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[Abstract]

This study implemented a digital shadow puppetry control interface based on hand landmarks and quantitatively compared three
coordinate-processing methods under identical conditions: raw coordinate mapping (MO0), the 1€ filter (M1), and the proposed
method (M2), which combines coordinate smoothing, a dead zone, state holding, and output-range constraints. Gesture-recognition
accuracy, end-to-end latency, static-coordinate jitter, control interruptions, and frame rate were measured using the same input
videos, hardware, gesture set, and digital puppet model. Overall recognition accuracy was 87.1% for MO, 91.5% for MI, and
93.0% for M2. Coordinate jitter under M2 was 64.0% lower than under MO and 30.3% lower than under M1, while control
interruptions were 56.6% fewer than under M1. M2, however, showed an average latency of 122.6 ms and an average frame rate
of 46.8 FPS, indicating lower responsiveness and processing performance than M1. The results demonstrate a trade-off between

control stability and response speed.
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Table 1. Hand landmark processing methods for comparison

under identical conditions

Method Data Gesture Controlled Evaluation
Processing Decision Conditions Metrics
Direct Sa\r/riwdeegput Accuracy,
MO: Raw mapping of Fixed hardware, Iafency,
Mapping rlaw. threshold | gesture set jltter,
MediaPipe and bu et’ tracking
coordinates PupD loss, FPS
model
Same input Accuracy,
Speed-adapt Same video, latency
M1: 1€ ) . hardware, .. ’
) ive low—pass fixed jitter,
Filter o gesture set, )
filtering threshold and pubpet tracking
PUPBEL | 0ss, FPS
model
Coordinate Same input
h . Accuracy,
. smoothing, Same video,
M2: latency,
dead zone, | threshold hardware, ..
Proposed . jitter,
and with state | gesture set, )
Method . tracking
output-range | holding and puppet
- loss, FPS
constraints model
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Fig. 1. Control structure of traditional shadow puppetry
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Table 2. Hand landmark-based control mapping structure

Input Data Calculatlop and TouohDengner Output
Processing Processing
) Filter CHOP,
. Extraction of
Wrist ) . dead zone, and Puppet
L normalized wrist x— . .
Position ) coordinate position X/Y
and y—coordinates )
conversion
Vector—-angle Angle
Index calculation between | conversion and | Puppet arm
Direction index MCP and rotation-range rotation
index tip constraint
Thumb— | Euclidean distance | Pinch detection Puppet
Index between thumb tip at a threshold selection or
Distance and index tip below 0.06 prop control
Average distance
Palm Scene or
between the palm Open/close
Open/ ) stage—effect
center and state detection .
Close ; : trigger
fingertips
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Table 3. Experimental conditions for comparison under
identical conditions

Experimental Variable Condition

Number of Participants 20 participants

Wrist movement, index direction,

Gesture Types pinch, palm open/close

Repetitions per Gesture 10 trials
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M2 Proposed Method
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and puppet model

Lighting Conditions

Distance Conditions

Compared Methods
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Table 4. Performance comparison of coordinate-processing methods under identical conditions

Evaluation Metric MO: Raw Mapping M1: 1€ Filter M2: Proposed Method M2-M1 Difference Statistical Result
Gesture Recognition 2
+ + + 9 = =
Accuracy (%) 87.1+£6.9 91.56+ 3.7 93.0+ 25 +1.5%p x~=8.85, p=.012
End-to—End Latency (ms) 81.1 £ 8.1 105.0 £ 6.3 122.6 £ 6.2 +17.6 ms ¥?=40.00, p<.001
Coordinate Jitter (RMS) | 0.0189 + 0.0022 O s 0.0068 + 0.0005 ~30.3% ¥*=40.00, p<.001
Control Interruption 7.63 £ 0.74 7.32 £1.17 3.18 £ 0.54 —56.6% x*=31.60, p<.001
(events/min)
Average FPS 49.2 £ 0.7 47.6 £ 0.6 46.8 £ 0.8 —0.8 FPS X?=40.00, p<.001
Minimum FPS 38.6 36.9 35.8 —-1.1 FPS Descriptive result
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Table 5. Gesture-recognition accuracy under lighting and

distance conditions

Ht

Experimental Condition mg;}gﬂg M;i;t;re Prohpﬂ)iéed
Method

Low Lighting: 100 lux 80.5% 85.5% 87.5%
Normal Lighting: 350 lux 90.0% 94.0% 96.0%
High Lighting: 700 lux 86.5% 91.0% 92.5%
Distance: 30 cm 84.5% 89.0% 91.0%
Distance: 40 cm 90.5% 94.5% 96.5%
Distance: 50 cm 86.5% 91.0% 92.0%
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