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Implementation of Interactive Media Content Production Framework
based on Gesture Recognition

You-jin Koh”, Tae-Won Kim", Yong-Goo Kim”, and Yoo-Joo Choi®*
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Abstract

In this paper, we propose a content creation framework that enables users without programming experience to easily create
interactive media content that responds to user gestures. In the proposed framework, users define the gestures they use and the
media effects that respond to them by numbers, and link them in a text-based configuration file. In the proposed framework, the
interactive media content that responds to the user's gesture is linked with the dynamic projection mapping module to track the
user's location and project the media effects onto the user. To reduce the processing speed and memory burden of the gesture
recognition, the user's movement is expressed as a gray scale motion history image. We designed a convolutional neural network
model for gesture recognition using motion history images as input data. The number of network layers and hyperparameters of
the convolutional neural network model were determined through experiments that recognize five gestures, and applied to the
proposed framework. In the gesture recognition experiment, we obtained a recognition accuracy of 97.96% and a processing speed
of 12.04 FPS. In the experiment connected with the three media effects, we confirmed that the intended media effect was
appropriately displayed in real-time according to the user's gesture.

Keyword : gesture recognition, interactive media, dynamic projection mapping, deep learning, convolutional neural network
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Table 1. Deep leaming approach for gesture recognition!'”

3D models (3D convolution a pool)

Motion-based input features

2D Models + RNN + LSTM

2D Models + B-RNN + LSTM

Gesture
recognition 2D Models + H-RNN + LSTM
approaches | Temporal 2D Models + D-RNN + LSTM

methods
2D Models + HMM

2D/3D Models + Auxiliary outputs

2D/3D Models + Hand-crafted features

2 S5 TRHN YZo| AR

Table 2. Projects of dynamic projection mapping

Eolth Al MR < WS RNN(Recurrent Neural Net-
work)Z LSTM(Long Short Term Memory)< Z%3l= 5
914; H|o]E{(Sequence Data)E &-&3h= A17H4] WH(Tem-
poral methods)E©]t}.

2. =& ZEMM hl J|dto| OlE{2HE|E O|C|0] OIE

= Ho 1

project name

description

project image

bot&dolly - Box[9]

It recognizes the movement of the rectangular
plane attached to the robot's arm and maps the
stereoscopic image to realize the 3D image.

Ishikawa group Lab -
DynaFlash v2 and Post
Reality[10]

The new high-speed projector DynaFlash v2
(3-LED + 1-DMD) was developed to naturally
express the texture of flexible surfaces.

connected colors / real-time
face tracking and 3d
projection mapping[11]

Track a person's face in real time. The points
attached to the face are tracked and mapped
with a 3D scanner.

' # ' NMARA
Interdisciplinary Art
Performance Works[12]

It uses a kinect camera to track the performer's
movements in real time and distributes
appropriate video effects.

Virtual Reality Interactive
Sandbox
(Contour Line)[13]

The color is divided according to the height of
the sand to express the contour line.

Interactive wall and Floor
Projection[14]

The color or shape of the object is changed
according to the gesture of touching the mapped
wall or floor.
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Configuration
read file

Image data by
C ++ user gesture
ofApp 1
Configuration File
?leader ‘*{ Body Tracker

MHI Creator

Current State
Analyzer

Camera-projector space mapping
for dynamic projection mapping

Mot //v| Gesture-queue Manager
otion

. mapping Current
Particle System information StTus

‘ Particle Type Chooser ‘

I

‘ Particle Renderer ‘

Recognizer

image )
Type of —
Motion
Type of
gesture l"‘:‘t;;rg
Tensorflow
Gesture Gesture
Training Inference

" Protobuf(PB)

Motion History Images

for each gesture

T2 1. Migtske QIEE[E DiC|o] 2= M Ze3o| A FEE
Fig. 1. Diagram of the proposed interactive media content production framework
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Algorithm 1 : Gesture Type Decision
Input : returned value from tensorflow module
Qutput : gesture type
Begin
1 : queue.push(returned value from tensorflow module);
2 1 if queue.size() == 4
3: int arr[the total number of gesture typel = {};
for (int i = 0; i <queue.size(): i++)
arr[queueli]]++;
for (i€T, where T = Target gesture's index)
if arr[i]>=queue.size() — 1
queue.pop();
return i;

© o0 3 O U1 >

// return Gesture Type i
10: queue.pop();

11: return 999;

12: else return 999;

End
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Table 3. An example of the configuration file for five gestures and four media effects

Each gesture and media effect name

Description

Num_Gesture: 5

Number of target gestures

GestureDir:“gesture directory name”

The name of the directory which stores the tensorflow modules for gesture recognition

Num_Effect: 4

Number of Particle effects

Effect1:“ParticleEffect1”

Particle effect ID

Effect2:“ParticleEffect2”

Particle effect ID

Effect3:“ParticleEffect3”

Particle effect ID

Effect4:“ParticleEffect4”

Particle effect ID

PerformerComeOQut: 1

If it is determined that there is a performer (= user), effect 1 is executed.

