
 

Virtual Rap Dancer: Invitation to Dance
 

Abstract 
This paper presents a virtual rap dancer that is able to 
dance to the beat of music coming in from music 
recordings, beats obtained from music, voice or other 
input through a microphone, motion beats detected in 
the video stream of a human dancer, or motions 
detected from a dance mat. The rap dancer’s moves 
are generated from a lexicon that was derived manually 
from the analysis of the video clips of rap songs 
performed by various rappers. The system allows for 
adaptation of the moves in the lexicon on the basis of 
style parameters. The rap dancer invites a user to 
dance along with the music.  
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Introduction 

We look at a hardly studied phenomenon of rap 

performances: the series of gestures and bodily 

movements that are made by rappers while performing. 

It is not meant as a study of a rapper’s movements and 

gestures from the point of views of the lyrics. Our study 

consists of observing various rappers with the aim of 

distinguishing characteristic movements and 

regenerating them in an interactive and entertaining 

embodied agent, a virtual rapper. This virtual rapper 

has been designed in such a way that it can interact 
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with a user. In a first version of the rapper environment 

there is just music input to the rapper that allows him, 

based on the audio beats, to perform sequences of 

rapper movements. The movements have been 

obtained from studying video clips of performing rap 

artists. In the second version of our system we 

introduced interactivity. Rather than having the rapper 

perform on stored audio, we allowed the rapper to 

perform on input obtained from a microphone and input 

obtained from a camera. In both cases “beats” (audio 

and visual) are extracted from the input and these 

beats guide the performance of the rapper. In the third 

version of the rapper system, presented here, we have 

added a dance mat to keep track of the feet of the 

human dancer and we have added interaction behavior 

to the rapper that makes it possible to have the rapper 

display and recognize cues that help to invite a 

passerby or a user to get involved with the rappers 

interests and activities. In particular, we let the virtual 

rapper display behavior that invites human partners to 

join him in a dancing activity.  

Music, dance and interaction: Some previous 

research 

There have been many research and art projects where 

movements of dancers or players are captured by 

motion capture sensors or cameras. The movements, 

as well as other input signals (e.g., speech, facial 

expressions) can be analyzed and mapped on avatars 

and other (semi-)autonomous agents. This mapping or 

re-generation can be done in real-time, allowing 

applications as interactive theatre and virtual 

storytelling (see [1,2] for some pioneering work), or 

off-line, allowing more advanced graphics and 

animation, but less direct interaction. These latter 

applications are for example the simulation of baroque 

dances [3] with virtual characters and the generation of 

new dances composed from extracted primitive dance 

movements and newly learned choreographies.  

There are also many examples of music interfaces. 

Previously we have looked at recognizing and 

distinguishing percussion instruments and music 

visualization by an embodied performer [4]. Goto et al. 

[5] introduced an embodied agent that enables a 

drummer and a guitarist connected through Ethernet 

not only to musically interact with each other, but also 

implicitly through the animations of a single character 

that performs dance motions chosen on the 

improvisations of the guitarist, timed to the drum. A 

jam session system that allows a human guitarist to 

interplay with virtual guitar players can be found in [6]. 

Different reaction models for human players can be 

obtained and imitated. An example of a system that 

extracts acoustical cues from an expressive music 

performance in order to map them on emotional states 

is CUEX (CUe EXtraction) [7]. This system has been 

interfaced with Greta, an embodied conversational 

agent in which the emotional states obtained from the 

music are transformed to smoothly changing facial 

expressions providing a performer with visual feedback 

[8]. In [9] and [10] a system is described in which 

musical features are extracted (pitch, specific chords) 

from a digital piano and microphone, and responsive 

behavior in synthetic characters is displayed in real-

time, influenced by a cognition layer relating music and 

emotion. Well known research on extracting emotions 

from dance and body movements is performed by 

Camurri (see e.g., [11]). 
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Analysis of rap gesture sequences 

Various rap-video clips have been analyzed, and 

characteristic movements have been extracted. 

Fourteen rap movement sequences have been 

distinguished in the clips and have been selected for a 

database from which our virtual rapper is fed. All 

movement sequences were studied, exercised and 

photographed, and translated to a key frame 

animations database. In Figure 1 we illustrate the 

movement sequence (‘Kris Kros’). All sequences, with 

detailed information can be found in [13]. 

Architecture of the Virtual Rap Dancer 

The (real time) architecture of the virtual rap dancer 

consists of several main parts. The sensor channels 

analyze incoming audio and video in order to detect 

beats in each separate channel to which the dancer can 

time its dance moves. The beat predictor module 

combines the different streams of detected beats, 

trying to merge beats that were detected in two 

different channels at the same time into one beat and 

trying to predict when a next beat is most likely to 

occur. This prediction is then used by the motion 

controller that will plan a next dance move in such a 

way that its focus point will coincide with the predicted 

next beat. Input obtained from the dance mat allows 

the system to detect whether the person is dancing 

with his/her feet. This information is used to choose 

appropriate dance moves from the lexicon. The 

animation system finally will execute the planned 

movements after adapting them to some style 

parameters.  

Analyzing and combining input 

There are two types of modules that attempt to 

recognize beats. The audio system does this largely 

based on the energy of the audio signal. This signal can 

e.g. come from a (rap) song or from vocal percussion. 

The video system tracks the face and hands of the 

person in the camera view (based on [12]), and 

recognizes beats based on the hands or face crossing 

(implicit) trigger-lines in the image. Two incoming 

beats that are too close together are assumed to be the 

same beat recognized by different sources. A simple 

beat-prediction algorithm takes the time-span between 

the previous beat (from any source) and this beat, and 

uses that to predict when a next beat is expected. We 

are currently working on an input module that extracts 

more advanced characteristics of the human dancer 

from the video input, such as the type of moves used 

by the human dancer, or the style of dancing. 

Generating dance moves from input and style 

parameters 

The animation module uses the database of rap-dance 

moves which was constructed from the analysis of 

example dancers. Moves are stored in a database as 

joint angles for key frames, plus information such as 

which key frames are to be performed on a (musical) 

beat. The movement controller selects moves to be 

executed based on some style parameters. These 

moves are then planned using the information about 

which key frames are to be aligned to musical beats 

and the beat prediction. Finally the dance moves are 

modified with a style-adaptation. We are currently 

working on an animation system that allows more 

freedom in the style of execution of dance moves. 

Conclusion 

In Figure 2 we show the set-up of the system in a 

demonstration booth. Visitors are invited to start 

dancing, their dancing movements are tracked and 

Detailed verbal descriptions for 

these movement sequences have 

been made in order to allow 

corresponding animations of an 

avatar. For example, the Bitching 

ho no! sequence is a movement 

sequence where only the right arm 

is used. First the right hand is 

moving at head height from the 

right of the head to the head, 

making three duck quack 

movements, next the right hand 

index finger turns around on the 

right hand side of the head. 

Figure 1: The Kris Kros move 

CHI 2006  •  Interactivity  •  Meet the Artists: Music, Dance & Painting April 22-27, 2006  •  Montréal, Québec, Canada

265



 

guide the virtual rap dancer in its own dance 

movements and gestures. There is input from a 

camera, a dance mat and the music that is played in 

the environment. In the near future we continue 

developing the interactivity between human and virtual 

dancer. In particular we will spend more efforts on 

developing rapport between human and virtual dancer. 

 
Figure 2. Demonstration set-up 
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