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Abstract
We demonstrate Vega-Video, a tool for creating interactive visualiza-
tions combining video data with conventional data. The declarative
Vega & Vega-Lite grammars enable performant data visualization
and havemade data exploration and presentation easier. Vega-Video
supports three classes of techniques: synchronization, annotation,
and transformation. Synchronization with playback state and an-
notating with overlays are established paradigms, now available in
a declarative and portable form. For example, Vega-Video enables
synchronizing plots with a video’s timeline while annotating frames
with bounding boxes over objects. Further, video transformation
allows real-time updates to a video’s content, such as dynamically
updating video compilations in response to brushing operations.
Vega-Video reconciles these three paradigms with the Grammar of
Graphics, enabling interactive visualizations that tightly integrate
video and conventional data. Combining these three video inter-
action techniques with existing data interaction methods greatly
reduces the friction of analyzing and exploring video datasets.
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• Human-centered computing→ Visualization systems and
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1 Introduction
Advancements in databases, computer vision, and machine learning
have made video data more valuable than ever. However, human
exploration and analysis of video datasets remains difficult. Video
is rarely a standalone data modality. Multimodal data pipelines
often store accompanying time series data, tabular data, or model
inference data. This necessitates interfaces that combine both con-
ventional data visualization and video data visualization.
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While conceptually simple, building hybrid video/data visual-
izations requires navigating the performance constraints of video.
Conventional visualizations can store entire datasets in memory
and render hundreds of times per second. Video data is accessed
differently, video playback state resists rapid changes, and the web
ecosystem’s approach to video makes even simple synchronization
tasks difficult to get right.

While bespoke applications have been created for visualization
within specific domains, a generalized approach for creating interac-
tive video/data visualizations remains unexplored. We demonstrate
Vega-Video, which addresses this gap. Vega-Video extends Vega’s
declarative grammar to support three classes of operations: video
synchronization, annotation, and transformation. Synchronization
is performed via signals that follow semantic intent rather than
direct execution, giving the appearance of a single unified state.
Annotation is analogous to Vega’s marks concept. Video transfor-
mation is modeled as a video-specific Vega transform implemented
as symbolic operations on Video on Demand (VOD) manifest files.
A declarative specification defines a visualization linked to one or
more video players. At runtime, Vega-Video transparently binds
Vega’s dataflow graph to the video players’ state. This enables
portable, performant interactive visualizations that combine con-
ventional and video data, makingmultimodal data exploration faster
and easier.

2 Related Work
Wilkinson’s Grammar of Graphics [15] is foundational to modern
data visualization systems. Two of the most successful implemen-
tations are Vega [11] and Vega-Lite [10]. Vega uses a JSON-based
specification grammar and a dataflow graph to propagate interac-
tion state. This state is represented as signals, which are updated by
events. Vega-Lite is a higher-level specification grammar that com-
piles to Vega. Vega-Lite makes common visualization patterns much
easier to represent, specifically brushing and linking, which are
unwieldy in their pure-Vega representation. Vega-Video supports
both Vega and Vega-Lite specifications.

Many systems perform some form of video/data visualization,
which we group by class. Synchronization, the most common, is
used primarily for time series visualization. ChronoViz [5] is built
for time-coded information. BEDA [6] is similar for physiology re-
search, and MUVTIME [14] for behavioral sciences. The next class,
annotation, is ubiquitous in computer vision, generally as tools
for labeling objects with bounding boxes [2, 3, 12, 13]. However,
in practice, annotating videos is generally done with OpenCV [1]
or Supervision [9]. Finally, video transformation is the most ab-
stract and least common. Early declarative video editing systems,
such as DIVA [7], provided a “stream algebra” for annotating and
rearranging video clips. Our prior work, V2V [16], is the first to
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"players": [
  { "name": "main",
    "sources": [{ "src": "data/video.mp4"}]}
],
"signals": [
{ "name": "@main.time",
"on": [{
"events": "@seekSurface:pointerdown,
↪   @seekSurface:pointermove[event.buttons]",
"update": "invert('x', clamp(x(), 0, width))"}]}

