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(a) Execution of Ginga-NCL application video.ncl at ¢ = 2s. (b) Execution of Ginga-HTMLS5 application current_service.html.

(c) Execution of Ginga-NCL application lua_canvas.ncl

Figure 1: gingaf execution at Web using the GingaPlayground interface

ABSTRACT Ginga development tools rely on heavy, platform-specific C++ im-
Ginga, alongside its Ginga-NCL and Ginga-HTMLS5 subsystems, is plementations, creating a steep barrier to entry for developers. This
an international standard for interactive digital television defined paper presents gingaf, a Ginga architecture which focuses on de-
by the ITU-T/SBTVD. It is used in Brazil and several Latin American coupling logic components from Ul components to support running
countries, and reaches over 60 million people. However, traditional both Ginga-NCL and Ginga-HTMLS5 applications directly from the

web browser, mobile, or desktop. On the web, we present a portable
Lua interpreter and a Ginga-HTMLS5 player that intercepts HTTP
requests to support Ginga-CC-WebServices. This architecture does
Unpublished working draft. Not for distribution. not require any native browser plugins, paving the way for web-
based development playgrounds and debugging environments.
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1 INTRODUCTION

The Ginga middleware is the international standard for interactive
digital television by both the ITU-T [8] and the Brazilian Digi-
tal Terrestrial Television System (SBTVD) [2]. Ginga utilizes the
Nested Context Language (NCL), an XML-based declarative multi-
media language. Ginga standard is legally mandated and installed
on 100% of certified Digital TV sets and set-top boxes sold in Brazil
and several other Latin American countries adopting the ISDB-T
framework. Because it is mandated by local telecommunications
entities, every major television manufacturer must embed a Ginga
implementation directly into their hardware firmware, making it
one of the most widely deployed interactive middleware systems
globally. This wide adoption results in over 60 million people im-
pacted daily. It is also widely used for public interest broadcasting;
for example, the Brazil4D [5] application targets low-income fami-
lies to access public services, health information, and educational
content. Furthermore, the application coding specification for the
next-generation Brazilian digital television standard (TV 3.0) con-
tinues to advance the Ginga engine [7].

Despite the critical role and massive scale of Ginga, develop-
ers and researchers continue to face the lack of a Web-based
development environment. This happens because traditional
Ginga players, such as the reference PUC-Rio C++ implementa-
tions [15, 16], are tightly coupled to the native platform (targeting
Linux-based digital TV receivers) and require specialized OS setups,
compilers, and heavy multimedia frameworks to run. Moreover, the
recent standardisation of new Ginga subsystems (Ginga-HTML5
and Ginga-CC-WebServices) added more complexity and limited
the portability of these traditional C++ players. Therefore, devel-
opers and researchers cannot easily share, test, or prototype their
code online. This creates a steep barrier, which contrasts sharply
with the trend in modern programming ecosystems, where major
frameworks provide instant web-based playgrounds.

gingaf addresses these challenges by introducing a portable
Ginga architecture that focuses on decoupling logic and UI com-
ponents. By separating the logic (headless) execution engine from
the visual rendering layer, we support running both subsystems
directly from the web browser, mobile, or desktop. As a proof of
concept and validation of this decoupled design, we developed Gin-
gaPlayground (Figure 1), a web-based editor running directly in
the browser without any native plugins or local installation.

To support reproducibility, source code (both gingaf and Gin-
gaPlayground), unit tests, and demonstration videos of gingaf are
available!. An instance of GingaPlayground is hosted online?.

We summarize our main contributions below:

e Cross-Platform Ginga implementation by Decoupling
Logic from UI Components: We introduce an architec-
ture that strictly separates the headless logic state from the
presentation components. This decoupling enables deter-
ministic execution of Ginga synchronization logic in pure

!https://github.com/ginga- org-br/gingaf
Zhttps://ginga.org.br/gingaf/playground/

Guedes et al.

code environments and cross-platform support across web,
mobile, and desktop from a single codebase.

e NCLua and CCWS Support on the Web: We present
adaptations for embedding NCLua and CCWS to be able
to run client-side by using a portable pure Dart Lua inter-
preter and overloading the browser’s fetch API inside a
sandboxed iframe.

