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Abstract. Looking up an unknown sign in an ASL dictionary can be difficult. Most ASL dictionaries are organized
based on English glosses, despite the fact that (1) there is no convention for assigning English-based glosses
to ASL signs; and (2) there is no 1-1 correspondence between ASL signs and English words. Furthermore,
what if the user does not know either the meaning of the target sign or its possible English translation(s)?
Some ASL dictionaries enable searching through specification of articulatory properties, such as handshapes,
locations, movement properties, etc. However, this is a cumbersome process and does not always result in
successful lookup. Here we describe a new system, publicly shared on the Web, to enable lookup of a video
of an ASL sign (e.g., a webcam recording or a clip from a continuous signing video). The user submits a video
for analysis and is presented with the five most likely sigh matches, in decreasing order of likelihood, so that
the user can confirm the selection and then be taken to our ASLLRP Sign Bank entry for that sign.
Furthermore, this video lookup is also integrated into our newest version of SignStream® software to
facilitate linguistic annotation of ASL video data, enabling the user to directly lookup a sign in the video being
annotated, and, upon confirmation of the match, to directly enter into the annotation the gloss and features

of that sign, greatly increasing the efficiency and consistency of linguistic annotations of ASL video data.

Introduction. There are many ASL dictionaries online (some freely accessible and some accessible by
paid subscription) and in print. However, looking up a sign can be difficult. Most ASL dictionaries are
organized based on English glosses, despite the fact that (1) there is no convention for assigning English-
based glosses to ASL signs; and (2) there is no 1-1 correspondence between ASL signs and English words.
Furthermore, what if the user does not know either the meaning of the target sign or its possible English
translation(s)? Some ASL dictionaries enable searching through specification of articulatory properties,
such as handshapes, locations, movement properties, etc. For example, as illustrated in Figure 1 for BOOK,
https://www.handspeak.com/word/asl-eng/ offers search based on parameters.

How to use ASL-English search

Select a prime of each parameter plus a handed type and search for the ASL sign.
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Figure 1. Search Interface from handspeak.com
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http://www.handspeak.com/word/asl-eng/

However, that comes with this caveat (as of 7/14/24):

“This is a pilot / ongoing development. It is subject to revisions or adjustments.

Not all words have been updated for this reverse dictionary.”
However, even if this were complete, it is cumbersome to search this way.

It would certainly be desirable to be able to look up an unknown ASL sign based on an example video—
either a webcam video of an individual target sign, or an unknown sign segmented from a sequence of

signs (i.e., a sentence) in a video. This is now possible !!

New Lookup Tool. Using an Al approach described by Zhou, et al. (2024), we have trained on about
98,000 consistently labelled video examples (Neidle, et al. 2022a) to enable recognition of about 2,360
signs, as well as similar variants thereof. We achieve overall sign recognition accuracy of 80.8% Top-1 and
95.2% Top-5 for citation-form signs, and 80.4% Top-1 and 93.0% Top-5 for signs pre-segmented from
continuous signing. On our website, the user can upload a video and submit it for sign recognition.
The user will then be presented with their source video along with videos of the top 5 closest sign matches,
in decreasing order of likelihood, as well as variants that may be available for any of those signs. The user
can play any or all of those videos, and then confirm a final selection, if the correct sign is included in the
set of 5 that are displayed (which is likely to occur most of the time, even if the recognition accuracy for
non-native sign productions may be a bit lower than the results just reported). We delete any uploaded
videos immediately after processing, to maintain privacy, although we keep statistics on the frequency
with which users confirm that their target video is listed as the 1st, 2nd, 3rd, 4th, or 5th choice, or none

of the choices, so that we can, over time, assess the success rate for the system.!

The user interface for submitting a video for lookup is shown in Figure 2.

I A user study (Xu, et al. 2022) conducted on Gloss-Finder, a similar kind of prototype system trained on the
WLASL dataset of citation-form signs (Li, et al. 2020), showed that 10 hearing learners with different levels of
ASL experience preferred using video-based lookup and found it more effective as compared with list-based or
parameter-based methods for searching for an unknown sign. It should be noted, moreover, that Gloss-Finder
achieved substantially lower accuracy than ours in identifying the appropriate sign gloss from a submitted
video: when the 10 learners were presented with the top 12 most likely matches for their submitted sign
(12 being “the maximum number of videos to display in a common monitor resolution without scrolling”), the
target sign was found among those 12 only 66% of the time.

