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1. Scope

This document examines the compliance of the Nokia AMR/NS candidate to the design constraints set forth in SMG11 Tdoc 244/99. Figures of merit (FOMs) are reported for the candidate according to the definitions in Tdoc 251R/99. Furthermore, results of voice activity factor (VAF) measurement according to Tdoc 363/99 and Annex D of Tdoc 370/99 are presented for the Nokia AMR/NS candidate, as well as results of objective quality measurements according to Tdoc 408R/99 and Annex C of Tdoc 370/99.

2. Compliance to the design constraints

The compliance of the Nokia AMR/NS candidate solution to the design constraints defined in SMG11 Tdoc 244/99 are presented in Table 1.

Table 1  Compliance of the Nokia AMR/NS candidate to the design constraints.

Design constraint
Compliance of Nokia AMR/NS candidate

Bit-exactness of the speech encoder

The Noise Suppression algorithm may be implemented as an embedded module within the AMR speech encoder after the pre-processing module (sample down-scaling and high pass filtering) and operate on the pre-processed input speech buffer, denoted by “old_speech[L_TOTAL]” in the structure “cod_amrState” in the AMR C code [GSM 06.73: ANSI-C code for the GSM Adaptive Multi-Rate (AMR) speech codec].

The noise suppression algorithm is not allowed to modify any existing functions, tables, or internal variables of the AMR speech encoder except for the aforementioned speech buffer.
The constraint is met.

The AMR/NS candidate solution of Nokia is implemented as an embedded module with the AMR speech encoder according to the description in the design constraint and meeting the requirements set forth in Tdoc 244/99 for the embedded implementation.

Tuning of noise suppression algorithm

Tuning of the algorithm by means of external parameter setting  (e.g. for different tuning of algorithms implemented in the Mobile Station (up-link) and in the Network (down-link)) is not allowed.
The constraint is met.

The Nokia AMR/NS candidate is identical regardless of its use as a mobile uplink or as a network downlink realisation.

Algorithmic delay

The increase in one way algorithmic delay due to the activation of the AMR Noise Suppression shall be no more than 7 ms over the delay introduced by the AMR speech codec.

For the embedded Noise Suppression module also the algorithmic delay associated with the Noise Suppressor positioned before the AMR speech encoder pre-processing function shall be presented for information.
The constraint is met.

The algorithmic delay of the Nokia AMR/NS candidate is 0 ms thanks to its implementation as an embedded solution.

In a non-embedded implementation, the algorithmic delay of the Nokia AMR/NS candidate would be 1.5 ms.

Complexity: WMOPS

Upper bound: 5 WMOPS
The constraint is met.

The Worst Observed Frame (WOF) figure for the Nokia AMR/NS candidate in the complete selection test database is 2.432 WMOPS

The WOF was encountered in the following selection test condition and sample:

host laboratory A, experiment 10A, condition 37 (background music, AMR/NS@12.2) sample f1s1c37.

Complexity: dynamic RAM

Re-use AMR speech encoder scratch pad RAM (or in the case of implementation which does not reside in the same device as the speech encoder, the available scratch pad RAM should be the same as that defined for the AMR speech encoder)
The constraint is met.

The maximum usage of scratch pad RAM of the Nokia AMR/NS candidate is 781 words, which is far below the total scratch pad RAM size of the AMR speech encoder.

Complexity: static RAM

Upper bound: 1.5 kwords
The constraint is met.

The total reservation of static RAM of the Nokia AMR/NS candidate is 168 words.

Complexity: data ROM

Upper bound: 1 kword
The constraint is met.

The total usage of data ROM of the Nokia AMR/NS candidate is 302 words.

Complexity: program ROM

Upper bound: 2000 basic operations
The constraint is met.

The total consumption of program ROM of the Nokia AMR/NS candidate is 1018 basic operations.

3. FOM results

Table 2  FOM results for the Nokia AMR/NS candidate.

