withBlendMode("multiply", () => {
  const hues = [215, 340, 45]
  s.times(3, (n) => {
    s.setFillColor(hues[n], 80, 60)
    s.fill(
      new Circle({
        at: [
          0.5 + 0.12 * Math.cos((n * Math.PI * 2) / 3 - Math.PI / 2),
          0.52 + 0.12 * Math.sin((n * Math.PI * 2) / 3 - Math.PI / 2),
        ],
        r: 0.22,
      })
    )
  })
})
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Everything composes

The scoped helpers nest freely; clip, then rotate, then blend, and it all unwinds correctly:

s.background(220, 40, 10)
s.withClipping(new RegularPolygon({ at: [0.5, 0.5], n: 6, r: 0.42 }), () => {
  s.withBlendMode("screen", () => {
    s.times(30, (n) => {
      s.withTranslation([0.5, 0.5], () => {
        s.withRotation(n * 0.4, () => {
          s.setFillColor(180 + n * 6, 80, 50, 0.5)
          s.fill(new Rect({ at: [0.05, -0.02], w: 0.4, h: 0.04 }))
        })
      })
    })
  })
})

[image: Solandra example sketch]




Text

Text on canvas is usually painful; Solandra wraps it in the same small, declarative style as everything else. There are three methods:


	s.fillText(config, text) — solid text in the current fill colour

	s.drawText(config, text) — outlined text in the current stroke colour

	s.measureText(config, text) — returns TextMetrics so you can lay text out precisely



The configuration is shared:

type TextConfig = {
  at: Point2D // position
  size: number // in canvas units, like everything else
  align?: "center" | "left" | "right" | "start" | "end" // default "center"
  font?: string // font family, defaults to the system font stack
  style?: "normal" | "italic" | "oblique"
  weight?: "normal" | "bold" | "100" | ... | "900"
  variant?: "normal" | "small-caps"
}

Crucially size is in the same normalized units as coordinates: 0.1 means a tenth of the canvas width, at any resolution.

Filled and stroked text

s.background(45, 30, 95)
s.setFillColor(215, 70, 30)
s.fillText({ at: [0.5, 0.25], size: 0.15, weight: "bold" }, "Solandra")
s.setStrokeColor(340, 80, 50)
s.lineWidth = 0.002
s.drawText({ at: [0.5, 0.5], size: 0.15, weight: "bold" }, "Solandra")
s.setFillColor(160, 70, 35)
s.fillText({ at: [0.5, 0.72], size: 0.08, style: "italic" }, "generative art")
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Text as texture

Since text is just another drawing operation, it participates in iteration, randomness and transforms like anything else:

s.background(230, 40, 12)
const glyphs = ["0", "1"]
s.forTiling({ n: 14, type: "square" }, (_pt, [dX], [cX, cY], i) => {
  s.setFillColor(120, 80, 30 + s.random() * 45)
  s.fillText({ at: [cX, cY], size: dX * 0.8 }, s.sample(glyphs))
})
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Combined with transforms:

s.background(0, 0, 96)
const word = "spiral"
s.withTranslation([0.5, 0.5], () => {
  s.times(40, (n) => {
    s.withRotation(n * 0.35, () => {
      s.setFillColor(200 + n * 4, 70, 45, 0.9)
      s.fillText(
        { at: [0.1 + n * 0.009, 0], size: 0.02 + n * 0.002, align: "left" },
        word
      )
    })
  })
})
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Measuring text

measureText takes the same configuration (minus at) and returns standard TextMetrics, in canvas units. Use it to size backgrounds, underline, or fit text into a box:

s.background(210, 30, 15)
const label = "measured"
const size = 0.12
const m = s.measureText({ size, weight: "bold" }, label)
s.setFillColor(45, 90, 60)
s.fill(
  new Rect({
    at: [0.5 - m.width / 2 - 0.03, 0.5 - size / 2 - 0.03],
    w: m.width + 0.06,
    h: size + 0.06,
  })
)
s.setFillColor(210, 60, 15)
s.fillText({ at: [0.5, 0.5], size, weight: "bold" }, label)
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Fonts

By default Solandra uses a native system font stack (systemFont is exported if you want to extend it). You can use any font available on the page via the font option; just make sure webfonts are loaded before you render.

s.fillText({ at: [0.5, 0.5], size: 0.1, font: "Georgia, serif" }, "Serif!")