Gesture1: 2 Gesture1 and 2nd effect matching
Gesture2: 3 Gesture2 and 3rd effect matching
Gesture3: 3 Gesture3 and 3rd effect matching
Gesture4: 4 Gesture4 and 4th effect matching
Gesture5: 4 Gesture5 and 4th effect matching
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Gesture Data
Generation &
Saving Program
(C++)

Camera Images — —
Creating MHI| data

Saving MHI data

T2 2. MAX HolE Y 3 skE Hxjof et Clolof I
Fig. 2. Diagram of gesture image data training step
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A&

Gesture

Training Program file
(TensorFlow)

Dynamic Projection
—> Mapping with

Gesture Recognition

(C+ + & TensorFlow)

Configuretion

Camera Image

Gesture Data
; 5 — = Protobuffile —
Directory MHI data reader Eaphire
(MHI files)
Creating Protobuf file

Gesture Inference &
Effect Rendering
Dynamic Projection
Mapping
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Fig. 3. a series of motion history images for 'kicking-left'
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Table 4. Motion history image generation program

Creating and saving of motion history images

2

Start the gesture data generation /
saving program and press ‘p(play
mode)' on keyboard

Press the key ‘c(capture mode)’ on keyboard for saving a series of color images

and motion history images

Binar Motion
I Y History
mage e

T2 4. HAA HolE 8 3H
Fig. 4. Interface for collecting gesture data
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240 x 320 240 x 320 120 x 160 120 x 160 60 X 80 60 x 80
convl conv2 conv3
X@5x5 || X@5x5 | | Maxpooling X@5x5 | | Maxpooling | | FC1 | | FC2
filter filter 2x2 filter 2x2 Xunits | | 8 units
2 x 2 stride 1x 1 stride 1x 1 stride
2 5. 2A1B9] MAZA HO|0E Zelet 3AIE s MEY
Fig. 5. Three-layered CNN with 2 fully connected layers
240 x 320 120 x 160 60 x 80 30 x 40 15 x 20 8 x 10
conv conv2 conv3 conv4 conv5
16@5x5 | | 32@3x3 64@3x3 [ |128@3x3 [ |256@3x3| | FCT
filter filter filter filter filter 8 units
2 x 2 stride 2 x 2 stride 2 x 2 stride 2 x 2 stride 2 x 2 stride
3 6. 174150 MAUZ dojoig &S 5HS HEE UZY
Fig. 6. Five-layered CNN with 1 fully connected layer
3.3 C++ ZEL} HMEZR9| o openFramework+= 0.9.8ver® 2 A7 3to] X335l Th
2 mwoll A AbekE <Al 2A] Q14 71Nk JIEYEHE v
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2} Z(node graph)= 7} ¢t Az WA 0 & st FER7) ALA, AR Al MAE Rokxl 715 Wha
Boost= 1.69ver, Conda 4.6.15ver, Python 3.7.3ver 12|23 o] &3] WAL= Whxlr) Al Aot AE 279 Wty
E5 2E HAHY € 2M 5252| o|ojx] of
Table 5. An example of motion history image for each target gesture
gesture name Power Charging Shooting left Shooting right Kicking left Kicking right
= 7| 207 T | - oz BE w| - 228 2ap| - ez wap| - 222

motion history
image of
gestures

MAxe =2M

5|AE2| 0|0]X|

Description

Put your arms up

and slowly lower

them in a circular
motion.

Stretch your arms to
the left as if pushing
something out of
your palm.

Stretch your arms to
the right as if
pushing something
out of your palm.

Stretch your feet to
the left.

Stretch your feet to
the right.
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Table 6. Particle effect of target gestures

User detection
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Effect of ‘Power Charging’
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Two-step effects of ‘Shooting’ and ‘Kicking’
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Table 7. Number of motion history images that make up the training
and test dataset

Training Test

Power Charging 611 261
Shooting-Left 613 333
Shooting-Right 613 333
Kicking-Left 555 253
Kicking-Right 554 246
Error 1(black) 241 102
Error 2(etc) 318 136
Error 3(ready) 139 59
= N 3644 1723
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Table 8. Motion history images of ‘Error’ gestures

Error 1 - Black

Error 2 - Etc

Error 3 - ready
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E 9. [AE 50lM HAIE 3HIZ SHE AIZY S Al MAX lAED HalAZt
Table 9. Gesture recognition accuracy and execution time in the 3-layered convolutional neural network of Fig. 5

learning rate : 0.001, batch size : 30, number of epochs : 300 Execution time per image
Application of learning rate decay | Number of filters(X) accuracy (sec.)
32 0.9473 0.2535
Applied from epoch 250 16 0.9649 0.0780
8 0.9824 0.0219
# 10. [A2 6oM HAIE 5 AZ gtds LZTe| oIAER HERR] 21t
Table 10. Gesture recognition accuracy and

execution time in the 5-layered convolutional neural network of Fig. 6

learning rate : 0.0001, number of epochs : 200

condition conv_1 conv_2 conv_3 conv_4 conv_5 Accuracy Exgcution time per
16@ 32@ 64@ 128@ 256@ image (sec.)
filter size 5x5 5x5 5x5 3x3 3x3
con1 Strid.e size 2x2 2x2 2x2 1x1 1x1 0.9649 0.5450
learning rate 0.0001
batch size 30
filter size 5x5 3x3 3x3 3x3 3x3
con.2 Striqe size 2x2 2x2 2x2 2x2 2x2 0.9796 0.0838
learning rate 0.0002
batch size 5

T2 7. (08 S0l S BT AZUOIN 25 BNE 20lolof e BEiS XS A2, S HOlE Tt oME

= o o1, ;e

Fig. 7. Gesture recognition accuracy in the 3-layered CNN of Fig. 4 with 8 filters applied to each layer using the training data

Accuracy_from_Test

0% 8. [T 6] 5HE BT AZTOIM [E 10]2] X2 28 B2 B, 8 ololE0f Tt 21ME
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Fig. 8. Gesture recognition accuracy in the 5-layered CNN of Fig. 6 with condition 2 of Table 10 using the training data
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Table 11. Accuracy of each gesture recognition

Gesture
meangless motion gauge kick-L kick-R wind-L wind-R
false/total images 3/297 7/261 11/253 14/246 15/333 19/333
accuracy 98.98 97.31 95.65 94.30 95.49 94.29
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Table 12. Media effect mapped screen by gesture
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