FOM description
Result for Nokia AMR/NS candidate

FOM(1) = WMOPS + 2(sRAM + (2/5) (dROM + 2(pROM
FOM(1) = 5.382

FOM(2) = delay(proc) + delay(algor),

where
delay(proc) = WMOPS(20/(E(S(P)
E(S(P = 25, 50, 100
E(S(P = 25
FOM(2) = 1.946


E(S(P = 50
FOM(2) = 0.973


E(S(P = 100
FOM(2) = 0.486

Switch for enabling/disabling the noise suppression function

The Nokia AMR/NS candidate solution contains a switch that makes it possible to enable or disable the noise suppression functionality externally. The switch is implemented in the fixed point C code as a global short integer variable.

4. VAF measurement results

The requirement on the influence on channel activity in the stage 1 document GSM 02.76 v2.0.0 (SMG11 Tdoc 425/99) is stated as follows:

“The AMR speech codec with noise suppression activated should not significantly increase channel activity when used in conjunction with DTX.”

For the purpose of quantifying the impact on channel activity, a voice activity factor (VAF) measurement was required for each candidate according to the formulation and procedure presented in Tdoc 363/99 and Annex D of Tdoc 370/99. The VAF figures obtained for the AMR/NS candidate in both clean speech and noisy speech should not significantly exceed the corresponding VAF figures for the AMR speech codec alone.

The VAF measurement results for the Nokia AMR/NS candidate are presented in Table 3
Table 3  VAF measurement results for the Nokia AMR/NS candidate.

*********************************************

Voice Activity Factor Statistics

1536 files

786912 frames

VAF with VAD1 : 0.819151 

VAF with VAD2 : 0.856263 

VAF with VAD1 (car noise): 0.646236 

VAF with VAD2 (car noise): 0.692371 

VAF with VAD1 (street noise): 0.919849 

VAF with VAD2 (street noise): 0.976735 

VAF with VAD1 (babble noise): 0.992157 

VAF with VAD2 (babble noise): 0.996039 

VAF with VAD1 (music noise): 0.988750 

VAF with VAD2 (music noise): 0.971528 

VAF with VAD1 (talker noise): 0.996597 

VAF with VAD2 (talker noise): 0.998785 

*********************************************

5. Results of objective quality measurement analysis

Objective quality measurement analysis results in the principal test conditions are presented for the Nokia AMR/NS candidate in Table 4 concerning the Arcon speech database and in Table 5 concerning the Comsat speech database.

An account of the results in all test conditions, together with information of the classification of the speech databases in speech and noise classes, are enclosed as Annex A.

Table 4  Objective quality measurement results in the principal test conditions for the Nokia AMR/NS candidate in the speech database provided by host laboratory Arcon.

############################################################### 

#                   PRINCIPAL  TEST CONDITIONS                # 

############################################################### 

---------------------------------------------------- 

  AGGREGATE MEASURE FOR 8 CONDITIONS(1a,1b,2a,2b,3a,3b,4a,4b)     

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''   

