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ABSTRACT 

Cepstral mean subtraction (CMS) and cepstral 
normalization (CN) have been popularly used to normalize the 
first and the second moments of cepstral coefficients, and proved 
to be very helpful for robust speech recognition [1, 2]. In this 
paper, a unified formulation for Higher Order Cepstral Moment 
Normalization (HOCMN) is developed by extending the concept 
of CMS and CN to orders much higher than three. A whole 
family of normalization techniques for different orders is thus 
proposed. Preliminary experimental results based on Aurora 2.0 
showed that the recognition accuracy can be significantly 
improved with this approach under all noisy conditions. For 
example, HOCMN[1,5,100] (normalization of the first, fifth and 
100-th order cepstral moments) is shown to offer an error rate 
reduction of 32.83% as compared to the conventional CN with a 
full-utterance processing interval, or an error rate reduction of 
20.78% as compared to CN with a segmental processing interval. 
 

中文摘要 

倒頻譜消去法和倒頻譜正規化法已廣為使用來正

規化倒頻譜係數的一階和二階動差，而且對強健性語

音辨識上有很大的幫助。在這篇論文裡，我們延伸倒

頻譜消去法和倒頻譜正規化法的概念到遠高於三階，

發展出一套高階倒頻譜動差正規化法的公式。我們提

出了整個正規化的技術並包含了各種不同的階數。在

Aurora 2.0 基礎實驗的結果中，這個方法在各種雜訊

條件下的辨識率都有顯著的進步。舉例來說，以

HOCMN[1,5,100] (正規化一階、五階和一百階倒頻譜動差) 
和傳統用整句話處理的倒頻譜正規化法相比可降低

32.83%的錯誤率，或和分段式處理的倒頻譜正規化法

相比可降低20.78%的錯誤率。 

 

1. INTRODUCTION 
In real world speech recognition applications, robust 

features are highly desired in order to offer acceptable 
recognition performance under various noisy conditions. Mel-
frequency cepstral coefficients (MFCCs) have been well 
accepted as a good choice for speech features with reasonable 
robustness, and many advanced techniques have been developed 
based on them. Cepstral mean subtraction (CMS) and cepstral 
normalization (CN) have been two commonly used methods. A 
possible reason for this is that CMS effectively removes the DC 
component in cepstral domain, which includes the channel 
distortion, and avoids the low frequency noise to be further 
amplified. In addition, the variance normalization of CN may 

reduce the difference in probability density function (pdf) 
between the clean and noisy speech signals. It was also proposed 
that the normalization of the third-order cepstral moment may 
achieve better performance than CMS and CN [3], and with such 
normalization the pdf of noisy speech signals actually becomes 
even closer to that of the clean ones.  

The pdf of cepstral coefficients of speech signals is usually 
regarded as a quasi-Gaussian distribution. Under this assumption, 
the odd order moments should be zero and the even order 
moments should be some specific constants. CMS is to 
normalize the first moment, and CN is to normalize the second 
moment in addition. The Higher Order Cepstral Moment 
Normalization (HOCMN) approaches proposed in this paper are 
therefore developed along this line, i.e., the order of the 
moments to be normalized can be more than three. Such moment 
normalization approaches may make the pdf of the noisy speech 
even closer to that of the clean one. Significant improvements in 
recognition accuracy under all noisy conditions were obtained 
with AURORA 2.0. When a higher order moment is normalized, 
the residual mismatch after CN can be further reduced and the 
feature coefficients may become more robust. One possible 
reason is that the higher order moments are more dominated by 
those samples with larger values, which are also a major source 
of mismatch, and normalization may suppress the values of those 
samples effectively. In this way, not only the signal distortion 
may be reduced, but also the signals can be shaped and less 
mismatched for both small and large value samples. 
 

2. PROPOSED APPROACH 

 

 



 

 
 

 
 

 

 

 
 

 
 

 
 

 
 

 

 



 
 

 
 

 
 

 
 
 
 

 

 
 

 
 
 

 

 
 
 
 



 

 
 

 

 

 

 
 

 
 

 
 

 


