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Abstract

We develop a complete system that includes data collection, signal processing, and real-time interaction for effective neurofeed-
back training. Our system supports a sophisticated technique to find threshold values which are quite important for effective
neurofeedback system. A therapist specifies a target success rate of positive feedback, allowable error and time. The system com-
putes a current success rate and compare it with the target one. If the difference between two rates exceeds the allowable error for
allowable time, we find an optimum threshold value to obtain the target success rate by using numerical optimization technique.
We conduct several experiments by varying input parameters: target success rate, allowable error and time, and demonstrate the
effectiveness of our technique by showing the desired target success rate is stably obtained and systematically controlled by input

P arameters.
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Table 1: Frequency range and type of brainwaves used in neuro-
feedback training.

Name Frequency range (H z) \ Frequency type

Theta 4-7 Inhibit

SMR 12-15 Reward
High beta 22-36 Inhibit
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Figure 1: Real-time power spectrum analysis of brainwave signals (0 ~ 50H 2).
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Figure 2: SMR brainwaves extracted by using a band pass filter:
(a) real-time brainwaves, (b) extracted SMR (vertical scale is mag-
nified for better visualization).
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Figure 3: Judgement for SUCCESS section: (a) inaccurate result,
(b) accurate result.

FFT @8-S 28517, 4H> Tol2 0 ~ 128Hz Afo]o] AE
AYark SMRY] 39 the A3} o] o Futs o ol
9 ~MEY gho] Fol AAZ o14-S %9 SUCCESS 7=
ARk

(interval)of| A -2t 3271 €] Bl o8] & A 6471 €] T o] ] Hf
q

flo £ o rsk

15

> (fe)? = Tsur,

k=12

4714 fik Fuh KO ABGEE Lehh T, msusns SMRE] 9
ARLE LrEhEh. AR & ol gte] o] Fatkaql Aefet
solletel thshAw M=ug B 4 ek 1Y 4 A4

o= "edH Aleret SMRoJ Histe] fjoflA AARM W<

E = )

2.



Success Failure Success

(a)

JanlMHA i
iATA V
T

(b)

Figure 4: Judgment of SUCCESS/FAIL section: (a) theta wave, (b)
SMR.
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Figure 7: Various training contents produced by interworking with commercial game engine.
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Table 2: Thresholding experiments for SMR waves.
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Figure 8: Experimental results for SMR wave depending various experimental conditions.
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Table 3: Results for various target success rates changing in real time.

(2]

(3]

(4]

(5]

(6]

Time | Target success | Allowable | Allowable | Average success
(min.) rate (%) error (%) time (s) rate (%)
1 40 7 4 43
2 45 5 4 44
3 50 3 4 47
4 55 7 2 54
5 60 5 2 57
6 65 3 2 62
7 70 7 1 69
8 80 5 1 80
9 90 3 1 88
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Figure 9: Results for various target success rates changing in real time.
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