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# 1.3.0 (April 2023)

## Organizational Changes

- `lvreader` has been split into `lvpyio` and `lvpyio_wrapped`. Default is `lvpyio`. See the manual for details.

## Bug Fixes

- fixed: wrong results for large MRAW datasets

## Misc

- Python 3.11 support

# 1.2.0 (February 2022)

## New Features

- new functions `read_particles` and `read_particles` for reading and writing particle fields

## Bug Fixes

- fixed: differences from DaVis in how `as_masked_array` and `plot` handle scaling. DaVis, when displaying vector data or when exporting it, a) scales the vector component with the intensity, then b) multiplies it with the sign of the slope of the corresponding scale. Before, lvreader did a but not b. Now it does both. The fix is important for the y component, because the slope of the y scale is usually negative.

## Misc

- Python 3.10 support
- improved scaling documentation
- shorthand notation for scales (`lv.Scale(unit="mm")` instead of earlier `lv.scale.Scale(1.0, 0.0, "mm", "")`)
- additional examples (in particular, resizing DVC data and converting Strain results to HDF5)
- reduced wheel size on Linux

# 1.1.0 (June 2021)

## New Features

- writing sets with the new `write_set` function
- reading LZ4-compressed IM7/VC7 data introduced by DaVis 10.2
- reading compressed stream sets introduced by DaVis 10.2

## Bug Fixes

- fixed: differences from DaVis on some Phantom camera recordings
- fixed: service crashed on some Phantom camera recordings
- fixed: service randomly stopped when reading large (multiple GB) datasets
- fixed: conflicts with third-party libraries when used with Anaconda on Linux
- fixed: on Linux, lvreader didn't work with custom Python installations that depend on LD_LIBRARY_PATH

## Misc

- improved documentation
- reduced wheel size

# 1.0.0 (January 2021)

First public release. Reading and writing IM7/VC7 data. Reading sets.




manual/corr_map.ipynb
{
 "cells": [
  {
   "cell_type": "code",
   "execution_count": 1,
   "metadata": {},
   "outputs": [],
   "source": [
    "from lvpyio import read_set\n",
    "with read_set(\"data/word_masked\") as image_set:\n",
    "    buffer = image_set[0]"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": 2,
   "metadata": {},
   "outputs": [],
   "source": [
    "from numpy.fft import fft2, ifft2\n",
    "\n",
    "size = 64\n",
    "win1 = buffer.as_masked_array(0)[:size, :size]\n",
    "win2 = buffer.as_masked_array(1)[:size, :size]"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": 3,
   "metadata": {},
   "outputs": [],
   "source": [
    "corr_map = ifft2(fft2(win1).conj() * fft2(win2)).real"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": 4,
   "metadata": {},
   "outputs": [],
   "source": [
    "import numpy as np\n",
    "\n",
    "center = size // 2 - 1\n",
    "shifted = np.empty_like(corr_map)\n",
    "for y in range(size):\n",
    "    for x in range(size):\n",
    "        new_x = (x + center) % size\n",
    "        new_y = (y + center) % size\n",
    "        shifted[new_x, new_y] = corr_map[x, y]"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": 5,
   "metadata": {},
   "outputs": [
    {
     "data": {
      "text/plain": [
       "<matplotlib.image.AxesImage at 0x1bc25c0ad30>"
      ]
     },
     "execution_count": 5,
     "metadata": {},
     "output_type": "execute_result"
    },
    {
     "data": {
      "image/png": "\n",
      "text/plain": [
       "<Figure size 432x288 with 1 Axes>"
      ]
     },
     "metadata": {
      "needs_background": "light"
     },
     "output_type": "display_data"
    }
   ],
   "source": [
    "import matplotlib.pyplot as plt\n",
    "\n",
    "plt.imshow(shifted)"
   ]
  }
 ],
 "metadata": {
  "kernelspec": {
   "display_name": "Python 3",
   "language": "python",
   "name": "python3"
  },
  "language_info": {
   "codemirror_mode": {
    "name": "ipython",
    "version": 3
   },
   "file_extension": ".py",
   "mimetype": "text/x-python",
   "name": "python",
   "nbconvert_exporter": "python",
   "pygments_lexer": "ipython3",
   "version": "3.8.3"
  }
 },
 "nbformat": 4,
 "nbformat_minor": 4
}




