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How can we use artificial intelligence to predict and interpret hand gestures in sign
anguage to facilitate communication and interaction between deaf and hard-of-
nearing individuals and their environment?
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Finger-tip detection [3]

Tip
Articulation (a) . . . .
articulation (B Palm American sign language finger spelling alphabet [5]
rticulation
Base Wrist
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Link [6]

Sign-Language-Classification-CNN-VGGI19

Python - VGG-19, ASL Fingerspelling Images (RGB & Depth), [Private Datasource]
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100 000 Labeled images [7] Classification model Prediction

UBFC N E U”‘[bm

UNIVERSITE
BOURGOGNE FRANCHE-COMTE




i B
REPUBLIQUE Method Performance Anal

Liberté
Egalité
Fraternité

Confusion matrices
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-0.01% 0.01% 0.03% 0.01% EYUS 0 00% 0.00% 0.00%% 0.00% 0.00% 0.00% 0.00% 0.00% 0.01% 0.00% 0.00% 0.00% 0.03% 0.00%% 0.00% 0.00% 0.00%% 0.00% 0.00%
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-0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.05% gy 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.01% 0.00% 0.01% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
-0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% Ex=tE 0 00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.03
-0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%% 0.00% SRatsEy 0 00°% 0.01% 0.00%% 0.00%% 0.00% 0.00% 0.01% 0.00% 0.00%% 0.00% 0.00% 0.00% 0.00% 0.00%
-0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% S 0. 00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.01% 0.00% 0.00% 0.00%
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-0.00% 0.00% 0.00% 0.00% 0.02% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.02% 0.02%Exe 0 01 % 0.00% 0.00% 0.02% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 007
-0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.01% 0.00%% 0.00% 0.00% 0.00% 0.01% 0.00% 0.00% ExiaE 0 02% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%% 0.00% 0.00%
-0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.02% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.01% g0 01% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
-0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% gk 0 00% 0.00% 0.01% 0.00% 0.00% 0.00% 0.00%
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-0.03% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.01% 0.03% 0.00% 0.00% 0.00% 0.00% 0.03% Exrmke 0 00% 0.00% 0.00% 0.00% 0.00% - 001
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* The test results

Actual: d - Predicted: g Actual: x - Predicted: g Actual: h - Predicted: | Actual: k - Predicted: q Actual: 1 - Predicted:

10 | |
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Limitations of the Classification Model
d Lack of Data Diversity
 Overfitting to Specific Hand Features

Our Proposed Enhancements
1 Data Diversification
1 Data Augmentation
d Using Segmented Images
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Confusion matrices

