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A Novel Method for Objective Evaluation of Converted Voice and Correlation with Subjective Score Dr. Arun Kumar, Dr. Ashish Verma, Daya Shanker Khudia, Rajat Agarwal  Abstract—this paper describes a novel method for objective evaluation of transformed voices. We have implemented and utilized a likelihood ratio based speaker verification system to objectively evaluate the transformed voices. We have performed subjective tests, MOS and hearing tests, to judge our purposed method. After normalization of log likelihood ratio, obtained from speaker verification, correlation with subjective score was calculated. Correlation results show that this method can be used to objectively evaluate the converted voices and thus tediousness of subjective tests can be avoided. Index Terms—Speaker, Objective, Subjective
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INTRODUCTION



In the literature subjective tests exist for evaluation of voice transformation system. Voice transformation refers to the process of modifying the speech signal in a person’s voice so that it sounds as if spoken by another person. However to evaluate the quality of voice transformation system no objective tests exist so far. The subjective tests are quite tedious and require a large no of listeners that rank the system after listening approximately 100 sentences. Only then a reliable estimate of the quality of speaker verification system can be achieved. It also requires the listeners to be trained appropriately by giving them suitable instructions on how to rate the converted sentences. There is also a large probability of existence of bias towards the source speaker while rating the converted sentences if the text of the converted sentence is similar to that spoken by the source speaker. Hence, the selection of testing sentences is also a tedious exercise and requires careful attention. The tests also need to be conducted in the laboratory under carefully controlled conditions and noiseless environment. All these difficulties motivate the development of an objective method to evaluate the voice conversion system which is not tedious and is free of all the biases and errors that exist in the subjective methods. The proposed objective method uses likelihood ratio based speaker verification system [1] for objective evaluation and correlation was calculated between the scores given by the speaker verification system and subjective tests. To generate the



subjective scores we have developed our own subjective test which is a slight modification of DCR tests and XAB tests already existing in the literature. Correlation values indicate that proposed objective method can be used in place of the subjective methods existing in the literature. II. SPEAKER VERIFICATION SYSTEM A. System description The area of speaker recognition is concerned with extracting the identity of the person speaking the utterance. The general area of speaker recognition is divided into two specific tasks: verification and identification. In verification, the goal is to determine from a voice sample if a person is whom he or she claims. In speaker identification, the goal is to determine which one of a group of known voices best matches the input voice sample. We have developed text independent speaker verification system. Any speaker recognition system has two phase namely training and testing phase. Training phase of any speaker recognition system has two main parts: feature extraction and statistical modeling. Feature extraction [3] is the front end of the speaker verification system and we are utilizing 39 dimensional Mel Frequency Cepstrum Coefficients [2] (MFCC’s) as feature vector for building of speaker model. 39 components of a vector consist of 1 energy and next 12 MFCC coefficients and then delta and delta-delta coefficients appended to these.



Figure 1. Training phase of speaker verification system The second step consists in obtaining a statistical model from these parameters. Gaussian Mixture Models (GMM) are the representative parametric models and widely used in the speaker verification tasks. This training scheme is also applied to the training of a background model. Figure 1 shows the general block diagram for training phase of the system.



2 Figure 2 shows a block diagram representation of the test phase of a speaker verification system. The entries of the system are a claimed identity and the speech samples pronounced by an unknown speaker.



Figure 2. Test phase of a speaker verification system The purpose of a speaker verification system is to verify if the speech samples correspond to the claimed identity. First, speech parameters are extracted from the speech signal using exactly the same module as for the training phase. Then, the speaker model corresponding to the claimed identity and a background model are extracted from the set of statistical models calculated during the training phase. Finally, using the speech parameters extracted and the two statistical models, the last module computes some scores, normalizes them, and makes an acceptance or a rejection decision. The normalization step requires some score distributions to be estimated during the training phase or/and the test phase. B. Database Training data: The speech utterances, in our database, consist of 20 sentences of speech from each speaker in the form of continuous Hindi sentences sampled at 16 kHz. We have got a total of 12 speakers, out of which 8 were male and 4 were female speakers. Test data for speaker verification system: Test data consists of about 10 sentences different from those used in training of GMM. Data for testing purpose consists speakers ak, ash, axs, dxh, nit, pxk, vpg, and vxt only. Beside this we have speech utterances from two speakers which are from outside of training and test data. C. Experiments We have taken 2, 3, and 4 seconds of speech from all the test speakers, from their all sentences and calculated likelihood ratio, based on which false rates and miss rates are plotted in an ROC curve to adjust optimum threshold value of likelihood for speaker verification system.



III. OBJECTIVE AND SUBJECTIVE TESTS. A. Objective tests The objective experiments were performed using the likelihood ratio based speaker verification system. The likelihood scores generated by the speaker verification system



need to be normalized before they can be used for correlation with the subjective scores. Normalization is essential because it is inherently easy for some of the speakers to be distinguished easily from the background population. These speakers may have strong individuality traits that make it easy for them to be verified. However, for some of the speakers it is inherently difficult to get verified as they resemble more to the background population. So to take into account these factors we perform different kind of normalization one of them being the initial distance normalization i.e. we calculate the distance between the likelihood scores of the transformed speech and the likelihood scores of source speaker and we normalize this improvement in likelihood score with initial distance between likelihood scores of source speaker and target speaker which finally gives us an estimate of the closeness of the transformed voice with that of the target speaker. B. Subjective tests The hearing test was used to assess the closeness of the perceived individuality of the transformed speech signal with that of actual target speaker. A scale of 1 to 5 is used for the scores where the individual scores represent the following perceptual scenarios. 5 Similar 4 Slightly similar 3 Difficult to decide 2 Slightly dissimilar 1 Dissimilar For Hearing test also, the speech sentence(s) in the voice of target speaker was played to a subject the sentence in the target speaker’s voice was different from the transformed sentence so that the experiment is not biased due to the reading style of the speaker for a particular text sentence. For analyzing the closeness of the transformed speech to the target speaker 3 to 4 sentences in the voice of the target speaker were played back to the subject so that they form a subjective opinion of the overall speaking rate and speaking style (the frequency of pauses, duration of pauses, etc.) of the target speaker. The transformed sentences, based on the different transformation techniques, were then played back to the subjects in a random order for rating. The subjects were asked to rate on the basis of similarity perceived with the target speaker rather than on the basis of degradation perceived in speech quality with respect to target speaker.



IV. RESULTS The objective tests were performed for 4 sets of source speakers namely ak, ash, pxk, nit with each of the source speakers voice being transformed to 4 target speakers ak, ash, pxk, vpg. These speakers are selected randomly out of the 12 speakers used for modeling the speaker verification system. Corresponding to each source-target pair we have 10



3 sentences. So in all we have 160 transformed sentences on which objective experiments were performed. Corresponding to each of these 160 transformed sentences we have extracted 2 sec, 3 sec and 4 sec of speech and performed experiments separately on them. Table 2 gives us percentage verification rate for source, converted and target if we use 2 sec, 3 sec and 4 sec length of speech.
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