manual/plots.ipynb
{
 "cells": [
  {
   "cell_type": "code",
   "execution_count": 1,
   "metadata": {},
   "outputs": [],
   "source": [
    "from lvpyio import read_set\n",
    "import matplotlib.pyplot as plt\n",
    "from pprint import pprint\n",
    "%matplotlib notebook"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": 2,
   "metadata": {},
   "outputs": [],
   "source": [
    "with read_set(\"data/word_masked\") as image_set:\n",
    "    image_buffer = image_set[0]"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": 3,
   "metadata": {},
   "outputs": [
    {
     "name": "stdout",
     "output_type": "stream",
     "text": [
      "{'AttributeDisplayFrameInfo': 'SetupDialogBufferAttrFrameInfo(-1)',\n",
      " 'FastStorageStartTime': '22463.467724',\n",
      " 'LoadFile': 'data\\\\word_masked\\\\B00001.im7',\n",
      " 'LoadSet': 'data/word_masked',\n",
      " 'LoadSetIndex': '1',\n",
      " '_DaVisVersion': 'MainLine.Developer.Build',\n",
      " '_Date': '14.10.04',\n",
      " '_FrameScale': '1\\n0\\nframe\\n',\n",
      " '_Header_PackType': '1',\n",
      " '_Time': '17:34:36.906'}\n"
     ]
    }
   ],
   "source": [
    "pprint(image_buffer.attributes)"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": 4,
   "metadata": {},
   "outputs": [
    {
     "name": "stdout",
     "output_type": "stream",
     "text": [
      "{'Acq.Time': array([[500.]]),\n",
      " 'AcqTimeSeries': '1530749 µs',\n",
      " 'CCDExposureTime': '30000 µs',\n",
      " 'CamPixelSize': '6.45 µm',\n",
      " 'CameraName': '1A: Imager Intense (1376 x 1040 pixel)',\n",
      " 'FrameProcessing': '0'}\n"
     ]
    }
   ],
   "source": [
    "image_frame = image_buffer[0]\n",
    "pprint(image_frame.attributes)"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": 5,
   "metadata": {},
   "outputs": [
    {
     "data": {
      "application/javascript": [
       "/* Put everything inside the global mpl namespace */\n",
       "/* global mpl */\n",
       "window.mpl = {};\n",
       "\n",
       "mpl.get_websocket_type = function () {\n",
       "    if (typeof WebSocket !== 'undefined') {\n",
       "        return WebSocket;\n",
       "    } else if (typeof MozWebSocket !== 'undefined') {\n",
       "        return MozWebSocket;\n",
       "    } else {\n",
       "        alert(\n",
       "            'Your browser does not have WebSocket support. ' +\n",
       "                'Please try Chrome, Safari or Firefox ≥ 6. ' +\n",
       "                'Firefox 4 and 5 are also supported but you ' +\n",
       "                'have to enable WebSockets in about:config.'\n",
       "        );\n",
       "    }\n",
       "};\n",
       "\n",
       "mpl.figure = function (figure_id, websocket, ondownload, parent_element) {\n",
       "    this.id = figure_id;\n",
       "\n",
       "    this.ws = websocket;\n",
       "\n",
       "    this.supports_binary = this.ws.binaryType !== undefined;\n",
       "\n",
       "    if (!this.supports_binary) {\n",
       "        var warnings = document.getElementById('mpl-warnings');\n",
       "        if (warnings) {\n",
       "            warnings.style.display = 'block';\n",
       "            warnings.textContent =\n",
       "                'This browser does not support binary websocket messages. ' +\n",
       "                'Performance may be slow.';\n",
       "        }\n",
       "    }\n",
       "\n",
       "    this.imageObj = new Image();\n",
       "\n",
       "    this.context = undefined;\n",
       "    this.message = undefined;\n",
       "    this.canvas = undefined;\n",
       "    this.rubberband_canvas = undefined;\n",
       "    this.rubberband_context = undefined;\n",
       "    this.format_dropdown = undefined;\n",
       "\n",
       "    this.image_mode = 'full';\n",
       "\n",
       "    this.root = document.createElement('div');\n",
       "    this.root.setAttribute('style', 'display: inline-block');\n",
       "    this._root_extra_style(this.root);\n",
       "\n",
       "    parent_element.appendChild(this.root);\n",
       "\n",
       "    this._init_header(this);\n",
       "    this._init_canvas(this);\n",
       "    this._init_toolbar(this);\n",
       "\n",
       "    var fig = this;\n",
       "\n",
       "    this.waiting = false;\n",
       "\n",
       "    this.ws.onopen = function () {\n",
       "        fig.send_message('supports_binary', { value: fig.supports_binary });\n",
       "        fig.send_message('send_image_mode', {});\n",
       "        if (fig.ratio !== 1) {\n",
       "            fig.send_message('set_dpi_ratio', { dpi_ratio: fig.ratio });\n",
       "        }\n",
       "        fig.send_message('refresh', {});\n",
       "    };\n",
       "\n",
       "    this.imageObj.onload = function () {\n",
       "        if (fig.image_mode === 'full') {\n",
       "            // Full images could contain transparency (where diff images\n",
       "            // almost always do), so we need to clear the canvas so that\n",
       "            // there is no ghosting.\n",
       "            fig.context.clearRect(0, 0, fig.canvas.width, fig.canvas.height);\n",
       "        }\n",
       "        fig.context.drawImage(fig.imageObj, 0, 0);\n",
       "    };\n",
       "\n",
       "    this.imageObj.onunload = function () {\n",
       "        fig.ws.close();\n",
       "    };\n",
       "\n",
       "    this.ws.onmessage = this._make_on_message_function(this);\n",
       "\n",
       "    this.ondownload = ondownload;\n",
       "};\n",
       "\n",
       "mpl.figure.prototype._init_header = function () {\n",
       "    var titlebar = document.createElement('div');\n",
       "    titlebar.classList =\n",
       "        'ui-dialog-titlebar ui-widget-header ui-corner-all ui-helper-clearfix';\n",
       "    var titletext = document.createElement('div');\n",
       "    titletext.classList = 'ui-dialog-title';\n",
       "    titletext.setAttribute(\n",
       "        'style',\n",
       "        'width: 100%; text-align: center; padding: 3px;'\n",
       "    );\n",
       "    titlebar.appendChild(titletext);\n",
       "    this.root.appendChild(titlebar);\n",
       "    this.header = titletext;\n",
       "};\n",
       "\n",
       "mpl.figure.prototype._canvas_extra_style = function (_canvas_div) {};\n",
       "\n",
       "mpl.figure.prototype._root_extra_style = function (_canvas_div) {};\n",
       "\n",
       "mpl.figure.prototype._init_canvas = function () {\n",
       "    var fig = this;\n",
       "\n",
       "    var canvas_div = (this.canvas_div = document.createElement('div'));\n",
       "    canvas_div.setAttribute(\n",
       "        'style',\n",
       "        'border: 1px solid #ddd;' +\n",
       "            'box-sizing: content-box;' +\n",
       "            'clear: both;' +\n",
       "            'min-height: 1px;' +\n",
       "            'min-width: 1px;' +\n",
       "            'outline: 0;' +\n",
       "            'overflow: hidden;' +\n",
       "            'position: relative;' +\n",
       "            'resize: both;'\n",
       "    );\n",
       "\n",
       "    function on_keyboard_event_closure(name) {\n",
       "        return function (event) {\n",
       "            return fig.key_event(event, name);\n",
       "        };\n",
       "    }\n",
       "\n",
       "    canvas_div.addEventListener(\n",
       "        'keydown',\n",
       "        on_keyboard_event_closure('key_press')\n",
       "    );\n",
       "    canvas_div.addEventListener(\n",
       "        'keyup',\n",
       "        on_keyboard_event_closure('key_release')\n",
       "    );\n",
       "\n",
       "    this._canvas_extra_style(canvas_div);\n",
       "    this.root.appendChild(canvas_div);\n",
       "\n",
       "    var canvas = (this.canvas = document.createElement('canvas'));\n",
       "    canvas.classList.add('mpl-canvas');\n",
       "    canvas.setAttribute('style', 'box-sizing: content-box;');\n",
       "\n",
       "    this.context = canvas.getContext('2d');\n",
       "\n",
       "    var backingStore =\n",
       "        this.context.backingStorePixelRatio ||\n",
       "        this.context.webkitBackingStorePixelRatio ||\n",
       "        this.context.mozBackingStorePixelRatio ||\n",
       "        this.context.msBackingStorePixelRatio ||\n",
       "        this.context.oBackingStorePixelRatio ||\n",
       "        this.context.backingStorePixelRatio ||\n",
       "        1;\n",
       "\n",
       "    this.ratio = (window.devicePixelRatio || 1) / backingStore;\n",
       "\n",
       "    var rubberband_canvas = (this.rubberband_canvas = document.createElement(\n",
       "        'canvas'\n",
       "    ));\n",
       "    rubberband_canvas.setAttribute(\n",
       "        'style',\n",
       "        'box-sizing: content-box; position: absolute; left: 0; top: 0; z-index: 1;'\n",
       "    );\n",
       "\n",
       "    // Apply a ponyfill if ResizeObserver is not implemented by browser.\n",
       "    if (this.ResizeObserver === undefined) {\n",
       "        if (window.ResizeObserver !== undefined) {\n",
       "            this.ResizeObserver = window.ResizeObserver;\n",
       "        } else {\n",
       "            var obs = _JSXTOOLS_RESIZE_OBSERVER({});\n",
       "            this.ResizeObserver = obs.ResizeObserver;\n",
       "        }\n",
       "    }\n",
       "\n",
       "    this.resizeObserverInstance = new this.ResizeObserver(function (entries) {\n",
       "        var nentries = entries.length;\n",
       "        for (var i = 0; i < nentries; i++) {\n",
       "            var entry = entries[i];\n",
       "            var width, height;\n",
       "            if (entry.contentBoxSize) {\n",
       "                if (entry.contentBoxSize instanceof Array) {\n",
       "                    // Chrome 84 implements new version of spec.\n",
       "                    width = entry.contentBoxSize[0].inlineSize;\n",
       "                    height = entry.contentBoxSize[0].blockSize;\n",
       "                } else {\n",
       "                    // Firefox implements old version of spec.\n",
       "                    width = entry.contentBoxSize.inlineSize;\n",
       "                    height = entry.contentBoxSize.blockSize;\n",
       "                }\n",
       "            } else {\n",
       "                // Chrome <84 implements even older version of spec.\n",
       "                width = entry.contentRect.width;\n",
       "                height = entry.contentRect.height;\n",
       "            }\n",
       "\n",
       "            // Keep the size of the canvas and rubber band canvas in sync with\n",
       "            // the canvas container.\n",
       "            if (entry.devicePixelContentBoxSize) {\n",
       "                // Chrome 84 implements new version of spec.\n",
       "                canvas.setAttribute(\n",
       "                    'width',\n",
       "                    entry.devicePixelContentBoxSize[0].inlineSize\n",
       "                );\n",
       "                canvas.setAttribute(\n",
       "                    'height',\n",
       "                    entry.devicePixelContentBoxSize[0].blockSize\n",
       "                );\n",
       "            } else {\n",
       "                canvas.setAttribute('width', width * fig.ratio);\n",
       "                canvas.setAttribute('height', height * fig.ratio);\n",
       "            }\n",
       "            canvas.setAttribute(\n",
       "                'style',\n",
       "                'width: ' + width + 'px; height: ' + height + 'px;'\n",
       "            );\n",
       "\n",
       "            rubberband_canvas.setAttribute('width', width);\n",
       "            rubberband_canvas.setAttribute('height', height);\n",
       "\n",
       "            // And update the size in Python. We ignore the initial 0/0 size\n",
       "            // that occurs as the element is placed into the DOM, which should\n",
       "            // otherwise not happen due to the minimum size styling.\n",
       "            if (fig.ws.readyState == 1 && width != 0 && height != 0) {\n",
       "                fig.request_resize(width, height);\n",
       "            }\n",
       "        }\n",
       "    });\n",
       "    this.resizeObserverInstance.observe(canvas_div);\n",
       "\n",
       "    function on_mouse_event_closure(name) {\n",
       "        return function (event) {\n",
       "            return fig.mouse_event(event, name);\n",
       "        };\n",
       "    }\n",
       "\n",
       "    rubberband_canvas.addEventListener(\n",
       "        'mousedown',\n",
       "        on_mouse_event_closure('button_press')\n",
       "    );\n",
       "    rubberband_canvas.addEventListener(\n",
       "        'mouseup',\n",
       "        on_mouse_event_closure('button_release')\n",
       "    );\n",
       "    rubberband_canvas.addEventListener(\n",
       "        'dblclick',\n",
       "        on_mouse_event_closure('dblclick')\n",
       "    );\n",
       "    // Throttle sequential mouse events to 1 every 20ms.\n",
       "    rubberband_canvas.addEventListener(\n",
       "        'mousemove',\n",
       "        on_mouse_event_closure('motion_notify')\n",
       "    );\n",
       "\n",
       "    rubberband_canvas.addEventListener(\n",
       "        'mouseenter',\n",
       "        on_mouse_event_closure('figure_enter')\n",
       "    );\n",
       "    rubberband_canvas.addEventListener(\n",
       "        'mouseleave',\n",
       "        on_mouse_event_closure('figure_leave')\n",
       "    );\n",
       "\n",
       "    canvas_div.addEventListener('wheel', function (event) {\n",
       "        if (event.deltaY < 0) {\n",
       "            event.step = 1;\n",
       "        } else {\n",
       "            event.step = -1;\n",
       "        }\n",
       "        on_mouse_event_closure('scroll')(event);\n",
       "    });\n",
       "\n",
       "    canvas_div.appendChild(canvas);\n",
       "    canvas_div.appendChild(rubberband_canvas);\n",
       "\n",
       "    this.rubberband_context = rubberband_canvas.getContext('2d');\n",
       "    this.rubberband_context.strokeStyle = '#000000';\n",
       "\n",
       "    this._resize_canvas = function (width, height, forward) {\n",
       "        if (forward) {\n",
       "            canvas_div.style.width = width + 'px';\n",
       "            canvas_div.style.height = height + 'px';\n",
       "        }\n",
       "    };\n",
       "\n",
       "    // Disable right mouse context menu.\n",
       "    this.rubberband_canvas.addEventListener('contextmenu', function (_e) {\n",
       "        event.preventDefault();\n",
       "        return false;\n",
       "    });\n",
       "\n",
       "    function set_focus() {\n",
       "        canvas.focus();\n",
       "        canvas_div.focus();\n",
       "    }\n",
       "\n",
       "    window.setTimeout(set_focus, 100);\n",
       "};\n",
       "\n",
       "mpl.figure.prototype._init_toolbar = function () {\n",
       "    var fig = this;\n",
       "\n",
       "    var toolbar = document.createElement('div');\n",
       "    toolbar.classList = 'mpl-toolbar';\n",
       "    this.root.appendChild(toolbar);\n",
       "\n",
       "    function on_click_closure(name) {\n",
       "        return function (_event) {\n",
       "            return fig.toolbar_button_onclick(name);\n",
       "        };\n",
       "    }\n",
       "\n",
       "    function on_mouseover_closure(tooltip) {\n",
       "        return function (event) {\n",
       "            if (!event.currentTarget.disabled) {\n",
       "                return fig.toolbar_button_onmouseover(tooltip);\n",
       "            }\n",
       "        };\n",
       "    }\n",
       "\n",
       "    fig.buttons = {};\n",
       "    var buttonGroup = document.createElement('div');\n",
       "    buttonGroup.classList = 'mpl-button-group';\n",
       "    for (var toolbar_ind in mpl.toolbar_items) {\n",
       "        var name = mpl.toolbar_items[toolbar_ind][0];\n",
       "        var tooltip = mpl.toolbar_items[toolbar_ind][1];\n",
       "        var image = mpl.toolbar_items[toolbar_ind][2];\n",
       "        var method_name = mpl.toolbar_items[toolbar_ind][3];\n",
       "\n",
       "        if (!name) {\n",
       "            /* Instead of a spacer, we start a new button group. */\n",
       "            if (buttonGroup.hasChildNodes()) {\n",
       "                toolbar.appendChild(buttonGroup);\n",
       "            }\n",
       "            buttonGroup = document.createElement('div');\n",
       "            buttonGroup.classList = 'mpl-button-group';\n",
       "            continue;\n",
       "        }\n",
       "\n",
       "        var button = (fig.buttons[name] = document.createElement('button'));\n",
       "        button.classList = 'mpl-widget';\n",
       "        button.setAttribute('role', 'button');\n",
       "        button.setAttribute('aria-disabled', 'false');\n",
       "        button.addEventListener('click', on_click_closure(method_name));\n",
       "        button.addEventListener('mouseover', on_mouseover_closure(tooltip));\n",
       "\n",
       "        var icon_img = document.createElement('img');\n",
       "        icon_img.src = '_images/' + image + '.png';\n",
       "        icon_img.srcset = '_images/' + image + '_large.png 2x';\n",
       "        icon_img.alt = tooltip;\n",
       "        button.appendChild(icon_img);\n",
       "\n",
       "        buttonGroup.appendChild(button);\n",
       "    }\n",
       "\n",
       "    if (buttonGroup.hasChildNodes()) {\n",
       "        toolbar.appendChild(buttonGroup);\n",
       "    }\n",
       "\n",
       "    var fmt_picker = document.createElement('select');\n",
       "    fmt_picker.classList = 'mpl-widget';\n",
       "    toolbar.appendChild(fmt_picker);\n",
       "    this.format_dropdown = fmt_picker;\n",
       "\n",
       "    for (var ind in mpl.extensions) {\n",
       "        var fmt = mpl.extensions[ind];\n",
       "        var option = document.createElement('option');\n",
       "        option.selected = fmt === mpl.default_extension;\n",
       "        option.innerHTML = fmt;\n",
       "        fmt_picker.appendChild(option);\n",
       "    }\n",
       "\n",
       "    var status_bar = document.createElement('span');\n",
       "    status_bar.classList = 'mpl-message';\n",
       "    toolbar.appendChild(status_bar);\n",
       "    this.message = status_bar;\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.request_resize = function (x_pixels, y_pixels) {\n",
       "    // Request matplotlib to resize the figure. Matplotlib will then trigger a resize in the client,\n",
       "    // which will in turn request a refresh of the image.\n",
       "    this.send_message('resize', { width: x_pixels, height: y_pixels });\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.send_message = function (type, properties) {\n",
       "    properties['type'] = type;\n",
       "    properties['figure_id'] = this.id;\n",
       "    this.ws.send(JSON.stringify(properties));\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.send_draw_message = function () {\n",
       "    if (!this.waiting) {\n",
       "        this.waiting = true;\n",
       "        this.ws.send(JSON.stringify({ type: 'draw', figure_id: this.id }));\n",
       "    }\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.handle_save = function (fig, _msg) {\n",
       "    var format_dropdown = fig.format_dropdown;\n",
       "    var format = format_dropdown.options[format_dropdown.selectedIndex].value;\n",
       "    fig.ondownload(fig, format);\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.handle_resize = function (fig, msg) {\n",
       "    var size = msg['size'];\n",
       "    if (size[0] !== fig.canvas.width || size[1] !== fig.canvas.height) {\n",
       "        fig._resize_canvas(size[0], size[1], msg['forward']);\n",
       "        fig.send_message('refresh', {});\n",
       "    }\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.handle_rubberband = function (fig, msg) {\n",
       "    var x0 = msg['x0'] / fig.ratio;\n",
       "    var y0 = (fig.canvas.height - msg['y0']) / fig.ratio;\n",
       "    var x1 = msg['x1'] / fig.ratio;\n",
       "    var y1 = (fig.canvas.height - msg['y1']) / fig.ratio;\n",
       "    x0 = Math.floor(x0) + 0.5;\n",
       "    y0 = Math.floor(y0) + 0.5;\n",
       "    x1 = Math.floor(x1) + 0.5;\n",
       "    y1 = Math.floor(y1) + 0.5;\n",
       "    var min_x = Math.min(x0, x1);\n",
       "    var min_y = Math.min(y0, y1);\n",
       "    var width = Math.abs(x1 - x0);\n",
       "    var height = Math.abs(y1 - y0);\n",
       "\n",
       "    fig.rubberband_context.clearRect(\n",
       "        0,\n",
       "        0,\n",
       "        fig.canvas.width / fig.ratio,\n",
       "        fig.canvas.height / fig.ratio\n",
       "    );\n",
       "\n",
       "    fig.rubberband_context.strokeRect(min_x, min_y, width, height);\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.handle_figure_label = function (fig, msg) {\n",
       "    // Updates the figure title.\n",
       "    fig.header.textContent = msg['label'];\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.handle_cursor = function (fig, msg) {\n",
       "    var cursor = msg['cursor'];\n",
       "    switch (cursor) {\n",
       "        case 0:\n",
       "            cursor = 'pointer';\n",
       "            break;\n",
       "        case 1:\n",
       "            cursor = 'default';\n",
       "            break;\n",
       "        case 2:\n",
       "            cursor = 'crosshair';\n",
       "            break;\n",
       "        case 3:\n",
       "            cursor = 'move';\n",
       "            break;\n",
       "    }\n",
       "    fig.rubberband_canvas.style.cursor = cursor;\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.handle_message = function (fig, msg) {\n",
       "    fig.message.textContent = msg['message'];\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.handle_draw = function (fig, _msg) {\n",
       "    // Request the server to send over a new figure.\n",
       "    fig.send_draw_message();\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.handle_image_mode = function (fig, msg) {\n",
       "    fig.image_mode = msg['mode'];\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.handle_history_buttons = function (fig, msg) {\n",
       "    for (var key in msg) {\n",
       "        if (!(key in fig.buttons)) {\n",
       "            continue;\n",
       "        }\n",
       "        fig.buttons[key].disabled = !msg[key];\n",
       "        fig.buttons[key].setAttribute('aria-disabled', !msg[key]);\n",
       "    }\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.handle_navigate_mode = function (fig, msg) {\n",
       "    if (msg['mode'] === 'PAN') {\n",
       "        fig.buttons['Pan'].classList.add('active');\n",
       "        fig.buttons['Zoom'].classList.remove('active');\n",
       "    } else if (msg['mode'] === 'ZOOM') {\n",
       "        fig.buttons['Pan'].classList.remove('active');\n",
       "        fig.buttons['Zoom'].classList.add('active');\n",
       "    } else {\n",
       "        fig.buttons['Pan'].classList.remove('active');\n",
       "        fig.buttons['Zoom'].classList.remove('active');\n",
       "    }\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.updated_canvas_event = function () {\n",
       "    // Called whenever the canvas gets updated.\n",
       "    this.send_message('ack', {});\n",
       "};\n",
       "\n",
       "// A function to construct a web socket function for onmessage handling.\n",
       "// Called in the figure constructor.\n",
       "mpl.figure.prototype._make_on_message_function = function (fig) {\n",
       "    return function socket_on_message(evt) {\n",
       "        if (evt.data instanceof Blob) {\n",
       "            var img = evt.data;\n",
       "            if (img.type !== 'image/png') {\n",
       "                /* FIXME: We get \"Resource interpreted as Image but\n",
       "                 * transferred with MIME type text/plain:\" errors on\n",
       "                 * Chrome.  But how to set the MIME type?  It doesn't seem\n",
       "                 * to be part of the websocket stream */\n",
       "                img.type = 'image/png';\n",
       "            }\n",
       "\n",
       "            /* Free the memory for the previous frames */\n",
       "            if (fig.imageObj.src) {\n",
       "                (window.URL || window.webkitURL).revokeObjectURL(\n",
       "                    fig.imageObj.src\n",
       "                );\n",
       "            }\n",
       "\n",
       "            fig.imageObj.src = (window.URL || window.webkitURL).createObjectURL(\n",
       "                img\n",
       "            );\n",
       "            fig.updated_canvas_event();\n",
       "            fig.waiting = false;\n",
       "            return;\n",
       "        } else if (\n",
       "            typeof evt.data === 'string' &&\n",
       "            evt.data.slice(0, 21) === 'data:image/png;base64'\n",
       "        ) {\n",
       "            fig.imageObj.src = evt.data;\n",
       "            fig.updated_canvas_event();\n",
       "            fig.waiting = false;\n",
       "            return;\n",
       "        }\n",
       "\n",
       "        var msg = JSON.parse(evt.data);\n",
       "        var msg_type = msg['type'];\n",
       "\n",
       "        // Call the  \"handle_{type}\" callback, which takes\n",
       "        // the figure and JSON message as its only arguments.\n",
       "        try {\n",
       "            var callback = fig['handle_' + msg_type];\n",
       "        } catch (e) {\n",
       "            console.log(\n",
       "                \"No handler for the '\" + msg_type + \"' message type: \",\n",
       "                msg\n",
       "            );\n",
       "            return;\n",
       "        }\n",
       "\n",
       "        if (callback) {\n",
       "            try {\n",
       "                // console.log(\"Handling '\" + msg_type + \"' message: \", msg);\n",
       "                callback(fig, msg);\n",
       "            } catch (e) {\n",
       "                console.log(\n",
       "                    \"Exception inside the 'handler_\" + msg_type + \"' callback:\",\n",
       "                    e,\n",
       "                    e.stack,\n",
       "                    msg\n",
       "                );\n",
       "            }\n",
       "        }\n",
       "    };\n",
       "};\n",
       "\n",
       "// from http://stackoverflow.com/questions/1114465/getting-mouse-location-in-canvas\n",
       "mpl.findpos = function (e) {\n",
       "    //this section is from http://www.quirksmode.org/js/events_properties.html\n",
       "    var targ;\n",
       "    if (!e) {\n",
       "        e = window.event;\n",
       "    }\n",
       "    if (e.target) {\n",
       "        targ = e.target;\n",
       "    } else if (e.srcElement) {\n",
       "        targ = e.srcElement;\n",
       "    }\n",
       "    if (targ.nodeType === 3) {\n",
       "        // defeat Safari bug\n",
       "        targ = targ.parentNode;\n",
       "    }\n",
       "\n",
       "    // pageX,Y are the mouse positions relative to the document\n",
       "    var boundingRect = targ.getBoundingClientRect();\n",
       "    var x = e.pageX - (boundingRect.left + document.body.scrollLeft);\n",
       "    var y = e.pageY - (boundingRect.top + document.body.scrollTop);\n",
       "\n",
       "    return { x: x, y: y };\n",
       "};\n",
       "\n",
       "/*\n",
       " * return a copy of an object with only non-object keys\n",
       " * we need this to avoid circular references\n",
       " * http://stackoverflow.com/a/24161582/3208463\n",
       " */\n",
       "function simpleKeys(original) {\n",
       "    return Object.keys(original).reduce(function (obj, key) {\n",
       "        if (typeof original[key] !== 'object') {\n",
       "            obj[key] = original[key];\n",
       "        }\n",
       "        return obj;\n",
       "    }, {});\n",
       "}\n",
       "\n",
       "mpl.figure.prototype.mouse_event = function (event, name) {\n",
       "    var canvas_pos = mpl.findpos(event);\n",
       "\n",
       "    if (name === 'button_press') {\n",
       "        this.canvas.focus();\n",
       "        this.canvas_div.focus();\n",
       "    }\n",
       "\n",
       "    var x = canvas_pos.x * this.ratio;\n",
       "    var y = canvas_pos.y * this.ratio;\n",
       "\n",
       "    this.send_message(name, {\n",
       "        x: x,\n",
       "        y: y,\n",
       "        button: event.button,\n",
       "        step: event.step,\n",
       "        guiEvent: simpleKeys(event),\n",
       "    });\n",
       "\n",
       "    /* This prevents the web browser from automatically changing to\n",
       "     * the text insertion cursor when the button is pressed.  We want\n",
       "     * to control all of the cursor setting manually through the\n",
       "     * 'cursor' event from matplotlib */\n",
       "    event.preventDefault();\n",
       "    return false;\n",
       "};\n",
       "\n",
       "mpl.figure.prototype._key_event_extra = function (_event, _name) {\n",
       "    // Handle any extra behaviour associated with a key event\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.key_event = function (event, name) {\n",
       "    // Prevent repeat events\n",
       "    if (name === 'key_press') {\n",
       "        if (event.key === this._key) {\n",
       "            return;\n",
       "        } else {\n",
       "            this._key = event.key;\n",
       "        }\n",
       "    }\n",
       "    if (name === 'key_release') {\n",
       "        this._key = null;\n",
       "    }\n",
       "\n",
       "    var value = '';\n",
       "    if (event.ctrlKey && event.key !== 'Control') {\n",
       "        value += 'ctrl+';\n",
       "    }\n",
       "    else if (event.altKey && event.key !== 'Alt') {\n",
       "        value += 'alt+';\n",
       "    }\n",
       "    else if (event.shiftKey && event.key !== 'Shift') {\n",
       "        value += 'shift+';\n",
       "    }\n",
       "\n",
       "    value += 'k' + event.key;\n",
       "\n",
       "    this._key_event_extra(event, name);\n",
       "\n",
       "    this.send_message(name, { key: value, guiEvent: simpleKeys(event) });\n",
       "    return false;\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.toolbar_button_onclick = function (name) {\n",
       "    if (name === 'download') {\n",
       "        this.handle_save(this, null);\n",
       "    } else {\n",
       "        this.send_message('toolbar_button', { name: name });\n",
       "    }\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.toolbar_button_onmouseover = function (tooltip) {\n",
       "    this.message.textContent = tooltip;\n",
       "};\n",
       "\n",
       "///////////////// REMAINING CONTENT GENERATED BY embed_js.py /////////////////\n",
       "// prettier-ignore\n",
       "var _JSXTOOLS_RESIZE_OBSERVER=function(A){var t,i=new WeakMap,n=new WeakMap,a=new WeakMap,r=new WeakMap,o=new Set;function s(e){if(!(this instanceof s))throw new TypeError(\"Constructor requires 'new' operator\");i.set(this,e)}function h(){throw new TypeError(\"Function is not a constructor\")}function c(e,t,i,n){e=0 in arguments?Number(arguments[0]):0,t=1 in arguments?Number(arguments[1]):0,i=2 in arguments?Number(arguments[2]):0,n=3 in arguments?Number(arguments[3]):0,this.right=(this.x=this.left=e)+(this.width=i),this.bottom=(this.y=this.top=t)+(this.height=n),Object.freeze(this)}function d(){t=requestAnimationFrame(d);var s=new WeakMap,p=new Set;o.forEach((function(t){r.get(t).forEach((function(i){var r=t instanceof window.SVGElement,o=a.get(t),d=r?0:parseFloat(o.paddingTop),f=r?0:parseFloat(o.paddingRight),l=r?0:parseFloat(o.paddingBottom),u=r?0:parseFloat(o.paddingLeft),g=r?0:parseFloat(o.borderTopWidth),m=r?0:parseFloat(o.borderRightWidth),w=r?0:parseFloat(o.borderBottomWidth),b=u+f,F=d+l,v=(r?0:parseFloat(o.borderLeftWidth))+m,W=g+w,y=r?0:t.offsetHeight-W-t.clientHeight,E=r?0:t.offsetWidth-v-t.clientWidth,R=b+v,z=F+W,M=r?t.width:parseFloat(o.width)-R-E,O=r?t.height:parseFloat(o.height)-z-y;if(n.has(t)){var k=n.get(t);if(k[0]===M&&k[1]===O)return}n.set(t,[M,O]);var S=Object.create(h.prototype);S.target=t,S.contentRect=new c(u,d,M,O),s.has(i)||(s.set(i,[]),p.add(i)),s.get(i).push(S)}))})),p.forEach((function(e){i.get(e).call(e,s.get(e),e)}))}return s.prototype.observe=function(i){if(i instanceof window.Element){r.has(i)||(r.set(i,new Set),o.add(i),a.set(i,window.getComputedStyle(i)));var n=r.get(i);n.has(this)||n.add(this),cancelAnimationFrame(t),t=requestAnimationFrame(d)}},s.prototype.unobserve=function(i){if(i instanceof window.Element&&r.has(i)){var n=r.get(i);n.has(this)&&(n.delete(this),n.size||(r.delete(i),o.delete(i))),n.size||r.delete(i),o.size||cancelAnimationFrame(t)}},A.DOMRectReadOnly=c,A.ResizeObserver=s,A.ResizeObserverEntry=h,A}; // eslint-disable-line\n",
       "mpl.toolbar_items = [[\"Home\", \"Reset original view\", \"fa fa-home icon-home\", \"home\"], [\"Back\", \"Back to previous view\", \"fa fa-arrow-left icon-arrow-left\", \"back\"], [\"Forward\", \"Forward to next view\", \"fa fa-arrow-right icon-arrow-right\", \"forward\"], [\"\", \"\", \"\", \"\"], [\"Pan\", \"Left button pans, Right button zooms\\nx/y fixes axis, CTRL fixes aspect\", \"fa fa-arrows icon-move\", \"pan\"], [\"Zoom\", \"Zoom to rectangle\\nx/y fixes axis, CTRL fixes aspect\", \"fa fa-square-o icon-check-empty\", \"zoom\"], [\"\", \"\", \"\", \"\"], [\"Download\", \"Download plot\", \"fa fa-floppy-o icon-save\", \"download\"]];\n",
       "\n",
       "mpl.extensions = [\"eps\", \"jpeg\", \"pgf\", \"pdf\", \"png\", \"ps\", \"raw\", \"svg\", \"tif\"];\n",
       "\n",
       "mpl.default_extension = \"png\";/* global mpl */\n",
       "\n",
       "var comm_websocket_adapter = function (comm) {\n",
       "    // Create a \"websocket\"-like object which calls the given IPython comm\n",
       "    // object with the appropriate methods. Currently this is a non binary\n",
       "    // socket, so there is still some room for performance tuning.\n",
       "    var ws = {};\n",
       "\n",
       "    ws.binaryType = comm.kernel.ws.binaryType;\n",
       "    ws.readyState = comm.kernel.ws.readyState;\n",
       "    function updateReadyState(_event) {\n",
       "        if (comm.kernel.ws) {\n",
       "            ws.readyState = comm.kernel.ws.readyState;\n",
       "        } else {\n",
       "            ws.readyState = 3; // Closed state.\n",
       "        }\n",
       "    }\n",
