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      	Evision.XImgProc.FastLineDetector


      	Evision.XImgProc.GraphSegmentation


      	Evision.XImgProc.GuidedFilter


      	Evision.XImgProc.HoughDeskewOption


      	Evision.XImgProc.HoughOp


      	Evision.XImgProc.LocalBinarizationMethods


      	Evision.XImgProc.RFFeatureGetter


      	Evision.XImgProc.RICInterpolator


      	Evision.XImgProc.RidgeDetectionFilter


      	Evision.XImgProc.SLICType


      	Evision.XImgProc.ScanSegment


      	Evision.XImgProc.Segmentation.SelectiveSearchSegmentation


      	Evision.XImgProc.SelectiveSearchSegmentation


      	Evision.XImgProc.SelectiveSearchSegmentationStrategy


      	Evision.XImgProc.SelectiveSearchSegmentationStrategyColor


      	Evision.XImgProc.SelectiveSearchSegmentationStrategyFill


      	Evision.XImgProc.SelectiveSearchSegmentationStrategyMultiple


      	Evision.XImgProc.SelectiveSearchSegmentationStrategySize


      	Evision.XImgProc.SelectiveSearchSegmentationStrategyTexture


      	Evision.XImgProc.SparseMatchInterpolator


      	Evision.XImgProc.StructuredEdgeDetection


      	Evision.XImgProc.SuperpixelLSC


      	Evision.XImgProc.SuperpixelSEEDS


      	Evision.XImgProc.SuperpixelSLIC


      	Evision.XImgProc.ThinningTypes


      	Evision.XImgProc.WMFWeightType


      	Evision.XPhoto


      	Evision.XPhoto.Bm3dSteps


      	Evision.XPhoto.GrayworldWB


      	Evision.XPhoto.InpaintTypes


      	Evision.XPhoto.LearningBasedWB


      	Evision.XPhoto.SimpleWB


      	Evision.XPhoto.TonemapDurand


      	Evision.XPhoto.TransformTypes


      	Evision.XPhoto.WhiteBalancer


      	Evision.Zoo


      	Evision.Zoo.FaceDetection


      	Evision.Zoo.FaceDetection.YuNet


      	Evision.Zoo.FaceRecognition


      	Evision.Zoo.FaceRecognition.SFace


      	Evision.Zoo.ImageClassification


      	Evision.Zoo.ImageClassification.MobileNetV1


      	Evision.Zoo.ImageClassification.MobileNetV2


      	Evision.Zoo.ImageClassification.PPResNet


      	Evision.Zoo.ImageSegmentation


      	Evision.Zoo.ImageSegmentation.PPHumanSeg


      	Evision.Zoo.TextDetection


      	Evision.Zoo.TextDetection.DB


      	Evision.Zoo.TextDetection.PPOCRV3


      	Evision.Zoo.TextRecognition


      	Evision.Zoo.TextRecognition.CRNN




              

            

          

        



  	Mix Tasks
    

    	mix evision.fetch


    

  


      

    

  

    
Changelog
    


  
    
  
  v0.2.5 (2024-07-01)


Browse the Repository | Released Assets

  
    
  
  Changes


	Validate possible keyword arguments for functions that accept named arguments.
  iex> img = Evision.imread("test/testdata/dog.jpg")

  # valid keyword argument
  iex> Evision.applyColorMap(src: img, colormap: Evision.Constant.cv_COLORMAP_AUTUMN)
  %Evision.Mat{
    channels: 3,
    dims: 2,
    type: {:u, 8},
    raw_type: 16,
    shape: {576, 768, 3},
    ref: #Reference<0.97833242.1116078104.245977>
  }
  
  # list all possible keyword arguments if the user provides any invalid ones
  iex> Evision.applyColorMap(src: img, colorMap: Evision.Constant.cv_COLORMAP_AUTUMN)
  ** (ArgumentError) unknown keys [:colorMap] in [src: %Evision.Mat{channels: 3, dims: 2, type: {:u, 8}, raw_type: 16, shape: {576, 768, 3}, ref: #Reference<0.97833242.1116078110.246705>}, colorMap: 0], the allowed keys are: [:dst, :colormap, :userColor, :src]
      (elixir 1.18.0-dev) lib/keyword.ex:362: Keyword.validate!/2
      (evision 0.2.4) lib/generated/evision.ex:4603: Evision.applyColorMap/1
      iex:4: (file)

	Generated typed enums for OpenCV's cv::flann.

	This should include the following enums and place them in the corresponding modules.
	flann_algorithm_t
	flann_centers_init_t
	flann_log_level_t
	flann_distance_t
	flann_datatype_t

For example, flann_algorithm_t will be put in the Evision.Flann.Algorithm module:
defmodule Evision.Flann.Algorithm do
  @type enum :: integer()
  @doc enum: true
  def cv_FLANN_INDEX_LINEAR, do: 0
  @doc enum: true
  def cv_FLANN_INDEX_KDTREE, do: 1
  @doc enum: true
  def cv_FLANN_INDEX_KMEANS, do: 2
  @doc enum: true
  def cv_FLANN_INDEX_COMPOSITE, do: 3
  @doc enum: true
  def cv_FLANN_INDEX_KDTREE_SINGLE, do: 4
  @doc enum: true
  def cv_FLANN_INDEX_HIERARCHICAL, do: 5
  @doc enum: true
  def cv_FLANN_INDEX_LSH, do: 6
  @doc enum: true
  def cv_FLANN_INDEX_SAVED, do: 254
  @doc enum: true
  def cv_FLANN_INDEX_AUTOTUNED, do: 255
end



  
    
  
  v0.2.4 (2024-06-20)


Browse the Repository | Released Assets

  
    
  
  Changes


	Allow users to use named arguments.


  
    
  
  v0.2.3 (2024-06-17)


Browse the Repository | Released Assets

  
    
  
  Added


	Experimental support for use shared CUDA memory via Evision.CUDA.GpuMat.from_pointer/{3,4}.


  
    
  
  v0.2.2 (2024-06-15)


Browse the Repository | Released Assets

  
    
  
  Added


	Experimental support for CUDA shared memory via Evision.CUDA.GpuMat.to_pointer/{1,2}.
	Experimental support for Gleam. See gleam_evision_demo for more information.


  
    
  
  Changes


	General improvements to the typespecs. Enumerators now also have their own modules.

	Experimental support for using Nx.tensor directly without calling helper functions like Evision.Mat.from_nx/1, Evision.Mat.from_nx_2d/1 and Evision.Mat.last_dim_as_channel/1 .

	Support /AOS (arithmetic op src) marks in OpenCV source code.
This should make evision's behaviour in line with OpenCV (C++ and Python).
For example, in Evision.add/2, the expected behaviour should be different when src1/src2 are single number and they are tuple/array.
add(src, X) where X is a number (or Nx.tensor(X)), it means add(src, {X,X,X,X})
while add(src, {X}) (or add(src, Nx.tensor([X]))) means add(src, {X,0,0,0}).

	Allow a single number to be passed as Evision.Mat.maybe_mat_in() and Evision.scalar().

	Allow a n-tuple (containing n numbers) to be passed as Evision.Mat.maybe_mat_in() and Evision.scalar().

	Evision.Mat now implements Nx.LazyContainer protocol.



  
    
  
  Fixes


	Fixed Erlang bindings when converting from Elixir structs to Erlang records and vice versa.


  
    
  
  v0.2.1 (2024-06-04)


Browse the Repository | Released Assets

  
    
  
  Fixes


	Fixed function specs where type hints for sub-classes were using the type of their parent-classes.


  
    
  
  v0.2.0 (2024-06-03)


Browse the Repository | Released Assets

  
    
  
  Changes


	Uses OpenCV 4.10.0. Some APIs may have changed, please see OpenCV's release note for more information.

Change logs for v0.1.x can be found in the CHANGELOG.v0.1.md


  

    
Evision Quick Start
    

This document is a cheatsheet on how to use evision.

  
    
  
  Read & Write An Image



  
    
  
  Read An Image


Evision.imread
# Read an image
iex> img = Evision.imread("image.png")
%Evision.Mat{
  channels: 3,
  dims: 2,
  type: {:u, 8},
  raw_type: 16,
  shape: {1080, 1920, 3},
  ref: #Reference<0.664400266.3733323795.187022>
}

# Read and get the number of channels
iex> %Evision.Mat{channels: c} = img = Evision.imread("image.png")
iex> c
3

  
    
  
  Read a color image as a grayscale one


Evision.imread with flags
iex> img = Evision.imread("image.png", flags: Evision.Constant.cv_IMREAD_GRAYSCALE())
%Evision.Mat{
  channels: 1,
  dims: 2,
  type: {:u, 8},
  raw_type: 0,
  shape: {1080, 1920},
  ref: #Reference<0.664400266.3733323795.187022>
}

  
    
  
  Read a PNG image that has an alpha channel


Evision.imread with flags
iex> img = Evision.imread("image.png", flags: Evision.Constant.cv_IMREAD_UNCHANGED())
%Evision.Mat{
  channels: 4,
  dims: 2,
  type: {:u, 8},
  raw_type: 24,
  shape: {1080, 1920, 4},
  ref: #Reference<0.664400266.3733323795.187022>
}

  
    
  
  Write An Image


Evision.imwrite
The file extension decides the image encoder of the output image.
# as PNG
Evision.imwrite("filename.png", image)

# as JPEG
Evision.imwrite("filename.jpeg", image)

  
    
  
  Access A Sub-region/matrix



  
    
  
  Get A Sub-area of An Image


iex> img = Evision.imread("image.png")
%Evision.Mat{
  channels: 3,
  dims: 2,
  type: {:u, 8},
  raw_type: 16,
  shape: {1080, 1920, 3},
  ref: #Reference<0.664400266.3733323795.187022>
}

# Note that Elixir Range is inclusive, 0..1 gives [0, 1]
iex> img[[0..100, 0..100]]
%Evision.Mat{
  channels: 3,
  dims: 2,
  type: {:u, 8},
  raw_type: 16,
  shape: {101, 101, 3},
  ref: #Reference<0.664400266.3733323795.187023>
}

  
    
  
  Extract One Channel of An Image


iex> img = Evision.imread("image.png")
%Evision.Mat{
  channels: 3,
  dims: 2,
  type: {:u, 8},
  raw_type: 16,
  shape: {1080, 1920, 3},
  ref: #Reference<0.664400266.3733323795.187022>
}

# by default OpenCV uses BGR format, therefore
# the following code will extract the red-channel
iex> img[[:all, :all, 2]]
%Evision.Mat{
  channels: 1,
  dims: 2,
  type: {:u, 8},
  raw_type: 0,
  shape: {1080, 1920},
  ref: #Reference<0.664400266.3733323795.187023>
}

  
    
  
  Extract An Abritray Continuous Sub-matrix


iex> img = Evision.imread("image.png")
%Evision.Mat{
  channels: 3,
  dims: 2,
  type: {:u, 8},
  raw_type: 16,
  shape: {1080, 1920, 3},
  ref: #Reference<0.664400266.3733323795.187022>
}

# as of now, the step size has to be 1
iex> img[[100..200, 10..50, 0..1]]
%Evision.Mat{
  channels: 2,
  dims: 2,
  type: {:u, 8},
  raw_type: 8,
  shape: {101, 41, 2},
  ref: #Reference<0.664400266.3733323795.187024>
}

  
    
  
  Interact with Nx.Tensor



  
    
  
  Convert to Nx.Tensor


iex> img = Evision.imread("image.png")
%Evision.Mat{
  channels: 3,
  dims: 2,
  type: {:u, 8},
  raw_type: 16,
  shape: {1080, 1920, 3},
  ref: #Reference<0.664400266.3733323795.187022>
}

iex> t = Evision.Mat.to_nx(img)
#Nx.Tensor<
  u8[1080][1920][3]
  Evision.Backend
  [
    [
      [128, 128, 0],
      [128, 128, 0],
      [128, 128, 0],
      [128, 128, 0],
      [128, 128, 0],
      [128, 128, 0],
      [128, 128, 0],
      [128, 128, 0],
      [128, 128, 0],
      [128, 128, 0],
      [128, 128, 0],
      [128, 128, 0],
      [128, 128, 0],
      [128, 128, 0],
      [128, 128, 0],
      [128, 128, 0],
      [128, 128, ...],
      ...
    ],
    ...
  ]
>
It works the same for any Evision.Mat.
iex> mat = Evision.Mat.ones({2, 3, 4, 5}, :u8)
%Evision.Mat{
  channels: 1,
  dims: 4,
  type: {:u, 8},
  raw_type: 0,
  shape: {2, 3, 4, 5},
  ref: #Reference<0.2233780127.1059454995.175627>
}
iex> t = Evision.Mat.to_nx(mat)
#Nx.Tensor<
  u8[2][3][4][5]
  Evision.Backend
  [
    [
      [
        [1, 1, 1, 1, 1],
        [1, 1, 1, 1, 1],
        [1, 1, 1, 1, 1],
        [1, 1, 1, 1, 1]
      ],
      [
        [1, 1, 1, 1, 1],
        [1, 1, 1, 1, 1],
        [1, 1, 1, 1, 1],
        [1, 1, 1, 1, 1]
      ],
      [
        [1, 1, 1, 1, 1],
        [1, 1, 1, 1, 1],
        ...
      ]
    ],
    ...
  ]
>

  
    
  
  Convert From Nx.Tensor


From abritray Nx.Tensor.
iex> t = Nx.iota({3, 5, 7}, type: :u8)
iex> Evision.Mat.from_nx(t)
%Evision.Mat{
  channels: 1,
  dims: 4,
  type: {:u, 8},
  raw_type: 0,
  shape: {2, 3, 4, 5},
  ref: #Reference<0.2233780127.1059454995.175631>
}
However, please note that type :s64, :u32 and :u64 are not supported by OpenCV. 
Another thing to note is that, some OpenCV functions expect the input to be a "valid 2D image",
in such cases, Evision.Mat.from_nx_2d/1 should be used instead. Please see the cheat below.
iex> image_tensor = Nx.broadcast(Nx.tensor(0, type: :u8), {720, 1280, 3})
iex> Evision.Mat.from_nx_2d(image_tensor)
%Evision.Mat{
  channels: 3,
  dims: 2,
  type: {:u, 8},
  raw_type: 16,
  shape: {720, 1280, 3},
  ref: #Reference<0.2233780127.1059454995.175632>
}

# compare the results
# note the differences in `channels`, `dims` and `raw_type`
iex> Evision.Mat.from_nx(image_tensor)
%Evision.Mat{
  channels: 1,
  dims: 3,
  type: {:u, 8},
  raw_type: 0,
  shape: {720, 1280, 3},
  ref: #Reference<0.2233780127.1059454995.175633>
}
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Evision Example - Get Started with Some Basic Functions
    

Mix.install([
  {:evision, "~> 0.2"},
  {:kino, "~> 0.7"},
  {:req, "~> 0.3"}
], system_env: [
  # optional, defaults to `true`
  # set `EVISION_PREFER_PRECOMPILED` to `false`
  # if you prefer `:evision` to be compiled from source
  # note that to compile from source, you may need at least 1GB RAM
  {"EVISION_PREFER_PRECOMPILED", true},

  # optional, defaults to `true`
  # set `EVISION_ENABLE_CONTRIB` to `false`
  # if you don't need modules from `opencv_contrib`
  {"EVISION_ENABLE_CONTRIB", true},

  # optional, defaults to `false`
  # set `EVISION_ENABLE_CUDA` to `true`
  # if you wish to use CUDA related functions
  # note that `EVISION_ENABLE_CONTRIB` also has to be `true`
  # because cuda related modules come from the `opencv_contrib` repo
  {"EVISION_ENABLE_CUDA", false},

  # required when
  # - `EVISION_ENABLE_CUDA` is `true`
  # - and `EVISION_PREFER_PRECOMPILED` is `true`
  #
  # set `EVISION_CUDA_VERSION` to the version that matches
  # your local CUDA runtime version
  #
  # current available versions are
  # - 118
  # - 121
  {"EVISION_CUDA_VERSION", "118"},

  # require for Windows users when
  # - `EVISION_ENABLE_CUDA` is `true`
  # set `EVISION_CUDA_RUNTIME_DIR` to the directory that contains
  # CUDA runtime libraries
  {"EVISION_CUDA_RUNTIME_DIR", "C:/PATH/TO/CUDA/RUNTIME"}
])
:ok

  
    
  
  Define Some Helper Functions


defmodule Helper do
  def download!(url, save_as, overwrite? \\ false) do
    unless File.exists?(save_as) do
      Req.get!(url, http_errors: :raise, output: save_as, cache: not overwrite?)
    end

    :ok
  end
end
{:module, Helper, <<70, 79, 82, 49, 0, 0, 10, ...>>, {:download!, 3}}

  
    
  
  Read an Image From File


alias Evision, as: Cv

# Download the test image
lenna_test_image_path = Path.join(__DIR__, "lenna_test_image.png")
Helper.download!(
  "https://upload.wikimedia.org/wikipedia/en/7/7d/Lenna_%28test_image%29.png",
  lenna_test_image_path
)

# Read the test image
mat = Cv.imread(lenna_test_image_path)
%Evision.Mat{
  channels: 3,
  dims: 2,
  type: {:u, 8},
  raw_type: 16,
  shape: {512, 512, 3},
  ref: #Reference<0.2845725607.2514092053.18350>
}

  
    
  
  Encode an Image


encoded = Cv.imencode(".png", mat)
Kino.Image.new(encoded, :png)

  
    
  
  Resize an Image


resized_mat = Cv.resize(mat, {_width = 256, _height = 128})
%Evision.Mat{
  channels: 3,
  dims: 2,
  type: {:u, 8},
  raw_type: 16,
  shape: {128, 256, 3},
  ref: #Reference<0.2845725607.2514092052.18171>
}
encoded = Cv.imencode(".png", resized_mat)
Kino.Image.new(encoded, :png)

  
    
  
  Get a Subarea in an Image


Evision.Mat.roi
Cv.imencode(".png", Cv.Mat.roi(mat, {10, 10, 130, 200}))
|> Kino.Image.new(:png)

  
    
  
  Encode and Decode Image in Memory


# encode in memory
encoded_in_memory = Cv.imencode(".png", resized_mat)
<<137, 80, 78, 71, 13, 10, 26, 10, 0, 0, 0, 13, 73, 72, 68, 82, 0, 0, 1, 0, 0, 0, 0, 128, 8, 2, 0,
  0, 0, 107, 215, 32, 93, 0, 0, 32, 0, 73, 68, 65, 84, 120, 1, 20, 193, 93, 175, 110, 105, 118,
  ...>>
# decode in memory
decoded_mat = Cv.imdecode(encoded_in_memory, Cv.Constant.cv_IMREAD_ANYCOLOR())
%Evision.Mat{
  channels: 3,
  dims: 2,
  type: {:u, 8},
  raw_type: 16,
  shape: {128, 256, 3},
  ref: #Reference<0.2845725607.2514092052.18187>
}

  
    