The remainder of this paper is structured as follows. Section 2
presents the background on the Ginga standard, and Section 3
reviews related work. Section 4 introduces the decoupled architec-
ture of gingaf. Section 5 and Section 6 detail the execution of the
Ginga-NCL and Ginga-HTMLS5 subsystems. Section 7 presents the
GingaPlayground use case. Finally, Section 8 concludes the paper.

2 GINGA BACKGROUND

Figure 2 depicts the architecture of the D-profile Ginga DTV Re-
ceiver introduced by the TV 2.5 specifications [11]. Dashed elements
are the new components proposed in D-profile receivers, namely,
Ginga-HTML5 and Ginga-CC-WebServices. In the following, we
first detail the main components>.

Native Apps Native Apps § | NCL Apps §| HTMLS Apps

Ginga-NCL Ginga-HTMLS

I Ginga-CC

| Media Players I| Persistence I

Ginga-CC

Figure 2: D-Profile Ginga Receiver (Source: [11]).

Ginga-NCL is the subsystem responsible for controlling NCL
multimedia applications. NCL [13] is a declarative language that
defines temporal synchronization, layout reuse, multi-device pre-
sentation, and embedded Lua scripting?. It also provides an API for
on-the-fly modifications (NCL editing commands) and handles me-
dia from both broadcast and broadband channels. To accommodate
varying hardware capabilities, the SBTVD Forum defines specific
receiver profiles that applications can target to ensure compatibil-
ity [2].

To demonstrate the structure of NCL applications, we use a
sample application (video.ncl) presented in Listing 1. The pre-
sentation defines a primary video (video) in lines 4-6, a green
background media (green_bg) in lines 7-10, and a red background
media (red_bg) in lines 11-15 with an explicit duration of 2 seconds.
Temporal behavior is coordinated by link elements: link 11 starts
the green background when area a1 of the video begins (at 2s), and
link 12 stops the green background and starts the red background
when area al ends (at 4s). The application ends when the red_bg

30ther components such as SI and DSMCC were omitted for simplicity.
*https://www.lua.org
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ends at 6s (explicitDur 2s) and the main video ends decoding at 7s
(video content duration).
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<ncl>
<body>
<port id="init" component="video"/>
<media id="video" src="https://flutter.github.io/assets-for-api-
docs/assets/videos/butterfly.mp4">
<area id="al" begin="2s" end="4s"/>
</media>
<media id="green_bg">
<property name="background" value="green"/>
<property name="bounds" value="0%,80%,20%,20%"/>
</media>
<media id="red_bg">
<property name="background" value="red"/>
<property name="bounds" value="80%,80%,20%,20%"/>
<property name="explicitDur" value="2s"/>
</media>
<link id="11">
<bind role="onBegin" component="video" interface="al"/>
<bind role="start" component="green_bg"/>
</link>
<link id="12">
<bind role="onEnd" component="video" interface="al"/>
<bind role="stop" component="green_bg"/>
<bind role="start" component="red_bg"/>
</link>
</body>
</ncl>

Listing 1: video.ncl source code

Ginga-HTMLS5 [3] supports the execution of Web-based appli-
cations (e.g., Listing 2) natively within the Ginga environment. It
provides a standard web engine capable of rendering HTMLS5, CSS3,
and executing JavaScript, allowing developers to author interactive
digital television applications using modern web technologies.

Ginga-CC-WebServices focuses on integrating the experience
of the broadcasting and broadband environments. To do this, it
supports a set of services implemented in the form of REST APIs.
Thus, as indicated in Figure 2, its functionalities can be used by: 1)
native Smart TV applications, web-based applications, and Ginga
applications in the DTV receiver; 2) devices present in the home
environment, allowing, e.g., second-screen scenarios.

According to its standard [1], Ginga-CC-WebServices listens
by default on port 44642 and can be discovered by multicasting
an HTTP M-SEARCH request. Its functionalities include not only
functions for accessing content from broadcasting, but also func-
tions that standardize access to advanced features of the DTV en-
vironment (e.g., platform characteristics, supported DRM, media
playback capabilities). We briefly introduce each API and show its
main endpoints in what follows. In particular, the identifiers in
square brackets should be filled in the API request. For instance,
the GET http(s)://<host>/dtv/current-service returns infor-
mation for the selected DTV service.