       "    comm.kernel.ws.addEventListener('open', updateReadyState);\n",
       "    comm.kernel.ws.addEventListener('close', updateReadyState);\n",
       "    comm.kernel.ws.addEventListener('error', updateReadyState);\n",
       "\n",
       "    ws.close = function () {\n",
       "        comm.close();\n",
       "    };\n",
       "    ws.send = function (m) {\n",
       "        //console.log('sending', m);\n",
       "        comm.send(m);\n",
       "    };\n",
       "    // Register the callback with on_msg.\n",
       "    comm.on_msg(function (msg) {\n",
       "        //console.log('receiving', msg['content']['data'], msg);\n",
       "        var data = msg['content']['data'];\n",
       "        if (data['blob'] !== undefined) {\n",
       "            data = {\n",
       "                data: new Blob(msg['buffers'], { type: data['blob'] }),\n",
       "            };\n",
       "        }\n",
       "        // Pass the mpl event to the overridden (by mpl) onmessage function.\n",
       "        ws.onmessage(data);\n",
       "    });\n",
       "    return ws;\n",
       "};\n",
       "\n",
       "mpl.mpl_figure_comm = function (comm, msg) {\n",
       "    // This is the function which gets called when the mpl process\n",
       "    // starts-up an IPython Comm through the \"matplotlib\" channel.\n",
       "\n",
       "    var id = msg.content.data.id;\n",
       "    // Get hold of the div created by the display call when the Comm\n",
       "    // socket was opened in Python.\n",
       "    var element = document.getElementById(id);\n",
       "    var ws_proxy = comm_websocket_adapter(comm);\n",
       "\n",
       "    function ondownload(figure, _format) {\n",
       "        window.open(figure.canvas.toDataURL());\n",
       "    }\n",
       "\n",
       "    var fig = new mpl.figure(id, ws_proxy, ondownload, element);\n",
       "\n",
       "    // Call onopen now - mpl needs it, as it is assuming we've passed it a real\n",
       "    // web socket which is closed, not our websocket->open comm proxy.\n",
       "    ws_proxy.onopen();\n",
       "\n",
       "    fig.parent_element = element;\n",
       "    fig.cell_info = mpl.find_output_cell(\"<div id='\" + id + \"'></div>\");\n",
       "    if (!fig.cell_info) {\n",
       "        console.error('Failed to find cell for figure', id, fig);\n",
       "        return;\n",
       "    }\n",
       "    fig.cell_info[0].output_area.element.on(\n",
       "        'cleared',\n",
       "        { fig: fig },\n",
       "        fig._remove_fig_handler\n",
       "    );\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.handle_close = function (fig, msg) {\n",
       "    var width = fig.canvas.width / fig.ratio;\n",
       "    fig.cell_info[0].output_area.element.off(\n",
       "        'cleared',\n",
       "        fig._remove_fig_handler\n",
       "    );\n",
       "    fig.resizeObserverInstance.unobserve(fig.canvas_div);\n",
       "\n",
       "    // Update the output cell to use the data from the current canvas.\n",
       "    fig.push_to_output();\n",
       "    var dataURL = fig.canvas.toDataURL();\n",
       "    // Re-enable the keyboard manager in IPython - without this line, in FF,\n",
       "    // the notebook keyboard shortcuts fail.\n",
       "    IPython.keyboard_manager.enable();\n",
       "    fig.parent_element.innerHTML =\n",
       "        '<img src=\"' + dataURL + '\" width=\"' + width + '\">';\n",
       "    fig.close_ws(fig, msg);\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.close_ws = function (fig, msg) {\n",
       "    fig.send_message('closing', msg);\n",
       "    // fig.ws.close()\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.push_to_output = function (_remove_interactive) {\n",
       "    // Turn the data on the canvas into data in the output cell.\n",
       "    var width = this.canvas.width / this.ratio;\n",
       "    var dataURL = this.canvas.toDataURL();\n",
       "    this.cell_info[1]['text/html'] =\n",
       "        '<img src=\"' + dataURL + '\" width=\"' + width + '\">';\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.updated_canvas_event = function () {\n",
       "    // Tell IPython that the notebook contents must change.\n",
       "    IPython.notebook.set_dirty(true);\n",
       "    this.send_message('ack', {});\n",
       "    var fig = this;\n",
       "    // Wait a second, then push the new image to the DOM so\n",
       "    // that it is saved nicely (might be nice to debounce this).\n",
       "    setTimeout(function () {\n",
       "        fig.push_to_output();\n",
       "    }, 1000);\n",
       "};\n",
       "\n",
       "mpl.figure.prototype._init_toolbar = function () {\n",
       "    var fig = this;\n",
       "\n",
       "    var toolbar = document.createElement('div');\n",
       "    toolbar.classList = 'btn-toolbar';\n",
       "    this.root.appendChild(toolbar);\n",
       "\n",
       "    function on_click_closure(name) {\n",
       "        return function (_event) {\n",
       "            return fig.toolbar_button_onclick(name);\n",
       "        };\n",
       "    }\n",
       "\n",
       "    function on_mouseover_closure(tooltip) {\n",
       "        return function (event) {\n",
       "            if (!event.currentTarget.disabled) {\n",
       "                return fig.toolbar_button_onmouseover(tooltip);\n",
       "            }\n",
       "        };\n",
       "    }\n",
       "\n",
       "    fig.buttons = {};\n",
       "    var buttonGroup = document.createElement('div');\n",
       "    buttonGroup.classList = 'btn-group';\n",
       "    var button;\n",
       "    for (var toolbar_ind in mpl.toolbar_items) {\n",
       "        var name = mpl.toolbar_items[toolbar_ind][0];\n",
       "        var tooltip = mpl.toolbar_items[toolbar_ind][1];\n",
       "        var image = mpl.toolbar_items[toolbar_ind][2];\n",
       "        var method_name = mpl.toolbar_items[toolbar_ind][3];\n",
       "\n",
       "        if (!name) {\n",
       "            /* Instead of a spacer, we start a new button group. */\n",
       "            if (buttonGroup.hasChildNodes()) {\n",
       "                toolbar.appendChild(buttonGroup);\n",
       "            }\n",
       "            buttonGroup = document.createElement('div');\n",
       "            buttonGroup.classList = 'btn-group';\n",
       "            continue;\n",
       "        }\n",
       "\n",
       "        button = fig.buttons[name] = document.createElement('button');\n",
       "        button.classList = 'btn btn-default';\n",
       "        button.href = '#';\n",
       "        button.title = name;\n",
       "        button.innerHTML = '<i class=\"fa ' + image + ' fa-lg\"></i>';\n",
       "        button.addEventListener('click', on_click_closure(method_name));\n",
       "        button.addEventListener('mouseover', on_mouseover_closure(tooltip));\n",
       "        buttonGroup.appendChild(button);\n",
       "    }\n",
       "\n",
       "    if (buttonGroup.hasChildNodes()) {\n",
       "        toolbar.appendChild(buttonGroup);\n",
       "    }\n",
       "\n",
       "    // Add the status bar.\n",
       "    var status_bar = document.createElement('span');\n",
       "    status_bar.classList = 'mpl-message pull-right';\n",
       "    toolbar.appendChild(status_bar);\n",
       "    this.message = status_bar;\n",
       "\n",
       "    // Add the close button to the window.\n",
       "    var buttongrp = document.createElement('div');\n",
       "    buttongrp.classList = 'btn-group inline pull-right';\n",
       "    button = document.createElement('button');\n",
       "    button.classList = 'btn btn-mini btn-primary';\n",
       "    button.href = '#';\n",
       "    button.title = 'Stop Interaction';\n",
       "    button.innerHTML = '<i class=\"fa fa-power-off icon-remove icon-large\"></i>';\n",
       "    button.addEventListener('click', function (_evt) {\n",
       "        fig.handle_close(fig, {});\n",
       "    });\n",
       "    button.addEventListener(\n",
       "        'mouseover',\n",
       "        on_mouseover_closure('Stop Interaction')\n",
       "    );\n",
       "    buttongrp.appendChild(button);\n",
       "    var titlebar = this.root.querySelector('.ui-dialog-titlebar');\n",
       "    titlebar.insertBefore(buttongrp, titlebar.firstChild);\n",
       "};\n",
       "\n",
       "mpl.figure.prototype._remove_fig_handler = function (event) {\n",
       "    var fig = event.data.fig;\n",
       "    if (event.target !== this) {\n",
       "        // Ignore bubbled events from children.\n",
       "        return;\n",
       "    }\n",
       "    fig.close_ws(fig, {});\n",
       "};\n",
       "\n",
       "mpl.figure.prototype._root_extra_style = function (el) {\n",
       "    el.style.boxSizing = 'content-box'; // override notebook setting of border-box.\n",
       "};\n",
       "\n",
       "mpl.figure.prototype._canvas_extra_style = function (el) {\n",
       "    // this is important to make the div 'focusable\n",
       "    el.setAttribute('tabindex', 0);\n",
       "    // reach out to IPython and tell the keyboard manager to turn it's self\n",
       "    // off when our div gets focus\n",
       "\n",
       "    // location in version 3\n",
       "    if (IPython.notebook.keyboard_manager) {\n",
       "        IPython.notebook.keyboard_manager.register_events(el);\n",
       "    } else {\n",
       "        // location in version 2\n",
       "        IPython.keyboard_manager.register_events(el);\n",
       "    }\n",
       "};\n",
       "\n",
       "mpl.figure.prototype._key_event_extra = function (event, _name) {\n",
       "    var manager = IPython.notebook.keyboard_manager;\n",
       "    if (!manager) {\n",
       "        manager = IPython.keyboard_manager;\n",
       "    }\n",
       "\n",
       "    // Check for shift+enter\n",
       "    if (event.shiftKey && event.which === 13) {\n",
       "        this.canvas_div.blur();\n",
       "        // select the cell after this one\n",
       "        var index = IPython.notebook.find_cell_index(this.cell_info[0]);\n",
       "        IPython.notebook.select(index + 1);\n",
       "    }\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.handle_save = function (fig, _msg) {\n",
       "    fig.ondownload(fig, null);\n",
       "};\n",
       "\n",
       "mpl.find_output_cell = function (html_output) {\n",
       "    // Return the cell and output element which can be found *uniquely* in the notebook.\n",
       "    // Note - this is a bit hacky, but it is done because the \"notebook_saving.Notebook\"\n",
       "    // IPython event is triggered only after the cells have been serialised, which for\n",
       "    // our purposes (turning an active figure into a static one), is too late.\n",
       "    var cells = IPython.notebook.get_cells();\n",
       "    var ncells = cells.length;\n",
       "    for (var i = 0; i < ncells; i++) {\n",
       "        var cell = cells[i];\n",
       "        if (cell.cell_type === 'code') {\n",
       "            for (var j = 0; j < cell.output_area.outputs.length; j++) {\n",
       "                var data = cell.output_area.outputs[j];\n",
       "                if (data.data) {\n",
       "                    // IPython >= 3 moved mimebundle to data attribute of output\n",
       "                    data = data.data;\n",
       "                }\n",
       "                if (data['text/html'] === html_output) {\n",
       "                    return [cell, data, j];\n",
       "                }\n",
       "            }\n",
       "        }\n",
       "    }\n",
       "};\n",
       "\n",
       "// Register the function which deals with the matplotlib target/channel.\n",
       "// The kernel may be null if the page has been refreshed.\n",
       "if (IPython.notebook.kernel !== null) {\n",
       "    IPython.notebook.kernel.comm_manager.register_target(\n",
       "        'matplotlib',\n",
       "        mpl.mpl_figure_comm\n",
       "    );\n",
       "}\n"
      ],
      "text/plain": [
       "<IPython.core.display.Javascript object>"
      ]
     },
     "metadata": {},
     "output_type": "display_data"
    },
    {
     "data": {
      "text/html": [
       "<img src=\"data:image/png;base64,\" width=\"572.85\">"
      ],
      "text/plain": [
       "<IPython.core.display.HTML object>"
      ]
     },
     "metadata": {},
     "output_type": "display_data"
    }
   ],
   "source": [
    "image_buffer.plot()"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": 6,
   "metadata": {},
   "outputs": [
    {
     "data": {
      "application/javascript": [
       "/* Put everything inside the global mpl namespace */\n",
       "/* global mpl */\n",
       "window.mpl = {};\n",
       "\n",
       "mpl.get_websocket_type = function () {\n",
       "    if (typeof WebSocket !== 'undefined') {\n",
       "        return WebSocket;\n",
       "    } else if (typeof MozWebSocket !== 'undefined') {\n",
       "        return MozWebSocket;\n",
       "    } else {\n",
       "        alert(\n",
       "            'Your browser does not have WebSocket support. ' +\n",
       "                'Please try Chrome, Safari or Firefox ≥ 6. ' +\n",
       "                'Firefox 4 and 5 are also supported but you ' +\n",
       "                'have to enable WebSockets in about:config.'\n",
       "        );\n",
       "    }\n",
       "};\n",
       "\n",
       "mpl.figure = function (figure_id, websocket, ondownload, parent_element) {\n",
       "    this.id = figure_id;\n",
       "\n",
       "    this.ws = websocket;\n",
       "\n",
       "    this.supports_binary = this.ws.binaryType !== undefined;\n",
       "\n",
       "    if (!this.supports_binary) {\n",
       "        var warnings = document.getElementById('mpl-warnings');\n",
       "        if (warnings) {\n",
       "            warnings.style.display = 'block';\n",
       "            warnings.textContent =\n",
       "                'This browser does not support binary websocket messages. ' +\n",
       "                'Performance may be slow.';\n",
       "        }\n",
       "    }\n",
       "\n",
       "    this.imageObj = new Image();\n",
       "\n",
       "    this.context = undefined;\n",
       "    this.message = undefined;\n",
       "    this.canvas = undefined;\n",
       "    this.rubberband_canvas = undefined;\n",
       "    this.rubberband_context = undefined;\n",
       "    this.format_dropdown = undefined;\n",
       "\n",
       "    this.image_mode = 'full';\n",
       "\n",
       "    this.root = document.createElement('div');\n",
       "    this.root.setAttribute('style', 'display: inline-block');\n",
       "    this._root_extra_style(this.root);\n",
       "\n",
       "    parent_element.appendChild(this.root);\n",
       "\n",
       "    this._init_header(this);\n",
       "    this._init_canvas(this);\n",
       "    this._init_toolbar(this);\n",
       "\n",
       "    var fig = this;\n",
       "\n",
       "    this.waiting = false;\n",
       "\n",
       "    this.ws.onopen = function () {\n",
       "        fig.send_message('supports_binary', { value: fig.supports_binary });\n",
       "        fig.send_message('send_image_mode', {});\n",
       "        if (fig.ratio !== 1) {\n",
       "            fig.send_message('set_dpi_ratio', { dpi_ratio: fig.ratio });\n",
       "        }\n",
       "        fig.send_message('refresh', {});\n",
       "    };\n",
       "\n",
       "    this.imageObj.onload = function () {\n",
       "        if (fig.image_mode === 'full') {\n",
       "            // Full images could contain transparency (where diff images\n",
       "            // almost always do), so we need to clear the canvas so that\n",
       "            // there is no ghosting.\n",
       "            fig.context.clearRect(0, 0, fig.canvas.width, fig.canvas.height);\n",
       "        }\n",
       "        fig.context.drawImage(fig.imageObj, 0, 0);\n",
       "    };\n",
       "\n",
       "    this.imageObj.onunload = function () {\n",
       "        fig.ws.close();\n",
       "    };\n",
       "\n",
       "    this.ws.onmessage = this._make_on_message_function(this);\n",
       "\n",
       "    this.ondownload = ondownload;\n",
       "};\n",
       "\n",
       "mpl.figure.prototype._init_header = function () {\n",
       "    var titlebar = document.createElement('div');\n",
       "    titlebar.classList =\n",
       "        'ui-dialog-titlebar ui-widget-header ui-corner-all ui-helper-clearfix';\n",
       "    var titletext = document.createElement('div');\n",
       "    titletext.classList = 'ui-dialog-title';\n",
       "    titletext.setAttribute(\n",
       "        'style',\n",
       "        'width: 100%; text-align: center; padding: 3px;'\n",
       "    );\n",
       "    titlebar.appendChild(titletext);\n",
       "    this.root.appendChild(titlebar);\n",
       "    this.header = titletext;\n",
       "};\n",
       "\n",
       "mpl.figure.prototype._canvas_extra_style = function (_canvas_div) {};\n",
       "\n",
       "mpl.figure.prototype._root_extra_style = function (_canvas_div) {};\n",
       "\n",
       "mpl.figure.prototype._init_canvas = function () {\n",
       "    var fig = this;\n",
       "\n",
       "    var canvas_div = (this.canvas_div = document.createElement('div'));\n",
       "    canvas_div.setAttribute(\n",
       "        'style',\n",
       "        'border: 1px solid #ddd;' +\n",
       "            'box-sizing: content-box;' +\n",
       "            'clear: both;' +\n",
       "            'min-height: 1px;' +\n",
       "            'min-width: 1px;' +\n",
       "            'outline: 0;' +\n",
       "            'overflow: hidden;' +\n",
       "            'position: relative;' +\n",
       "            'resize: both;'\n",
       "    );\n",
       "\n",
       "    function on_keyboard_event_closure(name) {\n",
       "        return function (event) {\n",
       "            return fig.key_event(event, name);\n",
       "        };\n",
       "    }\n",
       "\n",
       "    canvas_div.addEventListener(\n",
       "        'keydown',\n",
       "        on_keyboard_event_closure('key_press')\n",
       "    );\n",
       "    canvas_div.addEventListener(\n",
       "        'keyup',\n",
       "        on_keyboard_event_closure('key_release')\n",
       "    );\n",
       "\n",
       "    this._canvas_extra_style(canvas_div);\n",
       "    this.root.appendChild(canvas_div);\n",
       "\n",
       "    var canvas = (this.canvas = document.createElement('canvas'));\n",
       "    canvas.classList.add('mpl-canvas');\n",
       "    canvas.setAttribute('style', 'box-sizing: content-box;');\n",
       "\n",
       "    this.context = canvas.getContext('2d');\n",
       "\n",
       "    var backingStore =\n",
       "        this.context.backingStorePixelRatio ||\n",
       "        this.context.webkitBackingStorePixelRatio ||\n",
       "        this.context.mozBackingStorePixelRatio ||\n",
       "        this.context.msBackingStorePixelRatio ||\n",
       "        this.context.oBackingStorePixelRatio ||\n",
       "        this.context.backingStorePixelRatio ||\n",
       "        1;\n",
       "\n",
       "    this.ratio = (window.devicePixelRatio || 1) / backingStore;\n",
       "\n",
       "    var rubberband_canvas = (this.rubberband_canvas = document.createElement(\n",
       "        'canvas'\n",
       "    ));\n",
       "    rubberband_canvas.setAttribute(\n",
       "        'style',\n",
       "        'box-sizing: content-box; position: absolute; left: 0; top: 0; z-index: 1;'\n",
       "    );\n",
       "\n",
       "    // Apply a ponyfill if ResizeObserver is not implemented by browser.\n",
       "    if (this.ResizeObserver === undefined) {\n",
       "        if (window.ResizeObserver !== undefined) {\n",
       "            this.ResizeObserver = window.ResizeObserver;\n",
       "        } else {\n",
       "            var obs = _JSXTOOLS_RESIZE_OBSERVER({});\n",
       "            this.ResizeObserver = obs.ResizeObserver;\n",
       "        }\n",
       "    }\n",
       "\n",
       "    this.resizeObserverInstance = new this.ResizeObserver(function (entries) {\n",
       "        var nentries = entries.length;\n",
       "        for (var i = 0; i < nentries; i++) {\n",
       "            var entry = entries[i];\n",
       "            var width, height;\n",
       "            if (entry.contentBoxSize) {\n",
       "                if (entry.contentBoxSize instanceof Array) {\n",
       "                    // Chrome 84 implements new version of spec.\n",
       "                    width = entry.contentBoxSize[0].inlineSize;\n",
       "                    height = entry.contentBoxSize[0].blockSize;\n",
       "                } else {\n",
       "                    // Firefox implements old version of spec.\n",
       "                    width = entry.contentBoxSize.inlineSize;\n",
       "                    height = entry.contentBoxSize.blockSize;\n",
       "                }\n",
       "            } else {\n",
       "                // Chrome <84 implements even older version of spec.\n",
       "                width = entry.contentRect.width;\n",
       "                height = entry.contentRect.height;\n",
       "            }\n",
       "\n",
       "            // Keep the size of the canvas and rubber band canvas in sync with\n",
       "            // the canvas container.\n",
       "            if (entry.devicePixelContentBoxSize) {\n",
       "                // Chrome 84 implements new version of spec.\n",
       "                canvas.setAttribute(\n",
       "                    'width',\n",
       "                    entry.devicePixelContentBoxSize[0].inlineSize\n",
       "                );\n",
       "                canvas.setAttribute(\n",
       "                    'height',\n",
       "                    entry.devicePixelContentBoxSize[0].blockSize\n",
       "                );\n",
       "            } else {\n",
       "                canvas.setAttribute('width', width * fig.ratio);\n",
       "                canvas.setAttribute('height', height * fig.ratio);\n",
       "            }\n",
       "            canvas.setAttribute(\n",
       "                'style',\n",
       "                'width: ' + width + 'px; height: ' + height + 'px;'\n",
       "            );\n",
       "\n",
       "            rubberband_canvas.setAttribute('width', width);\n",
       "            rubberband_canvas.setAttribute('height', height);\n",
       "\n",
       "            // And update the size in Python. We ignore the initial 0/0 size\n",
       "            // that occurs as the element is placed into the DOM, which should\n",
       "            // otherwise not happen due to the minimum size styling.\n",
       "            if (fig.ws.readyState == 1 && width != 0 && height != 0) {\n",
       "                fig.request_resize(width, height);\n",
       "            }\n",
       "        }\n",
       "    });\n",
       "    this.resizeObserverInstance.observe(canvas_div);\n",
       "\n",
       "    function on_mouse_event_closure(name) {\n",
       "        return function (event) {\n",
       "            return fig.mouse_event(event, name);\n",
       "        };\n",
       "    }\n",
       "\n",
       "    rubberband_canvas.addEventListener(\n",
       "        'mousedown',\n",
       "        on_mouse_event_closure('button_press')\n",
       "    );\n",
       "    rubberband_canvas.addEventListener(\n",
       "        'mouseup',\n",
       "        on_mouse_event_closure('button_release')\n",
       "    );\n",
       "    rubberband_canvas.addEventListener(\n",
       "        'dblclick',\n",
       "        on_mouse_event_closure('dblclick')\n",
       "    );\n",
       "    // Throttle sequential mouse events to 1 every 20ms.\n",
       "    rubberband_canvas.addEventListener(\n",
       "        'mousemove',\n",
       "        on_mouse_event_closure('motion_notify')\n",
       "    );\n",
       "\n",
       "    rubberband_canvas.addEventListener(\n",
       "        'mouseenter',\n",
       "        on_mouse_event_closure('figure_enter')\n",
       "    );\n",
       "    rubberband_canvas.addEventListener(\n",
       "        'mouseleave',\n",
       "        on_mouse_event_closure('figure_leave')\n",
       "    );\n",
       "\n",
       "    canvas_div.addEventListener('wheel', function (event) {\n",
       "        if (event.deltaY < 0) {\n",
       "            event.step = 1;\n",
       "        } else {\n",
       "            event.step = -1;\n",
       "        }\n",
       "        on_mouse_event_closure('scroll')(event);\n",
       "    });\n",
       "\n",
       "    canvas_div.appendChild(canvas);\n",
       "    canvas_div.appendChild(rubberband_canvas);\n",
       "\n",
       "    this.rubberband_context = rubberband_canvas.getContext('2d');\n",
       "    this.rubberband_context.strokeStyle = '#000000';\n",
       "\n",
       "    this._resize_canvas = function (width, height, forward) {\n",
       "        if (forward) {\n",
       "            canvas_div.style.width = width + 'px';\n",
       "            canvas_div.style.height = height + 'px';\n",
       "        }\n",
       "    };\n",
       "\n",
       "    // Disable right mouse context menu.\n",
       "    this.rubberband_canvas.addEventListener('contextmenu', function (_e) {\n",
       "        event.preventDefault();\n",
       "        return false;\n",
       "    });\n",
       "\n",
       "    function set_focus() {\n",
       "        canvas.focus();\n",
       "        canvas_div.focus();\n",
       "    }\n",
       "\n",
       "    window.setTimeout(set_focus, 100);\n",
       "};\n",
       "\n",
       "mpl.figure.prototype._init_toolbar = function () {\n",
       "    var fig = this;\n",
       "\n",
       "    var toolbar = document.createElement('div');\n",
       "    toolbar.classList = 'mpl-toolbar';\n",
       "    this.root.appendChild(toolbar);\n",
       "\n",
       "    function on_click_closure(name) {\n",
       "        return function (_event) {\n",
       "            return fig.toolbar_button_onclick(name);\n",
       "        };\n",
       "    }\n",
       "\n",
       "    function on_mouseover_closure(tooltip) {\n",
       "        return function (event) {\n",
       "            if (!event.currentTarget.disabled) {\n",
       "                return fig.toolbar_button_onmouseover(tooltip);\n",
       "            }\n",
       "        };\n",
       "    }\n",
       "\n",
       "    fig.buttons = {};\n",
       "    var buttonGroup = document.createElement('div');\n",
       "    buttonGroup.classList = 'mpl-button-group';\n",
       "    for (var toolbar_ind in mpl.toolbar_items) {\n",
       "        var name = mpl.toolbar_items[toolbar_ind][0];\n",
       "        var tooltip = mpl.toolbar_items[toolbar_ind][1];\n",
       "        var image = mpl.toolbar_items[toolbar_ind][2];\n",
       "        var method_name = mpl.toolbar_items[toolbar_ind][3];\n",
       "\n",
       "        if (!name) {\n",
       "            /* Instead of a spacer, we start a new button group. */\n",
       "            if (buttonGroup.hasChildNodes()) {\n",
       "                toolbar.appendChild(buttonGroup);\n",
       "            }\n",
       "            buttonGroup = document.createElement('div');\n",
       "            buttonGroup.classList = 'mpl-button-group';\n",
       "            continue;\n",
       "        }\n",
       "\n",
       "        var button = (fig.buttons[name] = document.createElement('button'));\n",
       "        button.classList = 'mpl-widget';\n",
       "        button.setAttribute('role', 'button');\n",
       "        button.setAttribute('aria-disabled', 'false');\n",
       "        button.addEventListener('click', on_click_closure(method_name));\n",
       "        button.addEventListener('mouseover', on_mouseover_closure(tooltip));\n",
       "\n",
       "        var icon_img = document.createElement('img');\n",
       "        icon_img.src = '_images/' + image + '.png';\n",
       "        icon_img.srcset = '_images/' + image + '_large.png 2x';\n",
       "        icon_img.alt = tooltip;\n",
       "        button.appendChild(icon_img);\n",
       "\n",
       "        buttonGroup.appendChild(button);\n",
       "    }\n",
       "\n",
       "    if (buttonGroup.hasChildNodes()) {\n",
       "        toolbar.appendChild(buttonGroup);\n",
       "    }\n",
       "\n",
       "    var fmt_picker = document.createElement('select');\n",
       "    fmt_picker.classList = 'mpl-widget';\n",
       "    toolbar.appendChild(fmt_picker);\n",
       "    this.format_dropdown = fmt_picker;\n",
       "\n",
       "    for (var ind in mpl.extensions) {\n",
       "        var fmt = mpl.extensions[ind];\n",
       "        var option = document.createElement('option');\n",
       "        option.selected = fmt === mpl.default_extension;\n",
       "        option.innerHTML = fmt;\n",
       "        fmt_picker.appendChild(option);\n",
       "    }\n",
       "\n",
       "    var status_bar = document.createElement('span');\n",
       "    status_bar.classList = 'mpl-message';\n",
       "    toolbar.appendChild(status_bar);\n",
       "    this.message = status_bar;\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.request_resize = function (x_pixels, y_pixels) {\n",
       "    // Request matplotlib to resize the figure. Matplotlib will then trigger a resize in the client,\n",
       "    // which will in turn request a refresh of the image.\n",
       "    this.send_message('resize', { width: x_pixels, height: y_pixels });\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.send_message = function (type, properties) {\n",
       "    properties['type'] = type;\n",
       "    properties['figure_id'] = this.id;\n",
       "    this.ws.send(JSON.stringify(properties));\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.send_draw_message = function () {\n",
       "    if (!this.waiting) {\n",
       "        this.waiting = true;\n",
       "        this.ws.send(JSON.stringify({ type: 'draw', figure_id: this.id }));\n",
       "    }\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.handle_save = function (fig, _msg) {\n",
       "    var format_dropdown = fig.format_dropdown;\n",
       "    var format = format_dropdown.options[format_dropdown.selectedIndex].value;\n",
       "    fig.ondownload(fig, format);\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.handle_resize = function (fig, msg) {\n",
       "    var size = msg['size'];\n",
       "    if (size[0] !== fig.canvas.width || size[1] !== fig.canvas.height) {\n",
       "        fig._resize_canvas(size[0], size[1], msg['forward']);\n",
       "        fig.send_message('refresh', {});\n",
       "    }\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.handle_rubberband = function (fig, msg) {\n",
       "    var x0 = msg['x0'] / fig.ratio;\n",
       "    var y0 = (fig.canvas.height - msg['y0']) / fig.ratio;\n",
       "    var x1 = msg['x1'] / fig.ratio;\n",
       "    var y1 = (fig.canvas.height - msg['y1']) / fig.ratio;\n",
       "    x0 = Math.floor(x0) + 0.5;\n",
       "    y0 = Math.floor(y0) + 0.5;\n",
       "    x1 = Math.floor(x1) + 0.5;\n",
       "    y1 = Math.floor(y1) + 0.5;\n",
       "    var min_x = Math.min(x0, x1);\n",
       "    var min_y = Math.min(y0, y1);\n",
       "    var width = Math.abs(x1 - x0);\n",
       "    var height = Math.abs(y1 - y0);\n",
       "\n",
       "    fig.rubberband_context.clearRect(\n",
       "        0,\n",
       "        0,\n",
       "        fig.canvas.width / fig.ratio,\n",
       "        fig.canvas.height / fig.ratio\n",
       "    );\n",
       "\n",
       "    fig.rubberband_context.strokeRect(min_x, min_y, width, height);\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.handle_figure_label = function (fig, msg) {\n",
       "    // Updates the figure title.\n",
       "    fig.header.textContent = msg['label'];\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.handle_cursor = function (fig, msg) {\n",
       "    var cursor = msg['cursor'];\n",
       "    switch (cursor) {\n",
       "        case 0:\n",
       "            cursor = 'pointer';\n",
       "            break;\n",
       "        case 1:\n",
       "            cursor = 'default';\n",
       "            break;\n",
       "        case 2:\n",
       "            cursor = 'crosshair';\n",
       "            break;\n",
       "        case 3:\n",
       "            cursor = 'move';\n",
       "            break;\n",
       "    }\n",
       "    fig.rubberband_canvas.style.cursor = cursor;\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.handle_message = function (fig, msg) {\n",
       "    fig.message.textContent = msg['message'];\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.handle_draw = function (fig, _msg) {\n",
       "    // Request the server to send over a new figure.\n",
       "    fig.send_draw_message();\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.handle_image_mode = function (fig, msg) {\n",
       "    fig.image_mode = msg['mode'];\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.handle_history_buttons = function (fig, msg) {\n",
       "    for (var key in msg) {\n",
       "        if (!(key in fig.buttons)) {\n",
       "            continue;\n",
       "        }\n",
       "        fig.buttons[key].disabled = !msg[key];\n",
       "        fig.buttons[key].setAttribute('aria-disabled', !msg[key]);\n",
       "    }\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.handle_navigate_mode = function (fig, msg) {\n",
       "    if (msg['mode'] === 'PAN') {\n",
       "        fig.buttons['Pan'].classList.add('active');\n",
       "        fig.buttons['Zoom'].classList.remove('active');\n",
       "    } else if (msg['mode'] === 'ZOOM') {\n",
       "        fig.buttons['Pan'].classList.remove('active');\n",
       "        fig.buttons['Zoom'].classList.add('active');\n",
       "    } else {\n",
       "        fig.buttons['Pan'].classList.remove('active');\n",
       "        fig.buttons['Zoom'].classList.remove('active');\n",
       "    }\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.updated_canvas_event = function () {\n",
       "    // Called whenever the canvas gets updated.\n",
       "    this.send_message('ack', {});\n",
       "};\n",
       "\n",
       "// A function to construct a web socket function for onmessage handling.\n",
       "// Called in the figure constructor.\n",
       "mpl.figure.prototype._make_on_message_function = function (fig) {\n",
       "    return function socket_on_message(evt) {\n",
       "        if (evt.data instanceof Blob) {\n",
       "            var img = evt.data;\n",
       "            if (img.type !== 'image/png') {\n",
       "                /* FIXME: We get \"Resource interpreted as Image but\n",