  
  Read an PNG File With/Without Alpha Channel


# download the test image (has alpha channel)
download_path = Path.join(__DIR__, "test.png")
Helper.download!("https://github.com/cocoa-xu/evision/raw/main/test/testdata/test.png", download_path)
:ok
without_alpha = Cv.imread(download_path)
%Evision.Mat{
  channels: 3,
  dims: 2,
  type: {:u, 8},
  raw_type: 16,
  shape: {2, 3, 3},
  ref: #Reference<0.2845725607.2514092053.18729>
}
Cv.imread(download_path, flags: Cv.Constant.cv_IMREAD_UNCHANGED())
%Evision.Mat{
  channels: 4,
  dims: 2,
  type: {:u, 8},
  raw_type: 24,
  shape: {2, 3, 4},
  ref: #Reference<0.2845725607.2514092053.18730>
}

  
    
  
  Read an Image and Convert It to Grayscale in a Single Call


gray_scale_mat = Cv.imread(lenna_test_image_path, flags: Cv.Constant.cv_IMREAD_GRAYSCALE())
%Evision.Mat{
  channels: 1,
  dims: 2,
  type: {:u, 8},
  raw_type: 0,
  shape: {512, 512},
  ref: #Reference<0.2845725607.2514092053.18731>
}
gray_scale = Cv.imencode(".png", gray_scale_mat)
Kino.Image.new(gray_scale, :png)
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Evision Example - QRCode Encoding and Decoding
    

Mix.install([
  {:evision, "~> 0.2"},
  {:kino, "~> 0.7"},
  {:req, "~> 0.3"}
], system_env: [
  # optional, defaults to `true`
  # set `EVISION_PREFER_PRECOMPILED` to `false`
  # if you prefer `:evision` to be compiled from source
  # note that to compile from source, you may need at least 1GB RAM
  {"EVISION_PREFER_PRECOMPILED", true},

  # optional, defaults to `true`
  # set `EVISION_ENABLE_CONTRIB` to `false`
  # if you don't need modules from `opencv_contrib`
  {"EVISION_ENABLE_CONTRIB", true},

  # optional, defaults to `false`
  # set `EVISION_ENABLE_CUDA` to `true`
  # if you wish to use CUDA related functions
  # note that `EVISION_ENABLE_CONTRIB` also has to be `true`
  # because cuda related modules come from the `opencv_contrib` repo
  {"EVISION_ENABLE_CUDA", false},

  # required when 
  # - `EVISION_ENABLE_CUDA` is `true`
  # - and `EVISION_PREFER_PRECOMPILED` is `true`
  #
  # set `EVISION_CUDA_VERSION` to the version that matches 
  # your local CUDA runtime version
  #
  # current available versions are
  # - 118
  # - 121
  {"EVISION_CUDA_VERSION", "118"},

  # require for Windows users when 
  # - `EVISION_ENABLE_CUDA` is `true`
  # set `EVISION_CUDA_RUNTIME_DIR` to the directory that contains
  # CUDA runtime libraries
  {"EVISION_CUDA_RUNTIME_DIR", "C:/PATH/TO/CUDA/RUNTIME"}
])
:ok

  
    
  
  Encode A String to QRCode


# let's encode this example string
string_to_encode = "This is a string!"

# the result image will be in minimal possible size
# which is what it should be to avoid unnecessary memory allocations
# because it would be easier to let the user to resize the result image
# (most of the time we need to resize it to fit our needs anyway, this saves one call to resize)
%Evision.Mat{} =
  minimal_qrcode = Evision.QRCodeEncoder.encode(Evision.QRCodeEncoder.create(), string_to_encode)

# for this example, we can resize it to 300x300
qrcode = Evision.resize(minimal_qrcode, {300, 300}, interpolation: Evision.Constant.cv_INTER_AREA())
%Evision.Mat{
  channels: 1,
  dims: 2,
  type: {:u, 8},
  raw_type: 0,
  shape: {300, 300},
  ref: #Reference<0.2207498009.3335389204.191169>
}

  
    
  
  Read the String Back From the Encoded QRCode


{decoded_string, points, straight_qrcode} =
  Evision.QRCodeDetector.detectAndDecode(Evision.QRCodeDetector.qrCodeDetector(), qrcode)

decoded_string
"This is a string!"

  
    
  
  The Second Value In the Returned Tuple


# `points` is the keypoints for the QRCode
# the shape would be {1, 4, 2}, in which:
#  - 1: number of QRCode
#  - 4: always 4, 4 keypoints: top_left, bottom_left, bottom_right, top_right
#  - 2: always 2, (x, y)
points = Evision.Mat.to_nx(points, Nx.BinaryBackend)
#Nx.Tensor<
  f32[1][4][2]
  [
    [
      [24.0, 24.0],
      [275.0000305175781, 24.0],
      [275.0000305175781, 275.0000305175781],
      [24.0, 275.0000305175781]
    ]
  ]
>
# here we take the first QRCode's keypoints
keypoints = Nx.as_type(points[0], :s32)

{top_left, bottom_right} = {
  List.to_tuple(Nx.to_flat_list(keypoints[0])),
  List.to_tuple(Nx.to_flat_list(keypoints[2]))
}
{{24, 24}, {275, 275}}
{{row_start, col_start}, {row_end, col_end}} = {top_left, bottom_right}
qrcode[[col_start..col_end, row_start..row_end]]
%Evision.Mat{
  channels: 1,
  dims: 2,
  type: {:u, 8},
  raw_type: 0,
  shape: {252, 252},
  ref: #Reference<0.2207498009.3335389204.191179>
}

  
    
  
  The Third Value In the Returned Tuple


# the third value is `straight_qrcode`, which is the minimal possible image
# for the QRCode
Evision.resize(straight_qrcode, {300, 300}, interpolation: Evision.Constant.cv_INTER_AREA())
%Evision.Mat{
  channels: 1,
  dims: 2,
  type: {:u, 8},
  raw_type: 0,
  shape: {300, 300},
  ref: #Reference<0.2207498009.3335389204.191182>
}
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Evision Example - Warp Perspective
    

Mix.install(
  [
    {:evision, "~> 0.1.31"},
    {:kino, "~> 0.9.0"},
    {:req, "~> 0.3.0"}
  ],
  system_env: [
    # optional, defaults to `true`
    # set `EVISION_PREFER_PRECOMPILED` to `false`
    # if you prefer `:evision` to be compiled from source
    # note that to compile from source, you may need at least 1GB RAM
    {"EVISION_PREFER_PRECOMPILED", true},

    # optional, defaults to `true`
    # set `EVISION_ENABLE_CONTRIB` to `false`
    # if you don't need modules from `opencv_contrib`
    {"EVISION_ENABLE_CONTRIB", true},

    # optional, defaults to `false`
    # set `EVISION_ENABLE_CUDA` to `true`
    # if you wish to use CUDA related functions
    # note that `EVISION_ENABLE_CONTRIB` also has to be `true`
    # because cuda related modules come from the `opencv_contrib` repo
    {"EVISION_ENABLE_CUDA", false},

    # required when
    # - `EVISION_ENABLE_CUDA` is `true`
    # - and `EVISION_PREFER_PRECOMPILED` is `true`
    #
    # set `EVISION_CUDA_VERSION` to the version that matches
    # your local CUDA runtime version
    #
    # current available versions are
    # - 111
    # - 114
    # - 118
    {"EVISION_CUDA_VERSION", "118"},

    # require for Windows users when
    # - `EVISION_ENABLE_CUDA` is `true`
    # set `EVISION_CUDA_RUNTIME_DIR` to the directory that contains
    # CUDA runtime libraries
    {"EVISION_CUDA_RUNTIME_DIR", "C:/PATH/TO/CUDA/RUNTIME"}
  ]
)

  
    
  
  Introduction


This notebook will demonstrate how to perform perspective transformation.
It's useful to alias the module as something shorter when we make extensive use of the functions from certain modules.
alias Evision, as: Cv

  
    
  
  Define Some Helper Functions


Let's prepare helper functions for preparing resources.
defmodule Helper do
  def download!(url, overwrite \\ false) do
    save_as = Path.join(System.tmp_dir!(), URI.encode_www_form(url))
    unless File.exists?(save_as) || overwrite, do: Req.get!(url, output: save_as)
    save_as
  end

end

  
    
  
  Read the Test Image


# Read the test image
test_img_mat =
  "https://raw.githubusercontent.com/cocoa-xu/evision/main/test/testdata/warp_perspective.png"
  |> Helper.download!()
  |> Cv.imread()

  
    
  
  Function hypot: returns the Euclidean norm


This function calcululates the Euclidean norm, which is useful when we want to
know the length of a line segment between two points
(Euclidean distance).
# hypot.(list(number())) function returns the Euclidean norm
hypot = fn l -> :math.sqrt(Enum.sum(Enum.map(l, fn i -> i * i end))) end

  
    
  
  Calculate the Output Coordinates for Corners


# specify input coordinates for corners of red quadrilateral
top_left = [136, 113]
top_right = [206, 130]
bottom_right = [173, 207]
bottom_left = [132, 196]

input_points = Nx.tensor([top_left, top_right, bottom_right, bottom_left], type: :f32)

# get top and left dimensions and set to output dimensions of red rectangle
output_width =
  hypot.([
    Nx.to_number(Nx.subtract(input_points[[0, 0]], input_points[[1, 0]])),
    Nx.to_number(Nx.subtract(input_points[[0, 1]], input_points[[1, 1]]))
  ])
  |> round()

output_height =
  hypot.([
    Nx.to_number(Nx.subtract(input_points[[0, 0]], input_points[[3, 0]])),
    Nx.to_number(Nx.subtract(input_points[[0, 1]], input_points[[3, 1]]))
  ])
  |> round()

IO.puts("width: #{output_width}, height: #{output_height}")

# set upper left coordinates for output rectangle
x = Nx.to_number(input_points[[0, 0]])
y = Nx.to_number(input_points[[0, 1]])

# specify output coordinates for corners of red quadrilateral
top_left = [x, y]
top_right = [x + output_width - 1, y]
bottom_right = [x + output_width - 1, y + output_height - 1]
bottom_left = [x, y + output_height - 1]

output_points = Nx.tensor([top_left, top_right, bottom_right, bottom_left], type: :f32)

  
    
  
  Compute Perspective Matrix


perspective_matrix = Cv.getPerspectiveTransform(input_points, output_points)
Kino.Tree.new(perspective_matrix)

  
    
  
  Perspective Transformation


{img_height, img_width, _} = Cv.Mat.shape(test_img_mat)

# do perspective transformation setting area outside input to black
# Note that output size is the same as the input image size
output_img_mat =
  Cv.warpPerspective(
    test_img_mat,
    perspective_matrix,
    {img_width, img_height},
    flags: Cv.Constant.cv_INTER_LINEAR(),
    borderMode: Cv.Constant.cv_BORDER_CONSTANT(),
    borderValue: {0, 0, 0}
  )

[
  ["Input image", test_img_mat],
  ["Output image", output_img_mat]
]
|> Enum.map(fn [label, img] ->
  Kino.Layout.grid([img, Kino.Markdown.new("**#{label}**")], boxed: true)
end)
|> Kino.Layout.grid(columns: 2)
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Evision Example - Warp Polar and Reverse
    

Mix.install([
  {:evision, "~> 0.2"},
  {:kino, "~> 0.7"},
  {:req, "~> 0.3"}
], system_env: [
  # optional, defaults to `true`
  # set `EVISION_PREFER_PRECOMPILED` to `false`
  # if you prefer `:evision` to be compiled from source
  # note that to compile from source, you may need at least 1GB RAM
  {"EVISION_PREFER_PRECOMPILED", true},

  # optional, defaults to `true`
  # set `EVISION_ENABLE_CONTRIB` to `false`
  # if you don't need modules from `opencv_contrib`
  {"EVISION_ENABLE_CONTRIB", true},

  # optional, defaults to `false`
  # set `EVISION_ENABLE_CUDA` to `true`
  # if you wish to use CUDA related functions
  # note that `EVISION_ENABLE_CONTRIB` also has to be `true`
  # because cuda related modules come from the `opencv_contrib` repo
  {"EVISION_ENABLE_CUDA", false},

  # required when 
  # - `EVISION_ENABLE_CUDA` is `true`
  # - and `EVISION_PREFER_PRECOMPILED` is `true`
  #
  # set `EVISION_CUDA_VERSION` to the version that matches 
  # your local CUDA runtime version
  #
  # current available versions are
  # - 118
  # - 121
  {"EVISION_CUDA_VERSION", "118"},

  # require for Windows users when 
  # - `EVISION_ENABLE_CUDA` is `true`
  # set `EVISION_CUDA_RUNTIME_DIR` to the directory that contains
  # CUDA runtime libraries
  {"EVISION_CUDA_RUNTIME_DIR", "C:/PATH/TO/CUDA/RUNTIME"}
])
:ok

  
    
  
  Define Some Helper Functions


defmodule Helper do
  def download!(url, save_as, overwrite? \\ false) do
    unless File.exists?(save_as) do
      Req.get!(url, http_errors: :raise, output: save_as, cache: not overwrite?)
    end

    :ok
  end
end
{:module, Helper, <<70, 79, 82, 49, 0, 0, 10, ...>>, {:download!, 3}}

  
    
  
  Load the Test Image


test_image_path = Path.join(__DIR__, "warp_polar.png")

Helper.download!(
  "https://raw.githubusercontent.com/cocoa-xu/evision/main/test/testdata/warp_polar.png",
  test_image_path
)

# Read the test image
%Evision.Mat{shape: {rows, cols, 3}} = src = Evision.imread(test_image_path)
%Evision.Mat{
  channels: 3,
  dims: 2,
  type: {:u, 8},
  raw_type: 16,
  shape: {412, 561, 3},
  ref: #Reference<0.1535381621.3478519834.195361>
}
The centre point (relative to the source image) of the circle locates at {x=224, y=206}.
Of course, you might ask "how do we find the centre of that circle by code" or maybe first you wanna ask "how do we detect if there is any circle in any given image". And these questions fall outside the scope of this livebook, and there are really plenty of ways to do it.

  
    
  
  Max Radius


max_radius decides the bounding circle. If some part of the bounding circle is outside the range of the source image, then we need to ask OpenCV to fill these outliners by adding another flag Evision.Constant.cv_WARP_FILL_OUTLIERS().
We can first plot the bounding circle for some visualisation.
centre = {x = 224, y = 206}
max_radius = 0.93 * min(x, y)
red_color = {0, 0, 255}

# convert max_radius to an integer 
# because Evision.circle expects an integer input for the
# radius parameter
int_max_radius = trunc(max_radius)

Evision.circle(src, centre, int_max_radius, red_color, thickness: 2)

# please click the "Image" tab in the output below to see the visualised result
%Evision.Mat{
  channels: 3,
  dims: 2,
  type: {:u, 8},
  raw_type: 16,
  shape: {412, 561, 3},
  ref: #Reference<0.1535381621.3478519828.194184>
}
The processed image will look like this:
Evision.warpPolar(
  src,
  {0, 0},
  centre,
  int_max_radius,
  Evision.Constant.cv_INTER_LINEAR() + Evision.Constant.cv_WARP_FILL_OUTLIERS()
)

# please click the "Image" tab in the output below to see the visualised result
%Evision.Mat{
  channels: 3,
  dims: 2,
  type: {:u, 8},
  raw_type: 16,
  shape: {600, 191, 3},
  ref: #Reference<0.1535381621.3478519828.194187>
}
if the max radius is too large, then we will have some outliners, as you can see that the red circle (in the output below) is not entirely inside the source image
int_max_radius = trunc(1.2 * min(x, y))

Evision.circle(src, centre, int_max_radius, red_color, thickness: 2)

# please click the "Image" tab in the output below to see the visualised result
%Evision.Mat{
  channels: 3,
  dims: 2,
  type: {:u, 8},
  raw_type: 16,
  shape: {412, 561, 3},
  ref: #Reference<0.1535381621.3478519828.194190>
}
And in such cases, OpenCV will have to fill outliners (in this example, filled outliners reside in the black areas on the right hand side of the output image)
Evision.warpPolar(
  src,
  {0, 0},
  centre,
  int_max_radius,
  Evision.Constant.cv_INTER_LINEAR() + Evision.Constant.cv_WARP_FILL_OUTLIERS()
)

# please click the "Image" tab in the output below to see the visualised result
%Evision.Mat{
  channels: 3,
  dims: 2,
  type: {:u, 8},
  raw_type: 16,
  shape: {776, 247, 3},
  ref: #Reference<0.1535381621.3478519828.194193>
}

  
    
  
  dsize


The next thing is dsize={width, height}, and there are three options:
	if both values in dsize <=0 (default), the destination image will have (almost) same area of source bounding circle
$\begin{array}{l} dsize.area \leftarrow (maxRadius^2 \cdot \Pi) \\ dsize.width = \texttt{round}(maxRadius) \\ dsize.height = \texttt{round}(maxRadius \cdot \Pi) \\ \end{array}$

	if only dsize.height <= 0, the destination image area will be proportional to the bounding circle area but scaled by Kx * Kx:
$\begin{array}{l} dsize.height = \texttt{round}(dsize.width \cdot \Pi) \\ \end{array}$

	if both values in dsize > 0, the destination image will have the given size therefore the area of the bounding circle will be scaled to dsize.


dsize - option 1
We can first try dsize={0, 0}.
dsize = {0, 0}
max_radius = 0.93 * min(x, y)

Evision.warpPolar(
  src,
  dsize,
  centre,
  max_radius,
  Evision.Constant.cv_INTER_LINEAR() + Evision.Constant.cv_WARP_FILL_OUTLIERS()
)

# please click the "Image" tab in the output below to see the visualised result
%Evision.Mat{
  channels: 3,
  dims: 2,
  type: {:u, 8},
  raw_type: 16,
  shape: {602, 192, 3},
  ref: #Reference<0.1535381621.3478519828.194205>
}
Looks good. What about dsize = {240, 800}
dsize - option 2
only dsize.height <= 0
dsize = {150, -1}
max_radius = 0.93 * min(x, y)

Evision.warpPolar(
  src,
  dsize,
  centre,
  max_radius,
  Evision.Constant.cv_INTER_LINEAR() + Evision.Constant.cv_WARP_FILL_OUTLIERS()
)

# please click the "Image" tab in the output below to see the visualised result
%Evision.Mat{
  channels: 3,
  dims: 2,
  type: {:u, 8},
  raw_type: 16,
  shape: {471, 150, 3},
  ref: #Reference<0.1535381621.3478519828.194208>
}
dsize - option 3
both values in dsize > 0
dsize = {240, 400}
max_radius = 0.93 * min(x, y)

Evision.warpPolar(
  src,
  dsize,
  centre,
  max_radius,
  Evision.Constant.cv_INTER_LINEAR() + Evision.Constant.cv_WARP_FILL_OUTLIERS()
)

# please click the "Image" tab in the output below to see the visualised result
%Evision.Mat{
  channels: 3,
  dims: 2,
  type: {:u, 8},
  raw_type: 16,
  shape: {400, 240, 3},
  ref: #Reference<0.1535381621.3478519828.194211>
}