To demonstrate the structure of Ginga-HTMLS5 applications us-
ing Ginga-CC-WebServices, we provide a sample application in
Listing 2. This JavaScript-based HTML application uses the stan-
dard fetch API to request the /dtv/current-service endpoint
on the local Ginga-CC-WebServices server at the default port 44642.
Once the asynchronous request is resolved, the application parses
the JSON response and updates the div elements with the retrieved
service data or an error message if the service is unreachable.
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<html>
<body>
<h1>Ginga-CC-WebServices Current Service Request</h1>
<div id="status"></div>
<div id="history"></div>
<pre id="result">No data fetched yet.</pre>
<script>
async function fetchService() {
const port = 44642; // default Ginga-CC-WebServices port
const resultDiv = document.getElementById('result');
const statusDiv = document.getElementById('status');
statusDiv. textContent = ~Trying port ${port}”;
const response = await fetch( http://localhost:${port}/dtv/
current-service);
if (response.ok) {
const data = await response.json();
resultDiv.textContent = JSON.stringify(data, null, 2);
statusDiv. textContent “Success at port ${port}!"
statusDiv.style.color "green";
return;
} else{
resultDiv. textContent
statusDiv.textContent
WebServices.";
statusDiv.style.color = "red";

3

"Error:_Service_not_found.";
"Failed_to._resolve_Ginga-CC-

fetchService();
</script>
</body>
</html>

Listing 2: current_service.html fetching from Ginga-CC-
WebServices

3 RELATED WORK

The development of Ginga players has historically been led by the
TeleMidia Lab at PUC-Rio, producing several versions. However,
all prior implementations share a fundamental limitation: they are
deeply tethered to native desktop libraries, making web compilation
impossible. Earlier work such as WebNCL [9] provided a web-based
NCL presentation engine but did not support Lua scripting.

NCL logic NCL UI
e - -~ ~ P —
1 g 1 q

1) sthrt I I : 3) attach() I :
+ »| NCLD t [ + GTK/SDL Context
[ 1
I ' I '
1 | 1 |
1 2) edit ! | 1
1 ) 1 |
\ \ 1 i \
I 5) onEvent() 1
1 1
| Media < + > GStreamer Media !
i 1 4)draw() i 1
1 ! 1 ]
N ’ U 7

Figure 3: Traditional native C++ NCL player architecture de-
scribing PUC-Rio Ginga v0.13 and v1.0, demonstrating tight
coupling between logic elements and Ul graphics bindings.

PUC-Rio Ginga v0.13.6 [10, 15] was designed for early-generation
digital TV receivers with resource constraints. It used SDL’ as the
UI context for rendering graphics and managing window events,
and FFmpeg® for audio/video decoding. Its execution model relied
on event listeners to handle asynchronous media playback: dedi-
cated threads monitored AV decoder callbacks and posted events
into the NCL engine, creating concurrency that was difficult to test
deterministically. Recently, PUC-Rio Ginga v1.0 [6, 16] modernized

Shttps://www.libsdlorg
Shttps://ffmpeg.org
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the renderer by adopting GTK” as the UI context and GStreamer®

as the AV decoding pipeline. A key architectural advance was the
move to a mono-threaded model inspired by synchronous execu-
tion: rather than spawning per-media threads, the engine advances
state through a central tick loop, reducing race conditions and im-
proving predictability. Another notable early implementation is
WebNCL, a web-based NCL player fully implemented in JavaScript
that did not support Lua.

The fundamental architectural issue preventing these implemen-
tations from running on the web is the tight coupling between the
NCL logic layer and the native operating system resources. As illus-
trated in Figure 3, in traditional C++ Ginga architectures, a Media
object within the NCL Document directly instantiates and drives a
native multimedia element (such as a GTK widget or a GStreamer
pipeline). The state machine logic blocks on native rendering calls
(draw()), and the media objects trigger NCL transitions directly
via system thread callbacks (onEvent()).

This bidirectional, tightly bound architecture makes it exception-
ally difficult to virtualize the execution. In a web browser environ-
ment (e.g., using WebAssembly), there is no access to raw socket
connections for Ginga-CC-WebServices, no native threading model
compatible with GStreamer, and no direct frame buffer for GTK to
paint onto. Furthermore, JavaScript’s single-threaded event loop
and strict security sandboxes make blocking NCL state machine
evaluations completely incompatible with web execution.