       "                 * transferred with MIME type text/plain:\" errors on\n",
       "                 * Chrome.  But how to set the MIME type?  It doesn't seem\n",
       "                 * to be part of the websocket stream */\n",
       "                img.type = 'image/png';\n",
       "            }\n",
       "\n",
       "            /* Free the memory for the previous frames */\n",
       "            if (fig.imageObj.src) {\n",
       "                (window.URL || window.webkitURL).revokeObjectURL(\n",
       "                    fig.imageObj.src\n",
       "                );\n",
       "            }\n",
       "\n",
       "            fig.imageObj.src = (window.URL || window.webkitURL).createObjectURL(\n",
       "                img\n",
       "            );\n",
       "            fig.updated_canvas_event();\n",
       "            fig.waiting = false;\n",
       "            return;\n",
       "        } else if (\n",
       "            typeof evt.data === 'string' &&\n",
       "            evt.data.slice(0, 21) === 'data:image/png;base64'\n",
       "        ) {\n",
       "            fig.imageObj.src = evt.data;\n",
       "            fig.updated_canvas_event();\n",
       "            fig.waiting = false;\n",
       "            return;\n",
       "        }\n",
       "\n",
       "        var msg = JSON.parse(evt.data);\n",
       "        var msg_type = msg['type'];\n",
       "\n",
       "        // Call the  \"handle_{type}\" callback, which takes\n",
       "        // the figure and JSON message as its only arguments.\n",
       "        try {\n",
       "            var callback = fig['handle_' + msg_type];\n",
       "        } catch (e) {\n",
       "            console.log(\n",
       "                \"No handler for the '\" + msg_type + \"' message type: \",\n",
       "                msg\n",
       "            );\n",
       "            return;\n",
       "        }\n",
       "\n",
       "        if (callback) {\n",
       "            try {\n",
       "                // console.log(\"Handling '\" + msg_type + \"' message: \", msg);\n",
       "                callback(fig, msg);\n",
       "            } catch (e) {\n",
       "                console.log(\n",
       "                    \"Exception inside the 'handler_\" + msg_type + \"' callback:\",\n",
       "                    e,\n",
       "                    e.stack,\n",
       "                    msg\n",
       "                );\n",
       "            }\n",
       "        }\n",
       "    };\n",
       "};\n",
       "\n",
       "// from http://stackoverflow.com/questions/1114465/getting-mouse-location-in-canvas\n",
       "mpl.findpos = function (e) {\n",
       "    //this section is from http://www.quirksmode.org/js/events_properties.html\n",
       "    var targ;\n",
       "    if (!e) {\n",
       "        e = window.event;\n",
       "    }\n",
       "    if (e.target) {\n",
       "        targ = e.target;\n",
       "    } else if (e.srcElement) {\n",
       "        targ = e.srcElement;\n",
       "    }\n",
       "    if (targ.nodeType === 3) {\n",
       "        // defeat Safari bug\n",
       "        targ = targ.parentNode;\n",
       "    }\n",
       "\n",
       "    // pageX,Y are the mouse positions relative to the document\n",
       "    var boundingRect = targ.getBoundingClientRect();\n",
       "    var x = e.pageX - (boundingRect.left + document.body.scrollLeft);\n",
       "    var y = e.pageY - (boundingRect.top + document.body.scrollTop);\n",
       "\n",
       "    return { x: x, y: y };\n",
       "};\n",
       "\n",
       "/*\n",
       " * return a copy of an object with only non-object keys\n",
       " * we need this to avoid circular references\n",
       " * http://stackoverflow.com/a/24161582/3208463\n",
       " */\n",
       "function simpleKeys(original) {\n",
       "    return Object.keys(original).reduce(function (obj, key) {\n",
       "        if (typeof original[key] !== 'object') {\n",
       "            obj[key] = original[key];\n",
       "        }\n",
       "        return obj;\n",
       "    }, {});\n",
       "}\n",
       "\n",
       "mpl.figure.prototype.mouse_event = function (event, name) {\n",
       "    var canvas_pos = mpl.findpos(event);\n",
       "\n",
       "    if (name === 'button_press') {\n",
       "        this.canvas.focus();\n",
       "        this.canvas_div.focus();\n",
       "    }\n",
       "\n",
       "    var x = canvas_pos.x * this.ratio;\n",
       "    var y = canvas_pos.y * this.ratio;\n",
       "\n",
       "    this.send_message(name, {\n",
       "        x: x,\n",
       "        y: y,\n",
       "        button: event.button,\n",
       "        step: event.step,\n",
       "        guiEvent: simpleKeys(event),\n",
       "    });\n",
       "\n",
       "    /* This prevents the web browser from automatically changing to\n",
       "     * the text insertion cursor when the button is pressed.  We want\n",
       "     * to control all of the cursor setting manually through the\n",
       "     * 'cursor' event from matplotlib */\n",
       "    event.preventDefault();\n",
       "    return false;\n",
       "};\n",
       "\n",
       "mpl.figure.prototype._key_event_extra = function (_event, _name) {\n",
       "    // Handle any extra behaviour associated with a key event\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.key_event = function (event, name) {\n",
       "    // Prevent repeat events\n",
       "    if (name === 'key_press') {\n",
       "        if (event.key === this._key) {\n",
       "            return;\n",
       "        } else {\n",
       "            this._key = event.key;\n",
       "        }\n",
       "    }\n",
       "    if (name === 'key_release') {\n",
       "        this._key = null;\n",
       "    }\n",
       "\n",
       "    var value = '';\n",
       "    if (event.ctrlKey && event.key !== 'Control') {\n",
       "        value += 'ctrl+';\n",
       "    }\n",
       "    else if (event.altKey && event.key !== 'Alt') {\n",
       "        value += 'alt+';\n",
       "    }\n",
       "    else if (event.shiftKey && event.key !== 'Shift') {\n",
       "        value += 'shift+';\n",
       "    }\n",
       "\n",
       "    value += 'k' + event.key;\n",
       "\n",
       "    this._key_event_extra(event, name);\n",
       "\n",
       "    this.send_message(name, { key: value, guiEvent: simpleKeys(event) });\n",
       "    return false;\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.toolbar_button_onclick = function (name) {\n",
       "    if (name === 'download') {\n",
       "        this.handle_save(this, null);\n",
       "    } else {\n",
       "        this.send_message('toolbar_button', { name: name });\n",
       "    }\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.toolbar_button_onmouseover = function (tooltip) {\n",
       "    this.message.textContent = tooltip;\n",
       "};\n",
       "\n",
       "///////////////// REMAINING CONTENT GENERATED BY embed_js.py /////////////////\n",
       "// prettier-ignore\n",
       "var _JSXTOOLS_RESIZE_OBSERVER=function(A){var t,i=new WeakMap,n=new WeakMap,a=new WeakMap,r=new WeakMap,o=new Set;function s(e){if(!(this instanceof s))throw new TypeError(\"Constructor requires 'new' operator\");i.set(this,e)}function h(){throw new TypeError(\"Function is not a constructor\")}function c(e,t,i,n){e=0 in arguments?Number(arguments[0]):0,t=1 in arguments?Number(arguments[1]):0,i=2 in arguments?Number(arguments[2]):0,n=3 in arguments?Number(arguments[3]):0,this.right=(this.x=this.left=e)+(this.width=i),this.bottom=(this.y=this.top=t)+(this.height=n),Object.freeze(this)}function d(){t=requestAnimationFrame(d);var s=new WeakMap,p=new Set;o.forEach((function(t){r.get(t).forEach((function(i){var r=t instanceof window.SVGElement,o=a.get(t),d=r?0:parseFloat(o.paddingTop),f=r?0:parseFloat(o.paddingRight),l=r?0:parseFloat(o.paddingBottom),u=r?0:parseFloat(o.paddingLeft),g=r?0:parseFloat(o.borderTopWidth),m=r?0:parseFloat(o.borderRightWidth),w=r?0:parseFloat(o.borderBottomWidth),b=u+f,F=d+l,v=(r?0:parseFloat(o.borderLeftWidth))+m,W=g+w,y=r?0:t.offsetHeight-W-t.clientHeight,E=r?0:t.offsetWidth-v-t.clientWidth,R=b+v,z=F+W,M=r?t.width:parseFloat(o.width)-R-E,O=r?t.height:parseFloat(o.height)-z-y;if(n.has(t)){var k=n.get(t);if(k[0]===M&&k[1]===O)return}n.set(t,[M,O]);var S=Object.create(h.prototype);S.target=t,S.contentRect=new c(u,d,M,O),s.has(i)||(s.set(i,[]),p.add(i)),s.get(i).push(S)}))})),p.forEach((function(e){i.get(e).call(e,s.get(e),e)}))}return s.prototype.observe=function(i){if(i instanceof window.Element){r.has(i)||(r.set(i,new Set),o.add(i),a.set(i,window.getComputedStyle(i)));var n=r.get(i);n.has(this)||n.add(this),cancelAnimationFrame(t),t=requestAnimationFrame(d)}},s.prototype.unobserve=function(i){if(i instanceof window.Element&&r.has(i)){var n=r.get(i);n.has(this)&&(n.delete(this),n.size||(r.delete(i),o.delete(i))),n.size||r.delete(i),o.size||cancelAnimationFrame(t)}},A.DOMRectReadOnly=c,A.ResizeObserver=s,A.ResizeObserverEntry=h,A}; // eslint-disable-line\n",
       "mpl.toolbar_items = [[\"Home\", \"Reset original view\", \"fa fa-home icon-home\", \"home\"], [\"Back\", \"Back to previous view\", \"fa fa-arrow-left icon-arrow-left\", \"back\"], [\"Forward\", \"Forward to next view\", \"fa fa-arrow-right icon-arrow-right\", \"forward\"], [\"\", \"\", \"\", \"\"], [\"Pan\", \"Left button pans, Right button zooms\\nx/y fixes axis, CTRL fixes aspect\", \"fa fa-arrows icon-move\", \"pan\"], [\"Zoom\", \"Zoom to rectangle\\nx/y fixes axis, CTRL fixes aspect\", \"fa fa-square-o icon-check-empty\", \"zoom\"], [\"\", \"\", \"\", \"\"], [\"Download\", \"Download plot\", \"fa fa-floppy-o icon-save\", \"download\"]];\n",
       "\n",
       "mpl.extensions = [\"eps\", \"jpeg\", \"pgf\", \"pdf\", \"png\", \"ps\", \"raw\", \"svg\", \"tif\"];\n",
       "\n",
       "mpl.default_extension = \"png\";/* global mpl */\n",
       "\n",
       "var comm_websocket_adapter = function (comm) {\n",
       "    // Create a \"websocket\"-like object which calls the given IPython comm\n",
       "    // object with the appropriate methods. Currently this is a non binary\n",
       "    // socket, so there is still some room for performance tuning.\n",
       "    var ws = {};\n",
       "\n",
       "    ws.binaryType = comm.kernel.ws.binaryType;\n",
       "    ws.readyState = comm.kernel.ws.readyState;\n",
       "    function updateReadyState(_event) {\n",
       "        if (comm.kernel.ws) {\n",
       "            ws.readyState = comm.kernel.ws.readyState;\n",
       "        } else {\n",
       "            ws.readyState = 3; // Closed state.\n",
       "        }\n",
       "    }\n",
       "    comm.kernel.ws.addEventListener('open', updateReadyState);\n",
       "    comm.kernel.ws.addEventListener('close', updateReadyState);\n",
       "    comm.kernel.ws.addEventListener('error', updateReadyState);\n",
       "\n",
       "    ws.close = function () {\n",
       "        comm.close();\n",
       "    };\n",
       "    ws.send = function (m) {\n",
       "        //console.log('sending', m);\n",
       "        comm.send(m);\n",
       "    };\n",
       "    // Register the callback with on_msg.\n",
       "    comm.on_msg(function (msg) {\n",
       "        //console.log('receiving', msg['content']['data'], msg);\n",
       "        var data = msg['content']['data'];\n",
       "        if (data['blob'] !== undefined) {\n",
       "            data = {\n",
       "                data: new Blob(msg['buffers'], { type: data['blob'] }),\n",
       "            };\n",
       "        }\n",
       "        // Pass the mpl event to the overridden (by mpl) onmessage function.\n",
       "        ws.onmessage(data);\n",
       "    });\n",
       "    return ws;\n",
       "};\n",
       "\n",
       "mpl.mpl_figure_comm = function (comm, msg) {\n",
       "    // This is the function which gets called when the mpl process\n",
       "    // starts-up an IPython Comm through the \"matplotlib\" channel.\n",
       "\n",
       "    var id = msg.content.data.id;\n",
       "    // Get hold of the div created by the display call when the Comm\n",
       "    // socket was opened in Python.\n",
       "    var element = document.getElementById(id);\n",
       "    var ws_proxy = comm_websocket_adapter(comm);\n",
       "\n",
       "    function ondownload(figure, _format) {\n",
       "        window.open(figure.canvas.toDataURL());\n",
       "    }\n",
       "\n",
       "    var fig = new mpl.figure(id, ws_proxy, ondownload, element);\n",
       "\n",
       "    // Call onopen now - mpl needs it, as it is assuming we've passed it a real\n",
       "    // web socket which is closed, not our websocket->open comm proxy.\n",
       "    ws_proxy.onopen();\n",
       "\n",
       "    fig.parent_element = element;\n",
       "    fig.cell_info = mpl.find_output_cell(\"<div id='\" + id + \"'></div>\");\n",
       "    if (!fig.cell_info) {\n",
       "        console.error('Failed to find cell for figure', id, fig);\n",
       "        return;\n",
       "    }\n",
       "    fig.cell_info[0].output_area.element.on(\n",
       "        'cleared',\n",
       "        { fig: fig },\n",
       "        fig._remove_fig_handler\n",
       "    );\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.handle_close = function (fig, msg) {\n",
       "    var width = fig.canvas.width / fig.ratio;\n",
       "    fig.cell_info[0].output_area.element.off(\n",
       "        'cleared',\n",
       "        fig._remove_fig_handler\n",
       "    );\n",
       "    fig.resizeObserverInstance.unobserve(fig.canvas_div);\n",
       "\n",
       "    // Update the output cell to use the data from the current canvas.\n",
       "    fig.push_to_output();\n",
       "    var dataURL = fig.canvas.toDataURL();\n",
       "    // Re-enable the keyboard manager in IPython - without this line, in FF,\n",
       "    // the notebook keyboard shortcuts fail.\n",
       "    IPython.keyboard_manager.enable();\n",
       "    fig.parent_element.innerHTML =\n",
       "        '<img src=\"' + dataURL + '\" width=\"' + width + '\">';\n",
       "    fig.close_ws(fig, msg);\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.close_ws = function (fig, msg) {\n",
       "    fig.send_message('closing', msg);\n",
       "    // fig.ws.close()\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.push_to_output = function (_remove_interactive) {\n",
       "    // Turn the data on the canvas into data in the output cell.\n",
       "    var width = this.canvas.width / this.ratio;\n",
       "    var dataURL = this.canvas.toDataURL();\n",
       "    this.cell_info[1]['text/html'] =\n",
       "        '<img src=\"' + dataURL + '\" width=\"' + width + '\">';\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.updated_canvas_event = function () {\n",
       "    // Tell IPython that the notebook contents must change.\n",
       "    IPython.notebook.set_dirty(true);\n",
       "    this.send_message('ack', {});\n",
       "    var fig = this;\n",
       "    // Wait a second, then push the new image to the DOM so\n",
       "    // that it is saved nicely (might be nice to debounce this).\n",
       "    setTimeout(function () {\n",
       "        fig.push_to_output();\n",
       "    }, 1000);\n",
       "};\n",
       "\n",
       "mpl.figure.prototype._init_toolbar = function () {\n",
       "    var fig = this;\n",
       "\n",
       "    var toolbar = document.createElement('div');\n",
       "    toolbar.classList = 'btn-toolbar';\n",
       "    this.root.appendChild(toolbar);\n",
       "\n",
       "    function on_click_closure(name) {\n",
       "        return function (_event) {\n",
       "            return fig.toolbar_button_onclick(name);\n",
       "        };\n",
       "    }\n",
       "\n",
       "    function on_mouseover_closure(tooltip) {\n",
       "        return function (event) {\n",
       "            if (!event.currentTarget.disabled) {\n",
       "                return fig.toolbar_button_onmouseover(tooltip);\n",
       "            }\n",
       "        };\n",
       "    }\n",
       "\n",
       "    fig.buttons = {};\n",
       "    var buttonGroup = document.createElement('div');\n",
       "    buttonGroup.classList = 'btn-group';\n",
       "    var button;\n",
       "    for (var toolbar_ind in mpl.toolbar_items) {\n",
       "        var name = mpl.toolbar_items[toolbar_ind][0];\n",
       "        var tooltip = mpl.toolbar_items[toolbar_ind][1];\n",
       "        var image = mpl.toolbar_items[toolbar_ind][2];\n",
       "        var method_name = mpl.toolbar_items[toolbar_ind][3];\n",
       "\n",
       "        if (!name) {\n",
       "            /* Instead of a spacer, we start a new button group. */\n",
       "            if (buttonGroup.hasChildNodes()) {\n",
       "                toolbar.appendChild(buttonGroup);\n",
       "            }\n",
       "            buttonGroup = document.createElement('div');\n",
       "            buttonGroup.classList = 'btn-group';\n",
       "            continue;\n",
       "        }\n",
       "\n",
       "        button = fig.buttons[name] = document.createElement('button');\n",
       "        button.classList = 'btn btn-default';\n",
       "        button.href = '#';\n",
       "        button.title = name;\n",
       "        button.innerHTML = '<i class=\"fa ' + image + ' fa-lg\"></i>';\n",
       "        button.addEventListener('click', on_click_closure(method_name));\n",
       "        button.addEventListener('mouseover', on_mouseover_closure(tooltip));\n",
       "        buttonGroup.appendChild(button);\n",
       "    }\n",
       "\n",
       "    if (buttonGroup.hasChildNodes()) {\n",
       "        toolbar.appendChild(buttonGroup);\n",
       "    }\n",
       "\n",
       "    // Add the status bar.\n",
       "    var status_bar = document.createElement('span');\n",
       "    status_bar.classList = 'mpl-message pull-right';\n",
       "    toolbar.appendChild(status_bar);\n",
       "    this.message = status_bar;\n",
       "\n",
       "    // Add the close button to the window.\n",
       "    var buttongrp = document.createElement('div');\n",
       "    buttongrp.classList = 'btn-group inline pull-right';\n",
       "    button = document.createElement('button');\n",
       "    button.classList = 'btn btn-mini btn-primary';\n",
       "    button.href = '#';\n",
       "    button.title = 'Stop Interaction';\n",
       "    button.innerHTML = '<i class=\"fa fa-power-off icon-remove icon-large\"></i>';\n",
       "    button.addEventListener('click', function (_evt) {\n",
       "        fig.handle_close(fig, {});\n",
       "    });\n",
       "    button.addEventListener(\n",
       "        'mouseover',\n",
       "        on_mouseover_closure('Stop Interaction')\n",
       "    );\n",
       "    buttongrp.appendChild(button);\n",
       "    var titlebar = this.root.querySelector('.ui-dialog-titlebar');\n",
       "    titlebar.insertBefore(buttongrp, titlebar.firstChild);\n",
       "};\n",
       "\n",
       "mpl.figure.prototype._remove_fig_handler = function (event) {\n",
       "    var fig = event.data.fig;\n",
       "    if (event.target !== this) {\n",
       "        // Ignore bubbled events from children.\n",
       "        return;\n",
       "    }\n",
       "    fig.close_ws(fig, {});\n",
       "};\n",
       "\n",
       "mpl.figure.prototype._root_extra_style = function (el) {\n",
       "    el.style.boxSizing = 'content-box'; // override notebook setting of border-box.\n",
       "};\n",
       "\n",
       "mpl.figure.prototype._canvas_extra_style = function (el) {\n",
       "    // this is important to make the div 'focusable\n",
       "    el.setAttribute('tabindex', 0);\n",
       "    // reach out to IPython and tell the keyboard manager to turn it's self\n",
       "    // off when our div gets focus\n",
       "\n",
       "    // location in version 3\n",
       "    if (IPython.notebook.keyboard_manager) {\n",
       "        IPython.notebook.keyboard_manager.register_events(el);\n",
       "    } else {\n",
       "        // location in version 2\n",
       "        IPython.keyboard_manager.register_events(el);\n",
       "    }\n",
       "};\n",
       "\n",
       "mpl.figure.prototype._key_event_extra = function (event, _name) {\n",
       "    var manager = IPython.notebook.keyboard_manager;\n",
       "    if (!manager) {\n",
       "        manager = IPython.keyboard_manager;\n",
       "    }\n",
       "\n",
       "    // Check for shift+enter\n",
       "    if (event.shiftKey && event.which === 13) {\n",
       "        this.canvas_div.blur();\n",
       "        // select the cell after this one\n",
       "        var index = IPython.notebook.find_cell_index(this.cell_info[0]);\n",
       "        IPython.notebook.select(index + 1);\n",
       "    }\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.handle_save = function (fig, _msg) {\n",
       "    fig.ondownload(fig, null);\n",
       "};\n",
       "\n",
       "mpl.find_output_cell = function (html_output) {\n",
       "    // Return the cell and output element which can be found *uniquely* in the notebook.\n",
       "    // Note - this is a bit hacky, but it is done because the \"notebook_saving.Notebook\"\n",
       "    // IPython event is triggered only after the cells have been serialised, which for\n",
       "    // our purposes (turning an active figure into a static one), is too late.\n",
       "    var cells = IPython.notebook.get_cells();\n",
       "    var ncells = cells.length;\n",
       "    for (var i = 0; i < ncells; i++) {\n",
       "        var cell = cells[i];\n",
       "        if (cell.cell_type === 'code') {\n",
       "            for (var j = 0; j < cell.output_area.outputs.length; j++) {\n",
       "                var data = cell.output_area.outputs[j];\n",
       "                if (data.data) {\n",
       "                    // IPython >= 3 moved mimebundle to data attribute of output\n",
       "                    data = data.data;\n",
       "                }\n",
       "                if (data['text/html'] === html_output) {\n",
       "                    return [cell, data, j];\n",
       "                }\n",
       "            }\n",
       "        }\n",
       "    }\n",
       "};\n",
       "\n",
       "// Register the function which deals with the matplotlib target/channel.\n",
       "// The kernel may be null if the page has been refreshed.\n",
       "if (IPython.notebook.kernel !== null) {\n",
       "    IPython.notebook.kernel.comm_manager.register_target(\n",
       "        'matplotlib',\n",
       "        mpl.mpl_figure_comm\n",
       "    );\n",
       "}\n"
      ],
      "text/plain": [
       "<IPython.core.display.Javascript object>"
      ]
     },
     "metadata": {},
     "output_type": "display_data"
    },
    {
     "data": {
      "text/html": [
       "<img src=\"data:image/png;base64,\" width=\"572.85\">"
      ],
      "text/plain": [
       "<IPython.core.display.HTML object>"
      ]
     },
     "metadata": {},
     "output_type": "display_data"
    }
   ],
   "source": [
    "with read_set(\"data/2d3c\") as vector_set:\n",
    "    vector_buffer = vector_set[0]\n",
    "\n",
    "vector_buffer.plot()"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": 7,
   "metadata": {},
   "outputs": [
    {
     "data": {
      "application/javascript": [
       "/* Put everything inside the global mpl namespace */\n",
       "/* global mpl */\n",
       "window.mpl = {};\n",
       "\n",
       "mpl.get_websocket_type = function () {\n",
       "    if (typeof WebSocket !== 'undefined') {\n",
       "        return WebSocket;\n",
       "    } else if (typeof MozWebSocket !== 'undefined') {\n",
       "        return MozWebSocket;\n",
       "    } else {\n",
       "        alert(\n",
       "            'Your browser does not have WebSocket support. ' +\n",
       "                'Please try Chrome, Safari or Firefox ≥ 6. ' +\n",
       "                'Firefox 4 and 5 are also supported but you ' +\n",
       "                'have to enable WebSockets in about:config.'\n",
       "        );\n",
       "    }\n",
       "};\n",
       "\n",
       "mpl.figure = function (figure_id, websocket, ondownload, parent_element) {\n",
       "    this.id = figure_id;\n",
       "\n",
       "    this.ws = websocket;\n",
       "\n",
       "    this.supports_binary = this.ws.binaryType !== undefined;\n",
       "\n",
       "    if (!this.supports_binary) {\n",
       "        var warnings = document.getElementById('mpl-warnings');\n",
       "        if (warnings) {\n",
       "            warnings.style.display = 'block';\n",
       "            warnings.textContent =\n",
       "                'This browser does not support binary websocket messages. ' +\n",
       "                'Performance may be slow.';\n",
       "        }\n",
       "    }\n",
       "\n",
       "    this.imageObj = new Image();\n",
       "\n",
       "    this.context = undefined;\n",
       "    this.message = undefined;\n",
       "    this.canvas = undefined;\n",
       "    this.rubberband_canvas = undefined;\n",
       "    this.rubberband_context = undefined;\n",
       "    this.format_dropdown = undefined;\n",
       "\n",
       "    this.image_mode = 'full';\n",
       "\n",
       "    this.root = document.createElement('div');\n",
       "    this.root.setAttribute('style', 'display: inline-block');\n",
       "    this._root_extra_style(this.root);\n",
       "\n",
       "    parent_element.appendChild(this.root);\n",
       "\n",
       "    this._init_header(this);\n",
       "    this._init_canvas(this);\n",
       "    this._init_toolbar(this);\n",
       "\n",
       "    var fig = this;\n",
       "\n",
       "    this.waiting = false;\n",
       "\n",
       "    this.ws.onopen = function () {\n",
       "        fig.send_message('supports_binary', { value: fig.supports_binary });\n",
       "        fig.send_message('send_image_mode', {});\n",
       "        if (fig.ratio !== 1) {\n",
       "            fig.send_message('set_dpi_ratio', { dpi_ratio: fig.ratio });\n",
       "        }\n",
       "        fig.send_message('refresh', {});\n",
       "    };\n",
       "\n",
       "    this.imageObj.onload = function () {\n",
       "        if (fig.image_mode === 'full') {\n",
       "            // Full images could contain transparency (where diff images\n",
       "            // almost always do), so we need to clear the canvas so that\n",
       "            // there is no ghosting.\n",
       "            fig.context.clearRect(0, 0, fig.canvas.width, fig.canvas.height);\n",
       "        }\n",
       "        fig.context.drawImage(fig.imageObj, 0, 0);\n",
       "    };\n",
       "\n",
       "    this.imageObj.onunload = function () {\n",
       "        fig.ws.close();\n",
       "    };\n",
       "\n",
       "    this.ws.onmessage = this._make_on_message_function(this);\n",
       "\n",
       "    this.ondownload = ondownload;\n",
       "};\n",
       "\n",
       "mpl.figure.prototype._init_header = function () {\n",
       "    var titlebar = document.createElement('div');\n",
       "    titlebar.classList =\n",
       "        'ui-dialog-titlebar ui-widget-header ui-corner-all ui-helper-clearfix';\n",
       "    var titletext = document.createElement('div');\n",
       "    titletext.classList = 'ui-dialog-title';\n",
       "    titletext.setAttribute(\n",
       "        'style',\n",
       "        'width: 100%; text-align: center; padding: 3px;'\n",
       "    );\n",
       "    titlebar.appendChild(titletext);\n",
       "    this.root.appendChild(titlebar);\n",
       "    this.header = titletext;\n",
       "};\n",
       "\n",
       "mpl.figure.prototype._canvas_extra_style = function (_canvas_div) {};\n",
       "\n",
       "mpl.figure.prototype._root_extra_style = function (_canvas_div) {};\n",
       "\n",
       "mpl.figure.prototype._init_canvas = function () {\n",
       "    var fig = this;\n",
       "\n",
       "    var canvas_div = (this.canvas_div = document.createElement('div'));\n",
       "    canvas_div.setAttribute(\n",
       "        'style',\n",
       "        'border: 1px solid #ddd;' +\n",
       "            'box-sizing: content-box;' +\n",
       "            'clear: both;' +\n",
       "            'min-height: 1px;' +\n",
       "            'min-width: 1px;' +\n",
       "            'outline: 0;' +\n",
       "            'overflow: hidden;' +\n",
       "            'position: relative;' +\n",
       "            'resize: both;'\n",
       "    );\n",
       "\n",
       "    function on_keyboard_event_closure(name) {\n",
       "        return function (event) {\n",
       "            return fig.key_event(event, name);\n",
       "        };\n",
       "    }\n",
       "\n",
       "    canvas_div.addEventListener(\n",
       "        'keydown',\n",
       "        on_keyboard_event_closure('key_press')\n",
       "    );\n",
       "    canvas_div.addEventListener(\n",
       "        'keyup',\n",
       "        on_keyboard_event_closure('key_release')\n",
       "    );\n",
       "\n",
       "    this._canvas_extra_style(canvas_div);\n",
       "    this.root.appendChild(canvas_div);\n",
       "\n",
       "    var canvas = (this.canvas = document.createElement('canvas'));\n",
       "    canvas.classList.add('mpl-canvas');\n",
       "    canvas.setAttribute('style', 'box-sizing: content-box;');\n",
       "\n",
       "    this.context = canvas.getContext('2d');\n",
       "\n",
       "    var backingStore =\n",
       "        this.context.backingStorePixelRatio ||\n",
       "        this.context.webkitBackingStorePixelRatio ||\n",
       "        this.context.mozBackingStorePixelRatio ||\n",
       "        this.context.msBackingStorePixelRatio ||\n",
       "        this.context.oBackingStorePixelRatio ||\n",
       "        this.context.backingStorePixelRatio ||\n",
       "        1;\n",
       "\n",
       "    this.ratio = (window.devicePixelRatio || 1) / backingStore;\n",
       "\n",
       "    var rubberband_canvas = (this.rubberband_canvas = document.createElement(\n",
       "        'canvas'\n",
       "    ));\n",
       "    rubberband_canvas.setAttribute(\n",
       "        'style',\n",
       "        'box-sizing: content-box; position: absolute; left: 0; top: 0; z-index: 1;'\n",
       "    );\n",
       "\n",
       "    // Apply a ponyfill if ResizeObserver is not implemented by browser.\n",
       "    if (this.ResizeObserver === undefined) {\n",
       "        if (window.ResizeObserver !== undefined) {\n",
       "            this.ResizeObserver = window.ResizeObserver;\n",
       "        } else {\n",
       "            var obs = _JSXTOOLS_RESIZE_OBSERVER({});\n",
       "            this.ResizeObserver = obs.ResizeObserver;\n",
       "        }\n",
       "    }\n",
       "\n",
       "    this.resizeObserverInstance = new this.ResizeObserver(function (entries) {\n",
       "        var nentries = entries.length;\n",
       "        for (var i = 0; i < nentries; i++) {\n",
       "            var entry = entries[i];\n",
       "            var width, height;\n",
       "            if (entry.contentBoxSize) {\n",
       "                if (entry.contentBoxSize instanceof Array) {\n",
       "                    // Chrome 84 implements new version of spec.\n",
       "                    width = entry.contentBoxSize[0].inlineSize;\n",
       "                    height = entry.contentBoxSize[0].blockSize;\n",
       "                } else {\n",
       "                    // Firefox implements old version of spec.\n",
       "                    width = entry.contentBoxSize.inlineSize;\n",
       "                    height = entry.contentBoxSize.blockSize;\n",
       "                }\n",
       "            } else {\n",
       "                // Chrome <84 implements even older version of spec.\n",
       "                width = entry.contentRect.width;\n",
       "                height = entry.contentRect.height;\n",
       "            }\n",
       "\n",
       "            // Keep the size of the canvas and rubber band canvas in sync with\n",
       "            // the canvas container.\n",
       "            if (entry.devicePixelContentBoxSize) {\n",
       "                // Chrome 84 implements new version of spec.\n",
       "                canvas.setAttribute(\n",
       "                    'width',\n",
       "                    entry.devicePixelContentBoxSize[0].inlineSize\n",
       "                );\n",
       "                canvas.setAttribute(\n",
       "                    'height',\n",
       "                    entry.devicePixelContentBoxSize[0].blockSize\n",
       "                );\n",
       "            } else {\n",
       "                canvas.setAttribute('width', width * fig.ratio);\n",
       "                canvas.setAttribute('height', height * fig.ratio);\n",
       "            }\n",
       "            canvas.setAttribute(\n",
       "                'style',\n",
       "                'width: ' + width + 'px; height: ' + height + 'px;'\n",
       "            );\n",
       "\n",
       "            rubberband_canvas.setAttribute('width', width);\n",
       "            rubberband_canvas.setAttribute('height', height);\n",
       "\n",
       "            // And update the size in Python. We ignore the initial 0/0 size\n",
       "            // that occurs as the element is placed into the DOM, which should\n",
       "            // otherwise not happen due to the minimum size styling.\n",
       "            if (fig.ws.readyState == 1 && width != 0 && height != 0) {\n",
       "                fig.request_resize(width, height);\n",
       "            }\n",
       "        }\n",
       "    });\n",
       "    this.resizeObserverInstance.observe(canvas_div);\n",
       "\n",
       "    function on_mouse_event_closure(name) {\n",
       "        return function (event) {\n",
       "            return fig.mouse_event(event, name);\n",
       "        };\n",
       "    }\n",
       "\n",
       "    rubberband_canvas.addEventListener(\n",
       "        'mousedown',\n",
       "        on_mouse_event_closure('button_press')\n",
       "    );\n",
       "    rubberband_canvas.addEventListener(\n",
       "        'mouseup',\n",
       "        on_mouse_event_closure('button_release')\n",
       "    );\n",
       "    rubberband_canvas.addEventListener(\n",
       "        'dblclick',\n",
       "        on_mouse_event_closure('dblclick')\n",
       "    );\n",
       "    // Throttle sequential mouse events to 1 every 20ms.\n",
       "    rubberband_canvas.addEventListener(\n",
       "        'mousemove',\n",
       "        on_mouse_event_closure('motion_notify')\n",
       "    );\n",
       "\n",
