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One of the characteristics of the hearing impaired is that their frequency selectivity is poorer than that of the normal hearing. To compensate 

this, formant enhancement algorithms and spectral contrast enhancement algorithms have been developed. However in some cases, these 

algorithms fail to improve the frequency selectivity of the hearing impaired. One of the reasons is the acoustic masking among enhanced 

formants. In this study, we tried to enhance the formants based on the individual masking characteristic of each subject. The masking 

characteristic used in this study was minimum level difference (MLD) between the first formant to the second formant while acoustic 

masking was occurred. If the level difference between the two formants in each frame is larger than the MLD, the gain of the first formant 

was decreased to reduce the acoustic masking that occurred among formants. As a result of the speech discrimination test, using formant 

enhanced speeches, speech discrimination score (SDS) of the speeches having differently enhanced formants was significantly superior to 

SDS of the speeches having equally enhanced formants. It means that suppression of the acoustic masking among formants improve 

frequency selectivity of the hearing impaired. 
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그림 1. 포먼트 향상 알고리즘

Fig. 1. Formant enhancement algorithm
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그림 2. 해밍창 및 변형된 해밍창

Fig. 2. Hamming window and modified Hamming windows
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Ⅲ. 실험 방법 및 결과
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그림 3. 샘플 신호 및 분석, (a) 샘플 신호 및 샘플 프레임, (b) 샘플 프레임의 스펙트럼, 포락선 및 이득

Fig. 3. Sample signal and its analysis (a) sample signal and sample frame signal (b) spectrum, envelope and gain function from sample frame signal
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Fig. 4. Test procedure



A Study on Acoustic Masking Effect by Frame-Based Formant Enhancement

532  J. Biomed. Eng. Res.

. 

(moderate-severe hearing loss) , 

. 

B. 순음 순음 순음 순음 마스킹 마스킹 마스킹 마스킹 검사 검사 검사 검사 및 및 및 및 결과결과결과결과

Cool Edit Pro

(bandwidth 100Hz) , . 

. 417.39Hz, 1190.34Hz, 

2368.66Hz , 

. 

. 

, 

. 

. 

, . 

, 

. 

, 

(minimum level 

difference, MLD) .

MLD 20dB, 

MLD 40dB . 

20dB . 

.

C. 음성 음성 음성 음성 마스킹 마스킹 마스킹 마스킹 검사 검사 검사 검사 및 및 및 및 결과결과결과결과

(speech 

discrimination score with equally formant enhanced speeches, 

SDS-E) (speech discrimination 

score with differently formant enhanced speeches, SDS-D) 

. SDS-E 

, SDS-D

-2 , 

. 

SDS-E 

. , 

2 10, 15, 20, 25

, 1 4 . 

SDS-D , 

SDS-E , 

MLD 

MLD 2/3

. 

, 

.

, 

. 

, SDS-E 

SDS-E 

SDS-D . 

5 1 SDS-E 

(MLD)

, MLD

. 1 2 MLD

SDS-E . 

. 

, 

S001 S002 S003 S004

나이 61 67 30 62

성별 여 남 여 남

평균 청력 (dB)
R 57.5 53.3 70.4 37.9
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어음 명료도 (%)
R 88 64 60 92

L 68 84 68 (60)

표 1. 피험자 정보

Table 1. Information of subjects
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Fig. 5. SDS-E and MLD of each subject
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Fig. 6. Results of the speech masking test, (a) SDS-E test (b) SDS-D test.
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