  
    
  
  Remaps to Semilog-Polar Coordinates Space


dsize = {0, 0}
max_radius = 0.93 * min(x, y)

log_polar_img =
  Evision.warpPolar(
    src,
    dsize,
    centre,
    max_radius,
    Evision.Constant.cv_INTER_LINEAR() + Evision.Constant.cv_WARP_FILL_OUTLIERS() + Evision.Constant.cv_WARP_POLAR_LOG()
  )

# please click the "Image" tab in the output below to see the visualised result
%Evision.Mat{
  channels: 3,
  dims: 2,
  type: {:u, 8},
  raw_type: 16,
  shape: {602, 192, 3},
  ref: #Reference<0.1535381621.3478519828.194229>
}

  
    
  
  Reverse the Transformation


From Semilog-Polar Coordinates Space
log_polar_img is the result image in the cell above.
shape = Evision.Mat.shape(src)
dsize = {elem(shape, 1), elem(shape, 0)}

Evision.warpPolar(
  log_polar_img,
  dsize,
  centre,
  max_radius,
  Evision.Constant.cv_INTER_LINEAR() + Evision.Constant.cv_WARP_FILL_OUTLIERS() +
    Evision.Constant.cv_WARP_POLAR_LOG() + Evision.Constant.cv_WARP_INVERSE_MAP()
)

# please click the "Image" tab in the output below to see the visualised result
%Evision.Mat{
  channels: 3,
  dims: 2,
  type: {:u, 8},
  raw_type: 16,
  shape: {412, 561, 3},
  ref: #Reference<0.1535381621.3478519828.194247>
}
From Polar Coordinates Space
dsize = {0, 0}
max_radius = 0.93 * min(x, y)

linear_polar_img =
  Evision.warpPolar(
    src,
    dsize,
    centre,
    max_radius,
    Evision.Constant.cv_INTER_LINEAR() + Evision.Constant.cv_WARP_FILL_OUTLIERS()
  )

# reverse the transformation
shape = Evision.Mat.shape(src)
dsize = {elem(shape, 1), elem(shape, 0)}

Evision.warpPolar(
  linear_polar_img,
  dsize,
  centre,
  max_radius,
  Evision.Constant.cv_INTER_LINEAR() + Evision.Constant.cv_WARP_FILL_OUTLIERS() +
    Evision.Constant.cv_WARP_INVERSE_MAP()
)

# please click the "Image" tab in the output below to see the visualised result
%Evision.Mat{
  channels: 3,
  dims: 2,
  type: {:u, 8},
  raw_type: 16,
  shape: {412, 561, 3},
  ref: #Reference<0.1535381621.3478519828.194251>
}
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Find and Draw Contours in an Image
    

Mix.install([
  {:evision, "~> 0.2"},
  {:kino, "~> 0.7"},
  {:req, "~> 0.3"}
], system_env: [
  # optional, defaults to `true`
  # set `EVISION_PREFER_PRECOMPILED` to `false`
  # if you prefer `:evision` to be compiled from source
  # note that to compile from source, you may need at least 1GB RAM
  {"EVISION_PREFER_PRECOMPILED", true},

  # optional, defaults to `true`
  # set `EVISION_ENABLE_CONTRIB` to `false`
  # if you don't need modules from `opencv_contrib`
  {"EVISION_ENABLE_CONTRIB", true},

  # optional, defaults to `false`
  # set `EVISION_ENABLE_CUDA` to `true`
  # if you wish to use CUDA related functions
  # note that `EVISION_ENABLE_CONTRIB` also has to be `true`
  # because cuda related modules come from the `opencv_contrib` repo
  {"EVISION_ENABLE_CUDA", false},

  # required when 
  # - `EVISION_ENABLE_CUDA` is `true`
  # - and `EVISION_PREFER_PRECOMPILED` is `true`
  #
  # set `EVISION_CUDA_VERSION` to the version that matches 
  # your local CUDA runtime version
  #
  # current available versions are
  # - 118
  # - 121
  {"EVISION_CUDA_VERSION", "118"},

  # require for Windows users when 
  # - `EVISION_ENABLE_CUDA` is `true`
  # set `EVISION_CUDA_RUNTIME_DIR` to the directory that contains
  # CUDA runtime libraries
  {"EVISION_CUDA_RUNTIME_DIR", "C:/PATH/TO/CUDA/RUNTIME"}
])
:ok

  
    
  
  Helper Function


defmodule Helper do
  def download!(url, save_as, overwrite? \\ false) do
    unless File.exists?(save_as) do
      Req.get!(url, http_errors: :raise, output: save_as, cache: not overwrite?)
    end

    :ok
  end
end
{:module, Helper, <<70, 79, 82, 49, 0, 0, 10, ...>>, {:download!, 3}}
Helper.download!("https://docs.opencv.org/4.x/pca_test1.jpg", "pca_test.jpg")
:ok

  
    
  
  Load Image As Gray Scale


gray = Evision.imread("pca_test.jpg", flags: Evision.Constant.cv_IMREAD_GRAYSCALE())
%Evision.Mat{
  channels: 1,
  dims: 2,
  type: {:u, 8},
  raw_type: 0,
  shape: {600, 800},
  ref: #Reference<0.2172638371.2268463131.71223>
}

  
    
  
  Get A Binary Image


# import Bitwise so that we can use `|||` (bitwise or)
import Bitwise

# binarization
{_, bw} =
  Evision.threshold(gray, 50, 255, Evision.Constant.cv_THRESH_BINARY() ||| Evision.Constant.cv_THRESH_OTSU())

bw
%Evision.Mat{
  channels: 1,
  dims: 2,
  type: {:u, 8},
  raw_type: 0,
  shape: {600, 800},
  ref: #Reference<0.2172638371.2268463122.70922>
}

  
    
  
  Find All Contours in the Binary Image


# Find all the contours in the thresholded image
{contours, _} = Evision.findContours(bw, Evision.Constant.cv_RETR_LIST(), Evision.Constant.cv_CHAIN_APPROX_NONE())

IO.puts("Find #{Enum.count(contours)} contour(s)")
Find 7 contour(s)
:ok

  
    
  
  Ignore Contours That Are Too Small or Too Large


minimal_area = 100
maximal_area = 100_000

contours =
  Enum.reject(contours, fn c ->
    # Calculate the area of each contour
    area = Evision.contourArea(c)
    # Ignore contours that are too small or too large
    # (return true to reject)
    area < minimal_area or area > maximal_area
  end)

IO.puts("#{Enum.count(contours)} contour(s) remains")
6 contour(s) remains
:ok

  
    
  
  Draw All Contours


# color in {Blue, Green, Red}, range from 0-255
edge_color = {0, 0, 255}

# draw all contours by setting `index` to `-1`
index = -1

# Load image in color
src = Evision.imread("pca_test.jpg")

# draw all contours on the color image
Evision.drawContours(src, contours, index, edge_color, thickness: 2)
%Evision.Mat{
  channels: 3,
  dims: 2,
  type: {:u, 8},
  raw_type: 16,
  shape: {600, 800, 3},
  ref: #Reference<0.2172638371.2268463122.70944>
}
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Evision Example - Stitching Multiple Photos into A Panorama Photo
    

Mix.install([
  {:evision, "~> 0.2"},
  {:kino, "~> 0.7"},
  {:req, "~> 0.3"}
], system_env: [
  # optional, defaults to `true`
  # set `EVISION_PREFER_PRECOMPILED` to `false`
  # if you prefer `:evision` to be compiled from source
  # note that to compile from source, you may need at least 1GB RAM
  {"EVISION_PREFER_PRECOMPILED", true},

  # optional, defaults to `true`
  # set `EVISION_ENABLE_CONTRIB` to `false`
  # if you don't need modules from `opencv_contrib`
  {"EVISION_ENABLE_CONTRIB", true},

  # optional, defaults to `false`
  # set `EVISION_ENABLE_CUDA` to `true`
  # if you wish to use CUDA related functions
  # note that `EVISION_ENABLE_CONTRIB` also has to be `true`
  # because cuda related modules come from the `opencv_contrib` repo
  {"EVISION_ENABLE_CUDA", false},

  # required when 
  # - `EVISION_ENABLE_CUDA` is `true`
  # - and `EVISION_PREFER_PRECOMPILED` is `true`
  #
  # set `EVISION_CUDA_VERSION` to the version that matches 
  # your local CUDA runtime version
  #
  # current available versions are
  # - 118
  # - 121
  {"EVISION_CUDA_VERSION", "118"},

  # require for Windows users when 
  # - `EVISION_ENABLE_CUDA` is `true`
  # set `EVISION_CUDA_RUNTIME_DIR` to the directory that contains
  # CUDA runtime libraries
  {"EVISION_CUDA_RUNTIME_DIR", "C:/PATH/TO/CUDA/RUNTIME"}
])
:ok

  
    
  
  Define Some Helper Functions


defmodule Helper do
  def download!(url, save_as, overwrite? \\ false) do
    unless File.exists?(save_as) do
      Req.get!(url, http_errors: :raise, output: save_as, cache: not overwrite?)
    end

    :ok
  end
end
{:module, Helper, <<70, 79, 82, 49, 0, 0, 10, ...>>, {:download!, 3}}

  
    
  
  Download Test Images


# change to the file's directory
# or somewhere you have write permission
File.cd!(__DIR__)

# https://github.com/opencv/opencv_extra/tree/4.x/testdata/stitching
Helper.download!(
  "https://raw.githubusercontent.com/opencv/opencv_extra/master/testdata/stitching/a1.png",
  "a1.png"
)

Helper.download!(
  "https://raw.githubusercontent.com/opencv/opencv_extra/master/testdata/stitching/a2.png",
  "a2.png"
)

Helper.download!(
  "https://raw.githubusercontent.com/opencv/opencv_extra/master/testdata/stitching/a3.png",
  "a3.png"
)
:ok

  
    
  
  Stitching


alias Evision, as: Cv

a1 = Cv.imread("./a1.png")
a2 = Cv.imread("./a2.png")
a3 = Cv.imread("./a3.png")
sticher = Cv.Stitcher.create()
{status_code, result} = Cv.Stitcher.stitch(sticher, [a1, a2, a3])
0 = status_code
# status_code should be 0 (OK),
# for other status_code, please refer to https://github.com/opencv/opencv/blob/4.5.4/modules/stitching/include/opencv2/stitching.hpp#L152

Cv.imencode(".png", result)
|> Kino.Image.new(:png)
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Evision Example - Principal Components Analysis
    

Mix.install([
  {:evision, "~> 0.2"},
  {:kino, "~> 0.7"},
  {:req, "~> 0.3"}
], system_env: [
  # optional, defaults to `true`
  # set `EVISION_PREFER_PRECOMPILED` to `false`
  # if you prefer `:evision` to be compiled from source
  # note that to compile from source, you may need at least 1GB RAM
  {"EVISION_PREFER_PRECOMPILED", true},

  # optional, defaults to `true`
  # set `EVISION_ENABLE_CONTRIB` to `false`
  # if you don't need modules from `opencv_contrib`
  {"EVISION_ENABLE_CONTRIB", true},

  # optional, defaults to `false`
  # set `EVISION_ENABLE_CUDA` to `true`
  # if you wish to use CUDA related functions
  # note that `EVISION_ENABLE_CONTRIB` also has to be `true`
  # because cuda related modules come from the `opencv_contrib` repo
  {"EVISION_ENABLE_CUDA", false},

  # required when
  # - `EVISION_ENABLE_CUDA` is `true`
  # - and `EVISION_PREFER_PRECOMPILED` is `true`
  #
  # set `EVISION_CUDA_VERSION` to the version that matches
  # your local CUDA runtime version
  #
  # current available versions are
  # - 118
  # - 121
  {"EVISION_CUDA_VERSION", "118"},

  # require for Windows users when
  # - `EVISION_ENABLE_CUDA` is `true`
  # set `EVISION_CUDA_RUNTIME_DIR` to the directory that contains
  # CUDA runtime libraries
  {"EVISION_CUDA_RUNTIME_DIR", "C:/PATH/TO/CUDA/RUNTIME"}
])
:ok

  
    
  
  Helper Function


defmodule Helper do
  def download!(url, save_as, overwrite? \\ false) do
    unless File.exists?(save_as) do
      Req.get!(url, http_errors: :raise, output: save_as, cache: not overwrite?)
    end

    :ok
  end
end
{:module, Helper, <<70, 79, 82, 49, 0, 0, 10, ...>>, {:download!, 3}}

  
    
  
  alias


alias Evision, as: Cv
Evision

  
    
  
  Download the test image


Helper.download!("https://docs.opencv.org/4.x/pca_test1.jpg", "pca_test.jpg")
:ok
import Bitwise

# Load image in grayscale
gray = Cv.imread("pca_test.jpg", flags: Cv.Constant.cv_IMREAD_GRAYSCALE())

# Convert image to binary
{_, bw} = Cv.threshold(gray, 50, 255, Cv.Constant.cv_THRESH_BINARY() ||| Cv.Constant.cv_THRESH_OTSU())

# Find all the contours in the thresholded image
{contours, _} = Cv.findContours(bw, Cv.Constant.cv_RETR_LIST(), Cv.Constant.cv_CHAIN_APPROX_NONE())

contours =
  contours
  # Calculate the area of each contour
  |> Enum.map(&{Cv.contourArea(&1), &1})
  # Ignore contours that are too small or too large
  |> Enum.reject(fn {area, _c} -> area < 100 or area > 100_000 end)

# area
Enum.map(contours, &elem(&1, 0))
[17192.0, 16830.0, 16150.5, 15367.5, 15571.0, 14842.0]
PCA analysis
contours = Enum.map(contours, &elem(&1, 1))

pca_analysis =
  for c <- contours, reduce: [] do
    acc ->
      # Construct a buffer used by the pca analysis
      %Evision.Mat{shape: shape, type: type} = c
      sz = elem(shape, 0)
      pts_binary = Cv.Mat.to_binary(c)
      data_pts = Cv.Mat.from_binary(pts_binary, type, sz, 2, 1)
      data_pts = Cv.Mat.as_type(data_pts, {:f, 64})

      # Perform PCA analysis
      {mean, eigenvectors, eigenvalues} = Cv.pcaCompute2(data_pts, Cv.Mat.empty())
      eigenvectors = Cv.Mat.to_nx(eigenvectors, Nx.BinaryBackend)
      eigenvalues = Cv.Mat.to_nx(eigenvalues, Nx.BinaryBackend)

      # Store the center of the object
      <<centre_x::float-size(64)-little, centre_y::float-size(64)-little, _::binary>> =
        Cv.Mat.to_binary(mean)

      centre_x = trunc(centre_x)
      centre_y = trunc(centre_y)

      # Store the eigenvalues and eigenvectors
      eval00 = Nx.slice(eigenvalues, [0, 0], [1, 1]) |> Nx.to_flat_list() |> Enum.at(0)
      eval10 = Nx.slice(eigenvalues, [1, 0], [1, 1]) |> Nx.to_flat_list() |> Enum.at(0)

      evec00 = Nx.slice(eigenvectors, [0, 0], [1, 1]) |> Nx.to_flat_list() |> Enum.at(0)
      evec01 = Nx.slice(eigenvectors, [0, 1], [1, 1]) |> Nx.to_flat_list() |> Enum.at(0)
      evec10 = Nx.slice(eigenvectors, [1, 0], [1, 1]) |> Nx.to_flat_list() |> Enum.at(0)
      evec11 = Nx.slice(eigenvectors, [1, 1], [1, 1]) |> Nx.to_flat_list() |> Enum.at(0)

      # Calculate the principal components
      p1 =
        {trunc(Float.round(centre_x + 0.02 * evec00 * eval00)),
         trunc(Float.round(centre_y + 0.02 * evec01 * eval00))}

      p2 =
        {trunc(Float.round(centre_x - 0.02 * evec10 * eval10)),
         trunc(Float.round(centre_y - 0.02 * evec11 * eval10))}

      cntr = {centre_x, centre_y}
      [{cntr, p1, p2} | acc]
  end

pca_analysis = Enum.reverse(pca_analysis)
[
  {{430, 407}, {691, 338}, {427, 397}},
  {{439, 326}, {697, 264}, {437, 317}},
  {{433, 239}, {683, 182}, {431, 230}},
  {{420, 169}, {666, 127}, {419, 161}},
  {{191, 291}, {176, 52}, {200, 290}},
  {{407, 90}, {645, 49}, {406, 82}}
]

  
    
  
  visualisation


src = Cv.imread("pca_test.jpg")

# Draw each contour
src =
  for index <- 0..(Enum.count(contours) - 1), reduce: src do
    src ->
      Cv.drawContours(src, contours, index, {0, 0, 255}, thickness: 2)
  end
%Evision.Mat{
  channels: 3,
  dims: 2,
  type: {:u, 8},
  raw_type: 16,
  shape: {600, 800, 3},
  ref: #Reference<0.1624340523.638451732.91783>
}
A helper function
defmodule PACHelper do
  def drawAxis(src, {px, py}, {qx, qy}, colour, scale) do
    angle = :math.atan2(py - qy, px - qx)
    hypotenuse = :math.sqrt((py - qy) * (py - qy) + (px - qx) * (px - qx))
    qx = trunc(px - scale * hypotenuse * :math.cos(angle))
    qy = trunc(py - scale * hypotenuse * :math.sin(angle))
    src = Cv.line(src, {px, py}, {qx, qy}, colour, thickness: 1, style: Cv.Constant.cv_LINE_AA())

    px = trunc(qx + 9 * :math.cos(angle + :math.pi() / 4))
    py = trunc(qy + 9 * :math.sin(angle + :math.pi() / 4))
    src = Cv.line(src, {px, py}, {qx, qy}, colour, thickness: 1, style: Cv.Constant.cv_LINE_AA())

    px = trunc(qx + 9 * :math.cos(angle - :math.pi() / 4))
    py = trunc(qy + 9 * :math.sin(angle - :math.pi() / 4))
    Cv.line(src, {px, py}, {qx, qy}, colour, thickness: 1, style: Cv.Constant.cv_LINE_AA())
  end
end
{:module, PACHelper, <<70, 79, 82, 49, 0, 0, 13, ...>>, {:drawAxis, 5}}

  
    
  
  Draw the principal components


src =
  for {cntr, p1, p2} <- pca_analysis, reduce: src do
    src ->
      src = Cv.circle(src, cntr, 3, {255, 0, 255}, thickness: 2)
      src = PACHelper.drawAxis(src, cntr, p1, {0, 255, 0}, 1)
      PACHelper.drawAxis(src, cntr, p2, {255, 255, 0}, 5)
  end

result = Cv.imencode(".png", src)

Kino.Image.new(result, :png)
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Evision Example - High Dynamic Range Imaging
    

Mix.install([
  {:evision, "~> 0.2"},
  {:kino, "~> 0.7"},
  {:req, "~> 0.3"}
], system_env: [
  # optional, defaults to `true`
  # set `EVISION_PREFER_PRECOMPILED` to `false`
  # if you prefer `:evision` to be compiled from source
  # note that to compile from source, you may need at least 1GB RAM
  {"EVISION_PREFER_PRECOMPILED", true},

  # optional, defaults to `true`
  # set `EVISION_ENABLE_CONTRIB` to `false`
  # if you don't need modules from `opencv_contrib`
  {"EVISION_ENABLE_CONTRIB", true},

  # optional, defaults to `false`
  # set `EVISION_ENABLE_CUDA` to `true`
  # if you wish to use CUDA related functions
  # note that `EVISION_ENABLE_CONTRIB` also has to be `true`
  # because cuda related modules come from the `opencv_contrib` repo
  {"EVISION_ENABLE_CUDA", false},

  # required when 
  # - `EVISION_ENABLE_CUDA` is `true`
  # - and `EVISION_PREFER_PRECOMPILED` is `true`
  #
  # set `EVISION_CUDA_VERSION` to the version that matches 
  # your local CUDA runtime version
  #
  # current available versions are
  # - 118
  # - 121
  {"EVISION_CUDA_VERSION", "118"},

  # require for Windows users when 
  # - `EVISION_ENABLE_CUDA` is `true`
  # set `EVISION_CUDA_RUNTIME_DIR` to the directory that contains
  # CUDA runtime libraries
  {"EVISION_CUDA_RUNTIME_DIR", "C:/PATH/TO/CUDA/RUNTIME"}
])
:ok

  
    
  
  Define Some Helper Functions


defmodule Helper do
  def download!(url, save_as, overwrite? \\ false) do
    unless File.exists?(save_as) do
      Req.get!(url, http_errors: :raise, output: save_as, cache: not overwrite?)
    end

    :ok
  end

  @doc """
  This function chunks binary data by every requested `chunk_size`

  To make it more general, this function allows the length of the last chunk
  to be less than the request `chunk_size`.