       "    rubberband_canvas.addEventListener(\n",
       "        'mouseenter',\n",
       "        on_mouse_event_closure('figure_enter')\n",
       "    );\n",
       "    rubberband_canvas.addEventListener(\n",
       "        'mouseleave',\n",
       "        on_mouse_event_closure('figure_leave')\n",
       "    );\n",
       "\n",
       "    canvas_div.addEventListener('wheel', function (event) {\n",
       "        if (event.deltaY < 0) {\n",
       "            event.step = 1;\n",
       "        } else {\n",
       "            event.step = -1;\n",
       "        }\n",
       "        on_mouse_event_closure('scroll')(event);\n",
       "    });\n",
       "\n",
       "    canvas_div.appendChild(canvas);\n",
       "    canvas_div.appendChild(rubberband_canvas);\n",
       "\n",
       "    this.rubberband_context = rubberband_canvas.getContext('2d');\n",
       "    this.rubberband_context.strokeStyle = '#000000';\n",
       "\n",
       "    this._resize_canvas = function (width, height, forward) {\n",
       "        if (forward) {\n",
       "            canvas_div.style.width = width + 'px';\n",
       "            canvas_div.style.height = height + 'px';\n",
       "        }\n",
       "    };\n",
       "\n",
       "    // Disable right mouse context menu.\n",
       "    this.rubberband_canvas.addEventListener('contextmenu', function (_e) {\n",
       "        event.preventDefault();\n",
       "        return false;\n",
       "    });\n",
       "\n",
       "    function set_focus() {\n",
       "        canvas.focus();\n",
       "        canvas_div.focus();\n",
       "    }\n",
       "\n",
       "    window.setTimeout(set_focus, 100);\n",
       "};\n",
       "\n",
       "mpl.figure.prototype._init_toolbar = function () {\n",
       "    var fig = this;\n",
       "\n",
       "    var toolbar = document.createElement('div');\n",
       "    toolbar.classList = 'mpl-toolbar';\n",
       "    this.root.appendChild(toolbar);\n",
       "\n",
       "    function on_click_closure(name) {\n",
       "        return function (_event) {\n",
       "            return fig.toolbar_button_onclick(name);\n",
       "        };\n",
       "    }\n",
       "\n",
       "    function on_mouseover_closure(tooltip) {\n",
       "        return function (event) {\n",
       "            if (!event.currentTarget.disabled) {\n",
       "                return fig.toolbar_button_onmouseover(tooltip);\n",
       "            }\n",
       "        };\n",
       "    }\n",
       "\n",
       "    fig.buttons = {};\n",
       "    var buttonGroup = document.createElement('div');\n",
       "    buttonGroup.classList = 'mpl-button-group';\n",
       "    for (var toolbar_ind in mpl.toolbar_items) {\n",
       "        var name = mpl.toolbar_items[toolbar_ind][0];\n",
       "        var tooltip = mpl.toolbar_items[toolbar_ind][1];\n",
       "        var image = mpl.toolbar_items[toolbar_ind][2];\n",
       "        var method_name = mpl.toolbar_items[toolbar_ind][3];\n",
       "\n",
       "        if (!name) {\n",
       "            /* Instead of a spacer, we start a new button group. */\n",
       "            if (buttonGroup.hasChildNodes()) {\n",
       "                toolbar.appendChild(buttonGroup);\n",
       "            }\n",
       "            buttonGroup = document.createElement('div');\n",
       "            buttonGroup.classList = 'mpl-button-group';\n",
       "            continue;\n",
       "        }\n",
       "\n",
       "        var button = (fig.buttons[name] = document.createElement('button'));\n",
       "        button.classList = 'mpl-widget';\n",
       "        button.setAttribute('role', 'button');\n",
       "        button.setAttribute('aria-disabled', 'false');\n",
       "        button.addEventListener('click', on_click_closure(method_name));\n",
       "        button.addEventListener('mouseover', on_mouseover_closure(tooltip));\n",
       "\n",
       "        var icon_img = document.createElement('img');\n",
       "        icon_img.src = '_images/' + image + '.png';\n",
       "        icon_img.srcset = '_images/' + image + '_large.png 2x';\n",
       "        icon_img.alt = tooltip;\n",
       "        button.appendChild(icon_img);\n",
       "\n",
       "        buttonGroup.appendChild(button);\n",
       "    }\n",
       "\n",
       "    if (buttonGroup.hasChildNodes()) {\n",
       "        toolbar.appendChild(buttonGroup);\n",
       "    }\n",
       "\n",
       "    var fmt_picker = document.createElement('select');\n",
       "    fmt_picker.classList = 'mpl-widget';\n",
       "    toolbar.appendChild(fmt_picker);\n",
       "    this.format_dropdown = fmt_picker;\n",
       "\n",
       "    for (var ind in mpl.extensions) {\n",
       "        var fmt = mpl.extensions[ind];\n",
       "        var option = document.createElement('option');\n",
       "        option.selected = fmt === mpl.default_extension;\n",
       "        option.innerHTML = fmt;\n",
       "        fmt_picker.appendChild(option);\n",
       "    }\n",
       "\n",
       "    var status_bar = document.createElement('span');\n",
       "    status_bar.classList = 'mpl-message';\n",
       "    toolbar.appendChild(status_bar);\n",
       "    this.message = status_bar;\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.request_resize = function (x_pixels, y_pixels) {\n",
       "    // Request matplotlib to resize the figure. Matplotlib will then trigger a resize in the client,\n",
       "    // which will in turn request a refresh of the image.\n",
       "    this.send_message('resize', { width: x_pixels, height: y_pixels });\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.send_message = function (type, properties) {\n",
       "    properties['type'] = type;\n",
       "    properties['figure_id'] = this.id;\n",
       "    this.ws.send(JSON.stringify(properties));\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.send_draw_message = function () {\n",
       "    if (!this.waiting) {\n",
       "        this.waiting = true;\n",
       "        this.ws.send(JSON.stringify({ type: 'draw', figure_id: this.id }));\n",
       "    }\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.handle_save = function (fig, _msg) {\n",
       "    var format_dropdown = fig.format_dropdown;\n",
       "    var format = format_dropdown.options[format_dropdown.selectedIndex].value;\n",
       "    fig.ondownload(fig, format);\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.handle_resize = function (fig, msg) {\n",
       "    var size = msg['size'];\n",
       "    if (size[0] !== fig.canvas.width || size[1] !== fig.canvas.height) {\n",
       "        fig._resize_canvas(size[0], size[1], msg['forward']);\n",
       "        fig.send_message('refresh', {});\n",
       "    }\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.handle_rubberband = function (fig, msg) {\n",
       "    var x0 = msg['x0'] / fig.ratio;\n",
       "    var y0 = (fig.canvas.height - msg['y0']) / fig.ratio;\n",
       "    var x1 = msg['x1'] / fig.ratio;\n",
       "    var y1 = (fig.canvas.height - msg['y1']) / fig.ratio;\n",
       "    x0 = Math.floor(x0) + 0.5;\n",
       "    y0 = Math.floor(y0) + 0.5;\n",
       "    x1 = Math.floor(x1) + 0.5;\n",
       "    y1 = Math.floor(y1) + 0.5;\n",
       "    var min_x = Math.min(x0, x1);\n",
       "    var min_y = Math.min(y0, y1);\n",
       "    var width = Math.abs(x1 - x0);\n",
       "    var height = Math.abs(y1 - y0);\n",
       "\n",
       "    fig.rubberband_context.clearRect(\n",
       "        0,\n",
       "        0,\n",
       "        fig.canvas.width / fig.ratio,\n",
       "        fig.canvas.height / fig.ratio\n",
       "    );\n",
       "\n",
       "    fig.rubberband_context.strokeRect(min_x, min_y, width, height);\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.handle_figure_label = function (fig, msg) {\n",
       "    // Updates the figure title.\n",
       "    fig.header.textContent = msg['label'];\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.handle_cursor = function (fig, msg) {\n",
       "    var cursor = msg['cursor'];\n",
       "    switch (cursor) {\n",
       "        case 0:\n",
       "            cursor = 'pointer';\n",
       "            break;\n",
       "        case 1:\n",
       "            cursor = 'default';\n",
       "            break;\n",
       "        case 2:\n",
       "            cursor = 'crosshair';\n",
       "            break;\n",
       "        case 3:\n",
       "            cursor = 'move';\n",
       "            break;\n",
       "    }\n",
       "    fig.rubberband_canvas.style.cursor = cursor;\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.handle_message = function (fig, msg) {\n",
       "    fig.message.textContent = msg['message'];\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.handle_draw = function (fig, _msg) {\n",
       "    // Request the server to send over a new figure.\n",
       "    fig.send_draw_message();\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.handle_image_mode = function (fig, msg) {\n",
       "    fig.image_mode = msg['mode'];\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.handle_history_buttons = function (fig, msg) {\n",
       "    for (var key in msg) {\n",
       "        if (!(key in fig.buttons)) {\n",
       "            continue;\n",
       "        }\n",
       "        fig.buttons[key].disabled = !msg[key];\n",
       "        fig.buttons[key].setAttribute('aria-disabled', !msg[key]);\n",
       "    }\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.handle_navigate_mode = function (fig, msg) {\n",
       "    if (msg['mode'] === 'PAN') {\n",
       "        fig.buttons['Pan'].classList.add('active');\n",
       "        fig.buttons['Zoom'].classList.remove('active');\n",
       "    } else if (msg['mode'] === 'ZOOM') {\n",
       "        fig.buttons['Pan'].classList.remove('active');\n",
       "        fig.buttons['Zoom'].classList.add('active');\n",
       "    } else {\n",
       "        fig.buttons['Pan'].classList.remove('active');\n",
       "        fig.buttons['Zoom'].classList.remove('active');\n",
       "    }\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.updated_canvas_event = function () {\n",
       "    // Called whenever the canvas gets updated.\n",
       "    this.send_message('ack', {});\n",
       "};\n",
       "\n",
       "// A function to construct a web socket function for onmessage handling.\n",
       "// Called in the figure constructor.\n",
       "mpl.figure.prototype._make_on_message_function = function (fig) {\n",
       "    return function socket_on_message(evt) {\n",
       "        if (evt.data instanceof Blob) {\n",
       "            var img = evt.data;\n",
       "            if (img.type !== 'image/png') {\n",
       "                /* FIXME: We get \"Resource interpreted as Image but\n",
       "                 * transferred with MIME type text/plain:\" errors on\n",
       "                 * Chrome.  But how to set the MIME type?  It doesn't seem\n",
       "                 * to be part of the websocket stream */\n",
       "                img.type = 'image/png';\n",
       "            }\n",
       "\n",
       "            /* Free the memory for the previous frames */\n",
       "            if (fig.imageObj.src) {\n",
       "                (window.URL || window.webkitURL).revokeObjectURL(\n",
       "                    fig.imageObj.src\n",
       "                );\n",
       "            }\n",
       "\n",
       "            fig.imageObj.src = (window.URL || window.webkitURL).createObjectURL(\n",
       "                img\n",
       "            );\n",
       "            fig.updated_canvas_event();\n",
       "            fig.waiting = false;\n",
       "            return;\n",
       "        } else if (\n",
       "            typeof evt.data === 'string' &&\n",
       "            evt.data.slice(0, 21) === 'data:image/png;base64'\n",
       "        ) {\n",
       "            fig.imageObj.src = evt.data;\n",
       "            fig.updated_canvas_event();\n",
       "            fig.waiting = false;\n",
       "            return;\n",
       "        }\n",
       "\n",
       "        var msg = JSON.parse(evt.data);\n",
       "        var msg_type = msg['type'];\n",
       "\n",
       "        // Call the  \"handle_{type}\" callback, which takes\n",
       "        // the figure and JSON message as its only arguments.\n",
       "        try {\n",
       "            var callback = fig['handle_' + msg_type];\n",
       "        } catch (e) {\n",
       "            console.log(\n",
       "                \"No handler for the '\" + msg_type + \"' message type: \",\n",
       "                msg\n",
       "            );\n",
       "            return;\n",
       "        }\n",
       "\n",
       "        if (callback) {\n",
       "            try {\n",
       "                // console.log(\"Handling '\" + msg_type + \"' message: \", msg);\n",
       "                callback(fig, msg);\n",
       "            } catch (e) {\n",
       "                console.log(\n",
       "                    \"Exception inside the 'handler_\" + msg_type + \"' callback:\",\n",
       "                    e,\n",
       "                    e.stack,\n",
       "                    msg\n",
       "                );\n",
       "            }\n",
       "        }\n",
       "    };\n",
       "};\n",
       "\n",
       "// from http://stackoverflow.com/questions/1114465/getting-mouse-location-in-canvas\n",
       "mpl.findpos = function (e) {\n",
       "    //this section is from http://www.quirksmode.org/js/events_properties.html\n",
       "    var targ;\n",
       "    if (!e) {\n",
       "        e = window.event;\n",
       "    }\n",
       "    if (e.target) {\n",
       "        targ = e.target;\n",
       "    } else if (e.srcElement) {\n",
       "        targ = e.srcElement;\n",
       "    }\n",
       "    if (targ.nodeType === 3) {\n",
       "        // defeat Safari bug\n",
       "        targ = targ.parentNode;\n",
       "    }\n",
       "\n",
       "    // pageX,Y are the mouse positions relative to the document\n",
       "    var boundingRect = targ.getBoundingClientRect();\n",
       "    var x = e.pageX - (boundingRect.left + document.body.scrollLeft);\n",
       "    var y = e.pageY - (boundingRect.top + document.body.scrollTop);\n",
       "\n",
       "    return { x: x, y: y };\n",
       "};\n",
       "\n",
       "/*\n",
       " * return a copy of an object with only non-object keys\n",
       " * we need this to avoid circular references\n",
       " * http://stackoverflow.com/a/24161582/3208463\n",
       " */\n",
       "function simpleKeys(original) {\n",
       "    return Object.keys(original).reduce(function (obj, key) {\n",
       "        if (typeof original[key] !== 'object') {\n",
       "            obj[key] = original[key];\n",
       "        }\n",
       "        return obj;\n",
       "    }, {});\n",
       "}\n",
       "\n",
       "mpl.figure.prototype.mouse_event = function (event, name) {\n",
       "    var canvas_pos = mpl.findpos(event);\n",
       "\n",
       "    if (name === 'button_press') {\n",
       "        this.canvas.focus();\n",
       "        this.canvas_div.focus();\n",
       "    }\n",
       "\n",
       "    var x = canvas_pos.x * this.ratio;\n",
       "    var y = canvas_pos.y * this.ratio;\n",
       "\n",
       "    this.send_message(name, {\n",
       "        x: x,\n",
       "        y: y,\n",
       "        button: event.button,\n",
       "        step: event.step,\n",
       "        guiEvent: simpleKeys(event),\n",
       "    });\n",
       "\n",
       "    /* This prevents the web browser from automatically changing to\n",
       "     * the text insertion cursor when the button is pressed.  We want\n",
       "     * to control all of the cursor setting manually through the\n",
       "     * 'cursor' event from matplotlib */\n",
       "    event.preventDefault();\n",
       "    return false;\n",
       "};\n",
       "\n",
       "mpl.figure.prototype._key_event_extra = function (_event, _name) {\n",
       "    // Handle any extra behaviour associated with a key event\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.key_event = function (event, name) {\n",
       "    // Prevent repeat events\n",
       "    if (name === 'key_press') {\n",
       "        if (event.key === this._key) {\n",
       "            return;\n",
       "        } else {\n",
       "            this._key = event.key;\n",
       "        }\n",
       "    }\n",
       "    if (name === 'key_release') {\n",
       "        this._key = null;\n",
       "    }\n",
       "\n",
       "    var value = '';\n",
       "    if (event.ctrlKey && event.key !== 'Control') {\n",
       "        value += 'ctrl+';\n",
       "    }\n",
       "    else if (event.altKey && event.key !== 'Alt') {\n",
       "        value += 'alt+';\n",
       "    }\n",
       "    else if (event.shiftKey && event.key !== 'Shift') {\n",
       "        value += 'shift+';\n",
       "    }\n",
       "\n",
       "    value += 'k' + event.key;\n",
       "\n",
       "    this._key_event_extra(event, name);\n",
       "\n",
       "    this.send_message(name, { key: value, guiEvent: simpleKeys(event) });\n",
       "    return false;\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.toolbar_button_onclick = function (name) {\n",
       "    if (name === 'download') {\n",
       "        this.handle_save(this, null);\n",
       "    } else {\n",
       "        this.send_message('toolbar_button', { name: name });\n",
       "    }\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.toolbar_button_onmouseover = function (tooltip) {\n",
       "    this.message.textContent = tooltip;\n",
       "};\n",
       "\n",
       "///////////////// REMAINING CONTENT GENERATED BY embed_js.py /////////////////\n",
       "// prettier-ignore\n",
       "var _JSXTOOLS_RESIZE_OBSERVER=function(A){var t,i=new WeakMap,n=new WeakMap,a=new WeakMap,r=new WeakMap,o=new Set;function s(e){if(!(this instanceof s))throw new TypeError(\"Constructor requires 'new' operator\");i.set(this,e)}function h(){throw new TypeError(\"Function is not a constructor\")}function c(e,t,i,n){e=0 in arguments?Number(arguments[0]):0,t=1 in arguments?Number(arguments[1]):0,i=2 in arguments?Number(arguments[2]):0,n=3 in arguments?Number(arguments[3]):0,this.right=(this.x=this.left=e)+(this.width=i),this.bottom=(this.y=this.top=t)+(this.height=n),Object.freeze(this)}function d(){t=requestAnimationFrame(d);var s=new WeakMap,p=new Set;o.forEach((function(t){r.get(t).forEach((function(i){var r=t instanceof window.SVGElement,o=a.get(t),d=r?0:parseFloat(o.paddingTop),f=r?0:parseFloat(o.paddingRight),l=r?0:parseFloat(o.paddingBottom),u=r?0:parseFloat(o.paddingLeft),g=r?0:parseFloat(o.borderTopWidth),m=r?0:parseFloat(o.borderRightWidth),w=r?0:parseFloat(o.borderBottomWidth),b=u+f,F=d+l,v=(r?0:parseFloat(o.borderLeftWidth))+m,W=g+w,y=r?0:t.offsetHeight-W-t.clientHeight,E=r?0:t.offsetWidth-v-t.clientWidth,R=b+v,z=F+W,M=r?t.width:parseFloat(o.width)-R-E,O=r?t.height:parseFloat(o.height)-z-y;if(n.has(t)){var k=n.get(t);if(k[0]===M&&k[1]===O)return}n.set(t,[M,O]);var S=Object.create(h.prototype);S.target=t,S.contentRect=new c(u,d,M,O),s.has(i)||(s.set(i,[]),p.add(i)),s.get(i).push(S)}))})),p.forEach((function(e){i.get(e).call(e,s.get(e),e)}))}return s.prototype.observe=function(i){if(i instanceof window.Element){r.has(i)||(r.set(i,new Set),o.add(i),a.set(i,window.getComputedStyle(i)));var n=r.get(i);n.has(this)||n.add(this),cancelAnimationFrame(t),t=requestAnimationFrame(d)}},s.prototype.unobserve=function(i){if(i instanceof window.Element&&r.has(i)){var n=r.get(i);n.has(this)&&(n.delete(this),n.size||(r.delete(i),o.delete(i))),n.size||r.delete(i),o.size||cancelAnimationFrame(t)}},A.DOMRectReadOnly=c,A.ResizeObserver=s,A.ResizeObserverEntry=h,A}; // eslint-disable-line\n",
       "mpl.toolbar_items = [[\"Home\", \"Reset original view\", \"fa fa-home icon-home\", \"home\"], [\"Back\", \"Back to previous view\", \"fa fa-arrow-left icon-arrow-left\", \"back\"], [\"Forward\", \"Forward to next view\", \"fa fa-arrow-right icon-arrow-right\", \"forward\"], [\"\", \"\", \"\", \"\"], [\"Pan\", \"Left button pans, Right button zooms\\nx/y fixes axis, CTRL fixes aspect\", \"fa fa-arrows icon-move\", \"pan\"], [\"Zoom\", \"Zoom to rectangle\\nx/y fixes axis, CTRL fixes aspect\", \"fa fa-square-o icon-check-empty\", \"zoom\"], [\"\", \"\", \"\", \"\"], [\"Download\", \"Download plot\", \"fa fa-floppy-o icon-save\", \"download\"]];\n",
       "\n",
       "mpl.extensions = [\"eps\", \"jpeg\", \"pgf\", \"pdf\", \"png\", \"ps\", \"raw\", \"svg\", \"tif\"];\n",
       "\n",
       "mpl.default_extension = \"png\";/* global mpl */\n",
       "\n",
       "var comm_websocket_adapter = function (comm) {\n",
       "    // Create a \"websocket\"-like object which calls the given IPython comm\n",
       "    // object with the appropriate methods. Currently this is a non binary\n",
       "    // socket, so there is still some room for performance tuning.\n",
       "    var ws = {};\n",
       "\n",
       "    ws.binaryType = comm.kernel.ws.binaryType;\n",
       "    ws.readyState = comm.kernel.ws.readyState;\n",
       "    function updateReadyState(_event) {\n",
       "        if (comm.kernel.ws) {\n",
       "            ws.readyState = comm.kernel.ws.readyState;\n",
       "        } else {\n",
       "            ws.readyState = 3; // Closed state.\n",
       "        }\n",
       "    }\n",
       "    comm.kernel.ws.addEventListener('open', updateReadyState);\n",
       "    comm.kernel.ws.addEventListener('close', updateReadyState);\n",
       "    comm.kernel.ws.addEventListener('error', updateReadyState);\n",
       "\n",
       "    ws.close = function () {\n",
       "        comm.close();\n",
       "    };\n",
       "    ws.send = function (m) {\n",
       "        //console.log('sending', m);\n",
       "        comm.send(m);\n",
       "    };\n",
       "    // Register the callback with on_msg.\n",
       "    comm.on_msg(function (msg) {\n",
       "        //console.log('receiving', msg['content']['data'], msg);\n",
       "        var data = msg['content']['data'];\n",
       "        if (data['blob'] !== undefined) {\n",
       "            data = {\n",
       "                data: new Blob(msg['buffers'], { type: data['blob'] }),\n",
       "            };\n",
       "        }\n",
       "        // Pass the mpl event to the overridden (by mpl) onmessage function.\n",
       "        ws.onmessage(data);\n",
       "    });\n",
       "    return ws;\n",
       "};\n",
       "\n",
       "mpl.mpl_figure_comm = function (comm, msg) {\n",
       "    // This is the function which gets called when the mpl process\n",
       "    // starts-up an IPython Comm through the \"matplotlib\" channel.\n",
       "\n",
       "    var id = msg.content.data.id;\n",
       "    // Get hold of the div created by the display call when the Comm\n",
       "    // socket was opened in Python.\n",
       "    var element = document.getElementById(id);\n",
       "    var ws_proxy = comm_websocket_adapter(comm);\n",
       "\n",
       "    function ondownload(figure, _format) {\n",
       "        window.open(figure.canvas.toDataURL());\n",
       "    }\n",
       "\n",
       "    var fig = new mpl.figure(id, ws_proxy, ondownload, element);\n",
       "\n",
       "    // Call onopen now - mpl needs it, as it is assuming we've passed it a real\n",
       "    // web socket which is closed, not our websocket->open comm proxy.\n",
       "    ws_proxy.onopen();\n",
       "\n",
       "    fig.parent_element = element;\n",
       "    fig.cell_info = mpl.find_output_cell(\"<div id='\" + id + \"'></div>\");\n",
       "    if (!fig.cell_info) {\n",
       "        console.error('Failed to find cell for figure', id, fig);\n",
       "        return;\n",
       "    }\n",
       "    fig.cell_info[0].output_area.element.on(\n",
       "        'cleared',\n",
       "        { fig: fig },\n",
       "        fig._remove_fig_handler\n",
       "    );\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.handle_close = function (fig, msg) {\n",
       "    var width = fig.canvas.width / fig.ratio;\n",
       "    fig.cell_info[0].output_area.element.off(\n",
       "        'cleared',\n",
       "        fig._remove_fig_handler\n",
       "    );\n",
       "    fig.resizeObserverInstance.unobserve(fig.canvas_div);\n",
       "\n",
       "    // Update the output cell to use the data from the current canvas.\n",
       "    fig.push_to_output();\n",
       "    var dataURL = fig.canvas.toDataURL();\n",
       "    // Re-enable the keyboard manager in IPython - without this line, in FF,\n",
       "    // the notebook keyboard shortcuts fail.\n",
       "    IPython.keyboard_manager.enable();\n",
       "    fig.parent_element.innerHTML =\n",
       "        '<img src=\"' + dataURL + '\" width=\"' + width + '\">';\n",
       "    fig.close_ws(fig, msg);\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.close_ws = function (fig, msg) {\n",
       "    fig.send_message('closing', msg);\n",
       "    // fig.ws.close()\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.push_to_output = function (_remove_interactive) {\n",
       "    // Turn the data on the canvas into data in the output cell.\n",
       "    var width = this.canvas.width / this.ratio;\n",
       "    var dataURL = this.canvas.toDataURL();\n",
       "    this.cell_info[1]['text/html'] =\n",
       "        '<img src=\"' + dataURL + '\" width=\"' + width + '\">';\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.updated_canvas_event = function () {\n",
       "    // Tell IPython that the notebook contents must change.\n",
       "    IPython.notebook.set_dirty(true);\n",
       "    this.send_message('ack', {});\n",
       "    var fig = this;\n",
       "    // Wait a second, then push the new image to the DOM so\n",
       "    // that it is saved nicely (might be nice to debounce this).\n",
       "    setTimeout(function () {\n",
       "        fig.push_to_output();\n",
       "    }, 1000);\n",
       "};\n",
       "\n",
       "mpl.figure.prototype._init_toolbar = function () {\n",
       "    var fig = this;\n",
       "\n",
       "    var toolbar = document.createElement('div');\n",
       "    toolbar.classList = 'btn-toolbar';\n",
       "    this.root.appendChild(toolbar);\n",
       "\n",
       "    function on_click_closure(name) {\n",
       "        return function (_event) {\n",
       "            return fig.toolbar_button_onclick(name);\n",
       "        };\n",
       "    }\n",
       "\n",
       "    function on_mouseover_closure(tooltip) {\n",
       "        return function (event) {\n",
       "            if (!event.currentTarget.disabled) {\n",
       "                return fig.toolbar_button_onmouseover(tooltip);\n",
       "            }\n",
       "        };\n",
       "    }\n",
       "\n",
       "    fig.buttons = {};\n",
       "    var buttonGroup = document.createElement('div');\n",
       "    buttonGroup.classList = 'btn-group';\n",
       "    var button;\n",
       "    for (var toolbar_ind in mpl.toolbar_items) {\n",
       "        var name = mpl.toolbar_items[toolbar_ind][0];\n",
       "        var tooltip = mpl.toolbar_items[toolbar_ind][1];\n",
       "        var image = mpl.toolbar_items[toolbar_ind][2];\n",
       "        var method_name = mpl.toolbar_items[toolbar_ind][3];\n",
       "\n",
       "        if (!name) {\n",
       "            /* Instead of a spacer, we start a new button group. */\n",
       "            if (buttonGroup.hasChildNodes()) {\n",
       "                toolbar.appendChild(buttonGroup);\n",
       "            }\n",
       "            buttonGroup = document.createElement('div');\n",
       "            buttonGroup.classList = 'btn-group';\n",
       "            continue;\n",
       "        }\n",
       "\n",
       "        button = fig.buttons[name] = document.createElement('button');\n",
       "        button.classList = 'btn btn-default';\n",
       "        button.href = '#';\n",
       "        button.title = name;\n",
       "        button.innerHTML = '<i class=\"fa ' + image + ' fa-lg\"></i>';\n",
       "        button.addEventListener('click', on_click_closure(method_name));\n",
       "        button.addEventListener('mouseover', on_mouseover_closure(tooltip));\n",
       "        buttonGroup.appendChild(button);\n",
       "    }\n",
       "\n",
       "    if (buttonGroup.hasChildNodes()) {\n",
       "        toolbar.appendChild(buttonGroup);\n",
       "    }\n",
       "\n",
       "    // Add the status bar.\n",
       "    var status_bar = document.createElement('span');\n",
       "    status_bar.classList = 'mpl-message pull-right';\n",
       "    toolbar.appendChild(status_bar);\n",
       "    this.message = status_bar;\n",
       "\n",
       "    // Add the close button to the window.\n",
       "    var buttongrp = document.createElement('div');\n",
       "    buttongrp.classList = 'btn-group inline pull-right';\n",
       "    button = document.createElement('button');\n",
       "    button.classList = 'btn btn-mini btn-primary';\n",
       "    button.href = '#';\n",
       "    button.title = 'Stop Interaction';\n",
       "    button.innerHTML = '<i class=\"fa fa-power-off icon-remove icon-large\"></i>';\n",
       "    button.addEventListener('click', function (_evt) {\n",
       "        fig.handle_close(fig, {});\n",
       "    });\n",
       "    button.addEventListener(\n",
       "        'mouseover',\n",
       "        on_mouseover_closure('Stop Interaction')\n",
       "    );\n",
       "    buttongrp.appendChild(button);\n",
       "    var titlebar = this.root.querySelector('.ui-dialog-titlebar');\n",
       "    titlebar.insertBefore(buttongrp, titlebar.firstChild);\n",
       "};\n",
       "\n",
       "mpl.figure.prototype._remove_fig_handler = function (event) {\n",
       "    var fig = event.data.fig;\n",
       "    if (event.target !== this) {\n",
       "        // Ignore bubbled events from children.\n",
       "        return;\n",
       "    }\n",
       "    fig.close_ws(fig, {});\n",
       "};\n",
       "\n",
       "mpl.figure.prototype._root_extra_style = function (el) {\n",
       "    el.style.boxSizing = 'content-box'; // override notebook setting of border-box.\n",
       "};\n",
       "\n",
       "mpl.figure.prototype._canvas_extra_style = function (el) {\n",
       "    // this is important to make the div 'focusable\n",
       "    el.setAttribute('tabindex', 0);\n",
       "    // reach out to IPython and tell the keyboard manager to turn it's self\n",
       "    // off when our div gets focus\n",
       "\n",
       "    // location in version 3\n",
       "    if (IPython.notebook.keyboard_manager) {\n",
       "        IPython.notebook.keyboard_manager.register_events(el);\n",
       "    } else {\n",
       "        // location in version 2\n",
       "        IPython.keyboard_manager.register_events(el);\n",
       "    }\n",
       "};\n",
       "\n",
       "mpl.figure.prototype._key_event_extra = function (event, _name) {\n",
       "    var manager = IPython.notebook.keyboard_manager;\n",
       "    if (!manager) {\n",
       "        manager = IPython.keyboard_manager;\n",
       "    }\n",
       "\n",
       "    // Check for shift+enter\n",
       "    if (event.shiftKey && event.which === 13) {\n",
       "        this.canvas_div.blur();\n",
       "        // select the cell after this one\n",
       "        var index = IPython.notebook.find_cell_index(this.cell_info[0]);\n",
       "        IPython.notebook.select(index + 1);\n",
       "    }\n",
       "};\n",
       "\n",
       "mpl.figure.prototype.handle_save = function (fig, _msg) {\n",
       "    fig.ondownload(fig, null);\n",
       "};\n",
       "\n",
       "mpl.find_output_cell = function (html_output) {\n",
       "    // Return the cell and output element which can be found *uniquely* in the notebook.\n",
       "    // Note - this is a bit hacky, but it is done because the \"notebook_saving.Notebook\"\n",
       "    // IPython event is triggered only after the cells have been serialised, which for\n",
       "    // our purposes (turning an active figure into a static one), is too late.\n",
       "    var cells = IPython.notebook.get_cells();\n",
       "    var ncells = cells.length;\n",
       "    for (var i = 0; i < ncells; i++) {\n",
       "        var cell = cells[i];\n",
       "        if (cell.cell_type === 'code') {\n",
       "            for (var j = 0; j < cell.output_area.outputs.length; j++) {\n",
       "                var data = cell.output_area.outputs[j];\n",
       "                if (data.data) {\n",
       "                    // IPython >= 3 moved mimebundle to data attribute of output\n",
       "                    data = data.data;\n",
       "                }\n",
       "                if (data['text/html'] === html_output) {\n",
       "                    return [cell, data, j];\n",
       "                }\n",
       "            }\n",
       "        }\n",
       "    }\n",
       "};\n",
       "\n",
       "// Register the function which deals with the matplotlib target/channel.\n",
       "// The kernel may be null if the page has been refreshed.\n",
       "if (IPython.notebook.kernel !== null) {\n",
       "    IPython.notebook.kernel.comm_manager.register_target(\n",
       "        'matplotlib',\n",
       "        mpl.mpl_figure_comm\n",
       "    );\n",
       "}\n"
      ],
      "text/plain": [
       "<IPython.core.display.Javascript object>"
      ]
     },
     "metadata": {},
     "output_type": "display_data"
    },
    {
     "data": {
      "text/html": [
       "<img src=\"data:image/png;base64,\" width=\"572.85\">"
      ],
      "text/plain": [
       "<IPython.core.display.HTML object>"
      ]
     },
     "metadata": {},
     "output_type": "display_data"
    }
   ],
   "source": [
    "choice = vector_buffer.frames[0].active_choice[0]\n",
    "fig, ax = plt.subplots()\n",
    "im = ax.imshow(choice)\n",
    "colorbar = fig.colorbar(im, values=[0,1,2,3], ticks=[0,1,2,3])"
   ]
  }
 ],
 "metadata": {
  "kernelspec": {
   "display_name": "Python 3",
   "language": "python",
   "name": "python3"
  },
  "language_info": {
   "codemirror_mode": {
    "name": "ipython",
    "version": 3
   },
   "file_extension": ".py",
   "mimetype": "text/x-python",
   "name": "python",
   "nbconvert_exporter": "python",
   "pygments_lexer": "ipython3",
   "version": "3.8.3"
  }
 },
 "nbformat": 4,
 "nbformat_minor": 4
}
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This package is a reader and writer for DaVis image sets, vector sets and
particle fields (.set), as well as vector fields (.vc7, .vec) and images
(.im7, .imx).