],
"marks": [
{ "type": "rect",
"name": "seekSurface",
"encode": {
"enter": { "fill": { "value": "transparent" } },
"update": {
"x": { "value": 0 }, "x2": { "signal": "width" },
"y": { "value": 0 }, "y2": { "signal": "height" }}}},

{ "type": "line", /* blue line mark omitted */ },
{ "type": "rule",
"encode": { "update": {

"strokeDash": {"value": [6, 4]},
"x": {"scale": "x", "signal": "@main.itime"},
"y": {"value": 0}, "y2": {"signal": "height"}}}},

{ "type": "rule",
"encode": { "update": {

"stroke": {"value": "red"},
"x": {"scale": "x", "signal": "@main.time"},
"y": {"value": 0}, "y2": {"signal": "height"}}}}]

①

③

③

④

②

①

④

Figure 1: A partial Vega visualization syncing time series data with a video ( 1○). Clicking or dragging on the plot updates the
video’s time ( 2○). A red playback cursor, at 47s, displays the time of the currently presented frame ( 3○). A dashed playback
cursor, at 59s, displays the frame a user is targeting ( 4○). Video frames in this and all subsequent figures from the BDD100K
dataset [17] © 2018 The Regents of the University of California.

"marks": [
{ "type": "boundingbox",
"transform": [
{ "type": "filter",
"field": "class_name",
"oneOf": ["person", "car", "traffic light"]}

{ "type": "filter",
"field": "confidence", "gte": 0.30}],

"encode": { "update": {
"xyxy": {"field": "xyxy"},
"class_id": {"field": "class_id"},
"frame_index": {"field": "frame_index"}}}},

{ "type": "label",
"transform": [
{ "type": "filter",
"field": "class_name",
"oneOf": ["person", "car", "traffic light"]}

{ "type": "filter",
"field": "confidence", "gte": 0.30}],

"encode": { "update": {
"xyxy": {"field": "xyxy"},
"class_id": {"field": "class_id"},
"label": {
"signal": "datum.class_name + ‘ ‘

↪ + format(datum.confidence, '.2f')"},
"frame_index": {"field": "frame_index"}}}}]

frame, dets = ...
dets = dets[dets.confidence >= 0.30]
dets = dets[dets.class_name.isin(

["car", "person", "traffic light"])]
labels = [f"{class_name} {confidence:.2f}"

for class_name, confidence in
zip(dets["class_name"], dets.confidence)]

frame = BoundingBoxAnnotator().annotate(frame, dets)
frame = LabelAnnotator().annotate(frame, dets, labels=labels)

c) Vega-Video video annotation spec.

b) Python + Supervision annotation code

a) Annotated video frame

Figure 2: Frame annotation specification using our proposed grammar (c), as well as the equivalent Python + Supervision code
(b), for drawing bounding boxes and a custom-formatted text label on objects in a video frame (a).
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a) Full event compilation b) Brush filters compilation c) Video player updates time

Figure 3: Brushing and linking with a video compilation. A brush selection (b) updates both a linked plot and a linked video
compilation. A marker on the scatter plot follows the currently displayed event in the compilation (c).

{
"data": /* omitted */
"layer": [
{ "mark": "bar",
"params": [
{ "name": "hist",
"select": { "type": "interval",

"encodings": ["x"] }}],
"encoding": {
"x": { "field": /* val */, "type": "quantitative",

"bin": { "maxbins": 15 } },
"y": { "aggregate": "count" },
"color": { "value": "#dddddd" }}},

{ "mark": "bar",
"transform": [{ "filter": { "param": "hist" } }],
"encoding": {
"x": { "field": /* val */, "type": "quantitative",

"bin": { "maxbins": 15 } },
"y": { "aggregate": "count" },
"color": { "value": "steelblue" }}}]

"players": [
  { "name": "main",
    "playlist": {
      "transform": [{ "filter": { "param": "hist" } }]}}]
}

Figure 4: A Vega-Lite specification for brushing a histogram
and linking a video compilation. A "players" object is con-
figured with a filter.

explore declarative video editing as a performance optimization,
efficiently synthesizing video results from queries. Video Lens [8]
enables quick viewing of specific clips, including via a brushing-
and-linking approach.