Recent efforts to modernize NCL tooling have explored cross-
platform frameworks. One crucial related work is NuGinga Play-
code [12], a web-compatible NCL authoring tool supporting NCL
and NCLua using cross-compilation techniques. This work demon-
strated the feasibility of porting NCL and Lua to the web by using
C++ to Wasm toolchains. Our work, gingaf, extends this capability
by providing a fully decoupled Dart implementation that natively
supports both HTML (via Ginga-CC-WebServices integration) and
Lua without heavily relying on C++ to Wasm toolchains.

Table 1 compares the features of gingaf with traditional imple-
mentations. By completely decoupling the logic component from
the UI component, and by porting the logic entirely to pure Dart,
gingaf successfully isolates the synchronization engine. This al-
lows the logic to compile flawlessly to JavaScript and Wasm, com-
pletely sidestepping the historical native binding limitations.

4 METHODOLOGY

To overcome the inherent coupling between NCL logic and native
rendering pipelines, gingaf introduces a novel architecture built
using Dart and the Flutter® framework. A key architectural decision
in our proposed architecture is the strict separation of the NCL
state machine from the visual presentation layer, leveraging Dart’s
multiplatform capabilities. By implementing the core NCLDocument
engine entirely in pure Dart as a non-UI component, we guarantee
that the complex NCL logic can be natively compiled and executed
across web, mobile, and desktop environments without requiring
platform-specific bindings or C++ bridges. Figure 4 illustrates this
high-level layered architecture.

"https://www.gtk.org
8https://gstreamer.freedesktop.org
“https://docs.flutter.dev/
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Table 1: Comparison of NCL Player Implementations

Work Language  Multimedia Engine Web Deploy Mobile Deploy Scheduling Ginga-NCL Ginga-HTML5 CCWS
PUC-Rio Ginga v0.13 [10, 15] C++ SDL/FFmpeg No No Event-Listener Yes No No
PUC-Rio Ginga v1.0 [6, 16] C++ GTK/Gstreamer No No Synchronous tick() Yes No No
WebNCL [9] JavaScript HTML5 Yes No Event-Listener Yes No No
NuGinga [4, 12] C++ (WASM) HTML5 Yes Yes Event-Listener Yes No No
gingaf (ours) Dart Flutter Yes Yes Synchronous tick() Yes Yes Yes
lcomponents . knowledge of any display context; and the NCL UI, implemented
NCLwidget HIMLWidget as a Flutter widget, drives the engine and maps its output to na-

1

1

! .

1
1
1
1
1
|

[ native and web-enabled multimedia engine ]

i

1

\ NCLDocument CCWS :
1

| [ Parser ] [ HTTPServer ] :
! 1
: [ NCLua ] [ router ] :
! 1
1

1 [ native and JavaScript-enabled language ] :
| [

Figure 4: gingaf layered architecture organized into logic and
UI components

At the bottom, the non-UI NCLDocument logic component oper-
ates within the logic layer. This layer is implemented in a native
and JavaScript-enabled language, which is concretely realized by
Dart. Dart enables compiling to native machine code for desk-
top and mobile, and uses the Dart2]S compiler to target highly
optimized JavaScript for web execution. The presentation layer
sits above this logic and is driven by a native and web-enabled
multimedia engine. In our implementation, this engine is Flutter,
which utilizes the CanvasKit renderer!? (a WebAssembly build of
Skia) to achieve high-performance, pixel-perfect layout and render-
ing in the browser without relying on browser-specific DOM ele-
ments. Within this structure, the presentation layer consists of the
NCLWidget (which embeds the NCLuaWidget and NCLMediaState),
the HTMLWidget, and the webview. Crucially, NCLua runs securely
within the NCLDocument logic component, while the Ginga-CC-
WebServices logic component exposes services via an embedded
HTTPServer and routes them internally using the router.

The subsequent sections detail these architectural layers. Sec-
tion 5 discusses the cross-platform Ginga-NCL execution, while
Section 6 details the cross-platform Ginga-HTML5 and Ginga-CC-
WebServices.