  For example, if you have a 7-byte binary data, and you'd like to chunk it by every
  4 bytes, then this function will return two chunks with the first gives you the
  byte 0 to 3, and the second one gives byte 4 to 6.
  """
  def chunk_binary(binary, chunk_size) when is_binary(binary) do
    total_bytes = byte_size(binary)
    full_chunks = div(total_bytes, chunk_size)

    chunks =
      if full_chunks > 0 do
        for i <- 0..(full_chunks - 1), reduce: [] do
          acc -> [:binary.part(binary, chunk_size * i, chunk_size) | acc]
        end
      else
        []
      end

    remaining = rem(total_bytes, chunk_size)

    chunks =
      if remaining > 0 do
        [:binary.part(binary, chunk_size * full_chunks, remaining) | chunks]
      else
        chunks
      end

    Enum.reverse(chunks)
  end
end
{:module, Helper, <<70, 79, 82, 49, 0, 0, 16, ...>>, {:chunk_binary, 2}}

  
    
  
  Download the Test Images


alias Evision, as: Cv

# change to the file's directory
# or somewhere you have write permission
File.cd!(__DIR__)

# create a directory for storing the test images
File.mkdir_p!("photo_hdr_test")

exposure_filenames =
  0..15
  |> Enum.map(&Integer.to_string(&1))
  |> Enum.map(&String.pad_leading(&1, 2, "0"))
  |> Enum.map(&("memorial" <> &1 <> ".png"))

exposure_file_urls =
  exposure_filenames
  |> Enum.map(
    &("https://raw.githubusercontent.com/opencv/opencv_extra/4.x/testdata/cv/hdr/exposures/" <> &1)
  )

exposure_file_save_paths =
  exposure_filenames
  |> Enum.map(&Path.join([__DIR__, "photo_hdr_test", &1]))

exposure_file_urls
|> Enum.zip(exposure_file_save_paths)
|> Enum.map(fn {url, save_as} -> Helper.download!(url, save_as) end)
|> Enum.all?(&(:ok = &1))
true

  
    
  
  Download list.txt that Stores the Exposure Sequences


list_txt_file = Path.join([__DIR__, "photo_hdr_test", "list.txt"])

Helper.download!(
  "https://raw.githubusercontent.com/opencv/opencv_extra/4.x/testdata/cv/hdr/exposures/list.txt",
  list_txt_file
)
:ok

  
    
  
  Load the Exposure Sequences


# Firstly we load input images and exposure times from user-defined folder.
# The folder should contain images and list.txt - file that contains file names and inverse exposure times.
exposure_sequences =
  list_txt_file
  |> File.read!()
  |> String.split("\n")
  |> Enum.reject(&(String.length(&1) == 0))
  |> Enum.map(&String.split(&1, " "))
  |> Enum.map(&List.to_tuple(&1))
  |> Enum.map(fn {image_filename, times} ->
    mat = Cv.imread(Path.join([__DIR__, "photo_hdr_test", image_filename]))
    {val, ""} = Float.parse(times)
    {mat, 1 / val}
  end)

images =
  exposure_sequences
  |> Enum.map(&elem(&1, 0))

# `times` HAS to be float32, otherwise OpenCV will crash
times =
  exposure_sequences
  |> Enum.map(&elem(&1, 1))
  |> Enum.into(<<>>, fn d -> <<d::float-size(32)-little>> end)
  |> Cv.Mat.from_binary_by_shape({:f, 32}, {1, Enum.count(images)})
%Evision.Mat{
  channels: 1,
  dims: 2,
  type: {:f, 32},
  raw_type: 5,
  shape: {1, 16},
  ref: #Reference<0.741743058.1175846932.38571>
}

  
    
  
  Estimate Camera Response


# It is necessary to know camera response function (CRF) for a lot of HDR construction algorithms.
# We use one of the calibration algorithms to estimate inverse CRF for all 256 pixel values.
calibrate = Cv.createCalibrateDebevec()
response = Cv.CalibrateDebevec.process(calibrate, images, times)
%Evision.Mat{
  channels: 3,
  dims: 2,
  type: {:f, 32},
  raw_type: 21,
  shape: {256, 1, 3},
  ref: #Reference<0.741743058.1175846932.38575>
}

  
    
  
  Process and Get the HDR Image


# We use Debevec's weighting scheme to construct HDR image
# using response calculated in the previous item.
merge_debevec = Cv.createMergeDebevec()
hdr = Cv.MergeDebevec.process(merge_debevec, images, times, response: response)
%Evision.Mat{
  channels: 3,
  dims: 2,
  type: {:f, 32},
  raw_type: 21,
  shape: {714, 484, 3},
  ref: #Reference<0.741743058.1175846932.38579>
}

  
    
  
  Tonemap the HDR image


# Since we want to see our results on common LDR display we have to map our HDR image to 8-bit range
# preserving most details.
# It is the main goal of tonemapping methods.
# We use tonemapper with bilateral filtering and set 2.2 as the value for gamma correction.
tonemap = Cv.createTonemap(gamma: 2.2)
ldr = Cv.Tonemap.process(tonemap, hdr)
%Evision.Mat{
  channels: 3,
  dims: 2,
  type: {:f, 32},
  raw_type: 21,
  shape: {714, 484, 3},
  ref: #Reference<0.741743058.1175846932.38583>
}

  
    
  
  Perform Exposure Fusions


# There is an alternative way to merge our exposures in case when we don't need HDR image.
# This process is called exposure fusion and produces LDR image that doesn't require gamma correction.
# It also doesn't use exposure values of the photographs.
merge_mertens = Cv.createMergeMertens()
fusion = Cv.MergeMertens.process(merge_mertens, images)
%Evision.Mat{
  channels: 3,
  dims: 2,
  type: {:f, 32},
  raw_type: 21,
  shape: {714, 484, 3},
  ref: #Reference<0.741743058.1175846932.38587>
}

  
    
  
  Write Fusion


output_fusion_file = Path.join([__DIR__, "photo_hdr_test", "fusion.png"])

result =
  fusion
  |> Cv.Mat.to_nx(Nx.BinaryBackend)
  |> Nx.multiply(255)
  |> Nx.clip(0, 255)
  |> Nx.as_type({:u, 8})
  |> Cv.Mat.from_nx_2d()
  |> then(fn result ->
    Cv.imwrite(output_fusion_file, result)
    result
  end)
%Evision.Mat{
  channels: 3,
  dims: 2,
  type: {:u, 8},
  raw_type: 16,
  shape: {714, 484, 3},
  ref: #Reference<0.741743058.1175846932.38590>
}
result = Cv.imencode(".png", result)

Kino.Image.new(result, :png)

  
    
  
  Write LDR Image


output_ldr_file = Path.join([__DIR__, "photo_hdr_test", "ldr.png"])
f32_shape = Cv.Mat.shape(ldr)
nan = <<0, 0, 192, 255>>
positive_inf = <<0, 0, 128, 127>>
negative_inf = <<0, 0, 128, 255>>

result =
  ldr
  |> Cv.Mat.to_binary()
  |> Helper.chunk_binary(4)
  |> Enum.map(fn f32 ->
    case f32 do
      ^nan ->
        <<0, 0, 0, 0>>

      ^positive_inf ->
        <<0, 0, 0, 0>>

      ^negative_inf ->
        <<0, 0, 0, 0>>

      # legal value
      _ ->
        f32
    end
  end)
  |> IO.iodata_to_binary()
  |> Nx.from_binary({:f, 32})
  |> Nx.reshape(f32_shape)
  |> Nx.multiply(255)
  |> Nx.clip(0, 255)
  |> Nx.as_type({:u, 8})
  |> Cv.Mat.from_nx_2d()

result = Cv.imencode(".png", result)

Kino.Image.new(result, :png)

  
    
  
  Write HDR Image


output_hdr_file = Path.join([__DIR__, "photo_hdr_test", "hdr.hdr"])
Cv.imwrite(output_hdr_file, hdr)
true
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Sudoku Puzzle Extractor
    

Mix.install([
  {:evision, "~> 0.2"},
  {:kino, "~> 0.7"},
  {:req, "~> 0.3"},
  {:torchx, "~> 0.4"},
  {:nx, "~> 0.4"},
  {:scidata, "~> 0.1"},
  {:axon, "~> 0.3.0"}
], system_env: [
  # optional, defaults to `true`
  # set `EVISION_PREFER_PRECOMPILED` to `false`
  # if you prefer `:evision` to be compiled from source
  # note that to compile from source, you may need at least 1GB RAM
  {"EVISION_PREFER_PRECOMPILED", true},

  # optional, defaults to `true`
  # set `EVISION_ENABLE_CONTRIB` to `false`
  # if you don't need modules from `opencv_contrib`
  {"EVISION_ENABLE_CONTRIB", true},

  # optional, defaults to `false`
  # set `EVISION_ENABLE_CUDA` to `true`
  # if you wish to use CUDA related functions
  # note that `EVISION_ENABLE_CONTRIB` also has to be `true`
  # because cuda related modules come from the `opencv_contrib` repo
  {"EVISION_ENABLE_CUDA", false},

  # required when 
  # - `EVISION_ENABLE_CUDA` is `true`
  # - and `EVISION_PREFER_PRECOMPILED` is `true`
  #
  # set `EVISION_CUDA_VERSION` to the version that matches 
  # your local CUDA runtime version
  #
  # current available versions are
  # - 118
  # - 121
  {"EVISION_CUDA_VERSION", "118"},

  # require for Windows users when 
  # - `EVISION_ENABLE_CUDA` is `true`
  # set `EVISION_CUDA_RUNTIME_DIR` to the directory that contains
  # CUDA runtime libraries
  {"EVISION_CUDA_RUNTIME_DIR", "C:/PATH/TO/CUDA/RUNTIME"}
])
:ok

  
    
  
  References


Some code in this example was basically literal translation from the code in OpenCV Sudoku Solver and OCR - PyImageSearch. The sample input image is also taken from that post.
The code of the neural network was taken from https://github.com/elixir-nx/axon/blob/main/examples/vision/mnist.exs with some minor changes.

  
    
  
  Define Some Helper Functions


defmodule Helper do
  def download!(url, save_as, overwrite? \\ false) do
    unless File.exists?(save_as) do
      Req.get!(url, http_errors: :raise, output: save_as, cache: not overwrite?)
    end

    :ok
  end
end
Download the test image.
Helper.download!(
  "https://raw.githubusercontent.com/cocoa-xu/evision/main/test/testdata/sudoku_puzzle.webp",
  "sudoku_puzzle.webp"
)

  
    
  
  Load Original Image and Convert It to Gray Scale


# read the original image
original = Evision.imread("sudoku_puzzle.webp")
%Evision.Mat{
  channels: 3,
  dims: 2,
  type: {:u, 8},
  raw_type: 16,
  shape: {1024, 962, 3},
  ref: #Reference<0.736436033.3583639578.183370>
}
# convert it to grayscale
gray = Evision.cvtColor(original, Evision.Constant.cv_COLOR_BGR2GRAY())
%Evision.Mat{
  channels: 1,
  dims: 2,
  type: {:u, 8},
  raw_type: 0,
  shape: {1024, 962},
  ref: #Reference<0.736436033.3588096019.145887>
}
# apply some Gaussian Blue to the image
# we are doing so to reduce the noise and prepare it for the next step
blurred = Evision.gaussianBlur(gray, {7, 7}, 3)
%Evision.Mat{
  channels: 1,
  dims: 2,
  type: {:u, 8},
  raw_type: 0,
  shape: {1024, 962},
  ref: #Reference<0.736436033.3588096019.145890>
}
# binarization with Evision.adaptiveThreshold
bw =
  Evision.adaptiveThreshold(
    blurred,
    255,
    Evision.Constant.cv_ADAPTIVE_THRESH_GAUSSIAN_C(),
    Evision.Constant.cv_THRESH_BINARY(),
    11,
    2
  )

# bitwise not
threshold = Evision.Mat.bitwise_not(bw)
%Evision.Mat{
  channels: 1,
  dims: 2,
  type: {:u, 8},
  raw_type: 0,
  shape: {1024, 962},
  ref: #Reference<0.736436033.3588096019.145894>
}

  
    
  
  Find the Sudoku Puzzle


# First thing first, we need to find all the contours in the thresholded image
{contours, _} =
  Evision.findContours(
    threshold,
    Evision.Constant.cv_RETR_EXTERNAL(),
    Evision.Constant.cv_CHAIN_APPROX_SIMPLE()
  )

IO.puts("Find #{Enum.count(contours)} contour(s)")
Find 377 contour(s)
:ok
# and our assumptions are that
#   1. the contour that contains the puzzle should be fairly large: 
#      hence we are sorting them by their area in descending order
contours =
  Enum.sort_by(contours, fn c ->
    -Evision.contourArea(c)
  end)

IO.puts("area of the largest contour: #{Evision.contourArea(Enum.at(contours, 0))}")
area of the largest contour: 430559.5
:ok
# 2.the puzzle should be a rectangular
#   which means its contour should be approximately an rectangular
#   which means the approximated polygonal of the contour should have 4 corners (keypoints)
#   hence we will need to find the contour which its approximated polygonal's shape is {4, 1, 2}
puzzle_keypoints =
  Enum.reduce_while(contours, nil, fn c, _acc ->
    peri = Evision.arcLength(c, true)
    approx = Evision.approxPolyDP(c, 0.02 * peri, true)

    case approx.shape do
      {4, 1, 2} ->
        {:halt, approx}

      _ ->
        {:cont, nil}
    end
  end)

if puzzle_keypoints do
  IO.puts("Found puzzle")
  Evision.drawContours(original, [puzzle_keypoints], -1, {0, 255, 0}, thickness: 2)
else
  IO.puts("""
  Could not find Sudoku puzzle outline.
  Try debugging your thresholding and contour steps.
  """)
end
Found puzzle
%Evision.Mat{
  channels: 3,
  dims: 2,
  type: {:u, 8},
  raw_type: 16,
  shape: {1024, 962, 3},
  ref: #Reference<0.736436033.3588096019.146280>
}

  
    
  
  Extract the Puzzle


To extract the puzzle, we need to apply some affine transformations.
To apply any affine transformations, we will first need to know the four corners/points, namely,
	Top left
	Top right
	Bottom right
	Bottom left

And these four points have to be arranged in the order above -- so that when you connect them 1 => 2 => 3=> 4 => 1, they can form a closed rectangular.
# this function will arrange the keypoints in the order discussed above
order_points = fn pts ->
  # the top-left point will have the smallest sum, whereas
  # the bottom-right point will have the largest sum
  sum = Nx.sum(pts, axes: [1])
  tl = pts[Nx.argmin(sum)]
  br = pts[Nx.argmax(sum)]

  # now, compute the difference between the points, the
  # top-right point will have the smallest difference,
  # whereas the bottom-left will have the largest difference
  diff = Nx.subtract(pts[[0..3, 1]], pts[[0..3, 0]])
  tr = pts[Nx.argmin(diff)]
  bl = pts[Nx.argmax(diff)]
  {tl, tr, br, bl}
end

input =
  Evision.Mat.as_shape(puzzle_keypoints, {4, 2})
  |> Evision.Mat.to_nx(Nx.BinaryBackend)
  |> Nx.as_type(:f32)

{tl, tr, br, bl} = order_points.(input)
rect = Nx.stack([tl, tr, br, bl])
#Nx.Tensor<
  f32[4][2]
  [
    [163.0, 206.0],
    [809.0, 180.0],
    [877.0, 785.0],
    [106.0, 809.0]
  ]
>
After that, we can calculate the expected output height and width.
point_distance = fn p1, p2 ->
  round(
    Nx.to_number(
      Nx.sqrt(
        Nx.add(
          Nx.power(Nx.subtract(p1[[0]], p2[[0]]), 2),
          Nx.power(Nx.subtract(p1[[1]], p2[[1]]), 2)
        )
      )
    )
  )
end

# compute the width of the new image, which will be the
# maximum distance between bottom-right and bottom-left
# x-coordiates or the top-right and top-left x-coordinates
output_width =
  Nx.to_number(
    Nx.max(
      point_distance.(br, bl),
      point_distance.(tr, tl)
    )
  )

# compute the height of the new image, which will be the
# maximum distance between the top-right and bottom-right
# y-coordinates or the top-left and bottom-left y-coordinates
output_height =
  Nx.to_number(
    Nx.max(
      point_distance.(tr, br),
      point_distance.(tl, bl)
    )
  )