Supported Python versions are 3.7 to 3.11, CPython only, 64-bit only.
OS: Windows and Linux.
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Difference between Lvpyio and Lvpyio_wrapped




There are two packages to choose from: lvpyio and lvpyio_wrapped. Their
documented interface is identical. Most users should use lvpyio: it's faster,
consumes less memory, and is easier to call from other applications, like MATLAB
and ParaView. However, using lvpyio and Qt5 in the same process, e.g. when you
embed lvpyio inside a PySide2 application or when you select Qt5Agg as the
matplotlib backend, can cause a Qt-related ImportError. If you encounter this
error, install and use lvpyio_wrapped as a drop-in replacement. It starts a
separate process for reading and writing, so you will see a second Python
process appear in the task manager after importing it.


Dependencies




Lvpyio


lvpyio has the following necessary dependencies:


		numpy

		C++ runtime (Microsoft Visual C++ Redistributable 2017 if you have Windows. On
Linux, libstdc++ is usually already present)




Optional dependencies:


		matplotlib (for plotting)




On very minimal Linux installations (e.g. Arch base install), you may have to 
install libdb as well. On most Linux systems it's already present.


Lvpyio_wrapped


lvpyio_wrapped has the following necessary dependencies:


		lvpyio

		pyzmq

		psutil




Optional dependencies:


		matplotlib (for plotting)




Installation




Create and activate a virtual environment with a tool of your choice, then
install the package with pip:


pip install lvpyio




When in doubt, see the pip documentation.


Notes for Conda Users


If you use conda, please install (or update, if already installed) the necessary
dependencies with conda before installing lvpyio with pip. Otherwise
the missing dependencies will be installed with pip as well and this is known
to cause conflicts. If unsure, do it in a fresh environment or call
pip install --no-deps instead of pip install.


Notes for Users of Older Pip Versions


If your pip version is older than 19.3 (you can check it with pip --version),
you need to update pip first.


If you use an environment created with venv:


python -m pip install -U pip




If you use a conda environment:


conda update pip




Usage




Reading Sets and Multi-sets


Although you can work with .im7 and .vc7 files directly (see below),
the preferred way to read and write DaVis data is via sets. DaVis recordings
often don't consist of separate .im7 files, so using the set interface becomes 
absolutely necessary.


The function read_set accepts a path and returns a Set object or, if the 
path points to a multi-set, a Python list of Set objects. If you want to 
check in advance if your set is a multi-set, you can do it with is_multiset.


>>> import lvpyio as lv
>>> path = "path/to/data/Cam_Date=041014_Time=173435"
>>> lv.is_multiset(path)
False
>>> s = lv.read_set(path)
>>> s
<Image set 'Cam_Date=041014_Time=173435' with 10 buffers>
>>> s.title
'Cam_Date=041014_Time=173435'
>>> s.type_id
'SET_TYPE_ID_RECORDING'
>>> len(s)  # number of buffers
10




A set consists of one or more buffers, and a buffer consists of one or more
frames (also called volumes).


Buffers and Frames


A buffer can be read from a Set object by indexing it:


# reading the first buffer from a set
buffer = s[0]

# iterating over all buffers
for buffer in s:
    ... # do something




If you read a set, a buffer isn't loaded from disk until you access it, and will 
be reloaded every time you access it:


import lvpyio as lv
s = lv.read_set("path/to/data") # does not load any buffer
copy = s[0] # loads a buffer from disk
another_copy = s[0] # loads the same buffer again




In particular, modifying the loaded buffer will never modify the set it came
from. To force loading all buffers and keep their copies in memory, which isn't 
recommended for large sets, you can use all_buffers = list(s). For only
loading a range of buffers, comprehensions can be used, e.g. 
[s[i] for i in range(2, 6)] copies the specified buffers from disk to memory
immediately, and (s[i] for i in range(2, 6)) creates a lazy iterator without
copying anything yet.


Buffer attributes can be accessed with buffer.attributes. It's a Python dict 
whose keys are str:


>>> from pprint import pprint
>>> pprint(buffer.attributes)
{'AttributeDisplayFrameInfo': 'SetupDialogBufferAttrFrameInfo(-1)',
 'ExpPathValue_Date': '041014',
 'ExpPathValue_Time': '173435',
 'FastStorageStartTime': '22463.467724',
 'LoadFile': 'E:\\examples\\Example PIV '
             'Stereo\\Cam_Date=041014_Time=173435\\B00001.im7',
 'LoadSet': 'E:/examples/Example PIV Stereo/Cam_Date=041014_Time=173435',
 'LoadSetIndex': '1',
 '_Date': '14.10.04',
 '_FrameScale': '1\n0\nframe\n',
 '_Header_PackType': '1',
 '_Time': '17:34:36.906'}




Device data won't be displayed separately like in DaVis. You will find it in 
the attributes whose name start with DevData.


Frames can be accessed with buffer.frames. It's a Python list of ImageFrame 
or VectorFrame objects. A Buffer object is sized, subscriptable and 
iterable:


>>> len(buffer) # number of frames
4
>>> [frame.scales.x.unit for frame in buffer]
['mm', 'mm', 'mm', 'mm']
>>> frame = buffer[0]
>>> frame.type_id
'ImageFrame'




Frame attributes can be accessed just like buffer attributes:


>>> pprint(frame.attributes)
{'AcqTime': '500',
 'AcqTimeSeries': '1530749 Âµs',
 'CCDExposureTime': '30000 Âµs',
 'CamPixelSize': '6.45 Âµm',
 'CameraName': '1A: Imager Intense (1376 x 1040 pixel)',
 'FrameProcessing': '0'}




For example, to investigate the acquisition time series of a set, you can do:


>>> import lvpyio as lv
>>> s = lv.read_set("path/to/data/Cam_Date=041014_Time=173435")
>>> [b[0].attributes["AcqTimeSeries"] for b in s]
['1530749 Âµs', '1948585 Âµs', '2366377 Âµs', '2782542 Âµs', '3200737 Âµs',
'3617083 Âµs', '4035520 Âµs', '4452483 Âµs', '4868068 Âµs', '5286472 Âµs']




Easy Data Access


>>> arr = buffer.as_masked_array()
>>> type(arr)
<class 'numpy.ma.core.MaskedArray'>




A frame, conceptually, consists of planes. A plane of an image frame is an
image, a plane of a vector frame is a vector field. Three-dimensional data has 
multiple planes, two-dimensional data only one plane. The number of planes can
be obtained with len(frame), the shape of each plane with frame.shape.
For an image, shape is measured in pixel, for a vector field, in vectors.


>>> len(frame)
1 # one image
>>> frame.shape
(1024, 1376) # height x width, numpy convention




Every frame has a method called as_masked_array which accepts a plane index 
and returns a masked numpy array. If no plane index is provided, 0 will be 
assumed. Calling it with different indices is useful when working with 3D data. 
The values will be scaled like in DaVis. To avoid scaling errors, the dtype 
of the result will be 'float64' for image frames regardless of the data type 
stored in the original buffer, [('u', '<f8'), ('v', '<f8')] for vector frames 
with two components and [('u', '<f8'), ('v', '<f8'), ('w', '<f8')] for vector 
frames with three components, where f8 again stands for float64.


buffer.as_masked_array(i, j) is shorthand for buffer[i].as_masked_array(j). 
If no frame and plane indices are provided, 0 will be assumed.


You may modify the resulting arrays as you wish. The modifications won't affect 
the original buffer object or frame object.


Working with Structured and Masked Numpy Arrays: Examples


The following two examples are runnable. We encourage you to open a Python 
interpreter and try them out with the accompanying data.


Image buffer example:


import lvpyio as lv
b = lv.read_set("data/word_masked")[0]
# extract first frame, first plane as array:
arr = b.as_masked_array()

print(arr)
# output:
# [[554.0 364.0 2262.0 ... -- -- --]
#  [2453.0 423.0 428.0 ... -- -- --]
#  [1689.0 508.0 382.0 ... -- -- --]
#  ...
#  [-- -- -- ... -- -- --]
#  [-- -- -- ... -- -- --]
#  [-- -- -- ... -- -- --]]

# get unmasked data:
print(arr.data)
# output:
# [[ 554.  364. 2262. ...   67.   77.   76.]
#  [2453.  423.  428. ...   93.   76.   80.]
#  [1689.  508.  382. ...   79.   90.   75.]
#  ...
#  [  65.   59.   69. ...   75.   78.   80.]
#  [  63.   66.   59. ...   71.   84.   83.]
#  [  70.   66.   64. ...   68.   79.   85.]]

# get mask:
print(arr.mask)
# output:
# [[False False False ...  True  True  True]
#  [False False False ...  True  True  True]
#  [False False False ...  True  True  True]
#  ...
#  [ True  True  True ...  True  True  True]
#  [ True  True  True ...  True  True  True]
#  [ True  True  True ...  True  True  True]]

# first row of the masked array:
print(arr[0])
# output:
# [554.0 364.0 2262.0 ... -- -- --]




Vector buffer example:


import lvpyio as lv
b = lv.read_set("data/2d3c")[0]
arr = b.as_masked_array()

# get the topmost leftmost vector (it's masked in this example):
print(arr[0,0])
# output:
# (--, --, --)

# get the first five vectors from the second row:
print(arr[1,:5])
# output:
# [(--, --, --) (--, --, --) (--, --, --)
# (-0.16445358684289454, 0.15648226495242118, 0.0090000756944865)
# (-0.17152579677414895, 0.15407613824236394, -0.005028278277654201)]

# extract the unmasked data and the mask:
arr.data
arr.mask
# extract the vector components as masked arrays:
arr["u"]
arr["v"]
arr["w"]  # this component only exists in 3C vector fields




More details about structured arrays and masked arrays can be found in the 
numpy documentation:


Structured arrays


Masked arrays


Plotting (Requires matplotlib)


Every frame has a plot method:


>>> frame.plot()  # a plot should appear




An image will be displayed with masked pixels whited out.


A vector field will be displayed as arrows over a background map that shows the 
absolute velocity (or, more generally, the vector length). If vectors have a 
third component, it's being ignored by the arrows but included in the 
background image calculation. Masked and disabled vectors will be whited out.


Just like as_masked_array, plot accepts a plane index. If no plane index is 
provided, 0 will be assumed. buffer.plot(i, j) is shorthand for 
buffer[i].plot(j). If no frame and plane indices are provided, 0 will be 
assumed.


