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Abstract

This demo will showcase updates made to the
‘robot-ready spoken dialogue system’ built on
the Retico framework. Updates include new
modules, logging and real-time monitoring
tools, integrations with the Coppelia Sim vir-
tual robot platfrom, integrations with a bench-
mark, improved documentation, and pypi envi-
ronment usage.

1 Introduction

The ‘robot-ready spoken dialogue system’ (rrSDS)
was introduced in Kennington et al. (2020) based
on the five requirements of modularity, multi-
modality, distributiveness, incrementality and
alignment. Modularity ensures that the system
components can be independently integrated. Mul-
timodality allows the system to process various
input forms. Distributiveness enables components
to function across different systems. Incremental-
ity processes inputs quickly in real-time. Align-
ment ensures that inputs from different modali-
ties are synchronized.The rrSDS architecture con-
tinues to use Retico (Michael and Moller, 2019)
which adopts the Incremental Unit Framework
(Schlangen and Skantze, 2009) where incremen-
tal units (IUs) are passed between modules. rrSDS
users can define their own IUs or use ones that are
pre-defined. We report updates with new modules
that maintain these requirements.

Upgraded Modules | New Modules
YOLOvVI1 RT-DETR
YOLOvV12 SAM
MistyPy DINOv2
MistyRobot Whisper
Misty FaceDetection | Wav2vec
ObjectPermanence HandTracking
PoseTracking
HuggingFace

Table 1: Summary of upgraded and newly added mod-
ules in rrSDS 2.0

2 Modules

In this section, we explain the perception, robot,
simulation, language understanding and generation,
and system-level modules that have been upgraded
or newly added to form rrSDS 2.0. Table 1 sum-
marizes the upgraded and newly added modules in
rSDS 2.0.

Object Detection & Feature Extraction YOLO
models are known for their high detection accu-
racy with real-time inference speed. YOLOv11
has a CNN-based architecture (Jocher and Qiu,
2024), while YOLOvV12 has an attention-centric
design that achieves state-of-the-art object detec-
tion accuracy in real-time (Tian et al., 2025). rrSDS
now includes both YOLOv11 and YOLOvI12. We
have also added the Real-Time DEtection TRans-
former (RT-DETR) model, which uses a hybrid
encoder and transformer decoder to perform ob-
ject detection (Lv et al., 2024), and the Segment
Anything Model (SAM) for object segmentation
(object masking as well as bounding box informa-
tion) without labels (Kirillov et al.), and a module
for the DINOV2 vision model, which differs from
other models because its training is largely unsuper-
vised, which may have better theoretical alignment
for some robot tasks and systems (Oquab et al.,
2023). All vision modules use the same IU types
to make integration and replacement seamless.

Local Speech Recognition Two local automatic
speech recognition (ASR) models have been added
to rrSDS. Whisper is an ASR trained on 680k
hours of multilingual and multitask data. The
model uses an encoder-decoder transformer ar-
chitecture (Radford et al., 2022). Wav2vec has
been trained on 960 hours of unlabeled audio data.
While other models, including Whisper, use spec-
trograms, Wav2vec uses raw audio as its input
(Baevski et al., 2020). Prior work has evaluated
Wav2vec’s incremental ASR capabilities as part of
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rSDS (Whetten et al., 2023).

Pose Tracking Hand and body tracking modules
use MediaPipe’s Hand' and Pose? Landmarkers.
These detect 21 hand and 33 body landmarks as 3D
points (horizontal, vertical, depth).

The HandTrackingModule outputs 3D land-
marks and left/right labels. The PoseTracking-
Module outputs 3D body landmarks and a segmen-
tation mask. Both modules allow configuration
of model complexity, detection thresholds, video
mode, smoothing (for pose), and the maximum
number of detected hands (for hand tracking).

Misty I The Misty modules enable rrSDS to in-
terface directly with the Misty robot through two
components. MistyPy connects to the robot via its
IP address using the Robot class and is initialized
separately from standard rrSDS modules. Misty-
Robot provides access to robot functionalities, in-
cluding receiving camera input and sending com-
mands for movement and speech. The FaceDetec-
tionModule detects human faces in single images
or video streams and outputs bounding box coor-
dinates. It requires a video input source, such as
the VideoModule or the MistyRobot camera, and
supports applications such as face recognition and
gaze tracking.

Benchmarks The ALFRED benchmark for learn-
ing natural language mappings to action sequences
(Shridhar et al., 2020) is actively being integrated
into the rrSDS ecosystem, with the goal of provid-
ing evaluations based on real-time interactions. The
ALFRED benchmark works from the perspective
of the virtual robot and the transcription of what
the human is instructing it to do. Additional bench-
marks are also being investigated, with a focus on
human-led interactions.

CoppeliaSim rrSDS now includes several mod-
ules aimed at interfacing with the CoppeliaSim
robot simulator.’> These modules include a gen-
eral module for simulation of joint manipulation,
a camera module from vision sensors internal to
a CoppeliaSim simulation, a module for control-
ling a custom Cozmo robot within the simulation,
and a module for receiving state updates from this

"https://ai.google.dev/edge/mediapipe/
solutions/vision/hand_landmarker

2h’ctps ://ai.google.dev/edge/mediapipe/
solutions/vision/pose_landmarker

3https ://www.coppeliarobotics.com/

custom Cozmo robot. The state and camera mod-
ules act as producing modules, while the general
module and Cozmo controlling module both act
as consuming modules. Together, these additions
allow for real-time manipulation of robot simula-
tions within the CoppeliaSim software via rrSDS,
as shown in Figure 1.

