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SSCMEx 
    



      
SSCMA NIF bindings for SG2002 chip (reCamera).
Provides high-level Elixir interface to SSCMA (Smart Sensor and Control Module for AI)
using SSCMA-Micro as the backend for TPU operations.
The NIF is automatically loaded when the module is first used.
Quick Start
{:ok, engine} = SSCMEx.Engine.new()
:ok = SSCMEx.Engine.load(engine, "/path/to/model.cvimodel")
{:ok, input_count} = SSCMEx.Engine.get_input_size(engine)
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        load_nif()

      


        Loads the NIF library manually (usually not needed - auto-loaded via @on_load).
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Loads the NIF library manually (usually not needed - auto-loaded via @on_load).
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Camera interface for SG2002 (reCamera).
Provides access to camera hardware for capturing frames and video streams.
Cameras are obtained from the Device singleton.
Camera and TPU together
Camera and TPU share ION carveout memory. If you use both and see
retrieve_frame_failed with dmesg "ion allocated failed" or "sys_ion_alloc fail":
use a lower-resolution preset (for example index 3: 1280x720 @ 30fps), then choose
the flow that matches your use-case:
	streaming inference: start camera first, then load engine/model
	one-shot capture: capture one frame, stop/deinit camera, then load engine/model

Example
{:ok, device} = SSCMEx.Device.get_instance()
{:ok, count} = SSCMEx.Camera.count(device)

if count > 0 do
  {:ok, camera} = SSCMEx.Camera.get(device, 0)

  # Initialize with preset (resolution/fps)
  {:ok, presets} = SSCMEx.Camera.get_presets(camera)
  {:ok, :initialized} = SSCMEx.Camera.init(camera, 3)

  # Start streaming
  {:ok, :streaming} = SSCMEx.Camera.start_stream(camera, :refresh_on_return)

  # Capture frame from channel 0
  {:ok, frame} = SSCMEx.Camera.retrieve_frame(camera, 0)

  # Stop streaming
  {:ok, :stopped} = SSCMEx.Camera.stop_stream(camera)
  {:ok, :deinitialized} = SSCMEx.Camera.deinit(camera)
end
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    Functions
  


    
      
        configure_channel(cam, channel, opts \\ [])

      


        Configure a camera channel before start_stream/2.



    


    
      
        count(device)

      


        Get the number of cameras available on the device.



    


    
      
        deinit(camera)

      


        Deinitialize the camera.



    


    
      
        get(device, index)

      


        Get a camera from the device by index.



    


    
      
        get_ctrl(camera, ctrl)

      


        Get a camera control value.



    


    
      
        get_id(camera)

      


        Get the camera ID.



    


    
      
        get_preset_idx(camera)

      


        Get the current preset index.



    


    
      
        get_presets(camera)

      


        Get available presets for the camera.



    


    
      
        init(camera, preset_idx)

      


        Initialize the camera with a preset.



    


    
      
        is_initialized(camera)

      


        Check if the camera is initialized.



    


    
      
        is_streaming(camera)

      


        Check if the camera is currently streaming.



    


    
      
        isp_available()

      


        Check if the ISP (Image Signal Processor) is available.



    


    
      
        request_keyframe(camera, channel)

      


        Request an immediate IDR keyframe on a running H.264/H.265 channel.



    


    
      
        retrieve_frame(camera, channel)

      


        Retrieve a frame from the camera.



    


    
      
        retrieve_latest_frame(camera, channel)

      


        Drain the channel queue and return only the most recent frame.



    


    
      
        set_ctrl(camera, ctrl, value)

      


        Set a camera control value.



    


    
      
        start_stream(camera, mode)

      


        Start the camera stream.



    


    
      
        stop_stream(camera)

      


        Stop the camera stream.



    


    
      
        try_retrieve_frame(camera, channel)

      


        Non-blocking variant of retrieve_frame/2. Returns
{:error, "queue_empty"} immediately if the channel queue has no
frame ready, instead of waiting up to one frame interval.
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          @type ctrl_type() ::
  :window
  | :channel
  | :format
  | :fps
  | :quality
  | :ae_mode
  | :max_iso
  | :exposure_us
  | :gain
  | :exposure_range
  | :max_exposure_us
  | :tnr_enable
  | :tnr_strength
  | :brightness
  | :contrast
  | :saturation
  | :sharpness
  | :nr_strength
  | :ynr_strength
  | :cnr_strength
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          @type frame() :: SSCMEx.Image.t()
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          @type pixel_format() ::
  :rgb888 | :rgb565 | :yuv422 | :gray | :jpeg | :h264 | :h265 | :rgb888_planar
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          @type preset() :: %{description: String.t()}
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          @type resource() :: reference()
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          @type stream_mode() :: :refresh_on_return | :refresh_on_retrieve
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          @type t() :: %SSCMEx.Camera{resource: resource()}
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      configure_channel(cam, channel, opts \\ [])



    

  


  

      

          @spec configure_channel(t(), 0..2, keyword()) :: :ok | {:error, term()}


      


Configure a camera channel before start_stream/2.
Must be called after init/2. Attempting to change the format after the stream
has started returns {:error, _}.
Options
	:format - pixel format atom. Supported: :rgb888, :yuv422, :gray,
:jpeg, :h264, :h265, :nv12, :nv21. Note: :rgb565 and
:rgb888_planar are not supported as native camera channel formats.
	:width and :height - frame dimensions (must both be provided together).
	:fps - target frame rate.