Animation and Time

Solandra's model of animation is deliberately simple: a sketch is a pure function of a canvas, and the canvas carries the current time in seconds as s.t. To animate, re-run the sketch every frame with an advancing time; anything you derive from s.t moves.

This has a nice property: an animation is just a still image parameterised by time. Every frame is reproducible (time plus seed fully determine the picture), and any animated sketch is automatically a still-image sketch too.

const sketch = (s: SCanvas) => {
  s.background(220, 30, 15)
  s.setFillColor(45, 90, 60)
  s.fill(
    new Circle({
      at: [0.5 + 0.3 * Math.cos(s.t), 0.5 + 0.3 * Math.sin(s.t)],
      r: 0.08,
    })
  )
}
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oscillate

Raw trigonometry works, but s.oscillate is usually nicer: it smoothly bounces between two values, at a given rate:

s.oscillate() // between 0 and 1
s.oscillate({ from: 0.1, to: 0.4 }) // between 0.1 and 0.4
s.oscillate({ from: 0, to: 360, rate: 0.5 }) // slower, e.g. for hue

s.background(0, 0, 12)
s.forHorizontal({ n: 14, margin: 0.1 }, ([x, y], [dX, dY], _c, i) => {
  const h = s.oscillate({ from: 0.1, to: 1, rate: 2 + i * 0.15 })
  s.setFillColor(170 + i * 8, 80, 60)
  s.fill(
    new Rect({
      at: [x + dX * 0.15, y + (dY * (1 - h)) / 2],
      w: dX * 0.7,
      h: dY * h,
    })
  )
})
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Time plus noise

Feeding s.t into Perlin noise gives drifting, organic motion rather than mechanical loops:

s.background(210, 50, 12)
s.lineWidth = 0.004
s.times(24, (n) => {
  const path = SimplePath.withPoints(
    s.build(s.range, { from: 0.05, to: 0.95, n: 30 }, (x) => [
      x,
      0.5 +
        0.35 *
          perlin2(x * 2 + s.t * 0.3, n * 0.15 + s.t * 0.1) *
          Math.sin(x * Math.PI),
    ])
  )
  s.setStrokeColor(150 + n * 5, 70, 60, 0.7)
  s.draw(path.chaiken({ n: 2 }))
})
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Randomness in animations

Take care combining s.random() with animation: the random sequence restarts each frame (same seed), so random choices are stable across frames as long as you make the same number of calls in the same order. That's usually exactly what you want; positions stay put while time-based properties move:

s.background(260, 30, 10)
s.times(80, (n) => {
  const at = s.randomPoint() // same every frame (seeded)
  const phase = s.random() * Math.PI * 2
  const r = 0.01 + 0.03 * Math.abs(Math.sin(s.t * 2 + phase))
  s.setFillColor(40 + s.random() * 40, 90, 65, 0.9)
  s.fill(new Circle({ at, r }))
})
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Driving animation yourself

If you're not using a ready-made canvas component, the loop is straightforward: create an SCanvas with a time (fourth constructor argument) and redraw with requestAnimationFrame. Reusing one instance and calling updateTime avoids re-allocating:

import { SCanvas } from "solandra"
 
const ctx = canvasElement.getContext("2d")!
const size = { width: canvasElement.width, height: canvasElement.height }
const seed = 42
 
let start: number | undefined
const frame = (ms: number) => {
  start ??= ms
  const s = new SCanvas(ctx, size, seed, (ms - start) / 1000)
  ctx.clearRect(0, 0, size.width, size.height)
  sketch(s)
  requestAnimationFrame(frame)
}
requestAnimationFrame(frame)

For interactive pieces there is also a StatefulSketch type: a sketch paired with an initialState() and a handleMessage reducer (for example for click events); the source of this site's interactive examples shows the pattern in use.