0 SR 00%0.00%0.00%0.01%0.02%0.00%0.00%0.00%0.00%0.00%0.00%0.01%0.01%0.01%0.02%0.00%0.00%0.00%0.00%0.01%0.00%0.00%0.01%0.01%0.00%
1 -0.03%g0re0 01 %0.01%0.01%0.01%0.00%0.00%0.00%0.00%0.00%0.00%0.00%0.00%0.02%0.01%0.01%0.00%0.01 %0.00% 0.0 2%0.00%0.00%0.00%0.01%0.00%
2 -0.02%0.00%Regi0 01 %0 00%0.00%0.00%0.00%0.00%0.00%0.00%0.00%0.00%0.00%0.02%0.03%0.01%0.00%0.0 2% 0.00%0.00%0.00%0.00%0.00%0.01%0.00%
3 0.00%0.00%0.00%ERatg@0 01 %0.01%0.00%0.00%0.00%0.00%0.00%0.01%0.00%0.00%0.01%0.00%0.00%0.01%0.00%0.00% 0.00%0.00%0.00%0.00% 0.00%0.00% 004
4 -0.00%0.00%0.00%0.00% e 0 00%0.00%0.00%0.00%0.00%0.00%0.00%0.00%0.01%0.03%0.00%0.00%0.00%0.05%0.00% 0.00%0.00%0.00%0.00% 0.00%0.00%
5 0.00%0.00%0.00%0.00%0.00%Gmanted 0 00%0.00%0.00%0.00%0.00%0.01%0.00%0.00%0.00%0.00%0.00%0.00%0.00%0.00%0.01%0.00%0.00%0.00%0.01%0.00%
& -0.01%0.00%0.00%0.00%0.00%0.00%gREasm0 09%0.00%0.00%0.01%0.00%0.00%0.00%0.01%0.00%0.00%0.00%0.00%0.00%0.00%0.00%0.00%0.00%0.01%0.00%
7 0.00%0.00%0.00%0.00%0.00%0.00% 0.0 2% 00%0.00%0.00%0.00%0.00%0.00%0.00%0.03%0.00%0.00%0.00%0.00%0.00%0.00%0.00%0.00%0.00%0.00%
B -0.02%0.00%0.00%0.00%0.01%0.01%0.00%0.00%gRaue0 00%0.00%0.02%0.01%0.00%0.01%0.02%0.01%0.01%0.01%0.00%0.00%0.00%0.00%0.01%0.03%0.00%
9 0.00%0.00%0.00%0.00%0.00%0.00%0.01%0.01 %0.00%Exgsn0 00%0.01 %0.00%0.00%0.00%0.03%0.00%0.00%0.01 %0.00%0.00%0.00%0.00%0.00% 0.00%0.00% 0.03
10 000%0.01%0.00%0.01%0.01%0.01%0.02%0.01 %0.01 % 0.00% X0 0.2 %0.01%0.00%0.00%0.01%0.00% 0.0 2%0.00%0.00%0.01%0.04%0.00%0.01%0.00%0.00%
11 000%0.00%0.00%0.00%0.00%0.00%0.00%0.00%0.00%0.00%0.00%SRaten0 00% 0.00%0.00%0.03%0.00%0.00%0.00%0.00% 0.00%0.00%0.00%0.00% 0.00%0.00%
12 0.00%0.00%0.01%0.01%0.02%0.01%0.00%0.00%0.00%0.00%0.00%0.01 Y Esaieii 08%0.03%0.02%0.00%0.00%0.02%0.00%0.00%0.00%0.00%0.01%0.01%0.00%
13 0.01%0.00%0.00%0.00%0.01%0.00%0.01%0.00%0.01%0.00%0.00%0.00%0.06 % a0 03%0.02%0.01%0.00%0.02%0.01%0.00%0.00%0.00%0.00%0.01%0.00%
14 0.00%0.00%0.00%0.00%0.00%0.00%0.00%0.00%0.00%0.00%0.00%0.00%0.00% 000 %gXa0 00%0.00%0.00%0.01%0.00%0.00%0.00%0.00%0.00%0.00%0.00% - 0.02
15 0.00%0.00%0.00%0.00%0.00%0.00%0.00%0.00%0.00% 0.00%0.00%0.00%0.00% 0.00%0.00% 0.0.2%0.00%0.00%0.00%0.00%0.00%0.00%0.00%0.01%0.00%
16 0.00%0.00%0.00%0.00%0.00%0.00%0.01%0.01%0.00%0.00%0.00%0.00%0.00% 0.00%0.00% 0.0 5 YeeXast 0 00%0.00%0.00% 0.00%0.00%0.00%0.00%0.01%0.00%
17 0.00%0.00%0.00%0.04%0.00%0.00%0.00%0.00%0.00%0.00%0.00%0.01%0.00%0.00%0.00%0.01 %0 .00 =Xt 0 00%0.00%0.05%0.01%0.00%0.0.2%0.00%0.00%
18 0.02%0.00%0.00%0.00%0.02%0.00%0.00%0.00%0.00%0.00%0.00%0.00%0.01%0.01%0.03%0.03%0.00% 0.00 %=t 0 01 % 0.01 % 0.00%0.00%0.01% 0.0 2% 0.00%
19 0.02%0.00%0.00%0.00%0.00%0.00%0.00%0.00%0.01%0.00%0.00%0.01%0.01%0.04%0.03%0.00%0.00%0.00%0.0 2 %essiti 0% 0.00%0.00%0.01%0.02%0.00%
20 0.01%0.01%0.00%0.02%0.00%0.00%0.00%0.00%0.00%0.00%0.00%0.01%0.00%0.00%0.00%0.00%0.00% 0.0 3%0.00%0.00% X 0.2%0.01%0.02%0.01%0.00% - 001
21 -0.00%0.00%0.00%0.00%0.00%0.00%0.00%0.00%0.00%0.00%0.00%0.00%0.00% 0.00%0.00%0.04%0.00%0.01%0.00%0.00% 0 .08 %300 0.2 % 0. 00%0.00%0.00%
22 0.00%0.00%0.00%0.00%0.00%0.01%0.00%0.00%0.00%0.00%0.00%0.00%0.00%0.00%0.00%0.01 %0 .00%0.00%0.00%0.00% 0.0 2% 0. 06 % ERESH0 00% 0.00%0.00%
23 0.00%0.00%0.00%0.01%0.00%0.00%0.00%0.00%0.00%0.00%0.00%0.00%0.00%0.01%0.01%0.0.2%0.00%0.01%0.00%0.01%0.01%0.00% 0 .00 %R 00%0.00%
24 -0.01%0.00%0.00%0.00%0.00%0.00%0.00%0.00%0.00%0.00%0.00%0.00%0.00%0.00%0.00%0.03%0.01 %0 .00%0.01%0.01 %0 .00% 0. 00%0.00%0.0.2%
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Weighted average Accuracy F1 score Precision

RGB model 0.99 0.99 0.99

Mask model 0,93 0,93 0,93
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Lieed Enhancing Model Explainability with Grad-CAM

Grad-CAM (Gradient-weighted Class Activation Mapping):
1 An interpretive artificial intelligence technigue used to identify and illustrate
noteworthy regions within an image during the classification process
1 It generates a heat map that emphasizes the areas most impactful for predicting
the class

Less Important

More Important
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uc% Enhancing Model Explainability with Grad-CAM

Egalité
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Grad-Cam on RGB Image Classification Model
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Grad-Cam on Mask Image Classification Model
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aaeed Conclusion and Future Work

Fraternité

d Extend the project to handle expressions
d Extend the work to process video and enable real-time communication with a hard of
hearing or deaf person
d Development of a framework that will be used to communicate with this category of
iIndividuals
 Utilize other explainable models
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