{output_height, output_width}
{609, 771}
Then we specify output coordinates for corners of the puzzle, [top-left, top-right, bottom-right, bottom-left] as output.
output =
  Nx.tensor(
    [
      [0, 0],
      [output_width - 1, 0],
      [output_width - 1, output_height - 1],
      [0, output_height - 1]
    ],
    type: :f32
  )
#Nx.Tensor<
  f32[4][2]
  Torchx.Backend(cpu)
  [
    [0.0, 0.0],
    [770.0, 0.0],
    [770.0, 608.0],
    [0.0, 608.0]
  ]
>
Get the perspective transformation matrix and warp perspective for both the original image and the grayscale one
matrix = Evision.getPerspectiveTransform(rect, output)

puzzle =
  Evision.warpPerspective(
    original,
    matrix,
    {output_width, output_height},
    flags: Evision.Constant.cv_INTER_LINEAR(),
    borderMode: Evision.Constant.cv_BORDER_CONSTANT(),
    borderValue: {0, 0, 0}
  )

puzzle_gray =
  Evision.warpPerspective(
    gray,
    matrix,
    {output_width, output_height},
    flags: Evision.Constant.cv_INTER_LINEAR(),
    borderMode: Evision.Constant.cv_BORDER_CONSTANT(),
    borderValue: {0, 0, 0}
  )
%Evision.Mat{
  channels: 1,
  dims: 2,
  type: {:u, 8},
  raw_type: 0,
  shape: {609, 771},
  ref: #Reference<0.736436033.3588096019.146349>
}
Since the Sudoku puzzel is 9x9, we can resize it to a square
{h, w} = puzzle_gray.shape
len = max(h, w)
puzzle_gray = Evision.resize(puzzle_gray, {len, len})
%Evision.Mat{
  channels: 1,
  dims: 2,
  type: {:u, 8},
  raw_type: 0,
  shape: {771, 771},
  ref: #Reference<0.736436033.3588096019.146352>
}

  
    
  
  Extract Digits in Each Cell of the Puzzle


Let's start with the basic case, the top-left one.
step = len / 9
current_cell = puzzle_gray[[0..round(step), 0..round(step)]]
%Evision.Mat{
  channels: 1,
  dims: 2,
  type: {:u, 8},
  raw_type: 0,
  shape: {87, 87},
  ref: #Reference<0.736436033.3588096019.146355>
}
# import Bitwise so that we can use `|||` (bitwise or)
import Bitwise

extract_digit = fn cell ->
  # get a binary image of the cell
  {_, threshold} =
    Evision.threshold(cell, 10, 255, Evision.Constant.cv_THRESH_BINARY_INV() ||| Evision.Constant.cv_THRESH_OTSU())

  # cut off border
  {h, w} = threshold.shape
  threshold = threshold[[8..(h - 8), 8..(w - 8)]]

  # find contours in the thresholded cell
  {contours, _} =
    Evision.findContours(
      threshold,
      Evision.Constant.cv_RETR_EXTERNAL(),
      Evision.Constant.cv_CHAIN_APPROX_SIMPLE()
    )

  # if no contours were found than this is an empty cell
  unless Enum.count(contours) == 0 do
    # otherwise, find the largest contour in the cell and create a
    # mask for the contour
    c = Enum.max_by(contours, &Evision.contourArea/1)
    mask = Evision.Mat.zeros(threshold.shape, :u8)
    mask = Evision.drawContours(mask, [c], -1, {255}, thickness: 2)

    # compute the percentage of masked pixels relative to the total
    # area of the image
    {h, w} = threshold.shape
    percent_filled = Evision.countNonZero(mask) / (w * h)

    # if less than 5% of the mask is filled then we are looking at
    # noise and can safely ignore the contour
    unless percent_filled < 0.05 do
      threshold
    end
  end
end
#Function<42.3316493/1 in :erl_eval.expr/6>
Let's try this for the top-left cell
current_cell = extract_digit.(current_cell)
%Evision.Mat{
  channels: 1,
  dims: 2,
  type: {:u, 8},
  raw_type: 0,
  shape: {72, 72},
  ref: #Reference<0.736436033.3588096019.146359>
}
And it looks great!

  
    
  
  Train A Neural Network that Recognizes Digits


# Here I'm using :torchx as the backend
# you can use :exla or other nx backend
Nx.default_backend(Torchx.Backend)
{Torchx.Backend, []}
Define the neural network module, MNIST.
Code from https://github.com/elixir-nx/axon/blob/main/examples/vision/mnist.exs with minor changes.
defmodule MNIST do
  require Axon

  def transform_images({bin, type, shape}) do
    bin
    |> Nx.from_binary(type, backend: Torchx.Backend)
    # 28, 28})
    |> Nx.reshape({elem(shape, 0), 784})
    |> Nx.as_type(:f32)
    |> Nx.divide(255.0)
    |> Nx.to_batched(500, leftover: :discard)
    |> Enum.to_list()
    # Test split
    |> Enum.split(-3)
  end

  def transform_labels({bin, type, _}) do
    bin
    |> Nx.from_binary(type, backend: Torchx.Backend)
    |> Nx.new_axis(-1)
    |> Nx.equal(Nx.tensor(Enum.to_list(0..9)))
    |> Nx.to_batched(500, leftover: :discard)
    |> Enum.to_list()
    # Test split
    |> Enum.split(-3)
  end

  def build_model(input_shape) do
    Axon.input("input", shape: input_shape)
    |> Axon.dense(128, activation: :relu)
    |> Axon.dropout()
    |> Axon.dense(10, activation: :softmax)
  end

  def train_model(model, train_images, train_labels, epochs) do
    model
    |> Axon.Loop.trainer(:categorical_cross_entropy, Axon.Optimizers.adamw(0.005))
    |> Axon.Loop.metric(:accuracy, "Accuracy")
    |> Axon.Loop.run(Stream.zip(train_images, train_labels), %{}, epochs: epochs)
  end

  def test_model(model, model_state, test_images, test_labels) do
    model
    |> Axon.Loop.evaluator()
    |> Axon.Loop.metric(:accuracy, "Accuracy")
    |> Axon.Loop.run(Stream.zip(test_images, test_labels), model_state)
  end
end
{:module, MNIST, <<70, 79, 82, 49, 0, 0, 16, ...>>, {:test_model, 4}}
Get the MNIST dataset and prepare the model.
{images, labels} = Scidata.MNIST.download()

{train_images, test_images} = MNIST.transform_images(images)
{train_labels, test_labels} = MNIST.transform_labels(labels)

model = MNIST.build_model({nil, 784})
#Axon<
  inputs: %{"input" => {nil, 784}}
  outputs: "softmax_0"
  nodes: 6
>

  
    
  
  Train and Test the MNIST Model


IO.puts("Training Model...")
num_epoch = 5
model_state = MNIST.train_model(model, train_images, train_labels, num_epoch)
Training Model...
Epoch: 0, Batch: 100, Accuracy: 0.8545348 loss: 0.4818023
Epoch: 1, Batch: 100, Accuracy: 0.9332873 loss: 0.3481621
Epoch: 2, Batch: 100, Accuracy: 0.9500000 loss: 0.2871155
Epoch: 3, Batch: 100, Accuracy: 0.9596242 loss: 0.2489783
Epoch: 4, Batch: 100, Accuracy: 0.9664556 loss: 0.2216917
%{
  "dense_0" => %{
    "bias" => #Nx.Tensor<
      f32[128]
      Torchx.Backend(cpu)
      [-0.17988327145576477, 0.1716635376214981, 0.0018325354903936386, 0.1798122078180313, 0.09567301720380783, 0.10200180858373642, 0.008338148705661297, 0.10609600692987442, -0.0847468227148056, 0.08587154000997543, -7.477949257008731e-4, -0.03447800129652023, 0.03325527906417847, 0.029068496078252792, -0.1250336617231369, -0.030752241611480713, 0.08610563725233078, -0.03146626055240631, -0.09594535827636719, -0.02172447182238102, 0.058523084968328476, -0.03135503828525543, -0.002279756823554635, -0.027246493846178055, 0.05487725883722305, -0.28020963072776794, 0.1807883381843567, 0.039404697716236115, 0.17562659084796906, 0.10994528979063034, 0.11735761165618896, 0.19422295689582825, -0.027378687635064125, 0.0191771499812603, -0.031338877975940704, 0.06676501035690308, 0.10198114812374115, -0.0012608487159013748, 0.09346475452184677, 0.05980100482702255, -0.029884351417422295, 0.12892872095108032, 0.23887237906455994, 0.020879346877336502, -0.142303928732872, 0.1269598752260208, 0.11833193153142929, -0.04432889074087143, ...]
    >,
    "kernel" => #Nx.Tensor<
      f32[784][128]
      Torchx.Backend(cpu)
      [
        [-0.004997961223125458, -0.056927893310785294, 0.012524336576461792, -0.04678211361169815, -0.07006479054689407, 0.03179212659597397, 0.05232561379671097, -0.060292698442935944, 0.07966595143079758, -0.05596722662448883, 0.007738783955574036, 0.024696074426174164, -0.0667371079325676, -0.02877001464366913, -0.03603668883442879, -0.05976931005716324, 0.03925761580467224, -0.056572359055280685, -0.056350238621234894, 0.03452708572149277, 0.07506700605154037, 0.01048319786787033, 0.027114614844322205, -0.05841222405433655, 0.01039694994688034, -0.058553546667099, -0.02925030142068863, 0.03921818733215332, -0.009020909667015076, 0.0156695693731308, -0.021413378417491913, -0.03247242793440819, 0.04008222371339798, -0.05680907890200615, 0.06702771037817001, -0.03168267011642456, 0.04423173516988754, 0.06032135337591171, 0.0627024844288826, -0.018609225749969482, -0.07648104429244995, -0.015578106045722961, 0.06719689816236496, 1.7232447862625122e-4, -0.022565998136997223, 0.04633399099111557, 0.05553805083036423, ...],
        ...
      ]
    >
  },
  "dense_1" => %{
    "bias" => #Nx.Tensor<
      f32[10]
      Torchx.Backend(cpu)
      [-0.052650559693574905, 0.04494607821106911, -0.2200334221124649, -0.08993491530418396, -0.02432980388402939, -0.005615420173853636, -0.038794878870248795, 0.0233138520270586, 0.19364574551582336, 0.10583429038524628]
    >,
    "kernel" => #Nx.Tensor<
      f32[128][10]
      Torchx.Backend(cpu)
      [
        [-0.033295780420303345, 0.04774130508303642, 0.20219796895980835, -0.1599399298429489, -0.4607354402542114, 0.04164411500096321, 0.31128883361816406, -0.18477322161197662, 0.195823535323143, -0.2146347016096115],
        [-0.47767552733421326, 0.2479187399148941, 0.3272024393081665, -0.3602463901042938, -0.021782109513878822, 0.37739643454551697, -0.08139888197183609, 0.11731932312250137, -0.21786180138587952, -0.2060997635126114],
        [-0.29257020354270935, -0.27153488993644714, 0.3574492633342743, 0.25863510370254517, -0.7012501955032349, 0.09472404420375824, -0.376261442899704, 0.3126865029335022, 0.030163684859871864, 0.11671186238527298],
        [-0.1575060784816742, 0.35154038667678833, -0.5979138016700745, -0.21251395344734192, 0.08020816743373871, 0.47368210554122925, -0.09995336085557938, 0.17019565403461456, -0.10945288836956024, 0.027018314227461815],
        [0.2525313198566437, -0.153570294380188, 0.20948101580142975, 0.1662921905517578, -0.054898977279663086, 0.22147339582443237, ...],
        ...
      ]
    >
  }
}
IO.puts("Testing Model...")
MNIST.test_model(model, model_state, test_images, test_labels)
Testing Model...
Batch: 2, Accuracy: 0.9813333
%{
  0 => %{
    "Accuracy" => #Nx.Tensor<
      f32
      Torchx.Backend(cpu)
      0.981333315372467
    >
  }
}

  
    
  
  Apply the Trained Neural Network to the Digits Extracted from the Puzzle


# Get the predict function
{_init_fn, predict_fn} = Axon.build(model)

# make a helper function for our use -- predict the digit in the cell
predict_cell = fn predict_fn, model_state, input_cell ->
  input_cell =
    Nx.as_type(Evision.Mat.to_nx(Evision.resize(input_cell, {28, 28}), Torchx.Backend), :f32)
    |> Nx.reshape({1, 784})
    |> Nx.divide(255.0)

  pred = predict_fn.(model_state, input_cell)
  Nx.to_number(Nx.argmax(pred))
end
#Function<40.3316493/3 in :erl_eval.expr/6>
Let's use the top-left one as input
pred = predict_cell.(predict_fn, model_state, current_cell)

IO.puts("Prediction: #{pred}")
current_cell
Prediction: 8
%Evision.Mat{
  channels: 1,
  dims: 2,
  type: {:u, 8},
  raw_type: 0,
  shape: {72, 72},
  ref: #Reference<0.736436033.3588096019.146359>
}
Looks good! Now if we do this for each cell in the puzzle, we can get what we want
step = trunc(step)

digits =
  for x <- 0..8, y <- 0..8 do
    x1 = step * x
    y1 = step * y

    # remember that we return nil if extract_digit thinks there is no
    # digits present in the cell 
    current_cell = extract_digit.(puzzle_gray[[x1..(x1 + step), y1..(y1 + step)]])

    if current_cell do
      # if there is a digit, we use the neural network to predict its value
      predict_cell.(predict_fn, model_state, current_cell)
    else
      # otherwise we use `0` for empty ones
      # this should be okay since in normal sudoku puzzle we only use 1-9
      0
    end
  end

extracted_puzzle = Nx.reshape(Nx.tensor(digits), {9, 9})
IO.inspect(extracted_puzzle, limit: :infinity)
:ok
#Nx.Tensor<
  s64[9][9]
  Torchx.Backend(cpu)
  [
    [8, 0, 0, 0, 1, 0, 0, 0, 8],
    [0, 5, 0, 8, 0, 7, 0, 7, 0],
    [0, 0, 4, 0, 9, 0, 7, 0, 0],
    [0, 8, 0, 2, 0, 7, 0, 2, 0],
    [5, 0, 8, 0, 8, 0, 7, 0, 3],
    [0, 7, 0, 5, 0, 2, 0, 8, 0],
    [0, 0, 2, 0, 4, 0, 8, 0, 0],
    [0, 8, 0, 3, 0, 8, 0, 4, 0],
    [3, 0, 0, 0, 5, 0, 0, 0, 8]
  ]
>
:ok

  
    
  
  Visualise the Results


{h, w, _} = puzzle.shape
len = max(h, w)
puzzle = Evision.resize(puzzle, {len, len})

for x <- 0..8, y <- 0..8, reduce: puzzle do
  vis ->
    # compute the coordinates of where the digit will be drawn
    # on the output puzzle image
    {x1, y1} = {step * x, step * y}
    {x2, y2} = {step + x1, step + y1}
    textX = trunc((x2 - x1) * 0.33) + x1
    textY = trunc((y2 - y1) * -0.2) + y2

    text = to_string(Nx.to_number(extracted_puzzle[[y, x]]))

    Evision.putText(
      vis,
      text,
      {textX, textY},
      Evision.Constant.cv_FONT_HERSHEY_SIMPLEX(),
      0.9,
      {0, 255, 255},
      thickness: 2
    )
end
%Evision.Mat{
  channels: 3,
  dims: 2,
  type: {:u, 8},
  raw_type: 16,
  shape: {771, 771, 3},
  ref: #Reference<0.736436033.3588620308.228888>
}
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Evision Example - Simple use of Evision in a Machine Learning Pipeline with Nx and torhcx
    

Mix.install([
  {:evision, "~> 0.2"},
  {:req, "~> 0.3"},
  {:torchx, "~> 0.3"},
  {:nx, "~> 0.3", override: true},
  {:kino, "~> 0.7"},
  {:scidata, "~> 0.1"}
], system_env: [
  # optional, defaults to `true`
  # set `EVISION_PREFER_PRECOMPILED` to `false`
  # if you prefer `:evision` to be compiled from source
  # note that to compile from source, you may need at least 1GB RAM
  {"EVISION_PREFER_PRECOMPILED", true},

  # optional, defaults to `true`
  # set `EVISION_ENABLE_CONTRIB` to `false`
  # if you don't need modules from `opencv_contrib`
  {"EVISION_ENABLE_CONTRIB", true},

  # optional, defaults to `false`
  # set `EVISION_ENABLE_CUDA` to `true`
  # if you wish to use CUDA related functions
  # note that `EVISION_ENABLE_CONTRIB` also has to be `true`
  # because cuda related modules come from the `opencv_contrib` repo
  {"EVISION_ENABLE_CUDA", false},

  # required when
  # - `EVISION_ENABLE_CUDA` is `true`
  # - and `EVISION_PREFER_PRECOMPILED` is `true`
  #
  # set `EVISION_CUDA_VERSION` to the version that matches
  # your local CUDA runtime version
  #
  # current available versions are
  # - 118
  # - 121
  {"EVISION_CUDA_VERSION", "118"},

  # require for Windows users when
  # - `EVISION_ENABLE_CUDA` is `true`
  # set `EVISION_CUDA_RUNTIME_DIR` to the directory that contains
  # CUDA runtime libraries
  {"EVISION_CUDA_RUNTIME_DIR", "C:/PATH/TO/CUDA/RUNTIME"}
])
:ok

  
    
  
  Define Some Helper Functions and Download the Test Image


# change to the file's directory
# or somewhere you have write permission
File.cd!(__DIR__)

defmodule Helper do
  def download!(url, save_as, overwrite? \\ false) do
    unless File.exists?(save_as) do
      Req.get!(url, http_errors: :raise, output: save_as, cache: not overwrite?)
    end

    :ok
  end
end

Helper.download!(
  "https://upload.wikimedia.org/wikipedia/commons/thumb/3/3a/Cat03.jpg/1200px-Cat03.jpg",
  "cat.jpg"
)
:ok

  
    
  
  Read the Test Image


# in real-life use cases, the input source might be a camera
# instead of downloading a file and reading it

alias Evision, as: Cv

img = Cv.imread("cat.jpg", flags: Cv.Constant.cv_IMREAD_ANYCOLOR())
resized_img = Cv.resize(img, {128, 128})

Cv.imencode(".png", resized_img)
|> Kino.Image.new(:png)

  
    
  
  Select a Default Nx Backend


# by default we don't have the LibTorch backend
# but if you listed :torchx as a dependency
# then please uncomment the following line to use the LibTorch backend
# Similarly for the EXLA backend
# Nx.default_backend(Torchx.Backend)
nil

  
    
  
  Write a Module for the CIFAR10 Dataset


defmodule CIFAR10Dataset do
  defp transform_images({bin, type, shape}, backend) do
    bin
    |> Nx.from_binary(type, backend: backend)
    |> Nx.reshape({elem(shape, 0), 3 * 32 * 32}, names: [:batch, :input])
    |> Nx.divide(255.0)
  end

  defp transform_labels({bin, type, _}, backend) do
    bin
    |> Nx.from_binary(type, backend: backend)
  end

  def fetch(backend \\ Torchx.Backend) do
    {images, labels} = Scidata.CIFAR10.download()
    {transform_images(images, backend), transform_labels(labels, backend)}
  end
end
{:module, CIFAR10Dataset, <<70, 79, 82, 49, 0, 0, 10, ...>>, {:fetch, 1}}

  
    