Vectors and Utilities

Points in Solandra are plain [x, y] tuples; no wrapper classes to construct or unwrap. All the geometry you need to manipulate them lives in the v namespace, alongside a set of numeric and grid utilities.

Vector operations

import { v } from "solandra"
 
v.add([1, 2], [3, 4]) // [4, 6]
v.subtract([5, 7], [2, 3]) // [3, 4]
v.scale([2, 3], 2) // [4, 6]
v.magnitude([3, 4]) // 5
v.distance([0, 0], [3, 4]) // 5
v.normalize([3, 4]) // [0.6, 0.8]
v.dot([1, 2], [3, 4]) // 11
v.cross([1, 0], [0, 1]) // 1 (orientation tests)
v.heading([0, 1]) // π/2 (angle of a vector)
v.rotate([1, 0], Math.PI / 2) // rotate about the origin
v.rotateAround([0.5, 0.5], pt, a) // rotate about any point
v.pointAlong(a, b, 0.25) // 25% of the way from a to b
v.polarToCartesian([0.5, 0.5], r, a) // point at radius r, angle a

polarToCartesian and pointAlong do a lot of work in practice; here they build a web between two rings of points:

s.background(230, 40, 12)
s.lineWidth = 0.002
const { center } = s.meta
const n = 36
s.times(n, (i) => {
  const a = (i * Math.PI * 2) / n
  const outer = v.polarToCartesian(center, 0.45, a)
  const inner = v.polarToCartesian(center, 0.2, a * 3)
  s.setStrokeColor(160 + i * 3, 70, 60, 0.8)
  s.draw(new Line(inner, outer))
  s.setFillColor(45, 90, 70)
  s.fill(new Circle({ at: v.pointAlong(inner, outer, 0.5), r: 0.005 }))
})

[image: Solandra example sketch]


Numeric helpers

import { clamp, lerp, scaler, scaler2d, centroid } from "solandra"
 
clamp({ from: 0, to: 1 }, 1.5) // 1
lerp({ from: 10, to: 20 }, 0.25) // 12.5
 
// map between numeric ranges (e.g. data to canvas coordinates)
const toCanvas = scaler({
  minDomain: 0,
  maxDomain: 100,
  minRange: 0.1,
  maxRange: 0.9,
})
toCanvas(50) // 0.5
 
// same, for 2D points, with independent x/y configuration
const project = scaler2d(
  { minDomain: 0, maxDomain: 10, minRange: 0, maxRange: 1 },
  { minDomain: 0, maxDomain: 10, minRange: 0, maxRange: 1 }
)
 
centroid([
  [0, 0],
  [1, 0],
  [1, 1],
  [0, 1],
]) // [0.5, 0.5]

Collection helpers

Available individually or under the c namespace:

import { c, pairWise, tripleWise, zip2, sum, arrayOf } from "solandra"
 
pairWise([1, 2, 3, 4]) // [[1, 2], [2, 3], [3, 4]]
tripleWise([1, 2, 3, 4]) // [[1, 2, 3], [2, 3, 4]]
zip2([1, 2], ["a", "b"]) // [[1, "a"], [2, "b"]]
sum([1, 2, 3, 4]) // 10
arrayOf(3, () => s.randomPoint()) // 3 fresh random points

pairWise turns a list of points into segments; handy for styling each edge of a path separately:

s.background(40, 30, 95)
s.lineStyle = { cap: "round" }
const points = s.build(s.range, { from: 0.1, to: 0.9, n: 14 }, (x) => [
  x,
  0.5 + 0.3 * Math.sin(x * 9),
])
pairWise(points).forEach(([from, to], i) => {
  s.setStrokeColor(i * 12, 80, 55)
  s.lineWidth = 0.005 + 0.02 * Math.abs(Math.sin(i * 0.7))
  s.draw(new Line(from, to))
})

[image: Solandra example sketch]