For extensive discussion of issues involved in designing this kind of sign search, and factors that affect user
satisfaction, see Hassan (2023), which also provides a survey of existing related work.



Sign Recognition

Choose File | No file chosen

Select uploaded video sign type:
@ Citation-form sign

O Sign segmented from continuous signing

To ensure privacy, the video you upload will be deleted from our site immediately after the processing has been completed.

2.Click to Search by Video Example | Click to View/Update Class Labels

Privacy notice. All videos uploaded through this site will be deleted immediately after they have been processed for
sign recognition. No videos will be retained.

Information about uploading video files:

Video files should contain a single ASL sign.

For webcam recordings, the user should be facing the camera, and should make an effort to keep the hands
visible from the beginning to the end of the video.

Acceptable video formats include mp4, mov. Please make sure that the video file can be played with QuickTime.
Please keep the duration of the video under 7 seconds.

If you are editing a continuous signing video (e.g., a sentence) to extract an unknown sign for lookup, choose the
linguistic start and end points of the segmented sign to be the start and end points of your video clip.

« Video filenames should not contain any special characters (only letters, numbers, and these symbols: - _ . )

Request for feedback: We would very much appreciate any comments on the use of this new feature—e.g., the extent
to which you find it helpful—as well as any suggestions. Please send email.

Figure 2. Interface for Lookup by Video Example

A couple of illustrations of search results from this system are displayed in Figure 3.



Sign Recognition Results

Top 5 Matching Signs: DANCE, IRON-CLOTHES, STIR, BAKING-SPRINKLES, SAUCE

Play All normal speed | Play All half-speed == Stop All Double-click on any video below to enlarge it (and then again to return to the earlier smaller size)
Select None of those: (O
Select: O Select: O Select: O Select: O Select: O

Confirm selection DANCE IRON-CLOTHES STIR BAKING-SPRINKLES SAUCE

-3
Source Video

Play normal speed

Play half-speed Play normal speed Play normal speed Play normal speed Play normal speed Play normal speed
75‘0‘) Video Play half-speed Play half-speed Play half-speed Play half-speed Play half-speed
Stop video Stop video Stop video Stop video Stop video
See Variants See Variants See Variants

Sign Recognition Results

Top 5 Matching Signs: CARELESS, HONOR, WORRY, VERY, RESPECT

Play All normal speed | Play All half-speed | Stop All Double-click on any video below to enlarge it (and then again to return to the earlier smaller size)
Select None of those: O
Select: O Select: O Select: O Select: O Select: O

Confirm selection CARELESS HONOR WORRY VERY RESPECT

Source Video

Play normal speed

Play half-speed Play normal speed Play normal speed Play normal speed Play normal speed Play normal speed
Stop video Play half-speed Play half-speed Play half-speed Play half-speed Play half-speed
Stop video Stop video Stop video Stop video Stop video
See Variants See Variants See Variants

Figure 3. Sample Results from Sign Lookup from Video Example.

In these cases, the correct sign is the leftmost option.



Here is an example of display of the available variant for AMBULANCE:

Sign Recognition Results

Top 5 Matching Signs: COMPARE, SHAMPOO, AMBULANCE, DEAF-APPLAUSE, SERVICE

Play All normal speed || Play Al half-speed || Stop All Double-click on any video below to enlarge it (and then again to return to the earlier smaller size)

Select None of those: )

Select: O
Confirm selection COMPARE

Select: O
SHAMPOO

Select: O
AMBULANCE

Select: O

DEAF-APPLAUSE

Select: O
SERVICE

Source Video

A

' ‘ y
(213 1312 [ an a1 1an

AN,
I
E& \

Play normal speed

Play half-speed Play normal speed Play normal speed Play normal speed Play normal speed Play normal speed
Stop video Play half-speed Play half-speed Play half-speed Play half-speed Play half-speed
Stop video Stop video Stop video Stop video Stop video
(" Seovarans| Soo Variants

(crvd-sprd-BJAMBULANCE

Play normal speed

Play half-speed

\ Stop video /

Figure 4. Sample Display of Sign Variants

If the selected sign has any variants, the user will be asked to confirm which variant is the right one. This
is shown in Figure 5.

ASLLRP Sign Bank
Select Confiny .
below SeT:::ilon Options for AMBULANCE
AMBULANCE
® AMBULANCE Play

Figure 5. Display of Results When the Selected Sign has One or More Variants

Currently, upon confirming the selection, the user will be taken to that entry in our ASLLRP Sign Bank
(Neidle, et al. 2022b). However, in principle, it would be straightforward to connect this sign recognition
module to an ASL dictionary or other resource, so that the user could be taken directly to the appropriate
entry. We look forward to collaborating to establish such possible connections in the future.