---- Classified Frames ---- 

22.43% of only noise frames  
NPLR   = -6.23
+/- 0.24 

77.57% of speech frames      
SNRI   =  5.24
+/- 0.20 

--- Speech Classes ---

51.01% of high power frame   
SNRI_h =  5.56
+/- 0.21 

33.13% of medium power frames
SNRI_m =  4.88
+/- 0.17 

15.86% of low power frames   
SNRI_l =  4.99
+/- 0.31 

--------------------------------------------------------------- 

Test Condition 1a:  CAR NOISE@6dB,     Level = -26dBov, AMR12.2 

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

---- Classified Frames ---- 

21.85% of only noise frames  
NPLR   = -8.22
+/- 0.07 

78.15% of speech frames      
SNRI   =  6.44
+/- 0.11 

--- Speech Classes --- 

48.00% of high power frames  
SNRI_h =  7.26
+/- 0.10 

35.58% of medium power frames
SNRI_m =  5.60
+/- 0.13 

16.42% of low power frames   
SNRI_l =  5.92
+/- 0.43 

--------------------------------------------------------------- 

Test Condition 1b:  CAR NOISE@6dB,     Level = -26dBov, AMR5.9 

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

---- Classified Frames ---- 

22.97% of only noise frames  
NPLR   = -8.07
+/- 0.13 

77.03% of speech frames      
SNRI   =  6.71
+/- 0.32 

--- Speech Classes --- 

54.01% of high power frames  
SNRI_h =  6.99
+/- 0.16 

30.72% of medium power frames
SNRI_m =  5.90
+/- 0.33 

15.27% of low power frames   
SNRI_l =  7.07
+/- 1.48 

--------------------------------------------------------------- 

Test Condition 2a:  CAR NOISE@12dB,    Level = -26dBov, AMR12.2 

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

---- Classified Frames ---- 

22.97% of only noise frames  
NPLR   = -6.93
+/- 0.20 

77.03% of speech frames      
SNRI   =  6.24
+/- 0.20 

--- Speech Classes --- 

54.01% of high power frames  
SNRI_h =  6.37
+/- 0.20 

30.72% of medium power frames
SNRI_m =  6.13
+/- 0.21 

15.27% of low power frames   
SNRI_l =  5.95
+/- 0.36 

--------------------------------------------------------------- 

Test Condition 2b:  CAR NOISE@12dB,    Level = -26dBov, AMR5.9 

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

---- Classified Frames ---- 

22.97% of only noise frames  
NPLR   = -6.98
+/- 0.22 

77.03% of speech frames      
SNRI   =  6.42
+/- 0.24 

--- Speech Classes --- 

54.01% of high power frames  
SNRI_h =  6.45
+/- 0.23 

30.72% of medium power frames
SNRI_m =  6.30
+/- 0.24 

15.27% of low power frames   
SNRI_l =  6.47
+/- 0.44 

--------------------------------------------------------------- 

Test Condition 3a:  STREET NOISE@9dB,  Level = -26dBov, AMR12.2 

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

---- Classified Frames ---- 

22.12% of only noise frames  
NPLR   = -5.14
+/- 0.34 

77.88% of speech frames      
SNRI   =  4.39
+/- 0.34 

--- Speech Classes --- 

49.01% of high power frames  
SNRI_h =  4.59
+/- 0.34 

34.69% of medium power frames
SNRI_m =  4.19
+/- 0.33 

16.30% of low power frames   
SNRI_l =  4.21
+/- 0.49 

--------------------------------------------------------------- 

Test Condition 3b:  STREET NOISE@9dB,  Level = -26dBov, AMR5.9 

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

---- Classified Frames ---- 

22.97% of only noise frames  
NPLR   = -4.90
+/- 0.44 

77.03% of speech frames      
SNRI   =  4.20
+/- 0.56 

--- Speech Classes --- 

54.01% of high power frames  
SNRI_h =  4.34
+/- 0.43 

30.72% of medium power frames
SNRI_m =  4.20
+/- 0.46 

15.27% of low power frames   
SNRI_l =  3.57
+/- 1.76 

--------------------------------------------------------------- 

Test Condition 4a:  STREET NOISE@15dB, Level = -26dBov, AMR12.2 

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

---- Classified Frames ---- 

22.97% of only noise frames  
NPLR   = -3.41
+/- 0.34 

77.03% of speech frames      
SNRI   =  3.01
+/- 0.34 

--- Speech Classes --- 

54.01% of high power frames  
SNRI_h =  3.07
+/- 0.33 

30.72% of medium power frames
SNRI_m =  3.01
+/- 0.32 

15.27% of low power frames   
SNRI_l =  2.80
+/- 0.45 

--------------------------------------------------------------- 

Test Condition 4b:  STREET NOISE@15dB, Level = -26dBov, AM5.9 

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

---- Classified Frames ---- 

22.97% of only noise frames  
NPLR   = -3.32
+/- 0.32 

77.03% of speech frames      
SNRI   =  2.99
+/- 0.32 

--- Speech Classes --- 

54.01% of high power frames  
SNRI_h =  3.01
+/- 0.31 

30.72% of medium power frames
SNRI_m =  3.00
+/- 0.31 

15.27% of low power frames   
SNRI_l =  2.89
+/- 0.38 

Table 5  Objective quality measurement results in the principal test conditions for the Nokia AMR/NS candidate in the speech database provided by host laboratory Comsat.