H.264 / H.265 encoder options
The following options are only applied when format: is :h264 or :h265.
If none are provided the encoder template defaults are used.
	:bitrate - target bitrate in kbps (default: 1000 for H264, 3000 for H265)
	:max_bitrate - peak bitrate in kbps; set equal to :bitrate for pure CBR
(defaults to the value of :bitrate)
	:gop - keyframe interval in frames (default: 50)
	:rc_mode - rate control mode: :cbr | :vbr | :avbr | :fixqp (default: :cbr)

	:min_qp - P-frame QP floor (default: 20)
	:max_qp - P-frame QP ceiling; too low causes malformed P-frames on
high-motion scenes in CBR mode (default: 35)
	:min_iqp - I-frame QP floor (default: 20)
	:max_iqp - I-frame QP ceiling (default: 35)
	:profile - codec profile: :baseline | :main | :high (default: :baseline)

	:initial_delay - CPB / hypothetical-decoder buffer fullness in milliseconds
before the encoder allows the first frame out. SDK default is 1000 (1 s);
drop to ~100 for low-latency live streaming. Omit to keep the SDK default.
	:stat_time - rate-control analysis window in seconds. SDK default is 2;
AVBR uses this as a lookahead, so dropping to 1 cuts AVBR-induced encode
lag. Omit to keep the SDK default.

JPEG quality
Quality control (set_ctrl(cam, :quality, value)) applies to the channel that
is currently selected. Select the channel with configure_channel/3 (which leaves
it as current) or set_ctrl(cam, :channel, n) before setting quality.
Examples
# Two RGB888 channels at different resolutions
:ok = Camera.configure_channel(cam, 0, format: :rgb888, width: 1920, height: 1080)
:ok = Camera.configure_channel(cam, 1, format: :rgb888, width: 640, height: 480)

# JPEG on channel 2
:ok = Camera.configure_channel(cam, 2, format: :jpeg, width: 1280, height: 720)

# Set JPEG quality for channel 2 (channel 2 is still selected after configure_channel above)
{:ok, :ok} = Camera.set_ctrl(cam, :quality, 75)

# H.264 with tuned encoder params
:ok = Camera.configure_channel(cam, 2,
  format: :h264, width: 640, height: 360, fps: 15,
  bitrate: 3000, gop: 15, max_qp: 45
)
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          @spec count(SSCMEx.Device.t()) :: {:ok, non_neg_integer()} | {:error, term()}


      


Get the number of cameras available on the device.
Examples
{:ok, count} = SSCMEx.Camera.count(device)

  



  
    
      
    
    
      deinit(camera)



    

  


  

      

          @spec deinit(t()) :: {:ok, :deinitialized} | {:error, term()}


      


Deinitialize the camera.
Examples
{:ok, :deinitialized} = SSCMEx.Camera.deinit(camera)

  



  
    
      
    
    
      get(device, index)



    

  


  

      

          @spec get(SSCMEx.Device.t(), non_neg_integer()) :: {:ok, t()} | {:error, term()}


      


Get a camera from the device by index.
Parameters
	device - Device obtained from SSCMEx.Device.get_instance/0
	index - Camera index (0-based)

Examples
{:ok, camera} = SSCMEx.Camera.get(device, 0)

  



  
    
      
    
    
      get_ctrl(camera, ctrl)



    

  


  

      

          @spec get_ctrl(t(), ctrl_type()) :: {:ok, term()} | {:error, term()}


      


Get a camera control value.
Control Types and return values
Standard Controls
	:window -> {width, height}
	:channel -> channel index integer
	:format -> pixel format atom
	:fps -> fps integer
	:quality -> quality integer (1-99, value 50 is reserved)

ISP Controls
	:ae_mode -> :auto or :manual
	:max_iso -> maximum ISO integer (100-12800)
	:exposure_us -> current exposure time in microseconds
	:gain -> current analog gain (10-bit: 1024=1x)
	:exposure_range -> {min_us, max_us} tuple
	:max_exposure_us -> max auto-exposure shutter cap in microseconds
	:tnr_enable -> true or false
	:tnr_strength -> TNR strength integer (0-255)
	:brightness -> brightness integer (0-255)
	:contrast -> contrast integer (0-255)
	:saturation -> saturation integer (0-255)
	:sharpness -> sharpness integer (0-255)
	:nr_strength -> raw/Bayer NR strength integer (0-255)
	:ynr_strength -> luma NR strength integer (0-255)
	:cnr_strength -> chroma NR strength integer (0-255)

For channel-specific controls (:window, :format, :fps), this reads the
currently selected channel. Use set_ctrl(camera, :channel, idx) first.
Examples
{:ok, quality} = SSCMEx.Camera.get_ctrl(camera, :quality)
{:ok, :auto} = SSCMEx.Camera.get_ctrl(camera, :ae_mode)
{:ok, {min_us, max_us}} = SSCMEx.Camera.get_ctrl(camera, :exposure_range)
{:ok, 800} = SSCMEx.Camera.get_ctrl(camera, :max_iso)

  



  
    
      
    
    
      get_id(camera)



    

  


  

      

          @spec get_id(t()) :: {:ok, non_neg_integer()} | {:error, term()}


      


Get the camera ID.
Examples
{:ok, id} = SSCMEx.Camera.get_id(camera)

  



  
    
      
    
    
      get_preset_idx(camera)



    

  


  

      

          @spec get_preset_idx(t()) :: {:ok, non_neg_integer()} | {:error, term()}


      


Get the current preset index.
Examples
{:ok, idx} = SSCMEx.Camera.get_preset_idx(camera)

  



  
    
      
    
    
      get_presets(camera)



    

  


  

      

          @spec get_presets(t()) :: {:ok, [preset()]} | {:error, term()}


      


Get available presets for the camera.
Each preset describes a resolution/framerate combination.
Examples
{:ok, presets} = SSCMEx.Camera.get_presets(camera)
# => [%{description: "1920x1080 @ 30fps"}, ...]