Figure 1: Cozmo robot integration in CoppeliaSim; a
third-person and Cozmo view are visible as separate
windows.

Cozmo SLAM & Object Permanence 1rSDS
supports an implementation of Simultaneous Local-
ization and Mapping (SLAM) through a module for
tracking object locations termed object permanence
which leverages the 3D Viewer and Navigation
Memory Map available through the Cozmo SDK.
When an object has been perceived by Cozmo, that
is, the robot has stopped moving and a frame from
the camera has been passed to an object detec-
tion model, an object placeholder is inserted into
Cozmo’s Navigation Memory Map. The Naviga-
tion Memory Map is a quad-tree map that stores
information about the robot’s exploration space.
The high-level purpose of this module is to provide
Object Permanence to the robot when exploring
and interacting with the physical world. Object
permanence allows for systems where Cozmo can
directly revisit perceived objects on request. Fur-
ther details about this module as well as an example
of how it might be leveraged in a rrSDS pipeline
can be found in (Torres-Fonseca et al., 2022)

Language Understanding & Generation 1rSDS
supports real-time text generation using pre-trained
language models. The Retico-HuggingFace mod-
ule enables the generation of real-time text based
on HuggingFace models. The module uses Hug-
gingFace’s pipeline API to integrate text generation
models and supports interactive dialogue by gener-
ating responses based on recognized speech.

The original rrfSDS had an incremental version
of RASA (Bocklisch et al., 2017), but rrSDS 2.0
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Figure 2: Visualization of module data flow.

has the more recent RASA 3.0 (which makes use of
more recent language models for natural language
understanding), which has been evaluated using
incremental metrics in Whetten et al. (2023).

Visualization Tools The visualization tool pro-
vides real-time graphical feedback of module con-
nections and data flow in an rrSDS runner. It
streams information to a web interface, allowing
the interface to run remotely. The tool shows a live
module graph and the data passed between mod-
ules. Once the server, client, and server log module
are running, the visualization updates automati-
cally, helping with debugging and development.
Figure 2 shows the visualization tool displaying
the modules and how they are connected, and Fig-
ure 3 shows IU outputs from modules in realtime.

Module Connections Module Content

Refreshing every 15
seconds ...
Payload: INFO
Timestamy 1p: 2025-04-25T17:01:33.8488452
CAMERA

Inputiu: 0
Output U Imagelu

origin: 1

Payload: INFO

Timestamp: 2025-04-25T17:01:33 8488482
ASR Input IU: Audio IU

Output IU: SpeechRecognitionlU

Origin: 1

Payload: INFO

Timestary 1 2025-04-25T17:01:33.8488487
YOLOV8

Input IU: Imagely
Output U: DetectedObjectsiU.

Origin: [CAMERA]

Figure 3: Visualization of IU flow between modules.

Logging The SimpleLogger module logs all [U
types into a user-defined .json file. Logged infor-
mation includes: when each IU was created, the
payload or information they contain, their update
type per the IU conceptual framework, and their
module of origin. Any number of modules can be
routed into the logger, and the resulting log file
exported to common data analysis tools.

3 Example System Implementations

In this section, we present some systems that
demonstrate different usages of modalities in
rSDS.

Cozmo on CoppeliaSim We offer an example
system for controlling a virtual Cozmo robot in
CoppeliaSim, depicted in Figure 1. The full system
uses an ASR module, and three CoppeliaSim mod-
ules that process the virtual environment, Cozmo’s
internal states, Cozmo’s virtual camera, Cozmo’s
actions, and debugging. The system is simple in
that it is built as a “verbal joystick" (e.g., move
forward, stop, turn right, turn left).

Nim Game In this example, Misty II robot plays
the game of Nim with a user using reinforcement
learning.* The rrSDS Yolov8 module uses image
information from Misty’s camera module to find
objects in the image and a game master modules
count objects and track the game state in real-time
and gives feedback by speaking.

RasaNLU

Figure 4: rrSDS Interaction Flow for Arithmetic Learn-
ing with Misty II.

Math Tutor In this system, the Misty II robot
acts as an interactive tutor to teach young learners
basic concepts such as numbers, basic arithmetic
operations, and colors. The system utilizes Misty’s
camera along with several rrSDS modules to create
real-time, multimodal interactions. Different mod-
ules guide the robot in helping children count ob-
jects, perform simple addition and subtraction, and
recognize colors through object detection. Figure
4 illustrates the system pipeline in rrSDS, where
the Misty robot engages the user in an arithmetic
task. Misty prompts the user to add or remove a cer-
tain number of cubes placed in front of it, then asks
how many cubes remain. It processes the user’s
spoken response and simultaneously uses object
detection to verify whether the number of visible
cubes matches the expected answer.

*https://github.com/bjBSU/nim
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4 Conclusion & Future Work

rrSDS 2.0 builds on the original rrSDS, increasing
the number of supported modules, ability to expand
new modules for users, example systems, and re-
search support tools. It continues to be integrated
with psi (Bohus et al., 2017) and the Robotics Op-
erating System.

While integrating rrSDS 2.0 across physical and
simulated robots, we faced challenges balancing
real-time, multimodal interaction.

In the future, we are exploring integrations with
other benchmarks and the Remdis incremental pro-
cessing framework for language models (Chiba
et al., 2024).
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