############################################################### 

#                   PRINCIPAL  TEST CONDITIONS                # 

############################################################### 
--------------------------------------------------------------- 

  AGGREGATE MEASURE FOR 8 CONDITIONS(1a,1b,2a,2b,3a,3b,4a,4b)     

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''   

---- Classified Frames ---- 

16.98% of only noise frames  
NPLR   = -6.23
+/- 0.22 

83.02% of speech frames      
SNRI   =  5.24
+/- 0.18 

--- Speech Classes ---

52.35% of high power frame   
SNRI_h =  5.49
+/- 0.19 

34.23% of medium power frames
SNRI_m =  4.91
+/- 0.16 

13.42% of low power frames   
SNRI_l =  5.22
+/- 0.27 

--------------------------------------------------------------- 

Test Condition 1a:  CAR NOISE@6dB,     Level = -26dBov, AMR12.2 

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

---- Classified Frames ---- 

16.17% of only noise frames  
NPLR   = -8.15
+/- 0.10 

83.83% of speech frames      
SNRI   =  6.41
+/- 0.13 

--- Speech Classes --- 

51.53% of high power frames  
SNRI_h =  6.93
+/- 0.11 

35.27% of medium power frames
SNRI_m =  5.73
+/- 0.14 

13.20% of low power frames   
SNRI_l =  6.33
+/- 0.46 

--------------------------------------------------------------- 

Test Condition 1b:  CAR NOISE@6dB,     Level = -26dBov, AMR5.9 

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

---- Classified Frames ---- 

19.55% of only noise frames  
NPLR   = -7.98
+/- 0.16 

80.45% of speech frames      
SNRI   =  6.46
+/- 0.20 

--- Speech Classes --- 

55.33% of high power frames  
SNRI_h =  6.94
+/- 0.18 

32.25% of medium power frames
SNRI_m =  5.71
+/- 0.19 

12.42% of low power frames   
SNRI_l =  6.37
+/- 0.56 

--------------------------------------------------------------- 

Test Condition 2a:  CAR NOISE@12dB,    Level = -26dBov, AMR12.2 

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

---- Classified Frames ---- 

16.55% of only noise frames  
NPLR   = -7.07
+/- 0.22 

83.45% of speech frames      
SNRI   =  6.38
+/- 0.23 

--- Speech Classes --- 

53.40% of high power frames  
SNRI_h =  6.48
+/- 0.24 

32.67% of medium power frames
SNRI_m =  6.22
+/- 0.22 

13.93% of low power frames   
SNRI_l =  6.35
+/- 0.36 

--------------------------------------------------------------- 

Test Condition 2b:  CAR NOISE@12dB,    Level = -26dBov, AMR5.9 

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

---- Classified Frames ---- 

19.35% of only noise frames  
NPLR   = -6.83
+/- 0.23 

80.65% of speech frames      
SNRI   =  6.19
+/- 0.23 

--- Speech Classes --- 

55.22% of high power frames  
SNRI_h =  6.33
+/- 0.24 

33.16% of medium power frames
SNRI_m =  5.97
+/- 0.23 

11.62% of low power frames   
SNRI_l =  6.17
+/- 0.34 

--------------------------------------------------------------- 

Test Condition 3a:  STREET NOISE@9dB,  Level = -26dBov, AMR12.2 

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

---- Classified Frames ---- 

16.02% of only noise frames  
NPLR   = -5.31
+/- 0.28 

83.98% of speech frames      
SNRI   =  4.52
+/- 0.30 

50.36% of high power frames  
SNRI_h =  4.68
+/- 0.28 

34.89% of medium power frames
SNRI_m =  4.40
+/- 0.28 

14.74% of low power frames   
SNRI_l =  4.38
+/- 0.63 

--------------------------------------------------------------- 

Test Condition 3b:  STREET NOISE@9dB,  Level = -26dBov, AMR5.9 

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 
---- Classified Frames ---- 