5 CROSS-PLATFORM GINGA-NCL

gingaf is built around two main components (Figure 5): the NCL
Logic, implemented entirely in Dart, acts as a self-contained exe-
cution engine that manages the NCL event state machine with no

1Ohttps://skia.org/docs/user/modules/canvaskit/
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tive platform widgets. We discuss the two components in the next
sections.

NCL UI NCL logic
i ) e T
1
1) sthrt : 2) tick() 1 !
—————+—| NCLWidget + »| NCLDocument

1 1
: ! : 1
1 1

1 1
14) syncProperties() : | 3) edit :

1

| A\ 1 : \ 4 1
1 1

1 1
| NCLMediaState L T > Media )
i 1 5) getProperties() | !
1 1
'\ _____________ 7 & ’

Figure 5: gingaf communication diagram

5.1 gingaf NCL Logic
The NCLDocument class is the core of the NCL logic component. The
execution state of NCLDocument is managed through three key API
methods: start() to initialize execution; tick() to advance the
virtual clock and process NCL logic; and stop() to halt execution.
The start() function begins by parsing the NCL XML input and
validating the resulting tree against XSD rules, checking ID unique-
ness and IDREF integrity. When the start() ends, NCLDocument
will have the following data structures:

e DOM (Document Object Model) contains Element instances
in the document structure (Figure 6). Each Element con-
tains its respective XML string and its raw XML attributes.
Node extends Element to hold runtime state (sleeping, oc-
curring, or paused) and a property list. NCLua is a special
Media that executes Lua scripts in pure Dart!! for multi-
platform (other elements were omitted for simplicity).

e VirtualClock: the engine maintains an internal logical
clock which Media use for their elapsed time. This clock is
advanced via tick() calls (ideal for debugging).

e ActionQueue: inside one tick(), actions are queued and
drained deterministically to ensure consistent execution
behavior.

e UIQueue: A shared queue that serves Ul and logic without
coupling them. At the end of tick, the Document writes en-
tries indicating which Media nodes changed visual proper-
ties, so the UI component can update rendering accordingly.
Moreover, before each tick, the NCL UI component can

Uhttps://pub.dev/packages/lua_dardo_plus
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write entries to notify the document that a media presenta-
tion has ended (e.g., a video file reached its end), allowing
the engine to process the corresponding event and propa-
gate any triggered links.

NCLDocument .
i i Element
clock, actionQueue, uiQueue, vy
start() tick() stop() id, rawAttributes
A
]
. Nod
Link QEC
state, properties

Media
getProperties()

1 7 -y
(Y | |

[ Context ] [ Switch ] [ NCLua ]

Figure 6: gingaf NCL DOM

tick() function advances an internal virtual clock by the given
millisecond increment rather than relying on system time. This
clock can be driven manually for testing or automatically by a
Flutter periodic timer in a presentation environment. Decoupling
time from the renderer enables high-speed headless testing: syn-
chronization scenarios can be validated in-memory using inline
XML strings, with no overhead from rendering windows, graphics
libraries, or AV decoders.

On each call, tick() drains two queues. The ActionQueue col-
lects transitions and link executions generated during state changes;
these are drained deterministically in XML document definition
order to ensure consistent execution behavior. The UIQueue serves
communication across the component boundary: before the tick,
the NCL UI component writes entries reporting that a media pre-
sentation has ended, which the engine processes to propagate any
triggered links; after the tick, the engine writes entries indicat-
ing which Media nodes changed visual properties, so the NCL UI
component can update rendering accordingly.

An example of the execution log produced during headless exe-
cution is shown in Listing 3.

> dart run ncl_doc/lib/main.dart examples/video.ncl
[ncl_doc_cli] Executing examples/video.ncl in headless mode
[Clock: ©.0s] NCLDocument will start

[Clock: ©.0s] Node "body": sleeping->occurring

[Clock: ©.0s] Node "video": sleeping->occurring
[ncl_doc_cli] perform 1 ticks per second indefinitely

[Clock: ©.0s] tickIndefinitely (1 ticks per/s)

[Clock: 1.0s] Tick

[Clock: 2.0s] Node "video" (area al): sleeping->occurring
[Clock: 2.0s] Node "green_bg": sleeping->occurring

[Clock: 2.0s] Tick

[Clock: 3.0s] Tick

[Clock: 4.0s] Node "video" (area al): occurring -> sleeping
[Clock: 4.0s] Node "green_bg": occurring -> sleeping
[Clock: 4.0s] Node "red_bg": sleeping->occurring

Listing 3: Headless execution log of video.ncl using dart run
ncl_doc/lib/main.dart video.ncl

The reliability of the cross-platform codebase is maintained
through an automated test suite. The ncl_doc logic package con-
tains 64 unit tests validating the parser and virtual clock progres-
sion. Because Dart compiles efficiently to JavaScript, all tests run

Guedes et al.

in milliseconds directly in continuous integration pipelines on the
web.