3 Visualization With Vega-Video
Vega-Video specifications are a superset of the Vega/Vega-Lite gram-
mar. Vega-Video binds to video players via a top-level "players"
attribute. An example is shown at 1○ in Figure 1. Similar to Vega-
Lite, Vega-Video compiles specifications to pure Vega.

3.1 Synchronization
A video player’s state is exposed via signals, as shown in Fig-
ure 1. Signals have intuitive names, such as @player.duration
and @player.playing, the latter of which can be set to play or
pause the video. There are two signals for representing a video
player’s time:

• @player.time is the presented time of the current frame
• @player.itime is the intended next-frame time

The @player.time signal is for frame-exact synchronization
with a video, reflecting the time of the currently displayed frame,
but is subject to the slow update time of a video player during scrub-
bing (dragging the playhead across the timeline). @player.itime
provides the instantaneous desired video position, but may not cor-
respond to the currently displayed frame during scrubbing. These
two time values can be seen in Figure 1 at 3○ and 4○, respectively.
Scrubbing is one of the primary interactions in video/data visualiza-
tions [4], so Vega-Video allows explicit control over this behavior.

Figure 1 shows a visualization drawing these two time values
on a time series line plot. Additionally, a seek surface ( 2○) allows a
user to drag across the chart to jump to the corresponding location
in the video. The state is shown during a scrub operation via a
mouse-drag; otherwise, the two time values would coincide.

3.2 Annotation
Vega-Video supports overlaying annotations on videos. Annotat-
ing videos primarily involves using computer vision results, such
as drawing bounding boxes around objects. Vega-Video adopts
Supervision’s [9] detection format and annotators, a widely-used
standard in computer vision. This equivalence is shown in Figure 2.
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Figure 5: Vega-Video Playground, our editor for iterating on
video visualizations. On the left is a specification editor, and
on the right is the visualization display and video player.

Annotation has a natural parallel to Vega’s marks when treating the
video as a discrete axis. Each annotation type, such as a bounding
box or label, is analogous to a mark type.

3.3 Transformation
Vega-Video supports transforming videos in real time. Figure 3
shows brushing-and-linking, where selecting a region in one view
filters linked views, with a video compilation. A collection of video
events is spliced together to form a compilation. These events can
be filtered via brushing, and other linked plots and videos update in
response. As more events are filtered out, the video becomes shorter.
In our demonstration, these videos update in approximately 150–
250ms. In addition, the current event in the video is highlighted on
the scatter plot, always following the currently displayed event.

Video transformation is specified through video-specific trans-
forms. These include filtering, clipping, sorting, and erosion/dilation
for managing short events. A minimal specification for video trans-
formation is shown in Figure 4.

Vega-Video implements this real-time video transformation by
exploiting VOD protocols. Each event is treated as a separate VOD
stream, and operations are applied to each stream’s manifest file.
Finally, all the streams are spliced together to form the final trans-
formed video stream, which is then passed to a VOD driver.

3.4 Demonstration Environment
Our demonstration consists of showing the visualizations from
Figures 1 to 5 in action. We demonstrate Vega-Video through its
playground website, shown in Figure 5, which is available to try on
laptops and smartphones. This environment allows rapid iteration
when developing video/data visualizations, and comes preloaded
with examples. Our demo video is available on YouTube.

4 Conclusion
We demonstrate Vega-Video, an extension for Vega/Vega-Lite that
incorporates video into the grammar of interactive graphics. We
present interactive visualizations that use the three classes of video
data visualization: synchronization, annotation, and transformation.

Each is integrated into Vega’s Grammar of Graphics-based specifi-
cation language, allowing idiomatic interactions across video and
conventional visualizations. Most notably, we demonstrate novel
interactions for video transformation, including applying filters to
video event compilations in real time. Vega-Video is available as
open source software at https://github.com/ixlab/vega-video.
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