19.55% of only noise frames  
NPLR   = -4.59
+/- 0.49 

80.45% of speech frames      
SNRI   =  4.00
+/- 0.53 

--- Speech Classes --- 

55.33% of high power frames  
SNRI_h =  4.02
+/- 0.49 

32.25% of medium power frames
SNRI_m =  3.78
+/- 0.50 

12.42% of low power frames   
SNRI_l =  4.45
+/- 1.38 

--------------------------------------------------------------- 

Test Condition 4a:  STREET NOISE@15dB, Level = -26dBov, AMR12.2 

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

---- Classified Frames ---- 

16.55% of only noise frames  
NPLR   = -3.66
+/- 0.33 

83.45% of speech frames      
SNRI   =  3.31
+/- 0.33 

--- Speech Classes --- 

53.40% of high power frames  
SNRI_h =  3.33
+/- 0.33 

32.67% of medium power frames
SNRI_m =  3.29
+/- 0.34 

13.93% of low power frames   
SNRI_l =  3.31
+/- 0.39 

--------------------------------------------------------------- 

Test Condition 4b:  STREET NOISE@15dB, Level = -26dBov, AMR5.9 

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

---- Classified Frames ---- 

19.35% of only noise frames  
NPLR   = -3.37
+/- 0.33 

80.65% of speech frames      
SNRI   =  3.06
+/- 0.32 

--- Speech Classes --- 

55.22% of high power frames  
SNRI_h =  3.09
+/- 0.32 

33.16% of medium power frames
SNRI_m =  3.02
+/- 0.33 

11.62% of low power frames   
SNRI_l =  3.07
+/- 0.36 

6. Conclusion

The compliance of the Nokia AMR/NS candidate solution to the all the design constraints was demonstrated. The complexity and delay FOMs for the Nokia AMR/NS candidate were presented, as well as VAF measurements and results for the objective quality measure analysis.

 Annex A. Detailed results of objective quality measurement analysis

Objective signal-to-noise ratio improvement (SNRI) and noise power level reduction (NPLR) measurement results are presented here to the full extent. First, the results are presented for the speech database provided by host laboratory Arcon. Secondly, the corresponding results are presented for the Comsat speech database.