5.2 gingaf NCL Ul

The gingaf NCL UI layer is responsible for visual presentation.
NCLWidget drives the engine by calling tick() on NCLDocument
(arrow 2 in Figure 5) and delegates rendering to NCLMediaState,
which reads the current visual properties of each Media node di-
rectly from the NCL logic component (arrow 5). The interface con-
sists of a root Ginga widget that uses a Flutter Stack to lay out
elements. A background audio/video widget (main_av_widget) is
placed at the bottom, while the active media elements are rendered
on top within the NCL presentation surface. The WidgetFactory
maps NCL elements to native Flutter widgets.

Currently implemented widgets include ImageWidget (which
displays images and handles image format caching), AVWidget
(which renders native video/audio playback and supports state
tracking), and TextWidget (which renders formatted text blocks
using bounds properties). Each widget extends BaseWidget to map
NCL layout properties (such as left, top, width, height, and
background) to Flutter’s Positioned and BoxDecoration param-
eters.

A key design aspect of gingaf is the bidirectional event feedback
loop. NCLWidget holds an instance of NCLDocument and registers a
Flutter periodic timer that periodically calls doc. tick() to advance
the virtual clock.

When a media widget experiences a state change (for example,
when an AVWidget reaches the end of its video file), the widget
notifies the NCLWidget via the UI Queue. The application then
retrieves the corresponding Media node from the document and
triggers its transition event, allowing the headless execution engine
to run link conditions and propagate state changes back to the
widgets. This ensures a clean separation of concerns: widgets only
worry about rendering and local lifecycle events, while the engine
handles the declarative NCL coordination logic.

To show the correctness and multiplatform execution capabilities
of gingaf, we execute the sample NCL application (video.ncl)
described in Section 2. As a result, Figure 7 presents the execution
of this application across three different environments: Windows,
mobile (Android), and Web. Additionally, the temporal execution
screenshots are shown in Figure 7 and the corresponding headless
simulation logs are provided in Listing 3 (Section 5.1).

The reliability of the codebase is maintained through an auto-
mated test suite. The ncl_doc logic package contains 64 unit tests
validating the parser, XML parsing rules, virtual clock progression,
and deterministic link execution. The gingaf presentation pack-
age contains 14 tests verifying widget rendering, layout constraint
resolution, focus state transitions, and integration with the NCL
execution engine. All tests run in milliseconds due to the headless
execution capabilities of the engine.

5.3 gingaf NCLua

A key component of the Ginga architecture is NCLua, which enables
the execution of imperative Lua scripts within the NCL document.
Historically, implementing NCLua on the web has been an insur-
mountable challenge because it required linking the standard C
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(c) Web.

(b) Android.

Figure 7: Multiplatform execution of video.ncl across Win-
dows, Android, and Web.

Lua interpreter to the web environment, typically using complex
Emscripten toolchains that are difficult to integrate transparently
with the DOM and modern frameworks like Flutter.

To overcome this, gingaf adopts a novel approach: it imple-
ments the NCLua player entirely in Dart using the lua_dardo
library. lua_dardo is a pure Dart implementation of the Lua 5.3 in-
terpreter. Because it is written natively in Dart, it compiles directly
to JavaScript and WebAssembly along with the rest of the gingaf
logic, seamlessly running in any web browser without external C
dependencies or WebAssembly bridges.

When an NCL document defines a Lua media element, gingaf
instantiates a lua_dardo state machine and binds the required
NCLua APIs. These APIs allow the Lua script to register event
listeners, query the NCL document properties, and emit events that
the main NCLDocument logic can capture during its tick() cycle.