  
  Write A Tiny Linear Neural Network


# training code
# based on https://github.com/elixir-nx/nx/blob/e4454423f7be39d3adc9dea76526185fbfaf7a58/exla/examples/mnist.exs

defmodule DenseNN do
  import Nx.Defn

  defn init_random_params do
    # 3 layers
    #  1. Dense(32) with sigmoid
    #  2. Dense(24) with sigmoid
    #  3. Dense(10) with softmax
    w1 = Nx.random_normal({3072, 32}, 0.0, 0.1, names: [:input, :layer1])
    b1 = Nx.random_normal({32}, 0.0, 0.1, names: [:layer1])
    w2 = Nx.random_normal({32, 24}, 0.0, 0.1, names: [:layer1, :layer2])
    b2 = Nx.random_normal({24}, 0.0, 0.1, names: [:layer2])
    w3 = Nx.random_normal({24, 10}, 0.0, 0.1, names: [:layer2, :output])
    b3 = Nx.random_normal({10}, 0.0, 0.1, names: [:output])
    {w1, b1, w2, b2, w3, b3}
  end

  defn softmax(logits) do
    Nx.exp(logits) /
      Nx.sum(Nx.exp(logits), axes: [:output], keep_axes: true)
  end

  defn predict({w1, b1, w2, b2, w3, b3}, batch) do
    batch
    |> Nx.dot(w1)
    |> Nx.add(b1)
    |> Nx.sigmoid()
    |> Nx.dot(w2)
    |> Nx.add(b2)
    |> Nx.sigmoid()
    |> Nx.dot(w3)
    |> Nx.add(b3)
    |> softmax()
  end

  defn accuracy({w1, b1, w2, b2, w3, b3}, batch_images, batch_labels) do
    Nx.mean(
      Nx.equal(
        Nx.argmax(batch_labels, axis: :output),
        Nx.argmax(predict({w1, b1, w2, b2, w3, b3}, batch_images), axis: :output)
      )
      |> Nx.as_type({:s, 8})
    )
  end

  defn loss({w1, b1, w2, b2, w3, b3}, batch_images, batch_labels) do
    preds = predict({w1, b1, w2, b2, w3, b3}, batch_images)
    -Nx.sum(Nx.mean(Nx.log(preds) * batch_labels, axes: [:output]))
  end

  defn update({w1, b1, w2, b2, w3, b3} = params, batch_images, batch_labels, step) do
    {grad_w1, grad_b1, grad_w2, grad_b2, grad_w3, grad_b3} =
      grad(params, &loss(&1, batch_images, batch_labels))

    {
      w1 - grad_w1 * step,
      b1 - grad_b1 * step,
      w2 - grad_w2 * step,
      b2 - grad_b2 * step,
      w3 - grad_w3 * step,
      b3 - grad_b3 * step
    }
  end

  defn update_with_averages(
         {_, _, _, _, _, _} = cur_params,
         imgs,
         tar,
         avg_loss,
         avg_accuracy,
         total
       ) do
    batch_loss = loss(cur_params, imgs, tar)
    batch_accuracy = accuracy(cur_params, imgs, tar)
    avg_loss = avg_loss + batch_loss / total
    avg_accuracy = avg_accuracy + batch_accuracy / total
    {update(cur_params, imgs, tar, 0.01), avg_loss, avg_accuracy}
  end

  def train_epoch(cur_params, x, labels) do
    total_batches = Enum.count(x)

    x
    |> Enum.zip(labels)
    |> Enum.reduce({cur_params, Nx.tensor(0.0), Nx.tensor(0.0)}, fn
      {x, tar}, {cur_params, avg_loss, avg_accuracy} ->
        update_with_averages(cur_params, x, tar, avg_loss, avg_accuracy, total_batches)
    end)
  end

  def train(x, labels, params, opts \\ []) do
    epochs = opts[:epochs] || 5

    for epoch <- 1..epochs, reduce: params do
      cur_params ->
        {time, {new_params, epoch_avg_loss, epoch_avg_acc}} =
          :timer.tc(__MODULE__, :train_epoch, [cur_params, x, labels])

        epoch_avg_loss =
          epoch_avg_loss
          |> Nx.backend_transfer()
          |> Nx.to_number()

        epoch_avg_acc =
          epoch_avg_acc
          |> Nx.backend_transfer()
          |> Nx.to_number()

        IO.puts(
          "Epoch #{epoch} Time: #{time / 1_000_000}s, loss: #{Float.round(epoch_avg_loss, 3)}, acc: #{Float.round(epoch_avg_acc, 3)}"
        )

        new_params
    end
  end
end
{:module, DenseNN, <<70, 79, 82, 49, 0, 0, 45, ...>>, {:train, 4}}

  
    
  
  Convert Label to One-hot Encoding


defmodule Helper do
  def to_onehot_single(0, oh, _pos) do
    oh
  end

  def to_onehot_single(count, oh, pos) do
    cur = count - 1

    case cur == pos do
      true -> to_onehot_single(count - 1, [1] ++ oh, pos)
      _ -> to_onehot_single(count - 1, [0] ++ oh, pos)
    end
  end

  def to_onehot_single(0, _pos) do
    []
  end

  def to_onehot_single(count, pos) do
    to_onehot_single(count, [], pos)
  end

  def to_onehot(labels, unique_classes) do
    for(
      l <- Nx.to_flat_list(labels),
      do: Nx.tensor([to_onehot_single(unique_classes, l)])
    )
    |> Nx.concatenate()
    |> Nx.reshape({:auto, unique_classes}, names: [:batch, :output])
  end
end
{:module, Helper, <<70, 79, 82, 49, 0, 0, 10, ...>>, {:to_onehot, 2}}

  
    
  
  Train the Neural Network


defmodule Demo do
  require CIFAR10Dataset
  require DenseNN
  require Helper

  def load_dataset(backend) do
    {uSec, result} = :timer.tc(fn -> CIFAR10Dataset.fetch(backend) end)
    IO.puts("[Time] load dataset: #{uSec / 1000.0} ms")
    result
  end

  def to_batched_input(x_training, y_training, batch_size) do
    unique_classes = 10

    x_training_batched =
      x_training
      # uint8 to float
      |> Nx.as_type({:f, 32})
      # flatten
      |> Nx.reshape({:auto, 3072})
      |> Nx.to_batched(batch_size)

    y_training_batched =
      y_training
      |> Helper.to_onehot(unique_classes)
      |> Nx.as_type({:f, 32})
      |> Nx.to_batched(batch_size)

    {x_training_batched, y_training_batched}
  end

  def init_random_params do
    {uSec, result} = :timer.tc(fn -> DenseNN.init_random_params() end)
    IO.puts("[Time] init random params: #{uSec / 1000.0} ms")
    result
  end

  def run(opts \\ []) do
    epochs = opts[:epochs] || 5
    backend = opts[:backend] || Nx.BinaryBackend
    batch_size = opts[:batch_size] || 300
    Nx.default_backend(backend)

    params = init_random_params()
    {x_training, y_training} = load_dataset(backend)

    {x_training_batched, y_training_batched} =
      to_batched_input(x_training, y_training, batch_size)

    DenseNN.train(
      x_training_batched,
      y_training_batched,
      params,
      epochs: epochs
    )
  end
end
{:module, Demo, <<70, 79, 82, 49, 0, 0, 18, ...>>, {:run, 1}}
params = Demo.run(backend: Torchx.Backend, epochs: 50)
[Time] init random params: 19.537 ms
[Time] load dataset: 8473.881 ms
Epoch 1 Time: 1.801972s, loss: 68.817, acc: 0.122
Epoch 2 Time: 1.526419s, loss: 64.754, acc: 0.183
Epoch 3 Time: 1.474312s, loss: 62.076, acc: 0.211
Epoch 4 Time: 1.463488s, loss: 60.709, acc: 0.247
Epoch 5 Time: 1.495513s, loss: 58.924, acc: 0.276
Epoch 6 Time: 1.50393s, loss: 57.685, acc: 0.296
Epoch 7 Time: 1.401566s, loss: 56.825, acc: 0.311
Epoch 8 Time: 1.552453s, loss: 56.041, acc: 0.325
Epoch 9 Time: 2.047746s, loss: 55.225, acc: 0.336
Epoch 10 Time: 1.500972s, loss: 54.438, acc: 0.346
Epoch 11 Time: 1.449009s, loss: 53.76, acc: 0.355
Epoch 12 Time: 1.456149s, loss: 53.171, acc: 0.361
Epoch 13 Time: 1.636981s, loss: 52.639, acc: 0.366
Epoch 14 Time: 1.519201s, loss: 52.153, acc: 0.372
Epoch 15 Time: 1.582178s, loss: 51.709, acc: 0.377
Epoch 16 Time: 1.524292s, loss: 51.303, acc: 0.381
Epoch 17 Time: 1.472452s, loss: 50.93, acc: 0.386
Epoch 18 Time: 1.500321s, loss: 50.584, acc: 0.39
Epoch 19 Time: 1.503371s, loss: 50.258, acc: 0.395
Epoch 20 Time: 1.504718s, loss: 49.949, acc: 0.399
Epoch 21 Time: 1.579238s, loss: 49.654, acc: 0.403
Epoch 22 Time: 1.571431s, loss: 49.373, acc: 0.407
Epoch 23 Time: 1.683039s, loss: 49.105, acc: 0.411
Epoch 24 Time: 1.526153s, loss: 48.852, acc: 0.414
Epoch 25 Time: 1.519478s, loss: 48.609, acc: 0.418
Epoch 26 Time: 1.417229s, loss: 48.374, acc: 0.42
Epoch 27 Time: 1.711816s, loss: 48.146, acc: 0.423
Epoch 28 Time: 1.628203s, loss: 47.925, acc: 0.427
Epoch 29 Time: 1.601898s, loss: 47.71, acc: 0.431
Epoch 30 Time: 1.552816s, loss: 47.503, acc: 0.434
Epoch 31 Time: 1.483635s, loss: 47.302, acc: 0.437
Epoch 32 Time: 1.500484s, loss: 47.104, acc: 0.44
Epoch 33 Time: 1.514314s, loss: 46.912, acc: 0.442
Epoch 34 Time: 1.560259s, loss: 46.731, acc: 0.445
Epoch 35 Time: 1.505326s, loss: 46.556, acc: 0.447
Epoch 36 Time: 1.492348s, loss: 46.388, acc: 0.45
Epoch 37 Time: 1.479754s, loss: 46.226, acc: 0.452
Epoch 38 Time: 1.556336s, loss: 46.069, acc: 0.454
Epoch 39 Time: 1.512166s, loss: 45.916, acc: 0.455
Epoch 40 Time: 1.525349s, loss: 45.765, acc: 0.458
Epoch 41 Time: 1.536424s, loss: 45.617, acc: 0.46
Epoch 42 Time: 1.496241s, loss: 45.656, acc: 0.46
Epoch 43 Time: 1.473638s, loss: 45.358, acc: 0.462
Epoch 44 Time: 1.504573s, loss: 45.18, acc: 0.465
Epoch 45 Time: 1.502319s, loss: 45.129, acc: 0.465
Epoch 46 Time: 1.515625s, loss: 45.035, acc: 0.466
Epoch 47 Time: 1.496521s, loss: 44.82, acc: 0.468
Epoch 48 Time: 1.501526s, loss: 44.838, acc: 0.468
Epoch 49 Time: 1.500548s, loss: 44.607, acc: 0.472
Epoch 50 Time: 1.522726s, loss: 44.57, acc: 0.471
{#Nx.Tensor<
   f32[input: 3072][layer1: 32]
   Torchx.Backend(cpu)
   [
     [0.06159350275993347, 0.12734365463256836, -0.04637990519404411, -0.14622245728969574, -0.026950793340802193, 0.18754519522190094, -0.11162003129720688, 0.03631016984581947, 0.06155526638031006, 0.05119727551937103, 0.12082687020301819, 0.0010204321006312966, -0.13074278831481934, -0.2162177860736847, -0.0529991090297699, -0.11709204316139221, 0.03308134153485298, 0.10344900190830231, -0.007962973788380623, 0.005867910571396351, 0.025203991681337357, -0.16794253885746002, -0.06448774039745331, 0.13841457664966583, -0.11046885699033737, 0.1314300000667572, 0.11232485622167587, 0.05331533029675484, -0.056031279265880585, -0.15944091975688934, 0.08177391439676285, -0.3181536793708801],
     [0.07542850077152252, 0.10426164418458939, -0.09150480479001999, 0.08607892692089081, -0.0802445337176323, 0.3077136278152466, 0.022843508049845695, -0.10194684565067291, 0.01955121010541916, 0.05440697446465492, 0.19110870361328125, -0.06551551818847656, 0.0012398258550092578, -0.07089567184448242, 0.005781807005405426, 0.032927487045526505, -0.15386459231376648, ...],
     ...
   ]
 >,
 #Nx.Tensor<
   f32[layer1: 32]
   Torchx.Backend(cpu)
   [-0.4782559275627136, -0.0953182652592659, 0.9538414478302002, -0.9563804864883423, 0.19684253633022308, 0.10464754700660706, 0.2017214596271515, 0.4398568272590637, 0.23314496874809265, 1.1341161727905273, -0.35619667172431946, 0.3896051347255707, -0.03676304966211319, -0.11970412731170654, 0.6443958282470703, 1.0974687337875366, -0.9757993817329407, -0.237301766872406, 0.6900271773338318, -1.0126398801803589, 0.8445910215377808, -0.06984522938728333, 0.6991291642189026, 0.4147650897502899, 0.5383307337760925, -1.6058013439178467, -0.6333990693092346, 0.9713459610939026, -1.1919199228286743, -0.6940388083457947, 0.43150636553764343, -0.07613875716924667]
 >,
 #Nx.Tensor<
   f32[layer1: 32][layer2: 24]
   Torchx.Backend(cpu)
   [
     [-0.33987560868263245, -0.2776806652545929, -0.3417806923389435, 0.2850123345851898, -0.08022978156805038, -0.5811548233032227, -0.17571184039115906, 0.018330495804548264, -0.13240738213062286, 0.46940329670906067, -0.38814595341682434, 0.344807505607605, -0.13484203815460205, 0.34233394265174866, 0.003809022717177868, -0.09918670356273651, -0.04311465099453926, 0.8633210062980652, 0.07081698626279831, -0.42742085456848145, 0.5656407475471497, -0.5184997320175171, -0.1400681883096695, -0.37492144107818604],
     [-0.18105199933052063, -0.26929351687431335, 0.455635666847229, -0.958427369594574, 0.6590504050254822, -0.9575876593589783, 0.03432007133960724, -0.3971480429172516, 0.2179064154624939, -0.31215599179267883, -0.15511885285377502, -0.7740356922149658, 0.7641487121582031, 0.0803070217370987, 0.2655712068080902, -0.23865076899528503, 0.5451679825782776, 0.16663742065429688, -0.08000250160694122, -0.42117956280708313, 0.026075761765241623, -0.07219810038805008, 0.5508838891983032, ...],
     ...
   ]
 >,
 #Nx.Tensor<
   f32[layer2: 24]
   Torchx.Backend(cpu)
   [0.12863606214523315, -0.39577043056488037, 0.2603394389152527, -0.4970460832118988, -0.12190719693899155, 0.11095257848501205, -0.11531135439872742, -0.055682189762592316, -0.013144372962415218, 0.13842496275901794, 0.05578012019395828, -0.47933924198150635, -0.05614984408020973, 0.03527414798736572, -0.3992805778980255, -0.11208709329366684, 0.13771165907382965, 0.0196288600564003, 0.008769847452640533, 0.34402191638946533, -0.20614822208881378, 0.12027487903833389, -0.06340263783931732, 0.12220388650894165]
 >,
 #Nx.Tensor<
   f32[layer2: 24][output: 10]
   Torchx.Backend(cpu)
   [
     [-0.7585468888282776, -0.21927006542682648, -0.4808247983455658, 0.5093653798103333, 0.19336795806884766, 0.8497358560562134, 0.7614853382110596, 0.9867469668388367, -0.18471986055374146, -1.8935502767562866],
     [-0.21348366141319275, -0.4031388461589813, 0.154790997505188, -1.302069902420044, 1.0026453733444214, -0.42505010962486267, 0.7698855400085449, 1.26364004611969, -0.5512898564338684, -0.5894452929496765],
     [-0.7507593631744385, 0.8991221189498901, -0.7759523391723633, -0.15009775757789612, -1.1441510915756226, 0.8113402128219604, -1.033116340637207, 0.48261716961860657, 0.3629790246486664, 1.512804388999939],
     [0.6820945143699646, -0.19330617785453796, 1.6458057165145874, -0.5821719765663147, 1.9896080493927002, -0.4230886399745941, -0.39437347650527954, -1.1041091680526733, -0.4087747037410736, -1.095003604888916],
     [0.32531166076660156, 0.8763105869293213, -0.4181594252586365, -0.3064834475517273, -0.9987258911132812, ...],
     ...
   ]
 >,
 #Nx.Tensor<
   f32[output: 10]
   Torchx.Backend(cpu)
   [-0.08992704749107361, 0.04459410160779953, -0.21699029207229614, -0.1284622699022293, -0.07085893303155899, 0.2854973077774048, -0.38408756256103516, 0.19632413983345032, 0.11082038283348083, -0.2601413130760193]
 >}

  
    
  
  Classify the Test Image with the Neural Network


resized_img = Cv.resize(img, {128, 128})

Cv.imencode(".png", resized_img)
|> Kino.Image.new(:png)
classes = [:airplane, :automobile, :bird, :cat, :deer, :dog, :frog, :horse, :ship, :truck]

input_tensor =
  img
  |> Cv.resize({32, 32})
  |> Cv.Mat.to_nx(Nx.BinaryBackend)
  |> Nx.backend_transfer(Torchx.Backend)
  |> Nx.flatten()

pred =
  params
  |> DenseNN.predict(input_tensor)
  |> Nx.argmax()
  |> Nx.to_number()

Enum.at(classes, pred)
:cat
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Evision.DNN Example - Object Detection Task with GoogleNet
    

# set `EVISION_PREFER_PRECOMPILED` to `false` 
# if you prefer `:evision` to be compiled from source
# note that to compile from source, you may need at least 1GB RAM
# System.put_env("EVISION_PREFER_PRECOMPILED", "false")

Mix.install([
  {:evision, "~> 0.2"},
  {:kino, "~> 0.7"},
  {:req, "~> 0.3"}
], system_env: [
  # optional, defaults to `true`
  # set `EVISION_PREFER_PRECOMPILED` to `false`
  # if you prefer `:evision` to be compiled from source
  # note that to compile from source, you may need at least 1GB RAM
  {"EVISION_PREFER_PRECOMPILED", true},

  # optional, defaults to `true`
  # set `EVISION_ENABLE_CONTRIB` to `false`
  # if you don't need modules from `opencv_contrib`
  {"EVISION_ENABLE_CONTRIB", true},

  # optional, defaults to `false`
  # set `EVISION_ENABLE_CUDA` to `true`
  # if you wish to use CUDA related functions
  # note that `EVISION_ENABLE_CONTRIB` also has to be `true`
  # because cuda related modules come from the `opencv_contrib` repo
  {"EVISION_ENABLE_CUDA", false},

  # required when 
  # - `EVISION_ENABLE_CUDA` is `true`
  # - and `EVISION_PREFER_PRECOMPILED` is `true`
  #
  # set `EVISION_CUDA_VERSION` to the version that matches 
  # your local CUDA runtime version
  #
  # current available versions are
  # - 118
  # - 121
  {"EVISION_CUDA_VERSION", "118"},

