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While earlier motion capture studies on sign languages of the deaf have focused on single signs or short sequences (Wilbur, 1990; 
Wilcox, 1992), more recent work deals with continuous, longer-duration, conversational data, and aims at supporting automated 
transcription and translation, as well as synthesis.

sign languages

Motion capture studies on co-speech gestures often aim to understanding gestures in everyday communication, language devel-
opment, and speech/language impairments. More recent studies have also been motivated by topics in computing: activity and 
a�ect recognition, machine translation, natural avatar animation, and improving multimodal data analysis methods.

Krivokapic, Tiede & Tyrone (2015) have investigated the relation-
ship between prosodic structure and large-scale body 
movements.Using multimodal data (audio, electromagnetic vocal 
tract articulometry, and motion), they analyze whether prosodic 

control while speaking extends to bodily 
gestures, towards understanding language 

pedagogy and speech pathology. In a later 
study, Krivokapic et al. (2016) explored the 
relationships between deictic gestures and 

gestures of the vocal tract, and found a coordi-
nation between the “intonation gestures” in 

the vocal tract and the deictics. Krivoka-
pic, Tiede & Tyrone (2017) present-

ed further studies of the e�ects 
of prosodic structure on the 

kinematics of both speech and 
manual gestures.

co-speech gestures

prosody and multimodal data

Hypoarticulation in American Sign Language (ASL) production 
has been studied extensively through motion capture. Signing 
speed and the locations of adjacent signs (Mauk et al., 2008), as 
well as a sign’s position within an utterance (Tyrone & Mauk, 2010) 
have been found to influence the clarity of articulation. Further 
studies have explored directionality in coarticulation e�ects, 
e�ects of body posture, and the use of signing space (Mauk & 
Tyrone, 2012) in relation to hypoarticulation. Tyrone et al. (2010) 
studied variations in sign prosody induced by the location of a 
particular sign in a phrase, finding similarities between signed and 
spoken languages, and support their hypothesis that a similar 
framework can apply to both. Puupponen et al. (2015) investigat-
ed the functions and kinematics of head movements in Finnish 
Sign Language (FinSL), but found “non-categorical” relationships 
between form and function. Tyrone and Mauk (2016) reported on 
the phonetic role of non-manual articulators (head and body 
movements).

articulation and prosody

Bonfiglioli et al. (2009) have used motion capture  to study the 
conceptualization of deictic pronouns and their e�ects on 
movement planning. Sartori et 
al. (2009) have demonstrate 
the e�ect of communicative 
intent on the kinematics of 
functional gestures, while Peeters et al. 
(2013) similarly investigated how the form 
pointing gestures can be influenced by commu-
nicative intent. Data for all of these studies has 
been collected using very simple marker sets 
comprising 1-3 markers on the dominant hand 
only. Using this data, inquiries into cognitive 
processes have been possible by leveraging 
the superlative temporal and spatial 
resolution of marker-based optical motion 
capture.

intention and deicticsdialogue

technical considerations and limitations

references

skillscost

accuracy and precision

Busso et al.’s (2008) IEMOCAP 
dataset of actors in 
emotion-based dyadic commu-
nication scenarios supports 
HCI and linguistics research. 
Edlund et al.’s (2010) Spontal 
dataset (60+ hours of audio, 
video, and mocap recordings of 
spontaneous Swedish dialogue) 
is for studying conversational 
phenomena (e.g. floor negotiation, 
turn taking, feedback, and 
synchrony between speakers) 
(Beskow et al., 2011) and post-pro-
cessing methods (e.g. automatic 
segmentation and annotation of 
multimodal data) (Alexanderson et 
al., 2013). Alexanderson et al. (2014), for example, used machine 
learning to infer, from Spontal motion data, whether or not a 
person is speaking; while also revealing the saliency of various 
features for the task.

Collecting data with almost any motion capture system 
requires researchers to be knowledgeable about its 
technicalities, as well as the problem domain. The 
physical capabilities and limitations of the system are 
important considerations, along with the annotation, 
indexing, retrieval, and analysis of data. Conducting 
sign and gesture research with motion capture requires 
interdisciplinary learning and/or collaboration.