A keyword argument show (default is True) can be used if you are using
a non-interactive backend or want to customize the plot. With show=False,
the method doesnt display a plot and returns a matplotlib.figure.Figure object
instead which you can modify and display as you need.


Advanced Data Access


The easy interface is limited. It also assumes well-formed data (the same shape 
for every plane, mask having the same shape as the data itself, no vector 
frames in an image set etc.).


A frame has a components attribute which behaves like a dict and can be used 
for advanced data access.


>>> vector_frame.components
<17 components: U0, V0, U1, V1, U2, V2, U3, V3, ACTIVE_CHOICE, ENABLED,
TS:Peak ratio, MASK, TS:Correlation value, TS:Particle size, TS:Uncertainty V,
TS:Uncertainty Vx, TS:Uncertainty Vy>




Its console representation already contains the names of the components. This 
is useful to interactively explore attached scalar fields, vector components, 
vector choices etc. Alternatively, you can obtain the names of all components 
with frame.components.keys().


Scalar fields' names are prefixed with "TS:". For example, if DaVis displays 
a field called Particle size, it can be obtained with 
vector_frame.components["TS:Particle size"].


For example, in an image frame, you can get the raw unscaled image data of the 
first plane with frame.components["PIXEL"] to do the appropriate scaling 
yourself. The scales can be accessed with frame.scales. If k is the plane 
index, j the row index and i the column index, you can get the coordinates 
of the corresponding point like this:


x = frame.scales.x.slope * i + frame.scales.x.offset
y = frame.scales.y.slope * j + frame.scales.y.offset
z = frame.scales.z.slope * k + frame.scales.z.offset




If frame is a vector frame, the grid should be taken into account while scaling
coordinates. Use frame.scales.x.slope * grid.x * i + frame.scales.x.offset etc.


The data itself can be scaled with frame.scales.i in the same manner (i 
means intensity, just like in DaVis). Unlike with coordinates, taking the grid
into account is not needed. When scaling vector data, both DaVis and
as_masked_array a) scale every vector component with the
intensity scale, and then b) multiply the u component with the sign of the slope
of the x scale, the v component with the sign of the slope of the y scale, and
the w component with the sign of the slope of the z scale. You should do the
same if you wish to obtain the same results manually. Step b usually only
makes a difference for the y component: in most DaVis data, x and z scales have
positive slope and the y scale has negative slope.


Scalar fields, like all components, have scales as well:


vector_frame.components["TS:Particle size"].scale




In a vector frame, as_masked_array doesn't differentiate between disabled 
vectors and masked vectors. You can access the raw data with
frame.components["MASK"] and frame.components["ENABLED"]. Be aware that 
those components aren't always present. Be also aware that DaVis and numpy use 
different conventions for masks. Both use an array of ones and zeros as a mask, 
but in DaVis, 0 means invalid value and 1 means valid value, and in numpy it's 
the other way around. frame.masks and frame.disabled return the 
corresponding components as they are stored (0 means invalid value), but 
frame.as_masked_array uses numpy masked arrays and, therefore, converts masks 
to numpy format.


To sum up the differences between easy access and advanced access:


# Assuming we have a vector buffer:
array = buffer.as_masked_array(frame=m, plane=n)
# Accessing the mask (no distinction between disabled and masked,
# 1 means invalid as usual in numpy):
array["u"].mask
# Accessing the u component of the data (scaled, choices taken into account):
array["u"].data

# U component of the data, choice 0, unscaled:
buffer[m].components['U0'].planes[n]
# Mask (1 means valid as usual in DaVis):
buffer[m].masks[n]
# Which vectors are enabled:
buffer[m].enabled[n]




The advanced interface does not copy the original data, so it can be used to 
modify it.


Example: Reading the Uncertainties


>>> s = lv.read_set("data/2d3c")
>>> buffer = s[0]
>>> frame = buffer[0]
>>> frame.components
<25 components: U0, V0, U1, V1, U2, V2, U3, V3, ACTIVE_CHOICE, ENABLED, W0, W1,
W2, W3, TS:Peak ratio, MASK, TS:Correlation value, TS:Stereo reconstruction 
error, TS:Uncertainty C_xy, TS:Uncertainty C_xz, TS:Uncertainty C_yz, 
TS:Uncertainty V, TS:Uncertainty Vx, TS:Uncertainty Vy, TS:Uncertainty Vz>
>>> uncertainty_V = frame.components["TS:Uncertainty V"]
>>> uncertainty_V
<1 plane, scale=Scale(slope=0.213246, offset=0.0, unit='m/s', description=
'Uncertainty V')>
>>> uncertainty_V[0] # get the plane with the actual data
array([[0.        , 0.        , 0.        , ..., 0.        , 0.        ,
        0.        ],
       [0.        , 0.        , 0.        , ..., 0.        , 0.        ,
        0.        ],
       [0.        , 0.        , 0.05930465, ..., 0.        , 0.        ,
        0.        ],
       ...,
       [0.        , 0.        , 0.        , ..., 0.        , 0.        ,
        0.        ],
       [0.        , 0.        , 0.        , ..., 0.        , 0.        ,
        0.        ],
       [0.        , 0.        , 0.        , ..., 0.        , 0.        ,
        0.        ]], dtype=float32)
# we can ignore the offset because it's 0.0:
>>> uncertainty_V_scaled = uncertainty_V[0] * uncertainty_V.scale.slope
>>> uncertainty_V_scaled
array([[0.        , 0.        , 0.        , ..., 0.        , 0.        ,
        0.        ],
       [0.        , 0.        , 0.        , ..., 0.        , 0.        ,
        0.        ],
       [0.        , 0.        , 0.01264648, ..., 0.        , 0.        ,
        0.        ],
       ...,
       [0.        , 0.        , 0.        , ..., 0.        , 0.        ,
        0.        ],
       [0.        , 0.        , 0.        , ..., 0.        , 0.        ,
        0.        ],
       [0.        , 0.        , 0.        , ..., 0.        , 0.        ,
        0.        ]], dtype=float32)




Other Useful Methods and Properties


frame.masks is a list of masks (0 means masked). The number of arrays in this 
list is the number of planes in this frame. frame.masks[i] is identical to 
frame.components["MASK"][i] (where i is a plane index), but will be 
available (and filled with 1) if the data doesn't have a "MASK" component for 
some reason. Image frames additionally have frame.images, a list of unscaled 
images, for similar access to the "PIXEL" component. Vector frames have 
frame.enabled and frame.active_choice for access to the "ENABLED" and 
"ACTIVE_CHOICE" pixel components. These properties exist to make working with 
the advanced interface more convenient.


Vector frames have the following additional properties:


		frame.is_3c is True if the vectors have three components, False if they 
have two components. Three components shouldn't be confused with three 
dimensions (as explained above, three dimensions simply mean that a frame has 
multiple planes). For example, a SeqPIV calculation result (2D/2C in DaVis) has 
len(frame) == 1 and frame.is_3c == False, a StereoPIV calculation result 
(2D/3C) has len(frame) == 1 and frame.is_3c == True, and a 3D/3C DVC 
calculation result has len(frame) > 1 and frame.is_3c == True.

		frame.grid contains the vector grid for all three axes.




A frame can be indexed with plane indices. The result is a dict that maps 
component names to numpy arrays. No copying is performed, any changes in the
array will be propagated to the original frame object and buffer object:


# multiply whole image buffer with a factor
for frame in buffer:
    for plane in frame:
        plane["PIXEL"] *= 2




Closing Sets


Like many other Python resources, e.g. file handles, Set objects can't be 
properly managed by the Python garbage collector. If you are opening and 
discarding large amounts of sets, it's a good idea to close them manually (or 
to use a context manager, but this won't work with multi-sets as they are 
simply lists).


# opening and closing a set manually:
s = lv.read_set("path/to/ImageSet")  # opening set
buffer = s[0]  # copying buffer to memory
s.close()  # set is closed, but the buffer is still available




# opening a multi-set and closing its subsets:
ms = lv.read_set("path/to/MultiSet")
s = ms[0]
buffer = s[0]
for s in ms:
    s.close()




# context manager:
with lv.read_set("path/to/ImageSet") as s:
    buffer = s[0]




You can check with s.closed if a set has already been closed. You should not 
read from a closed set.


For more examples on reading and plotting image and buffer data, please check
the accompanying Jupyter notebooks, plots.ipynb and corr_map.ipynb.


Writing Sets


For writing a set to disk, use write_set. The first argument can be a Set
object (use it if you want to convert a set produced in the latest DaVis to a 
set that can be read by an earlier DaVis version), a Python list of Buffer 
objects (use it if you want to read existing buffers, modify them and save them
to a new set), or a Python list of numpy arrays (use them to create completely
new data). Putting a new set in a project can be done by simply putting it in
the project folder with your file manager.


Using write_set with Set Objects


lv.write_set(lv.read_set("data/2d3c"), "my_new_set")




Using write_set with Lists of Buffer Objects


When working with a multi-frame image, make sure that you modify all frames in 
a compatible way.


Example: adding noise to an image.


import numpy as np
import lvpyio as lv

s = lv.read_set("data/word_masked")

result = []
for buffer in s:
    for frame in buffer:
        image = frame.components["PIXEL"]
        plane = image[0]  # this is a 2D image, so only one plane
        noise = np.random.choice(5000, image.shape).astype(image.dtype)
        plane += noise
    result.append(buffer)

lv.write_set(result, "noise")




Example: modifying only the U component of a vector buffer.


import lvpyio as lv

buffer = lv.read_set("data/2d3c")[0]

for frame in buffer:
    for i in range(frame.choices):
        # U0, U1, U2, U3 because there are 4 choices:
        component = frame.components[f"U{i}"]
        for plane in component:
            plane *= 2  # multiply in-place

lv.write_set([buffer], "multiplied")




Using write_set with Lists of Numpy Arrays


Buffer can be represented by 2D arrays for 2D data and 3D arrays for 3D data.
Buffers with multiple frames can be represented by lists of arrays.


		Input		Output

		list of 2D arrays		each buffer in set has one frame with one plane

		list of 3D arrays		each buffer in set has one frame with multiple planes

		list of lists of 2D arrays		each buffer in set has multiple frames, each frame has one plane

		list of lists of 3D arrays		each buffer in set has multiple frames, each frame has multiple planes




Allowed dtypes are:


		numpy.dtype("uint16") (corresponds to a Word Image in DaVis)

		numpy.dtype("int32") (Int Image)

		numpy.dtype("single") (Float Image)

		numpy.dtype("double") (Double Image)

		lvpyio.vec2c (2C Vector field)

		lvpyio.vec3c (3C Vector field)




For example, a list of lists with four 2D arrays of dtype numpy.dtype("uint8")
will be written as a set of word images with four frames each, and a list with a
single 3D-array with dtype lvpyio.vec3c will be written as a set with one
3C/3D vector volume.


Masked arrays are allowed. Their masks will be converted as well.


Example usage:


import numpy as np
import lvpyio as lv

# A set with two 3x3 images, each pixel contains a double-precision number
first = np.array([[1,2,3],[4,5,6],[7,8,9]], dtype=np.double)
second = np.array([[10,11,12],[13,14,15],[16,17,18]], dtype=np.double)
lv.write_set([first, second], "image")

# A set with one buffer, the buffer has 5 frames
frames = [first * i for i in range(5)]
lv.write_set([frames], "frames")

# Ten 2x2 vector fields with 2C vectors
vectors = np.array([[(1,2),(3,4)],[(5,6),(7,8)]], dtype=lv.vec2c)
s = []
for i in range(10):
    copy = vectors.copy()
    copy["u"] *= i
    copy["v"] *= i
    s.append(copy)

lv.write_set(s, "vectors")

# One 20 x 20 x 20 masked vector volume with 3C vectors
masked_vectors = np.ma.zeros((20, 20, 20), dtype=lv.vec3c)
masked_vectors.mask = True
lv.write_set([masked_vectors], "masked_vectors")




Reading and Writing Buffers Directly to Disk


read_buffer and write_buffer can be used to read a buffer directly from an
.im7 or .vc7 file or write buffers to disk as .im7 or .vc7 files. write_buffer
can be called with Buffer objects (use it if you want to read an existing
buffer and modify it) or with numpy arrays (use it if you want to create a
completely new buffer).


DaVis will ignore buffers that don't belong to a set, so you can't just put
them in the project folder. Use the Import dialog for placing a new buffer into
the project.


Using read_buffer


# reading a buffer from a path
buffer = lv.read_buffer("some/path/B00001.im7")




Using write_buffer


Just like with write_set, use 2D arrays for 2D data and 3D arrays for 3D data. 
Use lists of arrays for data with multiple frames.


		Input		Output

		2D array		one frame with one plane

		3D array		one frame with multiple planes

		list of 2D arrays		multiple frames, each has one plane

		list of 3D arrays		multiple frames, each has multiple planes




Allowed dtypes are the same as for write_set.


Reading Particle Fields


Particle fields (e.g. Shake-the-Box results) are a special kind of sets that
should be read with the read_particles function:


>>> tr = lv.read_particles("data/particles/SingleTrack")
>>> tr
<Time-resolved particle field with 1001 time steps and 1 track>




Like image and vector sets, they consist of a .set file and a folder with the
same name. Trying to read a particle field with read_set, or an image or
vector set with read_particles, raises RuntimeError.


A particle field object has the following fields and methods:


		attributes: a dict of attributes

		bounds: measurement volume bounding box (also called "size" in the DaVis UI)
represented as two points (min and max).

		scalar_scales: information about scalars (see below). A dict from names of
scalars to their scales.

		scales: information about particle scales. Contains scales for the x, y,
and z coordinates of a particle and for the intensity of a particle.

		times: returns an array of timestamps in seconds relative to the first time
step

		type_id: type identifier, can be one of TIME_RESOLVED, DOUBLE_PULSE and
FOUR_PULSE

		single_track, track_count, and tracks: information about tracks (see
below for details).




Just like buffer-based sets, a particle field object can be used as a context
manager, and has closed and close for manual management as well.


Time Steps


Particle fields don't consist of buffers. Instead, they consist of time steps.
Time step indices are 1-based in DaVis but 0-based in Python, just like buffers
in buffer-based sets have 1-based indices in DaVis and 0-based indices in
Python. The number of time steps can be obtained with len:


>>> len(tr)
1001
>>> tr[0]
TimeStep(1 particle with track, 0 particles without track, 0 scalars)




Particle fields can be time-resolved or multi-pulse. In multi-pulse particle
fields, time steps are called pulses and grouped together into blocks of equal
length:


>>> mp = lv.read_particles("data/particles/SegmentationTrackingMp")
>>> mp
<2-pulse particle field with 5 blocks and 741 tracks>
>>> len(mp)
5
>>> mp[0]
MultiPulse((170 particles with track, 0 particles without track, 1 scalar),
(170 particles with track, 0 particles without track, 1 scalar))
>>> mp[0][0]
Pulse(170 particles with track, 0 particles without track, 1 scalar)




Because a particle field can be indexed and has a length, it can be used like
any other sequence type:


for pulses in mp:
    for pulse in pulses:
        print(len(pulse.particles))




Timestamps of a multi-pulse particle field (as returned by the times method)
are grouped together as well, so it's a 1D array for a time-resolved particle
field but a 2D array for a multi-pulse particle field:


>>> tr.times()
array([0.   , 0.001, 0.002, ..., 0.998, 0.999, 1.   ])
>>> mp.times()
array([[0.   , 0.001],
       [0.005, 0.006],
       [0.01 , 0.011],
       [0.015, 0.016],
       [0.02 , 0.021]])
>>> tr.times().shape
(1001,)
>>> mp.times().shape
(5, 2)




For convenience, the type_id of a particle field contains the length of a
pulse:


>>> tr.type_id
<Type.TIME_RESOLVED: 1>
>>> tr.type_id.value
1
>>> mp.type_id
<Type.DOUBLE_PULSE: 2>
>>> mp.type_id.value
2




Particles and Tracks


A time step contains particles. In the following example, the first time step
contains one particle:


>>> tr[0].particles
array([(0, (0., 4000., 0., 1.))],
      dtype=[('track_id', '<u8'),
             ('particle', [('x', '<f4'), ('y', '<f4'), ('z', '<f4'),
                           ('intensity', '<f4')])])




In the other example, the first pulse of the first multi-pulse contains 170
particles:


>>> mp[0][0]
Pulse(170 particles with track, 0 particles without track, 1 scalar)
>>> len(mp[0][0].particles)
170




Each particle has coordinates (x, y, z) and intensity.


A particle can be part of a track. The number of tracks in the particle field
can be accessed with track_count. Each track can be accessed by its ID. Track
IDs are numbers from 0 to track_count - 1. Additionally, one can load all
tracks at once with tracks. For large particle fields, loading all tracks can
be both very slow and very memory-intensive, so if you only need a few tracks
whose IDs you already know, use single_track.


>>> tr.track_count
1
>>> tr.tracks()
[Track(start=0, 1001 particles, 0 scalars)]
>>> track = tr.single_track(0)
>>> track
Track(start=0, 1001 particles, 0 scalars)
>>> track.start
0
>>> track.particles
array([(0.0000000e+00, 4000.      , 0.0000000e+00, 1.000e+00),
       (2.0000000e-06, 4000.      , 1.0000000e-06, 2.000e+00),
       (1.6000000e-05, 4000.      , 8.0000000e-06, 3.000e+00), ...,
       (1.9880239e+03,   23.952032, 9.9401196e+02, 9.990e+02),
       (1.9940060e+03,   11.988004, 9.9700299e+02, 1.000e+03),
       (2.0000000e+03,   -0.      , 1.0000000e+03, 1.001e+03)],
      dtype=[('x', '<f4'), ('y', '<f4'), ('z', '<f4'), ('intensity', '<f4')])
>>> track.particles.shape
(1001,)
>>> particle = track.particles[5] # fifth particle from the track
>>> particle
(0.00025, 3999.9995, 0.000125, 6.)
>>> particle["x"] # values can be accessed by name
0.00025
>>> x, y, z, i = particle # a particle can be destructured
>>> i
6.0




The same particle can be accessed via its time step:


>>> step = tr[5]
>>> step
TimeStep(1 particle with track, 0 particles without track, 0 scalars)
>>> step.particles
array([(0, (0.00025, 3999.9995, 0.000125, 6.))],
      dtype=[('track_id', '<u8'), ('particle', [('x', '<f4'), ('y', '<f4'),
      ('z', '<f4'), ('intensity', '<f4')])])
>>> track_id, particle = step.particles[0]
>>> track_id
0
>>> particle
(0.00025, 3999.9995, 0.000125, 6.)




If you know the time step and the track ID, you can access the particle directly
by the track ID:


>>> step.particle_for_track(0)
(0.00025, 3999.9995, 0.000125, 6.)




Here is another example from a particle field with multiple tracks:


>>> mp.track_count
741
>>> track = mp.single_track(100)
>>> track
Track(start=0, 2 particles, 1 scalar)
>>> track.start
0
>>> len(track)
2




As we can see, track with ID 100 starts in the first block and has two particles.


For time-resolved data, start of a track is the index of its first time step
(that is, the time step containing the first particle of the track). For 4-pulse
data, start is a tuple of two indices: the index of its first multi-pulse
block and the index of the pulse in the block. For 2-pulse data, start is the
index of its first multi-pulse block (the index of the pulse in the block is not
necessary: tracks for double-pulse data always start in the first of the two
pulses).


IPR (iterative particle reconstruction, see FlowMaster Shake-the-Box product
manual for details) data consists of particles without tracks. In this case, the
particles array doesn't contain track IDs:


>>> ipr = lv.read_particles("data/particles/IPR")
>>> ipr
<2-pulse particle field with 3 blocks and 0 tracks>
>>> ipr[0][0]
Pulse(0 particles with track, 29 particles without track, 0 scalars)
>>> ipr[0][0].particles[0]
(2.3992462, 1.7948761, 8.602752, 0.5882383)




Scaling


Neither the particle coordinates nor the intensities are scaled. You will have
to scale them manually using the corresponding scales stored in the particle
field object. The scales can be obtained like this:


>>> tr.scales
Scales(x=Scale(slope=0.1, offset=-100.0, unit='mm', description='X'),
y=Scale(slope=-0.1, offset=200.0, unit='mm', description='Y'),
z=Scale(slope=0.1, offset=-50.0, unit='mm', description='Z'),
i=Scale(slope=1.0, offset=0.0, unit='', description=''))




The bounds (see above) are unscaled as well. They have the form ((min_x, min_y,
 min_z), (max_x, max_y, max_z)), where min_x and max_x should be scaled
with the x scale, min_y and max_y with the y scale and so on.


Scalars


Particles may have scalar values attached to them (this can be the case in e.g.
Tomographic Sizing experiments). For data with tracks, the scalar values may be
read both from tracks (in which case they have a corresponding track_id value)
and from the time steps / pulses:


>>> mp = lv.read_particles("data/particles/SegmentationTrackingMp")
>>> mp.scalar_scales
{'Particle diameter': Scale(slope=1.0, offset=0.0, unit='mm', description='')}
>>> pulse0 = mp[0][0]
>>> pulse0
Pulse(170 particles with track, 0 particles without track, 1 scalar)
>>> len(pulse0.scalars["Particle diameter"])
170
>>> pulse0.scalars["Particle diameter"][:2]
array([(0, 7.1812015), (1, 0.8418105)],
      dtype=[('track_id', '<u8'), ('scalar', '<f4')])
>>> pulse1 = mp[0][1]
>>> pulse1.scalars["Particle diameter"][:2]
array([(0, 7.249796), (1, 0.77885 )],
      dtype=[('track_id', '<u8'), ('scalar', '<f4')])
>>> track0 = mp.single_track(0)
>>> track0.scalars["Particle diameter"]
array([7.1812015, 7.249796 ], dtype=float32)
>>> track1 = mp.single_track(1)
>>> track1.scalars["Particle diameter"]
array([0.8418105, 0.77885  ], dtype=float32)




As you can see, the values are indeed the same.


For IPR data, the scalar values may only be read from time steps / pulses and
don't have track IDs corresponding to them.


The names of all scalars can be obtained with .scalar_scales.keys().


Scalars are not to be confused with quantities like velocity components that one
can see in DaVis. Velocities are not stored in the the particle field, so it's
impossible for lvpyio to extract them. They are calculated by DaVis on the
fly every time the particle field is displayed.


Attributes


A particle field has global attributes:


>>> mp.attributes["Timestamp"]
'2021-09-21T09:53:53,262Z'




In addition, each time step (for time-resolved data) or each multi-pulse block
(for multi-pulse data) has attributes as well, usually copies of the buffer
attributes of the image set that the particle set was calculated from:


>>> mp[0].attributes["TomoVolumeSubSetName"]
'Data/S00001'




Writing Particle Fields


You can read a particle field and write it back to disk:


pf = lv.read_particles("path/to/data")
lv.write_particles(pf, "copy")




This is useful for converting old particle fields created with DaVis 8 to the
new, much faster format used by DaVis 10 (but it also means that particle fields
written with lvpyio can't be read with DaVis 8). Note the important
difference between write_particles, which converts old data to new format, and
write_buffer/write_set, which convert new data to old format for maximum
compatibility, so image and vector sets written with lvpyio can be read
with older DaVis versions (however, some newer time-related attributes might
not be understood).


Custom particle fields may be written as well by using a dictionary with the
following keys:


		times (required):		for time-resolved data, the value should be a 1D numpy array of
np.float64.

		for multi-pulse data, it should be a 2D numpy array of np.float64.






		particles or tracks (exactly one of them is required, using both is not
allowed):		If the particles key is present, the value should be a list containing
a numpy array of dtype lv.particle_t for each time step (or, for multi-pulse
data, a tuple of such arrays). This key should be used when writing custom IPR
data.

		If the tracks key is present, it should be a list of lv.Track objects.
When constructing an lv.Track object, start and particles are required,
scalars are optional (defaulting to {}). When used, scalars should
have the same length as particles.






		scales (optional): a lv.Scales object. If missing, every scale defaults to
lv.Scale(factor=1, offset=0, unit="", description=""). All arguments to
lv.Scale are optional, so e.g. lv.Scale(unit="mm") is valid.

		attributes (optional): a dict with str keys. If missing, defaults to
{}.

		bounds (optional): ((min_x, min_y, min_z), (max_x, max_y, max_z)). If
missing, the bounds will be calculated from the particle coordinates so that all
particles are inside the bounds.

		scalar_scales (optional): a dict from names of scalars to lv.Scale
objects.

		scalars (optional): a dict from names of scalars to lists of numpy arrays
(or, for multi-pulse data, of tuples of numpy arrays). Each list should have the
same length as the value for the particles key. Each array should
have the same length as the array of particles for the corresponding time step
(or, for multi-pulse data, the corresponding pulse). Only for use with IPR data.
If you have data with tracks, scalars should be stored directly on the
corresponding tracks.