  



  
    
      
    
    
      init(camera, preset_idx)



    

  


  

      

          @spec init(t(), non_neg_integer()) :: {:ok, :initialized} | {:error, term()}


      


Initialize the camera with a preset.
Presets define resolution and framerate combinations.
Parameters
	camera - Camera resource
	preset_idx - Index of preset (see get_presets/1)

Examples
{:ok, :initialized} = SSCMEx.Camera.init(camera, 0)

  



  
    
      
    
    
      is_initialized(camera)



    

  


  

      

          @spec is_initialized(t()) :: {:ok, boolean()} | {:error, term()}


      


Check if the camera is initialized.
Examples
{:ok, true} = SSCMEx.Camera.is_initialized(camera)

  



  
    
      
    
    
      is_streaming(camera)



    

  


  

      

          @spec is_streaming(t()) :: {:ok, boolean()} | {:error, term()}


      


Check if the camera is currently streaming.
Examples
{:ok, true} = SSCMEx.Camera.is_streaming(camera)

  



  
    
      
    
    
      isp_available()



    

  


  

      

          @spec isp_available() :: {:ok, boolean()} | {:error, term()}


      


Check if the ISP (Image Signal Processor) is available.
Probes the ISP by attempting to read exposure attributes on pipe 0.
Examples
{:ok, true} = SSCMEx.Camera.isp_available()

  



  
    
      
    
    
      request_keyframe(camera, channel)



    

  


  

      

          @spec request_keyframe(t(), 0..2) :: :ok | {:error, term()}


      


Request an immediate IDR keyframe on a running H.264/H.265 channel.
When a new viewer connects to a live stream mid-GOP it must wait up to
gop / fps seconds for the next natural IDR before it can decode anything.
Calling this injects an IDR immediately, giving sub-100ms first-frame time
regardless of GOP size.
The stream must be running. Returns {:error, :request_keyframe_failed} if
the VENC channel is not active or the codec is not H.264/H.265.
Examples
:ok = SSCMEx.Camera.request_keyframe(camera, 2)

  



  
    
      
    
    
      retrieve_frame(camera, channel)



    

  


  

      

          @spec retrieve_frame(t(), 0..2) :: {:ok, frame()} | {:error, term()}


      


Retrieve a frame from the camera.
Pixel Formats
	:rgb888 - RGB888 format (raw pixels)
	:yuv422 - YUV422 format
	:jpeg - JPEG encoded
	:h264 - H.264 encoded video frame
	:h265 - H.265 encoded video frame

Channel selection
Use configure_channel/3 before start_stream/2 to assign a format and resolution
to each channel. Retrieve frames by channel index:
{:ok, frame} = SSCMEx.Camera.retrieve_frame(camera, 0)
Returns
Returns %SSCMEx.Image{}.
The image includes:
	width, height, format, data
	metadata fields when available from the camera pipeline (size, timestamp, key)

Examples
{:ok, image} = SSCMEx.Camera.retrieve_frame(camera, 0)
# image.data contains pixels in the format configured for channel 0

  



  
    
      
    
    
      retrieve_latest_frame(camera, channel)



    

  


  

      

          @spec retrieve_latest_frame(t(), 0..2) :: {:ok, frame()} | {:error, term()}


      


Drain the channel queue and return only the most recent frame.
Behaves like retrieve_frame/2 for the first frame (blocks up to
one frame interval), then pulls every other queued frame
non-blocking and discards the stale ones. The drain runs entirely
in C++, so there is no Elixir↔NIF round-trip per discarded frame.
This is the recommended primitive for low-latency consumers (e.g.
a TPU inference loop): end-to-end latency stays bounded by the
model's processing time instead of growing with the per-channel
MessageBox(fps) queue depth.
{:ok, image} = SSCMEx.Camera.retrieve_latest_frame(camera, 0)
# image is the freshest frame currently buffered for CH0
Returns {:error, _} if the channel is not configured / streaming
is not active / no frame has arrived within one frame interval.
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          @spec set_ctrl(t(), ctrl_type(), term()) :: {:ok, :ok} | {:error, term()}


      


Set a camera control value.
Standard Controls
	:window - Set resolution {width, height}
	:channel - Set channel index
	:format - Set pixel format
	:fps - Set frames per second
	:quality - Set JPEG encoding quality (1-99, value 50 is reserved)

ISP Controls (requires isp_available?/0 to return true)
AE (Auto-Exposure) Controls
	:ae_mode - Set AE mode (:auto or :manual)
	:max_iso - Set maximum ISO for auto-exposure (100-12800)
	:exposure_us - Set manual exposure time in microseconds (1-1000000)
	:gain - Set manual analog gain, 10-bit precision (1024=1x, 2048=2x, range 1024-65536)
	:exposure_range - Set auto-exposure time limits {min_us, max_us} (1-1000000)
	:max_exposure_us - Cap auto-exposure max shutter time in microseconds (1-1000000)

TNR (Temporal Noise Reduction) Controls
	:tnr_enable - Enable/disable 3D noise reduction (true or false)
	:tnr_strength - Set TNR intensity (0-255, manual mode)

Image Tuning Controls
	:brightness - Set image brightness via YContrast CenterLuma (0-255)
	:contrast - Set image contrast via YContrast ContrastHigh (0-255)
	:saturation - Set color saturation (0-255)
	:sharpness - Set edge sharpness via Sharpen GlobalGain (0-255)

Noise Reduction Controls
	:nr_strength - Raw/Bayer spatial NR strength (0-255); higher = less grain
	:ynr_strength - Luma NR strength post-demosaic (0-255); reduces luma noise
	:cnr_strength - Chroma NR strength (0-255); reduces color noise/fringing

Examples
# Set resolution
{:ok, :ok} = SSCMEx.Camera.set_ctrl(camera, :window, {1280, 720})

# Set FPS
{:ok, :ok} = SSCMEx.Camera.set_ctrl(camera, :fps, 15)

# Set JPEG quality (1-99, higher = less compression)
{:ok, :ok} = SSCMEx.Camera.set_ctrl(camera, :quality, 75)

# Limit max ISO to reduce noise in low light
{:ok, :ok} = SSCMEx.Camera.set_ctrl(camera, :max_iso, 800)

# Enable 3D noise reduction
{:ok, :ok} = SSCMEx.Camera.set_ctrl(camera, :tnr_enable, true)

# Increase brightness slightly
{:ok, :ok} = SSCMEx.Camera.set_ctrl(camera, :brightness, 140)

  



  
    
      
    
    
      start_stream(camera, mode)



    

  


  

      

          @spec start_stream(t(), stream_mode()) :: {:ok, :streaming} | {:error, term()}


      