Objective Measure Results ARCON.NOK
       504 total processed files 

    618624 total frames 

 ------ Characteristics  of the database ------ 

45.85% of frames used for classification 

 ---- Classified Frames ---- 

22.13% of only noise power frames 

77.87% of speech frames 

 --- Speech Classes --- 

49.84% of high power frames 

34.12% of medium power frames 

16.05% of low power frames 

############################################################### 

#                   PRINCIPAL  TEST CONDITIONS                # 

############################################################### 

--------------------------------------------------------------- 

Test Condition 1a:  CAR NOISE@6dB,     Level = -26dBov, AMR12.2 

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

---- Classified Frames ---- 

21.85% of only noise frames  
NPLR   = -8.22
+/- 0.07 

78.15% of speech frames      
SNRI   =  6.44
+/- 0.11 

--- Speech Classes --- 

48.00% of high power frames  
SNRI_h =  7.26
+/- 0.10 

35.58% of medium power frames
SNRI_m =  5.60
+/- 0.13 

16.42% of low power frames   
SNRI_l =  5.92
+/- 0.43 

--------------------------------------------------------------- 

Test Condition 1b:  CAR NOISE@6dB,     Level = -26dBov, AMR5.9 

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

---- Classified Frames ---- 

22.97% of only noise frames  
NPLR   = -8.07
+/- 0.13 

77.03% of speech frames      
SNRI   =  6.71
+/- 0.32 

--- Speech Classes --- 

54.01% of high power frames  
SNRI_h =  6.99
+/- 0.16 

30.72% of medium power frames
SNRI_m =  5.90
+/- 0.33 

15.27% of low power frames   
SNRI_l =  7.07
+/- 1.48 

--------------------------------------------------------------- 

Test Condition 2a:  CAR NOISE@12dB,    Level = -26dBov, AMR12.2 

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

---- Classified Frames ---- 

22.97% of only noise frames  
NPLR   = -6.93
+/- 0.20 

77.03% of speech frames      
SNRI   =  6.24
+/- 0.20 

--- Speech Classes --- 

54.01% of high power frames  
SNRI_h =  6.37
+/- 0.20 

30.72% of medium power frames
SNRI_m =  6.13
+/- 0.21 

15.27% of low power frames   
SNRI_l =  5.95
+/- 0.36 

--------------------------------------------------------------- 

Test Condition 2b:  CAR NOISE@12dB,    Level = -26dBov, AMR5.9 

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

---- Classified Frames ---- 

22.97% of only noise frames  
NPLR   = -6.98
+/- 0.22 

77.03% of speech frames      
SNRI   =  6.42
+/- 0.24 

--- Speech Classes --- 

54.01% of high power frames  
SNRI_h =  6.45
+/- 0.23 

30.72% of medium power frames
SNRI_m =  6.30
+/- 0.24 

15.27% of low power frames   
SNRI_l =  6.47
+/- 0.44 

--------------------------------------------------------------- 

Test Condition 3a:  STREET NOISE@9dB,  Level = -26dBov, AMR12.2 

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

---- Classified Frames ---- 

22.12% of only noise frames  
NPLR   = -5.14
+/- 0.34 

77.88% of speech frames      
SNRI   =  4.39
+/- 0.34 

--- Speech Classes --- 

49.01% of high power frames  
SNRI_h =  4.59
+/- 0.34 

34.69% of medium power frames
SNRI_m =  4.19
+/- 0.33 

16.30% of low power frames   
SNRI_l =  4.21
+/- 0.49 

--------------------------------------------------------------- 

Test Condition 3b:  STREET NOISE@9dB,  Level = -26dBov, AMR5.9 

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

---- Classified Frames ---- 

22.97% of only noise frames  
NPLR   = -4.90
+/- 0.44 

77.03% of speech frames      
SNRI   =  4.20
+/- 0.56 

--- Speech Classes --- 

54.01% of high power frames  
SNRI_h =  4.34
+/- 0.43 

30.72% of medium power frames
SNRI_m =  4.20
+/- 0.46 

15.27% of low power frames   
SNRI_l =  3.57
+/- 1.76 

--------------------------------------------------------------- 

Test Condition 4a:  STREET NOISE@15dB, Level = -26dBov, AMR12.2 

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

---- Classified Frames ---- 

22.97% of only noise frames  
NPLR   = -3.41
+/- 0.34 

77.03% of speech frames      
SNRI   =  3.01
+/- 0.34 

--- Speech Classes --- 

54.01% of high power frames  
SNRI_h =  3.07
+/- 0.33 

30.72% of medium power frames
SNRI_m =  3.01
+/- 0.32 

15.27% of low power frames   
SNRI_l =  2.80
+/- 0.45 

--------------------------------------------------------------- 

Test Condition 4b:  STREET NOISE@15dB, Level = -26dBov, AMR5.9 

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

---- Classified Frames ---- 

22.97% of only noise frames  
NPLR   = -3.32
+/- 0.32 

77.03% of speech frames      
SNRI   =  2.99
+/- 0.32 

--- Speech Classes --- 

54.01% of high power frames  
SNRI_h =  3.01
+/- 0.31 

30.72% of medium power frames
SNRI_m =  3.00
+/- 0.31 

15.27% of low power frames   
SNRI_l =  2.89
+/- 0.38 

---------------------------------------------------- 

  AGGREGATE MEASURE FOR 8 CONDITIONS(1a,1b,2a,2b,3a,3b,4a,4b)     

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''   