Examples


Writing time-resolved tracks:


times = np.array([0.0,0.1,0.2,0.3,0.4])
tracks = [lv.Track(3, np.array([(0,1,2,3),(4,5,6,0)], dtype=lv.particle_t)),
          lv.Track(2, np.array([(1,2,3,4),(5,6,0,1)], dtype=lv.particle_t)),
          lv.Track(2, np.array([(2,3,4,5),(6,0,1,2),
                                (3,4,5,6)], dtype=lv.particle_t)),
          lv.Track(1, np.array([(0,1,2,3),(4,5,6,0)], dtype=lv.particle_t)),
          lv.Track(1, np.array([(1,2,3,4),(5,6,0,1),
                                (2,3,4,5)], dtype=lv.particle_t)),
          lv.Track(1, np.array([(6,0,1,2),(3,4,5,6),
                                (0,1,2,3),(4,5,6,0)], dtype=lv.particle_t)),
          lv.Track(0, np.array([(1,2,3,4),(5,6,0,1)], dtype=lv.particle_t)),
          lv.Track(0, np.array([(2,3,4,5),(6,0,1,2),(3,4,5,6)], dtype=lv.particle_t)),
          lv.Track(0, np.array([(0,1,2,3),(4,5,6,0),
                                (1,2,3,4),(5,6,0,1)], dtype=lv.particle_t)),
          lv.Track(0, np.array([(2,3,4,5),(6,0,1,2),(3,4,5,6),
                                (0,1,2,3),(4,5,6,0)], dtype=lv.particle_t))]

lv.write_particles(dict(times=times, tracks=tracks), "tracks_tr")




Writing 2-pulse IPR data:


times = np.array([(0.0,0.1),(0.2,0.3),(0.4,0.5)])
particles = [(np.array([(1,2,3,1),(2,3,1,2)], dtype=lv.particle_t),
              np.array([(3,1,2,3)], dtype=lv.particle_t)),
             (np.array([], dtype=lv.particle_t),
              np.array([(4,5,1,2),(3,4,5,1),(2,3,4,5),
                        (1,2,3,4),(5,1,2,3)], dtype=lv.particle_t)),
             (np.array([(-1,-2,-3,1)], dtype=lv.particle_t),
              np.array([(4,5,1,2),(3,4,5,1),(2,3,4,5),(1,2,3,4),
                        (5,1,2,3),(4,5,1,2),(3,4,5,1)], dtype=lv.particle_t))]
lv.write_particles(dict(times=times, particles=particles), "ipr_2p")




Writing 4-pulse tracks with scalars:


times = np.array([(0.0,0.1,0.2,0.3),(1.0.,1.1,1.2,1.3)])
tracks = [lv.Track(start=(0,0),
                   particles=np.array((2,1,2,1),
                                      (1,1,1,1),
                                      (4,3,2,1),
                                      (0,1,0,1), dtype=lv.particle_t),
                   scalars={"Particle diameter": np.array([1,2,3,2])}),
          lv.Track(start=(0,1),
                   particles=np.array((0,0,0,1),
                                      (0,1,1,1),
                                      (1,0,1,1), dtype=lv.particle_t),
                   scalars={"Particle diameter": np.array([3,2,1])}),
          lv.Track(start=(1,0),
                   particles=np.array((0,1,2,3),
                                      (4,5,6,7),
                                      (8,9,8,7),
                                      (6,5,4,3), dtype=lv.particle_t),
                   scalars={"Particle diameter": np.array([2,1,2,3])})]
scalar_scales = {"Particle diameter": lv.Scale(1, 0, "mm", "")}
d = dict(times=times, tracks=tracks, scalar_scales=scalar_scales)
lv.write_particles(d, "tracks_4p")




Absolute times are not guaranteed to be preserved during writing of custom
particle fields, only the time differences between them are. We recommend to
use times starting with 0.0 to avoid surprises:


>>> times = np.array([1,2,4,8], dtype=np.float64)
>>> lv.write_particles(dict(times=times, tracks=[]), "output")
>>> lv.read_particles("output").times()
array([0., 1., 3., 7.])




Scaling


All data (particle coordinates, particle intentities, and bounds) has to be
unscaled, that is, all spatial data should be in voxel units. To make using
data in other units more convenient, lvpyio provides two functions,
unscale_particles and unscale_tracks, which take a particles array (or a
list of tracks, respectively) and a Scales object and unscale the particles
in-place (if you wish to preserve the scaled data, you'll have to copy it before
applying the function). The same Scales object should be then put into the
custom particle field dictionary that will be provided to the write_particles
function.


Many DaVis operations, e.g. binning, expect ca. 500 .. 2000 voxels in each
spatial direction. The scales for unscaling should be chosen accordingly.


Code Examples for Common Tasks




The examples in this section are runnable. We encourage you to try them out
with the data that was included with the manual.


Image Boundaries in Scaled Units


import lvpyio as lv
s = lv.read_set("data/word_masked")
buffer = s[0]
frame = buffer[0]
height, width = frame.shape # height and width in pixel
x, y = frame.scales.x, frame.scales.y
print("left boundary:", x.offset, x.unit)
print("right boundary:", x.offset + width * x.slope, x.unit)
print("top boundary:", y.offset, y.unit)
print("bottom boundary:", y.offset + height * y.slope, y.unit)

# output:
# left boundary: -28.7315 mm
# right boundary: 33.93842 mm
# top boundary: 17.2664 mm
# bottom boundary: -29.37168 mm




Convert .png to DaVis Format


import matplotlib.pyplot as plt
import numpy as np
import lvpyio as lv

image = plt.imread("data/logo.png") # jpg or gif works, too
# converting RGBA to grayscale with weighted luminosity:
grayscale = np.dot(image[...,:3], [0.299, 0.587, 0.114])
buffer = grayscale.astype(np.float32)
lv.write_set([buffer], "logo_set") # a set with one buffer
lv.write_buffer(buffer, "logo_buffer.im7") # a single .im7 file




Convert Single Buffers to Sets


import lvpyio as lv
lv.write_set([lv.read_buffer("data/2d3c/B00001.vc7")], "my_new_set")




Quick Preview of 3D Vector Volumes


import matplotlib.pyplot as plt
import numpy as np
import lvpyio as lv

s = lv.read_set("data/3d3c")
buffer = s[0]
frame = buffer[0]

depth = len(frame)
height, width = frame.shape

planes = [frame.as_masked_array(plane=i) for i in range(depth)]

u = np.ma.array([plane["u"] for plane in planes])
v = np.ma.array([plane["v"] for plane in planes])
w = np.ma.array([plane["w"] for plane in planes])

# https://numpy.org/doc/stable/reference/generated/numpy.meshgrid.html
x, y, z = np.meshgrid(
    np.linspace(0, 1, depth),
    np.linspace(0, 1, height),
    np.linspace(0, 1, width),
    indexing="ij"
)

assert u.shape == x.shape == (depth, height, width)

fig = plt.figure()
ax = fig.gca(projection='3d')

# https://matplotlib.org/mpl_toolkits/mplot3d/tutorial.html
ax.quiver(x, y, z, u, v, w, length=0.02)

plt.show()




Find Out the Camera Name of Each Frame


import lvpyio as lv
s = lv.read_set("data/word_masked")
buffer = s [0]
names = [frame.attributes["CameraName"] for frame in buffer]
print(names)




Customize Plots


from matplotlib.ticker import AutoLocator
import matplotlib.pyplot as plt
import lvpyio as lv

s = lv.read_set("data/word_masked")
buffer = s[0]
figure = buffer.plot(show=False)
ax = figure.axes[0]

# restoring default ticks:
ax.xaxis.set_major_locator(AutoLocator())
ax.yaxis.set_major_locator(AutoLocator())
# adding a grid and a title:
ax.grid()
ax.set_title("Customized plot")
# cropping the image:
ax.set_xlim(500, 1000)
ax.set_ylim(300, 800)

# more can be found at https://matplotlib.org/api/axes_api.html

plt.show()




Convert Vector Data to HDF5


A script for converting vector sets or vector buffers to HDF5 (requires h5py)
can be found in scripts/vector_to_hdf5.py. The script supports single-frame,
single-plane (1D), single-choice vector data (so it's suitable for Strain
results, but not for PIV results).


Limitations




As of now, only images, vector fields, and particle fields are supported. It can
happen that a set of another format (e.g. profile data) can be read without
errors, but this is an implementation detail you shouldn't rely on.


Subsets, e.g. calculation results or additional DVC data, have to be loaded 
manually by the user. For example, if you have read a DVC set called DVC_set 
and need access to its Data folder, you'll have to load 
DVC_set/Data/S00001.set, DVC_set/Data/S00002.set etc. as separate sets.
An example (a script to resize a DVC recording to half size along all three axes,
requires opencv-python and tqdm) can be found in scripts/dvc_resize.py.


Bayer RGB can be loaded, but has to be interpreted by the user. Other RGB image 
formats are not supported.


Writing multisets is not supported.


Writing custom particle fields with block attributes is not supported. The
block attributes are supposed to be copies of the buffer attributes of the image
set that the particle set was calculated from. If there is no such set, it
doesn't make sense to have block attributes.


To facilitate support, all data written with lvpyio is automatically marked
 with a special _lvpyioVersion attribute. Writing data without this attribute
 is not possible.


Troubleshooting




Problem: on Windows, read_buffer throws file doesn't exist, but the file
 definitely exists.


Cause: Windows paths use backslash as delimiter, but Python treats it as an 
escape character. For example, in a path like "E:\2020\B00001.vc7", Python 
interprets \2 as a single character.


Solution: Possible workarounds are:


		r"E:\2020\B00001.vc7" (note the r)

		"E:\\2020\\B00001.vc7"

		"E:/2020/B00001.vc7"






Problem: importing lvpyio in IPython or in a Jupyter notebook fails
with ModuleNotFoundError.


Cause: this happens if you work inside a virtual environment but IPython
 / Jupyter is installed globally.


Solution: install IPython or Jupyter in your virtual environment.




Problem: lvpyio can't open .ims files.


Cause: .ims is not a standalone format like .im7. An .ims file
can only be read as part of a set. Not even DaVis can import a separate .ims
file.


Solution: let's assume you have a recording set named MyRecording and it
contains .ims files, e.g. MyRecording/Frame0-0.ims. Don't try to open them.
Instead, open MyRecording with lvpyio.read_set.


Miscellaneous




Before version 1.3.0, lvpyio was called lvreader.


Feedback




Please report bugs and confusing error messages to python@lavision.de.





manual/data/2d2c.set
// set file <E:/experiments/AssortedVectors/Strain_LSM_TS (31x31 stepsize=7)_Differential/strain2c.set> created by DaVis

#GROUP Sets
SetType = 512;
SetGroups = "";
SetTime = "Thu Oct 28 17:39:16 2021";
SetComments = "";
SetStart = 1;
SetInc = 1;
SetSourceSet = "";
SetViewCallback = "";
SetLoadCallback = "";
bpInfoString = "2021-10-28 17:39:16: No information available.";




manual/data/2d3c.set
// set file <2d3c.set> created by DaVis

#GROUP Sets
SetType = 512;
SetGroups = "";
SetTime = "Fri Jun 18 17:55:51 2021";
SetComments = "";
SetStart = 1;
SetInc = 1;
SetSourceSet = "";
SetViewCallback = "";
SetLoadCallback = "";




manual/data/3d3c.set
// set file <3d3c.set> created by DaVis

#GROUP Sets
SetType = 512;
SetGroups = "";
SetTime = "Fri Jun 18 17:56:22 2021";
SetComments = "";
SetStart = 1;
SetInc = 1;
SetSourceSet = "";
SetViewCallback = "";
SetLoadCallback = "";




manual/data/logo.png


manual/data/word_masked.set
// set file <word_masked.set> created by DaVis

#GROUP Sets
SetType = 256;
SetGroups = "";
SetTime = "Fri Jun 18 18:00:05 2021";
SetComments = "";
SetStart = 1;
SetInc = 1;
SetSourceSet = "";
SetViewCallback = "";
SetLoadCallback = "";




manual/data/2d2c/B00001.vc7


manual/data/2d2c/B00002.vc7


manual/data/2d3c/B00001.vc7


manual/data/3d3c/B00001.vc7


manual/data/particles/IPR.set
// set file <E:/More STB/Example_STB/2-Pulse/IPR_V2/Resize.set> created by DaVis

#GROUP Sets
SetType = 16777216;
SetGroups = "";
SetTime = "Tue Nov 16 10:44:56 2021";
SetComments = "";
SetStart = 1;
SetInc = 1;
SetSourceSet = "";
SetTitle = "";
SetViewCallback = "";
SetLoadCallback = "";
SetIdentifier = "ParticleField";




manual/data/particles/SegmentationTrackingMp.set
// set file <E:/TomographicSizing/Shadow 3 Cameras/particles and bubbles double frame/Objects_01/Reconstruction_03/SegmentationTrackingMp.set> created by DaVis

#GROUP Sets
SetType = 16777216;
SetGroups = "";
SetTime = "Tue Sep 21 11:53:52 2021";
SetComments = "";
SetStart = 1;
SetInc = 1;
SetSourceSet = "";
SetViewCallback = "";
SetLoadCallback = "";
SetIdentifier = "ParticleField";




manual/data/particles/SingleTrack.set
// set file <D:/MyProjects/2009-10-16_tomo22_run172/ParticleSet.set> created by DaVis

#GROUP Sets
SetType = 16777216;
SetGroups = "";
SetTime = "Tue Feb 02 11:23:46 16";
SetComments = "";
SetStart = 1;
SetInc = 1;
SetSourceSet = "";
SetViewCallback = "";
SetLoadCallback = "";
SetIdentifier = "ParticleField";




manual/data/particles/IPR/attributes.attr


manual/data/particles/IPR/attributesblocks.attr


manual/data/particles/IPR/info.bin


manual/data/particles/IPR/scales.xml
 
     
     
     
     




manual/data/particles/IPR/shapes.bin


manual/data/particles/IPR/snapshotpositions.bin


manual/data/particles/IPR/snapshots.bin


manual/data/particles/IPR/tracks.bin


manual/data/particles/SegmentationTrackingMp/attributes.attr


manual/data/particles/SegmentationTrackingMp/attributesblocks.attr


manual/data/particles/SegmentationTrackingMp/info.bin


manual/data/particles/SegmentationTrackingMp/scalars_0.bin


manual/data/particles/SegmentationTrackingMp/scales.xml
 
     
     
     
     
     
     




manual/data/particles/SegmentationTrackingMp/shapes.bin


manual/data/particles/SegmentationTrackingMp/snapshotpositions.bin


manual/data/particles/SegmentationTrackingMp/snapshots.bin


manual/data/particles/SegmentationTrackingMp/tracks.bin


manual/data/particles/SingleTrack/attributes.attr


manual/data/particles/SingleTrack/info.bin


manual/data/particles/SingleTrack/scales.xml
 
     
     
     
     




manual/data/particles/SingleTrack/snapshots.bin


manual/data/particles/SingleTrack/tracks.bin


manual/data/word_masked/B00001.im7


manual/scripts/dvc_resize.py
###############################################################################
#                                                                             #
#          Copyright (C) 2021 LaVision GmbH.  All Rights Reserved.            #
#                                                                             #
###############################################################################

import sys
from os import path
from glob import glob
from shutil import copyfile
from tqdm import tqdm
import lvpyio as lv
import cv2


def resize(in_set, *, xy_only):

    out_set = []
    count = len(in_set)
    progress = tqdm(enumerate(in_set, 1), total=count, bar_format="{l_bar}{bar}", leave=False)

    for i, buffer in progress:
        progress.set_description(f"Resizing image {i} of {count}")
        frame = buffer[0]  # multi-frame data not expected

        for scale in frame.scales.x, frame.scales.y, frame.scales.z:
            scale.slope *= 2

        # A DVC recording usually has one component (PIXEL). This is what we want to resize.
        # But lvpyio output, for simplicity, always has MASK, even if it's all ones.
        # Resizing the PIXEL component and keeping the old MASK would lead to errors.
        # To allow the user to do recursive resizing, we delete the mask:
        if "MASK" in frame.components:
            del frame.components["MASK"]

        images = frame.components["PIXEL"].planes
        in_image = images[0]  # multi-plane data not expected
        out_image = cv2.resize(in_image, None, fx=0.5, fy=0.5, interpolation=cv2.INTER_AREA)
        images[0] = out_image

        # When resizing along x and y, but not z:
        if xy_only:
            out_set.append(buffer)
            continue

        # When resizing along x, y and z:
        if i == count:
            # Ignore the last image if the number of images is odd.
            # This is consistent with behavior of OpenCV resize.
            pass
        elif i % 2 == 1:
            previous_image = out_image
            out_set.append(buffer)
        else:
            previous_image += out_image
            previous_image //= 2

    return out_set


def main():

    if len(sys.argv) == 3:
        in_path, out_path = sys.argv[1:]
    else:
        print("Usage:\n  python dvc_resize.py <input path> <output path>")
        sys.exit(1)

    in_data_paths = glob(path.join(in_path, "Data", "S*.set"))
    assert in_data_paths, "'Data' folder not found"

    in_set = lv.read_set(in_path)
    print("Root set")
    out_set = resize(in_set, xy_only=True)
    lv.write_set(out_set, out_path)

    copyfile(path.join(in_path, "Data.set"), path.join(out_path, "Data.set"))

    count = len(in_data_paths)

    for i, in_data_path in enumerate(in_data_paths, 1):
        print(f"Volume {i} of {count}")

        _, filename = path.split(in_data_path)
        out_data_path = path.join(out_path, "Data", filename)

        in_set = lv.read_set(in_data_path)
        out_set = resize(in_set, xy_only=False)

        lv.write_set(out_set, out_data_path)


if __name__ == "__main__":
    main()




manual/scripts/vector_to_hdf5.py
###############################################################################
#                                                                             #
#             Copyright (C) LaVision GmbH.  All Rights Reserved.              #
#                                                                             #
###############################################################################

import os
import sys
import argparse
import warnings
import h5py
import numpy as np
import lvpyio as lv


def calculate_displacements(array):
    height, width = array.shape
    is_3c = len(array.dtype) == 3

    vector_components = ["u", "v", "w"] if is_3c else ["u", "v"]

    displacements = np.empty((3 if is_3c else 2, height, width), dtype=np.float64)
    for i, key in enumerate(vector_components):
        displacements[i] = array[key]

    return displacements


def calculate_coordinates(frame):
    # Height is the y-dimension.
    # Not to be confused with the Height scalar field stored in TS:Height.
    height, width = frame.shape

    if frame.is_3c:
        scales = [frame.scales.x, frame.scales.y, frame.scales.z]
    else:
        scales = [frame.scales.x, frame.scales.y]

    coordinates = np.empty((3 if frame.is_3c else 2, height, width), dtype=np.float64)

    coordinates_x = frame.grid.x * np.arange(width) + frame.grid.x // 2
    for i in range(height):
        coordinates[0, i, :] = coordinates_x
    coordinates[0] = scales[0].slope * coordinates[0] + scales[0].offset

    coordinates_y = frame.grid.y * np.arange(height) + frame.grid.y // 2
    for i in range(width):
        coordinates[1, :, i] = coordinates_y
    coordinates[1] = scales[1].slope * coordinates[1] + scales[1].offset

    if frame.is_3c:
        assert "TS:Height" in frame.components, "3C Strain data must have 'Height' scalar field"
        height_scale = frame.components["TS:Height"].scale
        # Z component scale should be equal to height scale.
        # Only their descriptions are allowed to be different:
        scales_match = (
            height_scale.slope == scales[2].slope and
            height_scale.offset == scales[2].offset and
            height_scale.unit == scales[2].unit
        )

        if not scales_match:
            warnings.warn("z component and 'Height' scalar field have different scales", RuntimeWarning)
        coordinates[2] = scales[2].slope * frame[0]["TS:Height"] + scales[2].offset

    units = [scale.unit for scale in scales]
    descriptions = [scale.description for scale in scales]
    return coordinates, units, descriptions


def fill_buffer_group(buffer_group, buffer):
    if len(buffer) != 1:
        warnings.warn(f"expected single-frame data, got {len(buffer)} frames", RuntimeWarning)
    frame = buffer[0]

    if len(frame) != 1:
        warnings.warn(f"expected 2D data, got {len(frame)} planes", RuntimeWarning)

    if frame.type_id != 'VectorFrame':
        raise RuntimeError(f"expected VectorFrame, got {frame.type_id}")

    scaled_masked_array = frame.as_masked_array()

    displacements = calculate_displacements(scaled_masked_array)
    displacement_unit = frame.scales.i.unit
    displacement_description = frame.scales.i.description
    coordinates, coordinate_units, coordinate_descriptions = calculate_coordinates(frame)
    # position in hdf5 (actual) = position in vc7 (reference) + deformation
    coordinates += displacements

    mask = scaled_masked_array.mask["u"].astype(np.uint8)

    timestamp_key = "Timestamp"
    if timestamp_key in buffer.attributes:
        buffer_group.attrs[timestamp_key] = buffer.attributes[timestamp_key]
    else:
        warnings.warn(f"buffer attribute {timestamp_key} not found", RuntimeWarning)

    exposure_time_key = "CCDExposureTime"
    if exposure_time_key in frame.attributes:
        buffer_group.attrs[exposure_time_key] = frame.attributes[exposure_time_key]
    else:
        warnings.warn(f"frame attribute {exposure_time_key} not found", RuntimeWarning)

    coordinates_group = buffer_group.create_group("coordinates")
    coordinates_group.attrs["Unit"] = coordinate_units
    coordinates_group.attrs["Description"] = coordinate_descriptions

    displacements_group = buffer_group.create_group("displacements")
    displacements_group.attrs["Unit"] = displacement_unit
    displacements_group.attrs["Description"] = displacement_description

    coordinates_group.create_dataset("coordinate_x", data=coordinates[0], compression="gzip")  # x
    coordinates_group.create_dataset("coordinate_y", data=coordinates[1], compression="gzip")  # y
    displacements_group.create_dataset("displacement_x", data=displacements[0], compression="gzip")  # dx
    displacements_group.create_dataset("displacement_y", data=displacements[1], compression="gzip")  # dy

    if len(coordinates) == 3:
        coordinates_group.create_dataset("coordinate_z", data=coordinates[2], compression="gzip")  # z
        displacements_group.create_dataset("displacement_z", data=displacements[2], compression="gzip")  # dz

    total_displacement = np.sqrt(np.sum(displacements**2, axis=0))
    displacements_group.create_dataset("displacement_total", data=total_displacement, compression="gzip")

    mask_type = h5py.enum_dtype({"VALID": 0, "INVALID": 1}, basetype=np.uint8)
    coordinates_group.create_dataset("mask", data=mask, compression="gzip", dtype=mask_type)
    # hard link, see https://docs.h5py.org/en/latest/high/group.html#hard-links
    displacements_group["mask"] = coordinates_group["mask"]


def create_buffer_group(hdf5_file, buffer):
    """
    Create and fill a group in the hdf5 file. The group corresponds to one vector buffer.
    """
    path = buffer.attributes["LoadFile"]
    dir_name, file_name = os.path.split(path)
    group_name, _ = os.path.splitext(file_name)

    group = hdf5_file.create_group(group_name)
    group.attrs["VC7 Path"] = dir_name
    group.attrs["VC7 File"] = file_name
    fill_buffer_group(group, buffer)
    return group


def read_buffer_write_hdf5(input_buffer_path, hdf5_file_path):
    buffer = lv.read_buffer(input_buffer_path)
    print(f"Writing {hdf5_file_path}...")
    with h5py.File(hdf5_file_path, "w") as file:
        create_buffer_group(file, buffer)


def read_set_write_hdf5(input_set_path, hdf5_file_path):
    input_set = lv.read_set(input_set_path)
    print(f"Writing {hdf5_file_path}...")
    with h5py.File(hdf5_file_path, "w") as file:
        for buffer in input_set:
            group = create_buffer_group(file, buffer)
            group.attrs["Step No."] = int(buffer.attributes["LoadSetIndex"])


def main():
    parser = argparse.ArgumentParser()
    parser.add_argument('input_path', help='path to input set (.set) or input vector buffer (.vc7)')
    parser.add_argument('output_path', nargs='?', help='path to output file (.hdf5)')
    parser.add_argument('--overwrite', dest="overwrite", action="store_true", help='overwrite output file if it exists')
    args = parser.parse_args()

    input_path = os.path.normpath(args.input_path)
    root, ext = os.path.splitext(input_path)

    if args.output_path:
        hdf5_file_path = os.path.normpath(args.output_path)
    else:
        hdf5_file_path = f"{root}.hdf5"
        print(f"No output file path specified, assuming {hdf5_file_path}")

    if not args.overwrite and os.path.exists(hdf5_file_path):
        sys.stderr.write(f"Error: {hdf5_file_path} already exists, specify `--overwrite` to overwrite it")
        sys.exit(1)

    if ext.lower() in ("", ".set"):
        read_set_write_hdf5(input_path, hdf5_file_path)
    elif ext.lower() in ("vec", ".vc7"):
        read_buffer_write_hdf5(input_path, hdf5_file_path)
    else:
        raise RuntimeError(f"can't convert {ext} to hdf5")


if __name__ == "__main__":
    main()