Start the camera stream.
Stream Modes
	:refresh_on_return - Frame buffer is refreshed when frame is returned
	:refresh_on_retrieve - Frame buffer is refreshed when frame is retrieved

Examples
{:ok, :streaming} = SSCMEx.Camera.start_stream(camera, :refresh_on_return)

  



  
    
      
    
    
      stop_stream(camera)



    

  


  

      

          @spec stop_stream(t()) :: {:ok, :stopped} | {:error, term()}


      


Stop the camera stream.
Examples
{:ok, :stopped} = SSCMEx.Camera.stop_stream(camera)

  



  
    
      
    
    
      try_retrieve_frame(camera, channel)



    

  


  

      

          @spec try_retrieve_frame(t(), 0..2) :: {:ok, frame()} | {:error, term()}


      


Non-blocking variant of retrieve_frame/2. Returns
{:error, "queue_empty"} immediately if the channel queue has no
frame ready, instead of waiting up to one frame interval.
Useful when a consumer wants to drain the chip-side MessageBox(fps)
queue to its latest frame without paying the per-call wait when the
queue runs empty. For most workloads retrieve_latest_frame/2 is
the better primitive — it does the drain entirely in C++.

  


        

      


  

    
SSCMEx.Device 
    



      
Device singleton wrapper for SG2002 chip.
The Device provides access to system information, sensors (including cameras),
and model metadata. This is a singleton - only one device instance exists.
Example
{:ok, device} = SSCMEx.Device.get_instance()
{:ok, info} = SSCMEx.Device.get_info(device)
IO.puts("Device: #{info.name}")

{:ok, sensors} = SSCMEx.Device.get_sensors(device)
for sensor <- sensors do
  IO.puts("Sensor: #{sensor.id} (#{sensor.type})")
end
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        resource()

      


    


    
      
        sensor()
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    Functions
  


    
      
        get_info(device)

      


        Get device information (name, id, version, boot count).



    


    
      
        get_instance()

      


        Get the Device singleton instance.



    


    
      
        get_models(device)

      


        Get list of available model metadata.



    


    
      
        get_sensors(device)

      


        Get list of available sensors.
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          @type device_info() :: %{
  name: String.t(),
  id: String.t(),
  version: String.t(),
  boot_count: non_neg_integer()
}


      



  



  
    
      
    
    
      model_info()



    

  


  

      

          @type model_info() :: %{
  id: non_neg_integer(),
  name: String.t(),
  type: atom(),
  size: non_neg_integer(),
  addr: non_neg_integer()
}


      



  



  
    
      
    
    
      resource()



    

  


  

      

          @type resource() :: reference()


      



  



  
    
      
    
    
      sensor()



    

  


  

      

          @type sensor() :: %{
  id: non_neg_integer(),
  type: :camera | :microphone | :imu | :unknown
}


      



  



  
    
      
    
    
      t()



    

  


  

      

          @type t() :: %SSCMEx.Device{resource: resource()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      get_info(device)



    

  


  

      

          @spec get_info(t()) :: {:ok, device_info()} | {:error, term()}


      


Get device information (name, id, version, boot count).
Returns a map with:
	:name - Device name
	:id - Device unique identifier
	:version - Firmware/software version
	:boot_count - Number of times the device has booted

Examples
{:ok, info} = SSCMEx.Device.get_info(device)
# => %{name: "reCamera", id: "abc123", version: "1.0.0", boot_count: 42}

  



  
    
      
    
    
      get_instance()



    

  


  

      

          @spec get_instance() :: {:ok, t()} | {:error, term()}


      


Get the Device singleton instance.
This returns the same device instance on every call.
Examples
{:ok, device} = SSCMEx.Device.get_instance()

  



  
    
      
    
    
      get_models(device)



    

  


  

      

          @spec get_models(t()) :: {:ok, [model_info()]} | {:error, term()}


      


Get list of available model metadata.
This returns information about models stored on the device, not
currently loaded models. Use SSCMEx.Engine to load and run models.
Returns a list of model info maps, each with:
	:id - Model ID
	:name - Model name
	:type - Model type atom
	:size - Model size in bytes
	:addr - Memory address (for embedded models)

Examples
{:ok, models} = SSCMEx.Device.get_models(device)
for model <- models do
  IO.puts("Model: #{model.name} (id=#{model.id})")
end

  



  
    
      
    
    
      get_sensors(device)



    

  


  

      

          @spec get_sensors(t()) :: {:ok, [sensor()]} | {:error, term()}


      


Get list of available sensors.
Returns a list of sensor maps, each with:
	:id - Sensor ID
	:type - Sensor type (:camera, :microphone, :imu, or :unknown)

Examples
{:ok, sensors} = SSCMEx.Device.get_sensors(device)
# => [%{id: 0, type: :camera}, ...]

# Find camera sensor
camera = Enum.find(sensors, &(&1.type == :camera))

  


        

      


  

    
SSCMEx.Engine 
    



      
SSCMA-Micro EngineCVI wrapper.
The engine is automatically garbage collected when no longer referenced.
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        resource()

      


    


    
      
        t()
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        get_input(engine, index)

      


        Get input tensor as map with binary data.



    


    
      
        get_input_num(engine, name)

      


        Get input tensor index by name.



    


    
      
        get_input_quant_param(engine, index)

      


        Get input quantization parameters.



    


    
      
        get_input_shape(engine, index)

      


        Get input tensor shape as list of integers.



    


    
      
        get_input_size(engine)

      


        Returns the number of input tensors.



    


    
      
        get_output(engine, index)

      


        Get output tensor as map with binary data.



    


    
      
        get_output_num(engine, name)

      


        Get output tensor index by name.



    


    
      
        get_output_quant_param(engine, index)

      


        Get output quantization parameters.



    


    
      
        get_output_shape(engine, index)

      


        Get output tensor shape as list of integers.



    


    
      
        get_output_size(engine)

      


        Returns the number of output tensors.



    


    
      
        load(engine, path)

      


        Loads a model from file path.