Hexagonal grids

hexTransform({ r, vertical }) maps integer grid coordinates to hexagon centers in a proper hexagonal tiling, matched to the Hexagon shape. Combine with forGrid and a translation to the canvas center:

import { hexTransform, Hexagon } from "solandra"
 
s.background(35, 30, 10)
const r = 0.09
const hex = hexTransform({ r })
s.withTranslation(s.meta.center, () => {
  s.forGrid({ minX: -3, maxX: 3, minY: -3, maxY: 3 }, (gp, i) => {
    s.setFillColor(20 + i * 4, 70, 55)
    s.fill(new Hexagon({ at: hex(gp), r: r * 0.92 }))
  })
})

[image: Solandra example sketch]


Triangular grids

triTransform({ s }) does the same for equilateral triangle tilings; it returns both a position and whether the triangle should be flipped, spreading exactly onto the EquilateralTriangle configuration:

import { triTransform, EquilateralTriangle } from "solandra"
 
s.background(215, 40, 30)
const side = 0.14
const tri = triTransform({ s: side })
s.withTranslation(s.meta.center, () => {
  s.forGrid({ minX: -6, maxX: 6, minY: -3, maxY: 3 }, (gp, i) => {
    s.setFillColor(190 + (i % 7) * 8, 60, 55, 0.9)
    s.fill(new EquilateralTriangle({ ...tri(gp), s: side * 0.9 }))
  })
})

[image: Solandra example sketch]


Isometric projection

isoTransform(height) returns a function from 3D coordinates [x, y, z] (with y up) to 2D isometric screen coordinates. Draw faces back-to-front (use downFrom) and you have instant axonometric worlds:

import { isoTransform, clamp } from "solandra"
 
s.background(30, 20, 85)
s.lineWidth = 0.005
s.withTranslation([0.5, 0.9], () => {
  const iso = isoTransform(0.05)
  s.downFrom(8, (x) => {
    s.downFrom(8, (z) => {
      const h = clamp({ from: 1, to: 5 }, s.poisson(2))
      // top face
      s.setFillColor(10 + h * 25, 80, 65)
      s.fill(
        SimplePath.withPoints([
          iso([x, h, z]),
          iso([x + 1, h, z]),
          iso([x + 1, h, z + 1]),
          iso([x, h, z + 1]),
        ]).close()
      )
      // left face
      s.setFillColor(10 + h * 25, 60, 45)
      s.fill(
        SimplePath.withPoints([
          iso([x, h, z + 1]),
          iso([x, 0, z + 1]),
          iso([x, 0, z]),
          iso([x, h, z]),
        ]).close()
      )
      // right face
      s.setFillColor(10 + h * 25, 70, 30)
      s.fill(
        SimplePath.withPoints([
          iso([x, h, z + 1]),
          iso([x + 1, h, z + 1]),
          iso([x + 1, 0, z + 1]),
          iso([x, 0, z + 1]),
        ]).close()
      )
    })
  })
})

[image: Solandra example sketch]




Shaders and Images

Most of Solandra is vector-flavoured: shapes, paths and curves. Sometimes you want the opposite: efficient per-pixel drawing. For that Solandra can render GLSL fragment shaders to images, and draw those images into a sketch (and vice versa: render a sketch to an image and feed it into a shader).

This isn't aimed at realtime shader animation; it's a way to bring rich per-pixel textures into composed, layered artwork.


These APIs use OffscreenCanvas, which is supported in all modern browsers (Safari from version 17).



renderShader

renderShader({ w, h, shader }) compiles a GLSL fragment shader, renders it offscreen at the given pixel size and returns an ImageBitmap. Your shader gets a u_resolution uniform, and should set gl_FragColor in main. Draw the result with s.drawImage:

import { renderShader } from "solandra"
 
const image = renderShader({
  w: 800,
  h: 800,
  shader: `
  void main() {
    vec2 pos = gl_FragCoord.xy / u_resolution;
    float d = distance(pos, vec2(0.5));
    gl_FragColor = vec4(pos.x, 0.4 + 0.4 * cos(d * 40.0), pos.y, 1.0);
  }
  `,
})
 
const sketch = (s: SCanvas) => {
  s.drawImage({ image }) // fills the canvas by default
}