---- Classified Frames ---- 

22.43% of only noise frames  
NPLR   = -6.23
+/- 0.24 

77.57% of speech frames      
SNRI   =  5.24
+/- 0.20 

--- Speech Classes ---

51.01% of high power frame   
SNRI_h =  5.56
+/- 0.21 

33.13% of medium power frames
SNRI_m =  4.88
+/- 0.17 

15.86% of low power frames   
SNRI_l =  4.99
+/- 0.31 

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

+                   ADDITIONAL TEST CONDITIONS                + 

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
--------------------------------------------------------------- 

Test Condition 6a:  BABBLE NOISE@9dB,  Level = -26dBov, AMR12.2 

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

---- Classified Frames ---- 

22.12% of only noise frames  
NPLR   = -1.22
+/- 0.16 

77.88% of speech frames      
SNRI   =  0.91
+/- 0.18 

--- Speech Classes --- 

49.01% of high power frames  
SNRI_h =  1.01
+/- 0.16 

34.69% of medium power frames
SNRI_m =  0.83
+/- 0.27 

16.30% of low power frames   
SNRI_l =  0.74
+/- 0.26 

--------------------------------------------------------------- 

Test Condition 6b:  BABBLE NOISE@9dB,  Level = -26dBov, AMR5.9 

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

---- Classified Frames ---- 

22.97% of only noise frames  
NPLR   = -1.17
+/- 0.26 

77.03% of speech frames      
SNRI   =  0.91
+/- 0.35 

--- Speech Classes --- 

54.01% of high power frames  
SNRI_h =  0.92
+/- 0.26 

30.72% of medium power frames
SNRI_m =  0.81
+/- 0.55 

15.27% of low power frames   
SNRI_l =  0.94
+/- 0.59 

--------------------------------------------------------------- 

Test Condition 6c:  BABBLE NOISE@15dB, Level = -26dBov, AMR12.2 

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

---- Classified Frames ---- 

22.97% of only noise frames  
NPLR   = -0.64
+/- 0.12 

77.03% of speech frames      
SNRI   =  0.50
+/- 0.12 

--- Speech Classes --- 

54.01% of high power frames  
SNRI_h =  0.53
+/- 0.12 

30.72% of medium power frames
SNRI_m =  0.50
+/- 0.12 

15.27% of low power frames   
SNRI_l =  0.38
+/- 0.15 

--------------------------------------------------------------- 

Test Condition 6d:  BABBLE NOISE@15dB, Level = -26dBov, AMR5.9 

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

---- Classified Frames ---- 

22.97% of only noise frames  
NPLR   = -0.72
+/- 0.14 

77.03% of speech frames      
SNRI   =  0.62
+/- 0.16 

--- Speech Classes --- 

54.01% of high power frames  
SNRI_h =  0.61
+/- 0.13 

30.72% of medium power frames
SNRI_m =  0.62
+/- 0.16 

15.27% of low power frames   
SNRI_l =  0.68
+/- 0.35 

--------------------------------------------------------------- 

Test Condition 7:   MUSICAL NOISE@xdB, Level = -26dBov, AMR12.2 

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

---- Classified Frames ---- 

21.30% of only noise frames  
NPLR   = -0.97
+/- 0.24 

78.70% of speech frames      
SNRI   =  0.86
+/- 0.26 

--- Speech Classes --- 

45.91% of high power frames  
SNRI_h =  0.87
+/- 0.23 

37.42% of medium power frames
SNRI_m =  0.79
+/- 0.25 

16.67% of low power frames   
SNRI_l =  0.94
+/- 0.45 

--------------------------------------------------------------- 

Test Condition 8:   TALKERS NOISE@ydB, Level = -26dBov, AMR12.2 

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

---- Classified Frames ---- 

21.30% of only noise frames  
NPLR   = -0.06
+/- 0.03 

78.70% of speech frames      
SNRI   =  0.02
+/- 0.04 

--- Speech Classes --- 

45.91% of high power frames  
SNRI_h =  0.04
+/- 0.03 

37.42% of medium power frames
SNRI_m =  0.03
+/- 0.04 

16.67% of low power frames   