A major feature of NCLua is its ability to draw graphics onto a
canvas using imperative commands. In a native C++ Ginga player,
these commands call down into SDL or GTK canvas primitives. In a
web environment, translating these calls synchronously across lan-
guage barriers (e.g., JavaScript to Dart to C) is cumbersome. gingaf
overcomes this by using a pure Dart Lua interpreter (lua_dardo)
to allow portability and a “Command List” abstraction. When the
Lua script executes a drawing function (e.g., canvas:drawLine())
the Lua interpreter intercepts the call and appends a lightweight,
serializable command object to an internal list. This list acts as
an intermediate representation of the visual frame. At the end of
the Lua script’s execution slice, the NCL UI queries this list. The
Flutter rendering engine then iterates over the list, translating each
stored command directly into native Flutter Canvas operations
(e.g., canvas.drawLine() or canvas.drawParagraph()). Figure 8
illustrates this pipeline.
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Figure 8: The NCLua Canvas Translation Pipeline. NCLua
executes Lua via lua_dardo, which calls back canvas meth-
ods. NCLua forwards those calls to NCLuaWidgetState, which
delegates rendering to a CustomPainter.

This architecture offers two immense benefits for the web. First,
the command list completely decouples the imperative execution
speed of Lua from the browser’s rendering framerate. Second, it
maintains absolute cross-platform consistency, as Flutter guaran-
tees identical canvas rendering semantics whether the application
is running as a WebGL application, a Windows desktop app, or an
iOS native application.

Handling asynchronous Lua operations, such as network re-
quests or timers, within the Dart event loop requires careful syn-
chronization. gingaf maps Lua’s coroutine mechanisms to Dart’s
Future and async/await paradigms. When a Lua script invokes
an asynchronous NCLua API, the lua_dardo interpreter suspends
execution and yields control back to the NCLDocument. Once the
asynchronous operation completes, the engine resumes the Lua
coroutine, passing the result back. This ensures that long-running
Lua tasks do not block the main NCL execution thread, maintaining
precise temporal synchronization across the entire document.

6 CROSS-PLATFORM GINGA-HTML5 AND
GINGA-CC-WEBSERVICES

The Ginga standard specifies support for embedded HTML5 ap-
plications via Ginga-HTMLS5. In a traditional set-top box environ-
ment, this involves integrating an entire WebKit or Chromium
instance into the C++ player, creating a massive platform depen-
dency that requires complex cross-platform configuration. gingaf
reduces this complexity by implementing Ginga-HTML5 using the
Dart webview_all package!®. This package abstracts the respec-
tive web engines on mobile (e.g., Android WebView!*) and desktop
(OS-specific webviews, e.g., WebView2'®), while using JavaScript
interoperability on the web. Moreover, a critical aspect of Ginga-
HTMLS is its integration with CCWS, which defines REST APIs
that allow the HTML application to access Ginga-CC capabilities,
control the main video, and interact with the broadcast stream.
When running natively on desktop or mobile environments
(Figure 9a), gingaf executes Ginga-HTML5 applications within
a native WebView container. To support CCWS, the architecture
embeds a local HTTPServer listening by default on port 44642. The

2https://api.flutter.dev/flutter/rendering/CustomPainter-class.html
Bhttps://pub.dev/packages/webview_all
Yhttps://developer.android.com/reference/android/webkit/WebView
Shttps://developer.microsoft.com/microsoft-edge/webview2
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HTML application makes standard HT TP requests targeting this
local server, which handles routing, processes requests against the
NCL document context, and returns standard HT TP responses.

When running in a web browser environment (Figure 9b), exe-
cuting a local HTTP server is not possible due to browser security
restrictions and sandbox limitations. To bypass this, gingaf exe-
cutes the HTML application in a sandboxed iframe and virtualizes
the CCWS middleware without an HTTP server. This is achieved
by injecting a lightweight JavaScript shim into the iframe that
overloads the standard browser fetch API and XMLHttpRequest
objects. When the HTML application makes a request targeting a
CCWS endpoint, the overloaded fetch intercepts it and dispatches
a cross-origin message (postMessage) to the parent Dart/Flutter
application. The parent application receives this message, routes it
internally to the CCWS logic manager, and returns the response
payload back to the iframe. The overloaded fetch then resolves its
Promise with this mock response, completely transparent to the
HTML application. This architecture successfully virtualizes the
CCWS middleware entirely within the browser, eliminating the
need for any backend or local HTTP server.