[image: Solandra example sketch]


drawImage takes optional at, w and h (in the usual normalized canvas units), so shader output is just another element to compose:

s.drawImage({ image, at: [0.1, 0.1], w: 0.35, h: 0.35 })

Shader library includes

A couple of frequently wanted GLSL helpers ship with Solandra; opt in with includes:


	"rand" — a hash-based rand(vec2) pseudo-random function

	"palette" — Inigo Quilez's cosine palette(t, a, b, c, d) function (the same idea as the palette API)



const image = renderShader({
  w: 800,
  h: 800,
  includes: ["rand", "palette"],
  shader: `
  void main() {
    vec2 pos = gl_FragCoord.xy / u_resolution;
    vec3 color = palette(
      pos.x + 0.15 * rand(pos),
      vec3(0.5), vec3(0.5), vec3(1.0), vec3(0.0, 0.33, 0.67)
    );
    gl_FragColor = vec4(color, 1.0);
  }
  `,
})
s.drawImage({ image })

[image: Solandra example sketch]


render: sketches as images

render({ w, h, sketch, seed, time }) runs an ordinary Solandra sketch offscreen and returns it as an ImageBitmap. Combined with the images option of renderShader (which exposes each image as a sampler2D uniform), you can pipe Solandra drawings through shaders:

import { render, renderShader } from "solandra"
 
// 1. draw something with ordinary Solandra
const source = render({
  w: 800,
  h: 800,
  sketch: (s) => {
    s.background(215, 70, 25)
    s.setFillColor(45, 90, 65)
    s.fill(new Star({ at: s.meta.center, r: 0.35, n: 5 }))
  },
})
 
// 2. distort it with a shader
const warped = renderShader({
  w: 800,
  h: 800,
  images: { source },
  shader: `
  void main() {
    vec2 pos = gl_FragCoord.xy / u_resolution;
    pos.x += 0.08 * sin(pos.y * 20.0);
    pos.y = 1.0 - pos.y; // textures are y-flipped
    gl_FragColor = texture2D(source, pos);
  }
  `,
})
 
// 3. use it in a final sketch
const sketch = (s: SCanvas) => {
  s.drawImage({ image: warped })
}

[image: Solandra example sketch]


Composing both worlds

Since shader output is just an image, everything else in Solandra applies: clip it, layer vector work over it, use blend modes:

const texture = renderShader({
  w: 800,
  h: 800,
  includes: ["rand"],
  shader: `
  void main() {
    vec2 pos = gl_FragCoord.xy / u_resolution;
    float n = rand(floor(pos * 60.0) / 60.0);
    gl_FragColor = vec4(vec3(0.1 + 0.15 * n), 1.0);
  }
  `,
})
s.drawImage({ image: texture })
s.withBlendMode("lighten", () => {
  s.times(16, (n) => {
    s.setFillColor(180 + n * 8, 80, 50, 0.6)
    s.fill(
      new RegularPolygon({
        at: s.randomPoint(),
        n: 6,
        r: 0.04 + s.random() * 0.1,
      })
    )
  })
})

[image: Solandra example sketch]


More elaborate shader examples (simplex noise, multi-layer pipelines) live on the shaders playground.



Release Notes

0.20.0


	Additional conversions from Arc, HollowArc, Ellipse, Circle and RoundedRect to SimplePath



0.19.0


	Support for using fragment shaders (see some early docs).

	Render a fragment shader to a texture (image) via renderShader

	Render a Solandra sketch to a texture (image) via render

	Pass images into shaders

	Render these images in sketches (so can combine in both directions) via drawImage

	Uses OffscreenCanvas (which is quite widely supported but not in Safari 16.x)





	Poisson disc sampling iteration

	Pseudorandom angle generation

	transformLoopedPoints for non-determininistic transformations of looped points (basically make first and last point the same)

	rotateAround helper

	remove hack in place to work around Safari bugs with rendering text at 'small' (point) sizes

	cache meta



0.18.0


	Following https://iquilezles.org/articles/palettes/ adds support for generative palettes. Use palettePreset for convenient 'nice' palettes and palette for fuller control. See an example.
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