  # require for Windows users when 
  # - `EVISION_ENABLE_CUDA` is `true`
  # set `EVISION_CUDA_RUNTIME_DIR` to the directory that contains
  # CUDA runtime libraries
  {"EVISION_CUDA_RUNTIME_DIR", "C:/PATH/TO/CUDA/RUNTIME"}
])
:ok

  
    
  
  Define Some Helper Functions


defmodule Helper do
  def download!(url, save_as, overwrite? \\ false) do
    unless File.exists?(save_as) do
      Req.get!(url, http_errors: :raise, output: save_as, cache: not overwrite?)
    end

    :ok
  end
end
{:module, Helper, <<70, 79, 82, 49, 0, 0, 10, ...>>, {:download!, 3}}

  
    
  
  Download GoogLeNet Model and A Test Image


	Model parameters. bvlc_googlenet.caffemodel
	Model config. bvlc_googlenet.prototxt
	List of class names. classification_classes_ILSVRC2012.txt
	Test image. space_shuttle.jpg

# change to the file's directory
# or somewhere you have write permission
File.cd!(__DIR__)

Helper.download!(
  "http://dl.caffe.berkeleyvision.org/bvlc_googlenet.caffemodel",
  "bvlc_googlenet.caffemodel"
)

Helper.download!(
  "https://raw.githubusercontent.com/opencv/opencv_extra/master/testdata/dnn/bvlc_googlenet.prototxt",
  "bvlc_googlenet.prototxt"
)

Helper.download!(
  "https://raw.githubusercontent.com/opencv/opencv/master/samples/data/dnn/classification_classes_ILSVRC2012.txt",
  "classification_classes_ILSVRC2012.txt"
)

Helper.download!("https://docs.opencv.org/4.5.4/space_shuttle.jpg", "space_shuttle.jpg")
:ok

  
    
  
  Read Class Names


classes =
  "classification_classes_ILSVRC2012.txt"
  |> File.read!()
  |> String.split("\n")
["tench, Tinca tinca", "goldfish, Carassius auratus",
 "great white shark, white shark, man-eater, man-eating shark, Carcharodon carcharias",
 "tiger shark, Galeocerdo cuvieri", "hammerhead, hammerhead shark",
 "electric ray, crampfish, numbfish, torpedo", "stingray", "cock", "hen",
 "ostrich, Struthio camelus", "brambling, Fringilla montifringilla",
 "goldfinch, Carduelis carduelis", "house finch, linnet, Carpodacus mexicanus", "junco, snowbird",
 "indigo bunting, indigo finch, indigo bird, Passerina cyanea",
 "robin, American robin, Turdus migratorius", "bulbul", "jay", "magpie", "chickadee",
 "water ouzel, dipper", "kite", "bald eagle, American eagle, Haliaeetus leucocephalus", "vulture",
 "great grey owl, great gray owl, Strix nebulosa",
 "European fire salamander, Salamandra salamandra", "common newt, Triturus vulgaris", "eft",
 "spotted salamander, Ambystoma maculatum", "axolotl, mud puppy, Ambystoma mexicanum",
 "bullfrog, Rana catesbeiana", "tree frog, tree-frog",
 "tailed frog, bell toad, ribbed toad, tailed toad, Ascaphus trui",
 "loggerhead, loggerhead turtle, Caretta caretta",
 "leatherback turtle, leatherback, leathery turtle, Dermochelys coriacea", "mud turtle", "terrapin",
 "box turtle, box tortoise", "banded gecko", "common iguana, iguana, Iguana iguana",
 "American chameleon, anole, Anolis carolinensis", "whiptail, whiptail lizard", "agama",
 "frilled lizard, Chlamydosaurus kingi", "alligator lizard", "Gila monster, Heloderma suspectum",
 "green lizard, Lacerta viridis", "African chameleon, Chamaeleo chamaeleon",
 "Komodo dragon, Komodo lizard, dragon lizard, giant lizard, Varanus komodoensis",
 "African crocodile, Nile crocodile, Crocodylus niloticus", ...]

  
    
  
  Load the GoogLeNet Model


alias Evision, as: Cv

model =
  Cv.DNN.readNet("bvlc_googlenet.caffemodel",
    config: "bvlc_googlenet.prototxt",
    framework: ""
  )
%Evision.DNN.Net{ref: #Reference<0.4003430890.1440088085.55917>}

  
    
  
  Set Backend and Target


# "0: automatically (by default), "
# "1: Halide language (http://halide-lang.org/), "
# "2: Intel's Deep Learning Inference Engine (https://software.intel.com/openvino-toolkit), "
# "3: OpenCV implementation, "
# "4: VKCOM, "
# "5: CUDA
model = Cv.DNN.Net.setPreferableBackend(model, 0)

# "0: CPU target (by default), "
# "1: OpenCL, "
# "2: OpenCL fp16 (half-float precision), "
# "3: VPU, "
# "4: Vulkan, "
# "6: CUDA, "
# "7: CUDA fp16 (half-float preprocess)
model = Cv.DNN.Net.setPreferableTarget(model, 0)
%Evision.DNN.Net{ref: #Reference<0.4003430890.1440088085.55917>}

  
    
  
  Read the Test Image and Set It as the Input


mat = Cv.imread("space_shuttle.jpg")

blob =
  Cv.DNN.blobFromImage(mat,
    scalefactor: 1,
    swapRB: true,
    mean: [-104, -117, -123],
    size: [224, 224]
  )

model = Cv.DNN.Net.setInput(model, blob, name: "", scalefactor: 1.0, mean: [0, 0, 0])
%Evision.DNN.Net{ref: #Reference<0.4003430890.1440088085.55917>}

  
    
  
  Run the Forward Function


start_time = :os.system_time(:millisecond)
pred = Cv.DNN.Net.forward(model, outputName: "")
end_time = :os.system_time(:millisecond)
"Inference time=>#{end_time - start_time} ms"
"Inference time=>49 ms"

  
    
  
  Get the Classification Result


pred = pred |> Cv.Mat.to_nx(Nx.BinaryBackend)
pred_class_id = pred |> Nx.argmax() |> Nx.to_flat_list() |> Enum.at(0)

confidence =
  pred
  |> Nx.take(Nx.tensor(pred_class_id), axis: 1)
  |> Nx.to_flat_list()
  |> Enum.at(0)

class_label =
  classes
  |> Enum.at(pred_class_id)

"Predict result: #{class_label}=>#{Float.round(confidence * 100, 2)}"
"Predict result: space shuttle=>99.13"
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Evision.DNN Example - Generic Object Detection Task
    

# set `EVISION_PREFER_PRECOMPILED` to `false`
# if you prefer `:evision` to be compiled from source
# note that to compile from source, you may need at least 1GB RAM
# System.put_env("EVISION_PREFER_PRECOMPILED", "false")

Mix.install([
  {:evision, "~> 0.2"},
  {:req, "~> 0.3"},
  {:kino, "~> 0.7"}
], system_env: [
  # optional, defaults to `true`
  # set `EVISION_PREFER_PRECOMPILED` to `false`
  # if you prefer `:evision` to be compiled from source
  # note that to compile from source, you may need at least 1GB RAM
  {"EVISION_PREFER_PRECOMPILED", true},

  # optional, defaults to `true`
  # set `EVISION_ENABLE_CONTRIB` to `false`
  # if you don't need modules from `opencv_contrib`
  {"EVISION_ENABLE_CONTRIB", true},

  # optional, defaults to `false`
  # set `EVISION_ENABLE_CUDA` to `true`
  # if you wish to use CUDA related functions
  # note that `EVISION_ENABLE_CONTRIB` also has to be `true`
  # because cuda related modules come from the `opencv_contrib` repo
  {"EVISION_ENABLE_CUDA", false},

  # required when
  # - `EVISION_ENABLE_CUDA` is `true`
  # - and `EVISION_PREFER_PRECOMPILED` is `true`
  #
  # set `EVISION_CUDA_VERSION` to the version that matches
  # your local CUDA runtime version
  #
  # current available versions are
  # - 118
  # - 121
  {"EVISION_CUDA_VERSION", "118"},

  # require for Windows users when
  # - `EVISION_ENABLE_CUDA` is `true`
  # set `EVISION_CUDA_RUNTIME_DIR` to the directory that contains
  # CUDA runtime libraries
  {"EVISION_CUDA_RUNTIME_DIR", "C:/PATH/TO/CUDA/RUNTIME"}
])
:ok

  
    
  
  Define Some Helper Functions


defmodule Helper do
  def download!(url, save_as, overwrite? \\ false) do
    unless File.exists?(save_as) do
      Req.get!(url, http_errors: :raise, output: save_as, cache: not overwrite?)
    end

    :ok
  end
end
{:module, Helper, <<70, 79, 82, 49, 0, 0, 10, ...>>, {:download!, 3}}

  
    
  
  Write the Generic DetectionModel Module


alias Evision, as: Cv

# change to the file's directory
# or somewhere you have write permission
File.cd!(__DIR__)

defmodule DetectionModel do
  def visualise_pred(mat, _labels, []), do: {:ok, mat}

  def visualise_pred(mat, labels, [translated_out | outs]) do
    {:ok, mat} = _visualise_pred(mat, labels, translated_out)
    visualise_pred(mat, labels, outs)
  end

  defp _visualise_pred(mat, _labels, []), do: {:ok, mat}

  defp _visualise_pred(mat, labels, [{class_id, confidence, l, t, r, b} | outs]) do
    confidence = "#{Float.round(confidence, 2)}"
    label = Enum.at(labels, class_id)
    text = "#{label}: #{confidence}"
    mat = Cv.rectangle(mat, {l, t}, {r, b}, {255, 0, 0})

    {{label_weight, label_height}, baseline} =
      Cv.getTextSize(text, Cv.Constant.cv_FONT_HERSHEY_SIMPLEX(), 0.5, 1)

    label_weight = trunc(label_weight)
    label_height = trunc(label_height)
    top = max(t, label_height)

    mat =
      Cv.rectangle(mat, {l, top - label_height}, {l + label_weight, top + baseline}, {
        255,
        255,
        255
      })

    mat = Cv.putText(mat, text, {l, top}, Cv.Constant.cv_FONT_HERSHEY_SIMPLEX(), 0.5, {0, 0, 255})

    _visualise_pred(mat, labels, outs)
  end

  def postprocess(mat, detections, net, confidence_threshold) do
    out_layers = Cv.DNN.Net.getUnconnectedOutLayers(net)
    out_layer = Cv.DNN.Net.getLayer(net, Enum.at(out_layers, 0))
    out_layer_type = Cv.DNN.Layer.get_type(out_layer) |> IO.iodata_to_binary()
    _postprocess(mat, detections, net, confidence_threshold, out_layer_type, [])
  end

  defp _postprocess(_mat, [], _net, _confidence_threshold, <<"DetectionOutput">>, acc),
    do: {:ok, Enum.reverse(acc)}

  defp _postprocess(
         %Evision.Mat{shape: {h, w, _}} = mat,
         [outs | detections],
         net,
         confidence_threshold,
         <<"DetectionOutput">>,
         acc
       ) do
    data = Cv.Mat.to_binary(outs)
    {:ok, translated_outs} = _translate_outs(confidence_threshold, data, h, w, [])

    _postprocess(mat, detections, net, confidence_threshold, "DetectionOutput", [
      translated_outs | acc
    ])
  end

  defp _translate_outs(_confidence_threshold, <<>>, _h, _w, acc), do: {:ok, acc}

  defp _translate_outs(
         confidence_threshold,
         <<_batch_id::float-size(32)-little, class_id::float-size(32)-little,
           confidence::float-size(32)-little, left::float-size(32)-little,
           top::float-size(32)-little, right::float-size(32)-little,
           bottom::float-size(32)-little, rest::binary>>,
         h,
         w,
         acc
       ) do
    if confidence > confidence_threshold do
      [class_id, l, t, r, b] =
        Enum.map([class_id, left, top, right, bottom], fn f -> trunc(f) end)

      width = r - l + 1
      height = b - t + 1

      [l, t, r, b] =
        if width <= 2 or height <= 2 do
          Enum.map([left * w, top * h, right * w, bottom * h], fn f -> trunc(f) end)
        else
          [l, t, r, b]
        end

      _translate_outs(confidence_threshold, rest, h, w, [
        {class_id - 1, confidence, l, t, r, b} | acc
      ])
    else
      _translate_outs(confidence_threshold, rest, h, w, acc)
    end
  end

  def get_labels(class_label_file) do
    class_label_file
    |> File.read!()
    |> String.split("\n")
  end

  def predict(mat, model, out_names, opts \\ []) do
    blob = Cv.DNN.blobFromImage(mat, opts)

    model = Cv.DNN.Net.setInput(model, blob, name: "", scalefactor: 1.0, mean: [0, 0, 0])

    start_time = :os.system_time(:millisecond)
    detections = Cv.DNN.Net.forward(model, outBlobNames: out_names)
    end_time = :os.system_time(:millisecond)
    IO.puts("Inference time=>#{end_time - start_time} ms")
    {:ok, mat, detections}
  end

  def predict_file(image_file, model, out_names, opts \\ []) do
    predict(Cv.imread(image_file), model, out_names, opts)
  end

  def get_model(params, config, framework \\ "") do
    net =
      Cv.DNN.readNet(params,
        config: config,
        framework: framework
      )

    out_names = Cv.DNN.Net.getUnconnectedOutLayersNames(net)
    {:ok, net, out_names}
  end
end
{:module, DetectionModel, <<70, 79, 82, 49, 0, 0, 34, ...>>, {:get_model, 3}}

  
    
  
  Example Detect Model: SSD MobileNetv2


Basic steps:
	Download model weights and config file, as well as a list of class names.
	DetectionModel.get_model.
	DetectionModel.get_labels.
	DetectionModel.predict and specify some preprocessing parameters.
	DetectionModel.postprocess. This translates nerual network outputs to data that is easier to read/use.
	DetectionModel.visualise_pred if you want to see the result.

defmodule SSDMobileNetV2 do
  defp download_model() do
    Helper.download!(
      "https://raw.githubusercontent.com/opencv/opencv_extra/master/testdata/dnn/ssd_mobilenet_v2_coco_2018_03_29.pbtxt",
      "ssd_mobilenet_v2_coco_2018_03_29.pbtxt"
    )

    Helper.download!(
      "https://raw.githubusercontent.com/cocoa-xu/evision/main/test/testdata/models/coco_names.txt",
      "coco_names.txt"
    )

    graph_pb = "ssd_mobilenet_v2_coco_2018_03_29/frozen_inference_graph.pb"

    if !File.exists?(graph_pb) do
      Helper.download!(
        "http://download.tensorflow.org/models/object_detection/ssd_mobilenet_v2_coco_2018_03_29.tar.gz",
        "ssd_mobilenet_v2_coco_2018_03_29.tar.gz"
      )

      "ssd_mobilenet_v2_coco_2018_03_29.tar.gz"
      |> File.read!()
      |> :zlib.gunzip()
      |> then(&:erl_tar.extract({:binary, &1}, [:memory, :compressed]))
      |> elem(1)
      |> Enum.map(fn {filename, content} -> {List.to_string(filename), content} end)
      |> Enum.reject(
        &(elem(&1, 0) != "ssd_mobilenet_v2_coco_2018_03_29/frozen_inference_graph.pb")
      )
      |> Enum.at(0)
      |> then(fn {_filename, content} ->
        File.mkdir_p!("ssd_mobilenet_v2_coco_2018_03_29")
        File.write!(graph_pb, content)
        :ok
      end)
    else
      :ok
    end
  end

  def get_detection_model() do
    :ok = download_model()
    graph_pb = "ssd_mobilenet_v2_coco_2018_03_29/frozen_inference_graph.pb"

    {:ok, net, out_names} =
      DetectionModel.get_model(
        graph_pb,
        "ssd_mobilenet_v2_coco_2018_03_29.pbtxt"
      )

    labels = DetectionModel.get_labels("coco_names.txt")
    {net, out_names, labels}
  end

  def predict_file_and_show(filename, confidence_threshold \\ 0.5) when is_binary(filename) do
    {net, out_names, labels} = get_detection_model()

    {:ok, mat, detections} =
      DetectionModel.predict_file(filename, net, out_names,
        scalefactor: 1,
        swapRB: true,
        mean: [0, 0, 0],
        size: [300, 300]
      )

    {:ok, translated_outs} =
      DetectionModel.postprocess(mat, detections, net, confidence_threshold)

    {:ok, mat} = DetectionModel.visualise_pred(mat, labels, translated_outs)
    mat
  end

  def predict_and_show(net, out_names, labels, mat, confidence_threshold \\ 0.5)
      when is_reference(mat) do
    {:ok, mat, detections} =
      DetectionModel.predict(mat, net, out_names,
        scalefactor: 1,
        swapRB: true,
        mean: [0, 0, 0],
        size: [300, 300]
      )

    {:ok, translated_outs} =
      DetectionModel.postprocess(mat, detections, net, confidence_threshold)

    {:ok, mat} = DetectionModel.visualise_pred(mat, labels, translated_outs)
    mat
  end
end
{:module, SSDMobileNetV2, <<70, 79, 82, 49, 0, 0, 22, ...>>, {:predict_and_show, 5}}

  
    
  
  Detect Objects in An Image


Helper.download!(
  "https://raw.githubusercontent.com/cocoa-xu/evision/main/test/dnn_detection_test.jpg",
  "dnn_detection_test.jpg"
)

%Evision.Mat{type: type} = mat = SSDMobileNetV2.predict_file_and_show("dnn_detection_test.jpg")
Inference time=>35 ms
%Evision.Mat{
  channels: 3,
  dims: 2,
  type: {:u, 8},
  raw_type: 16,
  shape: {586, 872, 3},
  ref: #Reference<0.1834280076.3317825552.216669>
}
Cv.imencode(".png", mat)
|> Kino.Image.new(:png)

  
    
  
  Detect Objects in a Video Stream


# if you have a camera available
# uncomment the line below
# video = Cv.VideoCapture.videoCapture(0)

# or the OpenCV library you compiled can decode video files
# uncomment the line below
# video = Cv.VideoCapture.videoCapture("/path/to/your/video/file")
nil
defmodule VideoDetection do
  def detect(video, widget, max_frames \\ 30 * 60)
      when is_reference(video) and is_integer(max_frames) do
    {net, out_names, labels} = SSDMobileNetV2.get_detection_model()
    frame_read = Cv.VideoCapture.read(video)
    _detect(net, out_names, labels, frame_read, video, widget, max_frames)
  end

  defp _detect(_, _, _, _, _, _, 0), do: :ok

  defp _detect(net, out_names, labels, frame, video, widget, left_frames)
       when left_frames > 0 or left_frames < 0 do
    mat = SSDMobileNetV2.predict_and_show(net, out_names, labels, frame)