If the user were to select “COMPARE” from the illustration in Figure 4, the corresponding entry in our
Sign Bank (which can be accessed independently) is shown in Figure 6; available video examples, and the
utterances from which they came (for signs from sentences), can be played.

OMMON-SENSE
COMMON-SENSE (7)

OMMUNICATE

COMMUNICATE (16)

COMMUNICATE* (COMMUNICATE+MISCOM
OMMUNICATE+MISCOMMUNICATE
COMMUNICATE+MISCOMMUNICATE (6)
OMMUNIST

COMMUNIST (8)

OMMUTE

COMMUTE (23)

OMPANY/VISITOR

COMPANY/VISITOR (3)

OMPARE

COMPARE (8)

OMPETITION

COMPETITION (15)

OMPLAIN/OBJECT

COMPLAIN/OBJECT (14)

OMPLICATED
COMPLICATED (7)

Search for Sign - HOW TO
Gloss Text: [J) Exact Match

I

O 1-Handed O 2-Handed @ Either
DH-Start ND-Start DH-End ND-End

[ Include Handshapes

Clear Handshapes
Edit Related English Words

English Words:

| Search by Video Example |

.
ASLLRP Sign Bank
. Sign Search Results
Select Sign Type: Playing the "sign video" will play from the start to the end frame of the sign itself.
[All (Exclude Classifier, Gesture, Fi lled) v| Playing the "sign clip" will include frames before and after those in the "sign video".
. Occ i iant:
Current Signs in Sign Bank Show Related English Words

ASLLVD isolated signs
DH-Start ND-Start

O COMPARE+

ite video H Original sign video ]

DH-End ND-End ID

2296 Sign clip | [ C
2295 [ Sign clip |[ Composite video || Original sign video
O COMPARE+ . - 2294 Sign clip | C: ite video | | Original sign video
@ COMPARE+ _ 2293 [ Sign clip | [ Composite video || Original sign video

ASLLRP signs from sentences
DH-Start ND-Start

ID Utterance Play
i i
OCOMPARE [ [~ / ] 1 i (" A W 3 387778 Cory_2013-6-27_sc112-U-93 Utterance video
18 1 3
! i
OCOMPARE ) / e 348004 Jonathan_2012-11-27_sc93-U-7 Utterance video
. .
A 3
v
OCOMPARE - 8 7 { 347926 Jonathan_2012-11-27_sc94-U-69 [ Sign video | Utterance video
. ©

' )
OCOMPARE u ) % al u342049 Rachel_2012-02-14_sc66-U-50 Utterance video

DH-End ND-End

Our Sign Bank assigns a unique English-based gloss to each distinct sign production, including lexical
variants (Neidle 2002, 2007). This may provide some approximation of meaning; however, it is NOT
intended to necessarily reflect an accurate English translation. The user can also choose to “Show Related

Figure 6. Sample Entry from our ASLLRP Sign Bank

English Words” (from the top of the entry), as shown in Figure 7 .

Related English Words for Sign Variant: COMPARE
Variant ID |Variant Label

Related English Words
compare, comparison, contrast

833 COMPARE

z

Figure 7. Sample Display of Related English Words

The user may wish to consult other resources for more information about the sign, but the English-based
gloss and list of related English words are useful as a starting point for further exploration.



The “search by video example” functionality is available as part of our Sign Bank; these are accessible
from <https://dai.cs.rutgers.edu>. Note that the ASLLRP Sign Bank can also be searched in other ways,
including any combination of: text contained in gloss labels, start/end handshapes, and/or related English
words, as shown at the bottom left of Figure 6.

This search function is also integrated into the upcoming release (version 3.5.0) of SignStream®—our
software for linguistic annotation of video data (shared from http://www.bu.edu/asllrp/SignStream/3/

free of charge). Thus, a user who is annotating an ASL video can look up an unknown sign directly, and,
upon confirmation of the target sign, can then automatically insert the sign’s relevant properties into the
SignStream® annotation. This greatly increases efficiency and consistency of annotations.

Versions of SignStream® through 3.4.1 incorporate the ability to search our Sign Bank via gloss text
and/or handshape information, and then to insert the selected sign’s properties directly into the
annotation (subject to any further editing), as shown in Figure 8.

