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Detection of Finger-Waving Movements using Discrete Fourier Transform and its Application for Equipments Control

Hidetsugu ASANO, Takeshi NAGAYASU, Tatsuya ORIMO, Kenji TERABAYASHI, Mutsumi OHTA and Kazunori UMEDA

In this paper, a method to detect slight finger-waving from images is proposed. The proposed method converts input
images to low-resolution intensity images. To obtain the amplitude spectrum, the method applies windowed-Fourier trans-
form to time series of each pixel in the low-resolution images. The difference value of the amplitude spectrum between
2Hz and the peak of 3 to 6Hz is accumulated as an evaluation value. If the evalutaion value becomes above the threshold

value, the pixel is detected as a point with finger-waving movement. The proposed method can detect even slight finger-

waving. A gesture interface system using the proposed method with multiple cameras is constructed. The system obtains

3D position of the finger-waving. The position is related to some command and the system controls the equipment.

Key words: gesture interface, human machine interface, image processing, Fourier transform, Intelligent Room, net-

work camera
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(b) Close-up images of a finger-waving movement

Fig. 1 Target images
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(2) Convert to low-resolution inten-
sity image

Amplitude spectrum

T FTR
Frequency(Hz)

(3) Apply windowed-Fourier transform to time series of each pixel to
obtain an amplitude spectrum

Fig. 2 Converting process from input image to amplitude spectrum
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(c) Region with a finger-waving
movement

Fig. 3 Various regions (white circle)
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(c) Region with a finger-waving movement
Fig. 4 Time sequence of a pixel intensity and the results of Fourier
transform of a pixel in low-resolution images
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Fig. 5 Relation between amplitude spectrum of 2Hz and 3-6Hz in
static region (circle), region with a passing hand (triangle),
region with a finger-waving movement (rectangle)
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Fig. 6 The flowchart of finger-waving detection in each pixel. ft(n)
shows amplitude spectrum of nHz.

Table 1 Camera parameters in the experiment

Resolution 640 x 480
Frame rate 30fps
. horizontal 55.8°
Angle of view -
vertical 43.3°
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Fig. 7 Time sequence of amplitude spectrum for each frequency and
evaluation value A

Table 2 Detection time for different measurement distance s

Finger-waving frequency
3Hz | 4Hz SHz
2m | 147 | 1.39 1.51
Distance from camera | 4m | 2.25 | 1.83 2.06
6m | 2.36 | 2.30 2.55
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Fig. 8 Images with various brightness

Table 3 Detection rate and detection time for various brightness

Illuminance | Detection Average Standard

Ix rate % detection time s | deviation s
450 100 1.2 0.1
315 100 1.2 0.1
200 100 1.2 0.1
160 100 1.3 0.1
70 100 1.9 0.2
43 100 2.9 0.6

9 100 10.9 3.2
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Fig. 9 Camera positions and experimental points of finger-waving
detection
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Table 4 Camera positions m

X Y Z

Cameral | 0.59 | 0.53 | 2.11
Camera2 | 5.67 | 0.37 | 2.18
Camera3 | 0.13 | 7.15 | 2.47
Camerad | 6.22 | 5.78 | 2.39

Table 5 Accuracy of position detected as finger-waving m

Average

True detected | Average | Standard

position | position error deviation

X 2.30 2.34 0.04 0.04

Pointl | Y 2.60 2.59 0.01 0.05
V4 1.00 0.99 0.01 0.03

X 4.60 4.65 0.05 0.03
Point2 | Y 2.60 2.56 0.04 0.03
Z 1.00 0.95 0.05 0.02

X 2.30 222 0.08 0.03
Point3 | Y 5.20 5.15 0.05 0.01
Z 1.00 1.00 0.00 0.02

X 4.60 4.59 0.01 0.02
Point4 | Y 5.20 5.16 0.04 0.03
Z 1.00 0.93 0.07 0.03

X 3.45 3.40 0.05 0.03
Point5 | Y 3.90 3.81 0.09 0.06
Z 1.00 0.97 0.03 0.06
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