    


    
      
        new()

      


        Creates and initializes a new CVI engine.



    


    
      
        run(engine)

      


        Run inference (blocking, uses dirty CPU scheduler).



    


    
      
        set_input(engine, index, data)

      


        Set input tensor data from binary.



    





      


      
        Types


        


  
    
      
    
    
      resource()



    

  


  

      

          @type resource() :: reference()


      



  



  
    
      
    
    
      t()



    

  


  

      

          @type t() :: %SSCMEx.Engine{resource: resource()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      get_input(engine, index)



    

  


  

      

          @spec get_input(t(), non_neg_integer()) :: {:ok, map()} | {:error, term()}


      


Get input tensor as map with binary data.
Returns a map with keys:
	:shape - tensor shape as list of integers
	:type - tensor type atom (:u8, :s8, :f32, etc.)
	:size - tensor size in bytes
	:quant_param - quantization parameters map with :scale and :zero_point
	:data - tensor data as binary
	:name - tensor name string
	:is_physical - boolean atom (:true or :false)


  



  
    
      
    
    
      get_input_num(engine, name)



    

  


  

      

          @spec get_input_num(t(), String.t()) :: {:ok, integer()} | {:error, term()}


      


Get input tensor index by name.
Returns the index of the input tensor with the given name.

  



  
    
      
    
    
      get_input_quant_param(engine, index)



    

  


  

      

          @spec get_input_quant_param(t(), non_neg_integer()) :: {:ok, map()} | {:error, term()}


      


Get input quantization parameters.
Returns a map with :scale (float) and :zero_point (integer).

  



  
    
      
    
    
      get_input_shape(engine, index)



    

  


  

      

          @spec get_input_shape(t(), non_neg_integer()) :: {:ok, [integer()]} | {:error, term()}


      


Get input tensor shape as list of integers.

  



  
    
      
    
    
      get_input_size(engine)



    

  


  

      

          @spec get_input_size(t()) :: {:ok, non_neg_integer()} | {:error, term()}


      


Returns the number of input tensors.

  



  
    
      
    
    
      get_output(engine, index)



    

  


  

      

          @spec get_output(t(), non_neg_integer()) :: {:ok, map()} | {:error, term()}


      


Get output tensor as map with binary data.
See get_input/2 for return format.

  



  
    
      
    
    
      get_output_num(engine, name)



    

  


  

      

          @spec get_output_num(t(), String.t()) :: {:ok, integer()} | {:error, term()}


      


Get output tensor index by name.
Returns the index of the output tensor with the given name.

  



  
    
      
    
    
      get_output_quant_param(engine, index)



    

  


  

      

          @spec get_output_quant_param(t(), non_neg_integer()) ::
  {:ok, map()} | {:error, term()}


      


Get output quantization parameters.
Returns a map with :scale (float) and :zero_point (integer).

  



  
    
      
    
    
      get_output_shape(engine, index)



    

  


  

      

          @spec get_output_shape(t(), non_neg_integer()) ::
  {:ok, [integer()]} | {:error, term()}


      


Get output tensor shape as list of integers.

  



  
    
      
    
    
      get_output_size(engine)



    

  


  

      

          @spec get_output_size(t()) :: {:ok, non_neg_integer()} | {:error, term()}


      


Returns the number of output tensors.

  



  
    
      
    
    
      load(engine, path)



    

  


  

      

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


      


Loads a model from file path.
Examples
:ok = SSCMEx.Engine.load(engine, "/path/to/model.cvimodel")

  



  
    
      
    
    
      new()



    

  


  

      

          @spec new() :: {:ok, t()} | {:error, term()}


      


Creates and initializes a new CVI engine.
Examples
{:ok, engine} = SSCMEx.Engine.new()

  



  
    
      
    
    
      run(engine)



    

  


  

      

          @spec run(t()) :: :ok | {:error, term()}


      


Run inference (blocking, uses dirty CPU scheduler).
After calling this function, output tensors will contain the inference results.

  



  
    
      
    
    
      set_input(engine, index, data)



    

  


  

      

          @spec set_input(t(), non_neg_integer(), binary()) :: :ok | {:error, term()}


      


Set input tensor data from binary.
The binary size must match the expected tensor size exactly.

  


        

      


  

    
SSCMEx.Examples.CameraInference 
    



      
Full example: load model, configure camera to model input size, capture one frame,
then run inference.
Run from IEx (from the sscmex or example project):
SSCMEx.load_nif()

# run_once returns {:ok, result} or {:error, reason} — handle both
case SSCMEx.Examples.CameraInference.run_once("/data/yolo11n_detection_cv181x_int8.cvimodel") do
  {:ok, result} -> IO.inspect(result.detections)
  {:error, reason} -> IO.puts("Failed: #{inspect(reason)}")
end
If you get {:error, ~c"retrieve_frame_failed"}: check dmesg. "vpss_get_chn_frame fail" or
"vi err" means the camera/VI pipeline is not delivering frames (sensor or timing). Try
preset_idx: 3 for a smaller resolution, or a longer warm-up. "ion allocated failed" means
out of ION memory. This example reduces peak usage by configuring the camera output
to the model input resolution before streaming.

      


      
        Summary


  
    Functions
  


    
      
        run_once(model_path, opts \\ [])

      


        One-shot example: load model, configure camera to model input size, then run inference.



    


    
      
        run_once!(model_path, opts \\ [])

      


        Same as run_once/2 but raises on error so you get a clear exception instead of MatchError.



    


    
      
        steps()

      


        Step-by-step flow you can copy into your app.



    





      


      
        Functions


        


    

  
    
      
    
    
      run_once(model_path, opts \\ [])



    

  


  

One-shot example: load model, configure camera to model input size, then run inference.
Options
	:model_path (required) - Path to the .cvimodel file
	:preset_idx - Sensor preset index (default 3). Output size is still set from model input shape.
	:camera_fps - Camera FPS for the RAW channel (default 3)
	:threshold_score - Detection score threshold 0.0–1.0 (default 0.5)
	:threshold_nms - NMS threshold 0.0–1.0 (default 0.45)
	:warm_up_ms - Delay after start_stream before first retrieve (default 1500). Increase if dmesg shows "vi err".