Ginga-HTML5 Ginga-HTML5
HTML App HTML App
(WebView) (iframe)
4 1) fetch() { f 6) Promide
' Fetch Overload
' Shim
' 2) Intercepl‘ f 5) Forward
|
1) HTTP Request : 2) HTTP Response [ html.MessageEvent
| I
1 1
1 1
1 1
cows 1 3) Route cows 1 4) Payload
1 1
| |
HTTPServer Router
(a) Native Clients (b) Web Client

Figure 9: CCWS Request Architecture across different plat-
forms. Native clients bridge WebView requests directly, while
the Web client overloads fetch in a sandboxed iframe using
postMessage.

7 USE CASE: GINGAPLAYGROUND

To validate our proposed decoupled architecture and verify that the
core logic engine can run deterministically in a pure web sandbox,
we developed GingaPlayground. This web-based editor use case
serves to confirm the feasibility of our decoupled approach by
integrating the Flutter UI for rendering the application, a code
editor'® for modifying NCL and Lua source files in real-time, and
the cross-platform NCL logic running entirely in the browser.
This implementation directly validates that separating the NCL
state from the UI renderer allows the logic engine to compile
to JavaScript and Wasm, enabling instant, configuration-free ex-
ecution without native desktop bindings or local virtualization.

18https://microsoft.github.io/monaco-editor/

Guedes et al.

Through this environment, developers can visually inspect docu-
ment states, manipulate the execution timeline, and dynamically
reload modifications without leaving the browser, confirming that
our solution provides similar execution capabilities compared to
traditional players.

Figure 1 presents the visual execution of the sample Ginga-
NCL application (video.ncl) from Listing 1, the Ginga-HTML5
application from Listing 2, and a NCLua application with canvas
calls(lua_canvas.ncl) directly inside Google Chrome without any
native plugins. The figure demonstrates the GingaPlayground inter-
face layout, where the left side serves as the web-based code editor
and the right side displays the real-time execution of the running
Ginga application. This proves that both the temporal synchroniza-
tion defined in the NCL links and the imperative NCLua drawing
commands are rendered correctly in the browser.

8 FINAL REMARKS

gingaf demonstrates that decoupling the Ginga logic and UI com-
ponents provides a highly portable solution that successfully brings
the Ginga middleware to cross-platform environments, including
the web. By isolating the NCL state machine and execution engine
in pure Dart, the logic runs fully in-memory and can compile di-
rectly to JavaScript or native binaries without platform-dependent
bindings or multimedia pipeline dependencies. This separation of
concerns allows developers to execute and test synchronization
logic deterministically on any platform, while rendering is handled
independently by the presentation layer. Our architecture resolves
the historical portability challenges of traditional Ginga middle-
ware by removing the tight coupling between execution logic and
native rendering APIs.

Furthermore, this web-native architecture opens new possibili-
ties for collaborative development and continuous integration of
digital TV applications. Since the gingaf engine runs determinis-
tically in the browser, NCL projects can be easily shared via URL
links, embedded in documentation, or integrated into online tuto-
rials. This portability not only benefits educational initiatives but
also accelerates industrial prototyping. Broadcasters and applica-
tion designers can quickly iterate on UI layouts, Lua scripting logic,
and CCWS interactions without deploying the code to physical
set-top boxes during the early stages of development, ultimately
reducing the time-to-market for new interactive services.

The immediate next step in this research is to evolve the Gin-
gaPlayground by implementing a Language Server Protocol (LSP)’
server. Integrating an LSP server is highly beneficial because it
decouples the editor client (e.g., Monaco Editor or VS Code) from
the core NCL validation and analysis engine. By encapsulating our
Dart-based parser into a language server, we can deliver a con-
sistent and feature-rich authoring experience, like real-time error
reporting (diagnostics), context-aware autocompletion of NCL tags
and attributes, and symbol outline navigation. Additionally, future
work includes implementing support to allow Remote Players, for
instance NCL360 formats [14].

ETHICAL CONSIDERATIONS
Not applicable.

7https://microsoft.github.io/language-server-protocol/
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