® Sign Bank
Primary Entry COMPARE Search: COMPARE Clear w
s hs Banky % COMPARE
Entry/Vartant  COMPARE e 6 8 6 pcoverre |
Search Must Match Exact Word  Lookup e oM
Dominant Hand ~ + Right eft Add To Sign Bank

1-Handed 2-Handed © Either

Sign Type & Handshapes  Location  Orientation  Movement
9n Tve B Include Handshapes in Search

Sign Type Start HS End HS
Fingerspelled Loan sign Number Dom  Non-Dom _Dom  Non-Dom

One-handed Dominant Hand Non-Dominant Hand Clear Clear Clear Clear Delete. Insert Labels of Primary Entry and Varant Expand/Collapse Al

* Lexical sign Classifier Gesture Name sign

Primary Entry: COMPARE
Entry/Variant: COMPARE

* Two-handed Same Handshapes Dom & Ndom <

Same START/END. <
Insert All Data: COMPARE

Marked # of Hands One-Frame Gloss e View Occurrences (8) Play Sign Video Play Composite/Utterance Video

Passive base arm Select handshapes

Selected Handshapes

Dominant Hand Clear

Non-Dominant Hand

i

Cancel Enter Bypass Sign Bank Check SignType: LEXICAL, Two Handed, : No,  No, LeftRigl SAME, StartEndLeftHandShapes: SAME, StartEndRi
N ahtHandShapes: SAME

Figure 8. Sign Bank Search from within SignStream®

The information can then be directly entered into the main sentence-level annotation, as seen in Figure 9.

ASULRP BN

) et hebesch 1 te ke becane ¢ b waven and he ke does st

Figure 9. Sign Information Entered into the Utterance within SignStream®


http://www.bu.edu/asllrp/SignStream/3/

The newest version of SignStream® will make it possible, once the user has set start and end points
of an unknown sign, to search for that sign through the search-by-video-example module, opening up a
window like those shown in Figure 3, and then, upon confirmation of the target sign, to enter the Sign

Bank information into the SignStream® annotation.

dom gloss unknown

ndom gloss
dom hand

dom hshape
ndom hand
ndom hshape

translation

The SignStream user opens the Morph-Phon window and selects “DAI Video Search:

Primary Entry o
Entry/Variant test Search Sign Bank "
Dominant Hand Right eft Add To Sign Bank
50
DAI Video Search ! L L : L
Sign Type & Handshapes Location  Orientation Movement
Sign Type
Fingerspelled Loan sign Number
o Lexical sign Classifier Gesture Name sign
e One-handec ® [ DAI Video Search
Two-hande Searching DAL..

Marked #of  This may take some time. Please be patient. Press the Cancel button to cancel the search.

Passive bas¢
Selected Hands
Dominant Hand /

Cancel

Non-Dominant £

Figure 10. Brand New Search-by-video-example Feature within SignStream®

The user will then be presented with the 5 most likely matches for the submitted video, as shown in Figure
3. Upon confirmation of the correct sign, the user can select to “Insert All Data” into that Morph-Phon
window, subject to any further editing by the user before the information is entered into the Utterance

Window. This is described in greater detail in Neidle and Opoku (2024) and Neidle (2024 (forthcoming)).
Further Information about the Search-by-video-example Functionality

In all, about 2,360 distinct signs (and similar variants) can currently be recognized via video lookup,
including lexical signs, loan signs, numbers, and compounds. We do not currently include fingerspelled
signs, classifiers, index signs, and gestures (except when they are included as components of compounds).

Our current recognition accuracy for proficient ASL signers is shown in Table 1.



Type of video input Top-1 Top-5
Citation-form signs 81.21% 95.36 %
Signs segmented from continuous sighing 80.39 % 92.96 %

Table 1. Recognition Accuracy

Videos of signs from ASL learners, which may differ in production from signs articulated by proficient
signers, may be less well recognized. In collaboration with Matt Huenerfauth at RIT, we plan to carry out
user studies in the near future to establish the recognition accuracy for ASL learners. We also plan to

maintain statistics, as the system is used, for success rates of sign recognition, as previously mentioned.

If the search by video example does not produce the desired result, the user can “Select None of those”
(at the upper right in Figure 4), in which case the user will be returned to the main Sign Bank page, and
can proceed to search the ASLLRP Sign Bank for the desired sign in other ways: by text contained in the

gloss labels, by text in related English words, and/or by handshapes.

For further details, see Neidle and Opoku (2024) and Neidle (2024 (forthcoming)).
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