Returns
	{:ok, %{frame: image, detections: detections, perf: perf}} on success
	{:error, reason} on failure

Example
case SSCMEx.Examples.CameraInference.run_once(
       "/data/yolo11n_detection_cv181x_int8.cvimodel",
       preset_idx: 3,
       threshold_score: 0.5
     ) do
  {:ok, result} ->
    IO.inspect(result.detections)
    IO.inspect(result.perf)
  {:error, reason} ->
    IO.puts("Error: #{inspect(reason)}")
end
Or use run_once!/2 to raise on failure (so you get a clear error instead of MatchError):
result = SSCMEx.Examples.CameraInference.run_once!(path, preset_idx: 3)

  



    

  
    
      
    
    
      run_once!(model_path, opts \\ [])



    

  


  

Same as run_once/2 but raises on error so you get a clear exception instead of MatchError.
Use when you want to pattern-match only on success; on failure you get e.g.:
raise SSCMEx.Examples.CameraInference.Error, "retrieve_frame_failed"
result = SSCMEx.Examples.CameraInference.run_once!(path, preset_idx: 3)

  



  
    
      
    
    
      steps()



    

  


  

Step-by-step flow you can copy into your app.
This flow mirrors sscma-elixir: load model first, then configure camera output to
model input dimensions before starting the stream.

  


        

      


  

    
SSCMEx.Image 
    



      
Image structure used by camera capture and model inference.
This is a zero-copy wrapper over an Elixir binary. The data field holds a
reference to the original binary.
Supported Formats
Raw (fixed bytes-per-pixel):
	:rgb888
	:rgb888_planar
	:rgb565
	:yuv422
	:gray

Encoded (variable size):
	:jpeg
	:h264
	:h265

Example
# Create image from camera frame (zero-copy)
frame = capture_camera_frame()  # Returns binary
image = SSCMEx.Image.new(640, 480, :rgb888, frame)

# Run inference
{:ok, results} = SSCMEx.Model.run(model, image)

      


      
        Summary


  
    Types
  


    
      
        convert_format()

      


        Supported pixel formats for convert operations.
Note: YUV422 can only be used as input (YUV422→RGB/Grayscale),
not as output (RGB→YUV422 is not supported by OpenCV 3.2.0).



    


    
      
        encoded_format()

      


    


    
      
        format()

      


    


    
      
        interpolation()

      


        Interpolation methods for resize operations.



    


    
      
        raw_format()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        convert(image, format, opts \\ [])

      


        Convert image to a different format.



    


    
      
        data_size(image)

      


        Returns the expected byte size for the image data based on dimensions and format.



    


    
      
        new(width, height, format, data)

      


        Create a new image struct.



    


    
      
        resize(image, arg, opts \\ [])

      


        Resize image to new dimensions.



    


    
      
        valid?(image)

      


        Validates that the image data size matches the expected size for the given dimensions and format.



    





      


      
        Types


        


  
    
      
    
    
      convert_format()



    

  


  

      

          @type convert_format() :: :rgb888 | :rgb565 | :yuv422 | :gray | :jpeg | :webp


      


Supported pixel formats for convert operations.
Note: YUV422 can only be used as input (YUV422→RGB/Grayscale),
not as output (RGB→YUV422 is not supported by OpenCV 3.2.0).

  



  
    
      
    
    
      encoded_format()



    

  


  

      

          @type encoded_format() :: :jpeg | :h264 | :h265


      



  



  
    
      
    
    
      format()



    

  


  

      

          @type format() :: raw_format() | encoded_format()


      



  



  
    
      
    
    
      interpolation()



    

  


  

      

          @type interpolation() :: :nearest | :bilinear | :bicubic | :area | :lanczos4


      


Interpolation methods for resize operations.

  



  
    
      
    
    
      raw_format()



    

  


  

      

          @type raw_format() :: :rgb888 | :rgb888_planar | :rgb565 | :yuv422 | :gray


      



  



  
    
      
    
    
      t()



    

  


  

      

          @type t() :: %SSCMEx.Image{
  data: binary(),
  format: format(),
  height: non_neg_integer(),
  key: boolean() | nil,
  size: non_neg_integer() | nil,
  timestamp: integer() | nil,
  width: non_neg_integer()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      convert(image, format, opts \\ [])



    

  


  

      

          @spec convert(t(), convert_format(), keyword()) :: {:ok, t()} | {:error, atom()}


      


Convert image to a different format.
Supported conversions
Raw formats (RGB888, RGB565, YUV422, Grayscale):
	RGB888 ↔ Grayscale
	RGB888 ↔ RGB565
	YUV422 → RGB888/Grayscale (note: reverse not supported)

Compressed formats:
	Any raw format → JPEG
	Any raw format → WebP (requires libwebp support in SDK)

Options
	:quality - JPEG/WebP quality 0-100 (default: 85)

Examples
{:ok, webp} = SSCMEx.Image.convert(image, :webp, quality: 90)
{:ok, gray} = SSCMEx.Image.convert(image, :gray)
{:ok, rgb} = SSCMEx.Image.convert(yuv_image, :rgb888)

  



  
    
      
    
    
      data_size(image)



    

  


  

      

          @spec data_size(t()) :: non_neg_integer()


      


Returns the expected byte size for the image data based on dimensions and format.
Example
iex> SSCMEx.Image.data_size(%SSCMEx.Image{width: 640, height: 480, format: :rgb888, data: <<>>})
921600

  



  
    
      
    
    
      new(width, height, format, data)



    

  


  

      

          @spec new(non_neg_integer(), non_neg_integer(), format(), binary()) :: t()


      


Create a new image struct.
This is zero-copy - data binary is referenced, not copied.
Parameters
	width - Image width in pixels
	height - Image height in pixels
	format - Pixel format
	data - Binary image data (not copied)

Example
image = SSCMEx.Image.new(640, 480, :rgb888, frame_data)