Marker-based and electromechanical motion capture 
systems that a�ord high spatial and temporal resolution 
can be expensive. Cheaper systems such as depth 
cameras that detect human joint positions may not 
provide the resolution or accuracy that researchers 
require. Achieving high-resolution motion capture with 
low-cost hardware is an active field of research (e.g. 
Elhayek et al., 2017).

While marker-based optical systems can make position 
measurements with sub-milimeter accuracy and 
precision, joint positioning errors in state-of-the-art 
markerless motion capture of human subjects are 
currently on the order of centimeters (Elhayek et al., 
2017). Electromechanical systems di�er broadly in 
terms of their accuracy measures. Care must be taken 
to ensure that the measurement accuracy and 
precision are appropriate for the inquiry at hand,

Motion capture enables precise,
quantitative analysis of gesture and 
sign language production. Optical Electromechanical

Inertial

Magnetic Mechanical

AcousticMarker-based

Active Passive

Markerless

There exist a wide variety of methods and hardware
for motion capture.

To introduce a wider audience of researchers to this
field of inquiry, we present a review of previous works
that utilized motion capture to study sign and gesture 
production, along with comments on technical and 
methodological issues.

Synthesis (or generation) pertains to sign production by animated 
(3D, cartoon, or robotic) characters.. Lu & Huenerfauth (2010) 
describe the design of an ASL database to support synthesis, as 
well as an evaluation of their design and recording methods. In 
later work, they use data from an ultrasonic/inertial hybrid mocap 
system to train a vector-based language model to improve the 
understandability of inflecting verbs.  The SignCom project (Duarte 
& Gibet, 2010a/2010b; Gibet et al., 2011) aims to support genera-
tion by contributing phonetic analyses of French Sign Language 
(LSF) based on mocap and video data. Using methods from linguis-
tics and computer animation, SignCom researchers adopt a 
“target-based” view of sign production where signs are considered 
to be “sequences of targets” and signers “improvise” transitions 
between targets. The more recent Sign3D project (Lefebvre-Al-
baret et al., 2013) aims to address related challenges in database 
design, data retrieval, rendering, and user-friendly tools to improve 
the workflow.

synthesis
When recording sign languages with marker-based optical mocap, 
there is a trade-o� between the level of detail to be captured, and 
the comfort of the subject. Too many markers can interfere with 
articulation, and too few markers can require extensive post-pro-
cessing or simply do not capture the required information. 
Jantunen et al. (2012) report on their experiences in collecting and 
processing marker-based motion capture for FinSL research. They 
o�er strategies for working with trade-o�s in system setup, marker 
placement, and post-processing automation. Technical issues are 
also important for electromechanical motion capture, such as the 
challenge of properly fitting these sensors to the hands of deaf 
subjects (Lu & Huenerfauth, 2009; Huenerfauth & Lu, 2010). 
Tyrone (2015) discusses these issues and other considerations for 
instrumented studies of sign production. More recently, Jantunen 
et al. (2016) describe the creation of an annotated FinSL corpus 
using Kinect and computer vision data, leveraging recent develop-
ments in markerless mocap.

technicalities

noise

occlusions
sampling rate and resolution

This project has received funding from the European Union’s 
Horizon 2020 research and innovation programme under the 
Marie Skłodowska-Curie grant agreement No 676063

Optical mocap systems can be susceptible to interfer-
ence from infrared light (e.g. sunlight) and reflective 
materials in the scene. Other systems may be sensitive 
to various sources of noise such as electromagnetic 
emissions, light, or sound. Environmental factors must 
be considered when designing motion capture studies.

Optical motion capture systems require a clear line of 
sight between the camera(s) and the markers or bodies 
of interest. Anything that occludes the capture subject, 
even partially, may interfere with the measurement. 
Increasing the number of cameras may mitigate 
occlusion issues. For this reason, while researchers 
studying pointing and grasping with minimal marker 
sets can work with as few as 3 cameras, it is common to 
see 8- or 12-camera setups for recording sign languages 
or natural conversation.

A high sampling rate and resolution can capture even 
fast and minute movements in detail. The trade-o� is 
that the size of the data will increase with the sampling 
rate, and only costly high-end mocap sytems will be able 
to provide such temporal resolution. It’s also possible 
that di�erent software in the analysis pipeline can 
impose limits on file size and throughput. The sampling 
rate and resolution for the capture must be selected in 
an informed fashion and confirmed with pilot studies.
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