    Cv.imencode(".png", mat)
    |> Kino.Image.new(:png)
    |> then(&Kino.Frame.render(widget, &1))

    frame_read = Cv.VideoCapture.read(video)

    if left_frames > 0 do
      _detect(net, out_names, labels, frame_read, video, widget, left_frames - 1)
    else
      _detect(net, out_names, labels, frame_read, video, widget, left_frames)
    end
  end
end
{:module, VideoDetection, <<70, 79, 82, 49, 0, 0, 12, ...>>, {:_detect, 7}}

  
    
  
  Run the detection


widget = Kino.Frame.new() |> Kino.render()
# read 1,800 frames at most
# change the number to negative values to
# detect objects until OpenCV cannot read
# new frame from the video stream
VideoDetection.detect(video, widget, 1800)
"Inference time=>48 ms"


  

  
    
    Evision.DNN Example - Benchmark using Densenet121 - Evision v0.2.5
    
    

    


  
  

    
Evision.DNN Example - Benchmark using Densenet121
    

Mix.install([
  {:evision, "~> 0.2"},
  {:kino, "~> 0.7"},
  {:req, "~> 0.3"}
], system_env: [
  # optional, defaults to `true`
  # set `EVISION_PREFER_PRECOMPILED` to `false`
  # if you prefer `:evision` to be compiled from source
  # note that to compile from source, you may need at least 1GB RAM
  {"EVISION_PREFER_PRECOMPILED", true},

  # optional, defaults to `true`
  # set `EVISION_ENABLE_CONTRIB` to `false`
  # if you don't need modules from `opencv_contrib`
  {"EVISION_ENABLE_CONTRIB", true},

  # optional, defaults to `false`
  # set `EVISION_ENABLE_CUDA` to `true`
  # if you wish to use CUDA related functions
  # note that `EVISION_ENABLE_CONTRIB` also has to be `true`
  # because cuda related modules come from the `opencv_contrib` repo
  {"EVISION_ENABLE_CUDA", false},

  # required when 
  # - `EVISION_ENABLE_CUDA` is `true`
  # - and `EVISION_PREFER_PRECOMPILED` is `true`
  #
  # set `EVISION_CUDA_VERSION` to the version that matches 
  # your local CUDA runtime version
  #
  # current available versions are
  # - 118
  # - 121
  {"EVISION_CUDA_VERSION", "118"},

  # require for Windows users when 
  # - `EVISION_ENABLE_CUDA` is `true`
  # set `EVISION_CUDA_RUNTIME_DIR` to the directory that contains
  # CUDA runtime libraries
  {"EVISION_CUDA_RUNTIME_DIR", "C:/PATH/TO/CUDA/RUNTIME"}
])

  
    
  
  Define Some Helper Functions


defmodule Helper do
  def download!(url, save_as, overwrite? \\ false) do
    unless File.exists?(save_as) do
      Req.get!(url, http_errors: :raise, output: save_as, cache: not overwrite?)
    end

    :ok
  end
end

  
    
  
  Write the Benchmark Module


alias Evision, as: Cv

defmodule DetectionModel do
  def benchmark(times, mat, model, out_names, opts \\ []) do
    mean = opts[:mean] || [0, 0, 0]
    scalefactor = opts[:scalefactor] || 1.0

    for _ <- 1..times, reduce: {[], []} do
      {forward_only, all} ->
        start_time_1 = :os.system_time(:millisecond)
        blob = Cv.DNN.blobFromImage(mat, opts)
        model = Cv.DNN.Net.setInput(model, blob, name: "", scalefactor: scalefactor, mean: mean)

        start_time_2 = :os.system_time(:millisecond)
        _detections = Cv.DNN.Net.forward(model, outBlobNames: out_names)
        end_time = :os.system_time(:millisecond)

        inference_time_1 = end_time - start_time_1
        inference_time_2 = end_time - start_time_2
        IO.puts("Inference time=>#{inference_time_2} ms")
        {[inference_time_2 | forward_only], [inference_time_1 | all]}
    end
  end

  def get_model(filename) do
    net = Cv.DNN.readNetFromONNX(filename)
    out_names = Cv.DNN.Net.getUnconnectedOutLayersNames(net)
    {:ok, net, out_names}
  end
end

  
    
  
  Write the DenseNet121 Module


defmodule DenseNet121 do
  defp download_model(opset_version) when opset_version in [3, 6, 7, 8, 9, 12] do
    onnx_filename = "densenet-#{opset_version}.onnx"
    test_filename = "CyprusShorthair.jpg"

    Helper.download!(
      "https://github.com/onnx/models/raw/main/vision/classification/densenet-121/model/densenet-#{opset_version}.onnx",
      onnx_filename
    )

    Helper.download!(
      "https://upload.wikimedia.org/wikipedia/commons/b/b9/CyprusShorthair.jpg",
      "CyprusShorthair.jpg"
    )

    {onnx_filename, test_filename}
  end

  def get_detection_model(opset_version \\ 12) do
    {onnx_filename, test_filename} = download_model(opset_version)
    {:ok, net, out_names} = DetectionModel.get_model(onnx_filename)
    test_mat = Cv.imread(test_filename)
    {net, out_names, test_mat}
  end

  def benchmark(times, opset_version \\ 12) do
    {net, out_names, test_mat} = get_detection_model(opset_version)

    DetectionModel.benchmark(times, test_mat, net, out_names,
      scalefactor: 1,
      swapRB: true,
      mean: {128, 128, 128},
      size: {224, 224}
    )
  end
end

  
    
  
  Load and Run


{forward_only, all} = DenseNet121.benchmark(50)
avg_forward_only = Enum.sum(forward_only) / Enum.count(forward_only)
avg_all = Enum.sum(all) / Enum.count(all)
{avg_forward_only, avg_all}
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Evision.ML.SVM Example - Support Vector Machine
    

Mix.install([
  {:evision, "~> 0.2"},
  {:kino, "~> 0.7"},
  {:req, "~> 0.3"}
], system_env: [
  # optional, defaults to `true`
  # set `EVISION_PREFER_PRECOMPILED` to `false`
  # if you prefer `:evision` to be compiled from source
  # note that to compile from source, you may need at least 1GB RAM
  {"EVISION_PREFER_PRECOMPILED", true},

  # optional, defaults to `true`
  # set `EVISION_ENABLE_CONTRIB` to `false`
  # if you don't need modules from `opencv_contrib`
  {"EVISION_ENABLE_CONTRIB", true},

  # optional, defaults to `false`
  # set `EVISION_ENABLE_CUDA` to `true`
  # if you wish to use CUDA related functions
  # note that `EVISION_ENABLE_CONTRIB` also has to be `true`
  # because cuda related modules come from the `opencv_contrib` repo
  {"EVISION_ENABLE_CUDA", false},

  # required when
  # - `EVISION_ENABLE_CUDA` is `true`
  # - and `EVISION_PREFER_PRECOMPILED` is `true`
  #
  # set `EVISION_CUDA_VERSION` to the version that matches
  # your local CUDA runtime version
  #
  # current available versions are
  # - 118
  # - 121
  {"EVISION_CUDA_VERSION", "118"},

  # require for Windows users when
  # - `EVISION_ENABLE_CUDA` is `true`
  # set `EVISION_CUDA_RUNTIME_DIR` to the directory that contains
  # CUDA runtime libraries
  {"EVISION_CUDA_RUNTIME_DIR", "C:/PATH/TO/CUDA/RUNTIME"}
])
:ok

  
    
  
  Set Up Training Data


This example is based on the Introduction to Support Vector Machines from Cv.
alias Evision, as: Cv

labels = [1, -1, -1, -1]
training_data = [[501, 10], [255, 10], [501, 255], [10, 501]]

labels_mat = Cv.Mat.literal(labels, :s32)
training_data_mat = Cv.Mat.literal(training_data, :f32)
%Evision.Mat{
  channels: 1,
  dims: 2,
  type: {:f, 32},
  raw_type: 5,
  shape: {4, 2},
  ref: #Reference<0.1481828880.2785148948.120970>
}

  
    
  
  Create an SVM and Train It With the Data


svm = Cv.ML.SVM.create()
svm = Cv.ML.SVM.setType(svm, Cv.Constant.cv_C_SVC())
svm = Cv.ML.SVM.setKernel(svm, Cv.Constant.cv_LINEAR())
svm = Cv.ML.SVM.setTermCriteria(svm, {Cv.Constant.cv_MAX_ITER(), 100, 0.000001})
true = Cv.ML.SVM.train(svm, training_data_mat, Cv.Constant.cv_ROW_SAMPLE(), labels_mat)
true = Cv.ML.SVM.isTrained(svm)
true

  
    
  
  Get Support Vectors


%Evision.Mat{shape: {rows, cols}} = sv = Cv.ML.SVM.getUncompressedSupportVectors(svm)
sv_binary = Cv.Mat.to_binary(sv)
float_bytes = 4

support_vector =
  for i <- (rows - 1)..0, reduce: [] do
    support_vector ->
      current_vector =
        for j <- (cols - 1)..0, reduce: [] do
          vec ->
            <<float_data::float-size(32)-little>> =
              :binary.part(sv_binary, (i * cols + j) * float_bytes, 4)

            [trunc(float_data) | vec]
        end

      [current_vector | support_vector]
  end

[[501, 10], [255, 10], [501, 255]] = support_vector
support_vector
[[501, 10], [255, 10], [501, 255]]

  
    
  
  Visualise the Training Result in A Response Map


green = [0, 255, 0]
blue = [255, 0, 0]
width = 512
height = 512

response_data =
  for x <- (width - 1)..0, y <- (height - 1)..0, reduce: [] do
    acc ->
      sample =
        Cv.Mat.from_binary(
          <<y::float-size(32)-little, x::float-size(32)-little>>,
          {:f, 32},
          1,
          2,
          1
        )

      {_, %Cv.Mat{shape: {1, 1}} = response_mat} = Cv.ML.SVM.predict(svm, sample)
      <<response::float-size(32)-little>> = Cv.Mat.to_binary(response_mat)
      response = trunc(response)

      case response do
        1 ->
          [green | acc]

        -1 ->
          [blue | acc]
      end
  end

response_data = response_data |> List.flatten() |> IO.iodata_to_binary()
response_map = Cv.Mat.from_binary(response_data, {:u, 8}, height, width, 3)

# show the training data
thickness = 1

response_map =
  Cv.circle(response_map, List.to_tuple(Enum.at(training_data, 0)), 5, {0, 0, 0},
    thickness: thickness
  )

response_map =
  Cv.circle(response_map, List.to_tuple(Enum.at(training_data, 1)), 5, {255, 255, 255},
    thickness: thickness
  )

response_map =
  Cv.circle(response_map, List.to_tuple(Enum.at(training_data, 2)), 5, {255, 255, 255},
    thickness: thickness
  )

response_map =
  Cv.circle(response_map, List.to_tuple(Enum.at(training_data, 3)), 5, {255, 255, 255},
    thickness: thickness
  )

# show support vectors
response_map =
  Cv.circle(response_map, List.to_tuple(Enum.at(support_vector, 0)), 6, {128, 128, 128},
    thickness: thickness
  )

response_map =
  Cv.circle(response_map, List.to_tuple(Enum.at(support_vector, 1)), 6, {128, 128, 128},
    thickness: thickness
  )

response_map =
  Cv.circle(response_map, List.to_tuple(Enum.at(support_vector, 2)), 6, {128, 128, 128},
    thickness: thickness
  )

Cv.imencode(".png", response_map)
|> Kino.Image.new(:png)


  

  
    
    Evision.ML Example - Decision Tree and Random Forest - Evision v0.2.5
    
    

    


  
  

    
Evision.ML Example - Decision Tree and Random Forest
    

Mix.install([
  {:evision, "~> 0.2"},
  {:kino, "~> 0.7"},
  {:scidata, "~> 0.1"},
  {:nx, "~> 0.4", override: true},
  {:scholar, "~> 0.1", github: "elixir-nx/scholar"}
], system_env: [
  # optional, defaults to `true`
  # set `EVISION_PREFER_PRECOMPILED` to `false`
  # if you prefer `:evision` to be compiled from source
  # note that to compile from source, you may need at least 1GB RAM
  {"EVISION_PREFER_PRECOMPILED", true},

  # optional, defaults to `true`
  # set `EVISION_ENABLE_CONTRIB` to `false`
  # if you don't need modules from `opencv_contrib`
  {"EVISION_ENABLE_CONTRIB", true},

  # optional, defaults to `false`
  # set `EVISION_ENABLE_CUDA` to `true`
  # if you wish to use CUDA related functions
  # note that `EVISION_ENABLE_CONTRIB` also has to be `true`
  # because cuda related modules come from the `opencv_contrib` repo
  {"EVISION_ENABLE_CUDA", false},

  # required when 
  # - `EVISION_ENABLE_CUDA` is `true`
  # - and `EVISION_PREFER_PRECOMPILED` is `true`
  #
  # set `EVISION_CUDA_VERSION` to the version that matches 
  # your local CUDA runtime version
  #
  # current available versions are
  # - 118
  # - 121
  {"EVISION_CUDA_VERSION", "118"},

  # require for Windows users when 
  # - `EVISION_ENABLE_CUDA` is `true`
  # set `EVISION_CUDA_RUNTIME_DIR` to the directory that contains
  # CUDA runtime libraries
  {"EVISION_CUDA_RUNTIME_DIR", "C:/PATH/TO/CUDA/RUNTIME"}
])

  
    
  
  Register SmartCells


:ok = Evision.SmartCell.register_smartcells()

  
    
  
  Download the Dataset



  
    
  
  Get the Wine dataset with Scidata


{features, labels} = Scidata.Wine.download()
:ok

  
    
  
  Make a dataset with Evision.ML.TrainData


dataset =
  Evision.ML.TrainData.create(
    Evision.Mat.from_nx(Nx.tensor(features, type: :f32, backend: Evision.Backend)),
    Evision.Constant.cv_ROW_SAMPLE(),
    Evision.Mat.from_nx(Nx.tensor(labels, type: :s32, backend: Evision.Backend))
  )
  |> Evision.ML.TrainData.setTrainTestSplitRatio(0.8, shuffle: true)

IO.puts("#Samples: #{Evision.ML.TrainData.getNSamples(dataset)}")
IO.puts("#Training samples: #{Evision.ML.TrainData.getNTrainSamples(dataset)}")
IO.puts("#Test samples: #{Evision.ML.TrainData.getNTestSamples(dataset)}")

  
    
  
  Train the Dataset with Decision Tree, Evision.ML.DTrees


dtree =
  Evision.ML.DTrees.create()
  |> Evision.ML.DTrees.setMaxDepth(8)
  |> Evision.ML.DTrees.setMaxCategories(3)
  |> Evision.ML.DTrees.setCVFolds(0)
  |> Evision.ML.DTrees.setMinSampleCount(10)

(
  Evision.ML.DTrees.train(dtree, dataset)

  dtree
  |> Evision.ML.DTrees.calcError(dataset, false)
  |> then(&IO.puts("Training Error: #{elem(&1, 0)}"))

  dtree
  |> Evision.ML.DTrees.calcError(dataset, true)
  |> then(&IO.puts("Test Error: #{elem(&1, 0)}"))
)

  
    
  
  Calculate Confusion Matrix


{_test_error, results} = Evision.ML.DTrees.calcError(dtree, dataset, true)

y_true =
  Evision.Mat.to_nx(results, Nx.BinaryBackend)
  |> Nx.reshape({:auto})
  |> Nx.as_type(:s32)

y_pred =
  Evision.Mat.to_nx(Evision.ML.TrainData.getTestResponses(dataset), Nx.BinaryBackend)
  |> Nx.reshape({:auto})
  |> Nx.as_type(:s32)

Scholar.Metrics.confusion_matrix(y_true, y_pred, num_classes: 3)

  
    
  
  Save the Trained Model and Load It Back


It's also possible to save the trained model to a file and load it back!
# save to file
filename = Path.join(__DIR__, "dtree.bin")
Evision.ML.DTrees.save(dtree, filename)

# load from file
dtree_from_file = Evision.ML.DTrees.load(filename)

# they should give the same results!
{test_error, _results} = Evision.ML.DTrees.calcError(dtree, dataset, true)
{test_error_2, _results} = Evision.ML.DTrees.calcError(dtree_from_file, dataset, true)
test_error == test_error_2

  
    
  
  Train the Dataset with Random Forest, Evision.ML.RTrees


rtree =
  Evision.ML.RTrees.create()
  |> Evision.ML.RTrees.setMaxDepth(10)
  |> Evision.ML.RTrees.setMaxCategories(3)
  |> Evision.ML.RTrees.setCVFolds(0)
  |> Evision.ML.RTrees.setMinSampleCount(10)
  |> Evision.ML.RTrees.setActiveVarCount(0)
  |> Evision.ML.RTrees.setCalculateVarImportance(false)

rtree =
  Evision.ML.RTrees.setTermCriteria(
    rtree,
    {Evision.Constant.cv_MAX_ITER() + Evision.Constant.cv_EPS(), 30, 5.0e-5}
  )

(
  (
    dataset =
      Evision.ML.TrainData.create(
        Evision.Mat.from_nx(Nx.tensor(features, type: :f32, backend: Evision.Backend)),
        Evision.Constant.cv_ROW_SAMPLE(),
        Evision.Mat.from_nx(Nx.tensor(labels, type: :s32, backend: Evision.Backend))
      )
      |> Evision.ML.TrainData.setTrainTestSplitRatio(0.8, shuffle: true)

    IO.puts("#Samples: #{Evision.ML.TrainData.getNSamples(dataset)}")
    IO.puts("#Training samples: #{Evision.ML.TrainData.getNTrainSamples(dataset)}")
    IO.puts("#Test samples: #{Evision.ML.TrainData.getNTestSamples(dataset)}")
  )

  Evision.ML.RTrees.train(rtree, dataset)

  rtree
  |> Evision.ML.RTrees.calcError(dataset, false)
  |> then(&IO.puts("Training Error: #{elem(&1, 0)}"))

  rtree
  |> Evision.ML.RTrees.calcError(dataset, true)
  |> then(&IO.puts("Test Error: #{elem(&1, 0)}"))
)

  
    
  
  Calculate Confusion Matrix


{_test_error, results} = Evision.ML.RTrees.calcError(rtree, dataset, true)

y_true =
  Evision.Mat.to_nx(results, Nx.BinaryBackend)
  |> Nx.reshape({:auto})
  |> Nx.as_type(:s32)

y_pred =
  Evision.Mat.to_nx(Evision.ML.TrainData.getTestResponses(dataset), Nx.BinaryBackend)
  |> Nx.reshape({:auto})
  |> Nx.as_type(:s32)

Scholar.Metrics.confusion_matrix(y_true, y_pred, num_classes: 3)

  
    
  
  Save the Trained Model and Load It Back


# save to file
filename = Path.join(__DIR__, "rtree.bin")
Evision.ML.RTrees.save(rtree, filename)

# load from file
rtree_from_file = Evision.ML.RTrees.load(filename)

# they should give the same results!
{test_error, _results} = Evision.ML.RTrees.calcError(rtree, dataset, true)
{test_error_2, _results} = Evision.ML.RTrees.calcError(rtree_from_file, dataset, true)
test_error == test_error_2
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