  



    

  
    
      
    
    
      resize(image, arg, opts \\ [])



    

  


  

      

          @spec resize(t(), {pos_integer(), pos_integer()}, keyword()) ::
  {:ok, t()} | {:error, atom()}


      


Resize image to new dimensions.
Options
	:interpolation - :nearest, :bilinear (default), :bicubic, :area, :lanczos4

Examples
{:ok, small} = SSCMEx.Image.resize(image, {320, 240})
{:ok, thumb} = SSCMEx.Image.resize(image, {160, 120}, interpolation: :lanczos4)

  



  
    
      
    
    
      valid?(image)



    

  


  

      

          @spec valid?(t()) :: boolean()


      


Validates that the image data size matches the expected size for the given dimensions and format.
Example
iex> image = SSCMEx.Image.new(2, 2, :rgb888, <<255, 0, 0, 0, 255, 0, 0, 0, 255, 255, 255, 255>>)
iex> SSCMEx.Image.valid?(image)
true

  


        

      


  

    
SSCMEx.Model 
    



      
High-level API for ML model inference using SSCMA-Micro.
This module provides a convenient interface for creating and using
ML models (detectors, classifiers, etc.) with the TPU.
Supported Model Types
	:fomo - Fast Object Mobile Object detection
	:yolov5 - YOLOv5 object detection
	:yolov7 - YOLOv7 object detection (anchor-based, decoded on-device)
	:yolov8 - YOLOv8 object detection
	:yolo11 - YOLO11 object detection
	:classifier - Image classification
	:yolov8_pose - YOLOv8 pose estimation
	:yolo11_pose - YOLO11 pose estimation
	:yolo11_seg - YOLO11 instance segmentation
	:yolo26 - YOLO26 object detection

Note: With the currently pinned SSCMA-Micro commit, YOLO26 is detection-only.
YOLOv7 cvimodels must be produced from a cleaned ONNX whose embedded
post-processing has been stripped (see scripts/yolov7_to_clean_onnx.py
and scripts/build_yolov7_cvimodel.sh). The on-device decoder lives in
c_src/sscma_yolov7.cpp and is selected automatically when the engine's
outputs match the 3-raw-head layout [1, 3, H, W, 5+nc] at strides
8/16/32.
Example
# Create engine and load model
{:ok, engine} = SSCMEx.Engine.new()
:ok = SSCMEx.Engine.load(engine, "/data/yolo11n.cvimodel")

# Create detector model
{:ok, model} = SSCMEx.Model.create(engine)

# Configure thresholds
:ok = SSCMEx.Model.set_config(model, :threshold_score, 0.5)

# Prepare image (zero-copy)
image = SSCMEx.Image.new(640, 480, :rgb888, frame_data)

# Run inference
{:ok, detections} = SSCMEx.Model.run(model, image)

# Process results
for det <- detections do
  IO.puts("Class #{det.target}: #{det.score}")
end

      


      
        Summary


  
    Types
  


    
      
        classification()

      


    


    
      
        config_option()

      


    


    
      
        detection()

      


    


    
      
        inference_result()

      


    


    
      
        input_type()

      


    


    
      
        keypoint()

      


    


    
      
        keypoint_result()

      


    


    
      
        model_type()

      


    


    
      
        output_type()

      


    


    
      
        perf()

      


    


    
      
        point()

      


    


    
      
        resource()

      


    


    
      
        segment_mask()

      


    


    
      
        segment_result()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        create(engine, opts \\ [])

      


        Create a new model from an engine.



    


    
      
        get_config(model, option)

      


        Get a model configuration option.



    


    
      
        get_input_type(model)

      


        Get the model input type.



    


    
      
        get_name(model)

      


        Get the model name.



    


    
      
        get_output_type(model)

      


        Get the model output type.



    


    
      
        get_perf(model)

      


        Get performance metrics from the last inference.



    


    
      
        get_type(model)

      


        Get the model type.



    


    
      
        run(model, image)

      


        Run inference on an image.



    


    
      
        set_config(model, option, value)

      


        Set a model configuration option.



    





      


      
        Types


        


  
    
      
    
    
      classification()



    

  


  

      

          @type classification() :: %{score: float(), target: integer()}


      



  



  
    
      
    
    
      config_option()



    

  


  

      

          @type config_option() :: :threshold_score | :threshold_nms


      



  



  
    
      
    
    
      detection()



    

  


  

      

          @type detection() :: %{
  x: float(),
  y: float(),
  w: float(),
  h: float(),
  score: float(),
  target: integer()
}


      



  



  
    
      
    
    
      inference_result()



    

  


  

      

          @type inference_result() ::
  detection()
  | classification()
  | point()
  | keypoint_result()
  | segment_result()


      



  



  
    
      
    
    
      input_type()



    

  


  

      

          @type input_type() :: :image | :audio | :text | :unknown


      



  



  
    
      
    
    
      keypoint()



    

  


  

      

          @type keypoint() :: %{x: float(), y: float(), z: float()}


      



  



  
    
      
    
    
      keypoint_result()



    

  


  

      

          @type keypoint_result() :: %{box: detection(), points: [keypoint()]}


      



  



  
    
      
    
    
      model_type()



    

  


  

      

          @type model_type() ::
  :fomo
  | :yolov5
  | :yolov7
  | :yolov8
  | :yolo11
  | :classifier
  | :yolov8_pose
  | :yolo11_pose
  | :yolo11_seg
  | :yolo26
  | :unknown


      



  



  
    
      
    
    
      output_type()



    

  


  

      

          @type output_type() ::
  :tensor | :boxes | :classes | :points | :keypoints | :segments | :unknown


      



  



  
    
      
    
    
      perf()



    

  


  

      

          @type perf() :: %{preprocess: integer(), inference: integer(), postprocess: integer()}


      



  



  
    
      
    
    
      point()



    

  


  

      

          @type point() :: %{x: float(), y: float(), score: float(), target: integer()}


      



  



  
    
      
    
    
      resource()



    

  


  

      

          @type resource() :: reference()


      



  



  
    
      
    
    
      segment_mask()



    

  


  

      

          @type segment_mask() :: %{
  width: non_neg_integer(),
  height: non_neg_integer(),
  data: binary()
}


      



  



  
    
      
    
    
      segment_result()



    

  


  

      

          @type segment_result() :: %{box: detection(), mask: segment_mask()}


      



  



  
    
      
    
    
      t()



    

  


  

      

          @type t() :: %SSCMEx.Model{resource: resource()}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      create(engine, opts \\ [])



    

  


  

      

          @spec create(
  SSCMEx.Engine.t(),
  keyword()
) :: {:ok, t()} | {:error, term()}


      


Create a new model from an engine.
The model is automatically created based on the loaded model type.
You must load a model with SSCMEx.Engine.load/2 before calling this;
otherwise you get {:error, ~c"no_model_loaded"}.
Parameters
	engine - An initialized engine with a loaded model
	opts - Options (optional)	:algorithm_id - Algorithm ID for model creation (default: 0)



Examples
{:ok, engine} = SSCMEx.Engine.new()
:ok = SSCMEx.Engine.load(engine, "/path/to/model.cvimodel")
{:ok, model} = SSCMEx.Model.create(engine)
{:ok, model} = SSCMEx.Model.create(engine, algorithm_id: 0)

  



  
    
      
    
    
      get_config(model, option)



    

  


  

      

          @spec get_config(t(), config_option()) :: {:ok, float()} | {:error, term()}


      


Get a model configuration option.
Options
	:threshold_score - Minimum confidence score threshold
	:threshold_nms - Non-maximum suppression threshold

Examples
{:ok, threshold} = SSCMEx.Model.get_config(model, :threshold_score)

  



  
    
      
    
    
      get_input_type(model)



    

  


  

      

          @spec get_input_type(t()) :: {:ok, input_type()} | {:error, term()}


      


Get the model input type.
Examples
{:ok, input_type} = SSCMEx.Model.get_input_type(model)
# => :image

  



  
    
      
    
    
      get_name(model)



    

  


  

      

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


      


Get the model name.
Examples
{:ok, name} = SSCMEx.Model.get_name(model)
# => "yolo11n"

  



  
    
      
    
    
      get_output_type(model)



    

  


  

      

          @spec get_output_type(t()) :: {:ok, output_type()} | {:error, term()}


      


Get the model output type.
Examples
{:ok, output_type} = SSCMEx.Model.get_output_type(model)
# => :boxes

  



  
    
      
    
    
      get_perf(model)



    

  


  

      

          @spec get_perf(t()) :: {:ok, perf()} | {:error, term()}


      


Get performance metrics from the last inference.
Returns a map with timing information in milliseconds:
%{preprocess: 10, inference: 50, postprocess: 5}
Examples
{:ok, perf} = SSCMEx.Model.get_perf(model)
IO.puts("Inference took #{perf.inference}ms")

  



  
    
      
    
    
      get_type(model)



    

  


  

      

          @spec get_type(t()) :: {:ok, model_type()} | {:error, term()}


      


Get the model type.
Examples
{:ok, type} = SSCMEx.Model.get_type(model)
# => :yolo11

  



  
    
      
    
    
      run(model, image)



    

  


  

      

          @spec run(t(), SSCMEx.Image.t()) :: {:ok, [inference_result()]} | {:error, term()}


      


Run inference on an image.
This is a zero-copy operation - the image data is not copied.
Parameters
	model - The model to run inference on
	image - An %SSCMEx.Image{} struct with the image data

Returns
Returns a list of decoded results based on the model output type:
	:boxes -> [%{x, y, w, h, score, target}, ...]
	:classes -> [%{score, target}, ...]
	:points -> [%{x, y, score, target}, ...]
	:keypoints -> [%{box: %{...}, points: [%{x, y, z}, ...]}, ...]
	:segments -> [%{box: %{...}, mask: %{width, height, data}}, ...]

You can inspect the output type with get_output_type/1.
Examples
image = SSCMEx.Image.new(640, 480, :rgb888, frame_data)
{:ok, results} = SSCMEx.Model.run(model, image)

  



  
    
      
    
    
      set_config(model, option, value)



    

  


  

      

          @spec set_config(t(), config_option(), float()) :: :ok | {:error, term()}


      


Set a model configuration option.
Options
	:threshold_score - Minimum confidence score threshold (0.0 - 1.0)
	:threshold_nms - Non-maximum suppression threshold (0.0 - 1.0)

Examples
:ok = SSCMEx.Model.set_config(model, :threshold_score, 0.5)
:ok = SSCMEx.Model.set_config(model, :threshold_nms, 0.45)

  


        

      


  

    
SSCMEx.Tick 
    



      
Same-clock helpers for SSCMEx.Image.timestamp.
SSCMEx.Image.timestamp is set inside the NIF from
clock_gettime(CLOCK_MONOTONIC) in nanoseconds. Erlang's
System.monotonic_time/1 is also CLOCK_MONOTONIC-based on Linux but
uses a different epoch (VM-start vs system-boot), so subtracting one
from the other gives nonsense. Use now/0 here to read the same
clock that stamps frames, then arithmetic on image.timestamp is
meaningful.
Example — measuring chip-to-Elixir frame dwell
{:ok, image} = SSCMEx.Camera.retrieve_frame(cam, 0)
dwell_ns = SSCMEx.Tick.now() - image.timestamp
dwell_ms = div(dwell_ns, 1_000_000)

      


      
        Summary


  
    Functions
  


    
      
        now()

      


        Returns the current value of CLOCK_MONOTONIC in nanoseconds —
the same clock and unit that SSCMEx.Image.timestamp is stamped
with at frame capture time.



    





      


      
        Functions


        


  
    
      
    
    
      now()



    

  


  

      

          @spec now() :: integer()


      


Returns the current value of CLOCK_MONOTONIC in nanoseconds —
the same clock and unit that SSCMEx.Image.timestamp is stamped
with at frame capture time.
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