SNRI_l = -0.04
+/- 0.07 

--------------------------------------------------------------- 

Test Condition 9:   ACC_CAR NOISE@zdB, Level = -26dBov, AMR12.2 

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

---- Classified Frames ---- 

21.30% of only noise frames  
NPLR   = -7.73
+/- 0.30 

78.70% of speech frames      
SNRI   =  5.94
+/- 0.35 

--- Speech Classes --- 

45.91% of high power frames  
SNRI_h =  6.94
+/- 0.28 

37.42% of medium power frames
SNRI_m =  5.28
+/- 0.33 

16.67% of low power frames   
SNRI_l =  4.53
+/- 1.36 

--------------------------------------------------------------- 

Test Condition 10b: CAR NOISE@6dB,     Level = -36dBov, AMR12.2 

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

---- Classified Frames ---- 

21.00% of only noise frames  
NPLR   = -8.07
+/- 0.13 

79.00% of speech frames      
SNRI   =  6.23
+/- 0.17 

--- Speech Classes --- 

46.61% of high power frames  
SNRI_h =  7.22
+/- 0.16 

36.83% of medium power frames
SNRI_m =  5.32
+/- 0.19 

16.56% of low power frames   
SNRI_l =  5.44
+/- 0.61 

--------------------------------------------------------------- 

Test Condition 10c: CAR NOISE@6dB,     Level = -16dBov, AMR12.2 

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

---- Classified Frames ---- 

20.80% of only noise frames  
NPLR   = -8.38
+/- 0.07 

79.20% of speech frames      
SNRI   =  6.53
+/- 0.13 

--- Speech Classes --- 

45.99% of high power frames  
SNRI_h =  7.55
+/- 0.07 

37.40% of medium power frames
SNRI_m =  5.68
+/- 0.18 

16.61% of low power frames   
SNRI_l =  5.67
+/- 0.47 

Objective Measure Results COMSAT.NOK
       588 total processed files 

    722400 total frames 

 ------ Characteristics  of the database ------ 

44.91% of frames used for classification 

 ---- Classified Frames ---- 

16.86% of only noise power frames 

83.14% of speech frames 

 --- Speech Classes --- 

52.91% of high power frames 

34.67% of medium power frames 

12.42% of low power frames 

############################################################### 

#                   PRINCIPAL  TEST CONDITIONS                # 

############################################################### 
--------------------------------------------------------------- 

Test Condition 1a:  CAR NOISE@6dB,     Level = -26dBov, AMR12.2 

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

---- Classified Frames ---- 

16.17% of only noise frames  
NPLR   = -8.15
+/- 0.10 

83.83% of speech frames      
SNRI   =  6.41
+/- 0.13 

--- Speech Classes --- 

51.53% of high power frames  
SNRI_h =  6.93
+/- 0.11 

35.27% of medium power frames
SNRI_m =  5.73
+/- 0.14 

13.20% of low power frames   
SNRI_l =  6.33
+/- 0.46 

--------------------------------------------------------------- 

Test Condition 1b:  CAR NOISE@6dB,     Level = -26dBov, AMR5.9 

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

---- Classified Frames ---- 

19.55% of only noise frames  
NPLR   = -7.98
+/- 0.16 

80.45% of speech frames      
SNRI   =  6.46
+/- 0.20 

--- Speech Classes --- 

55.33% of high power frames  
SNRI_h =  6.94
+/- 0.18 

32.25% of medium power frames
SNRI_m =  5.71
+/- 0.19 

12.42% of low power frames   
SNRI_l =  6.37
+/- 0.56 

--------------------------------------------------------------- 

Test Condition 2a:  CAR NOISE@12dB,    Level = -26dBov, AMR12.2 

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

---- Classified Frames ---- 

16.55% of only noise frames  
NPLR   = -7.07
+/- 0.22 

83.45% of speech frames      
SNRI   =  6.38
+/- 0.23 

--- Speech Classes --- 

53.40% of high power frames  
SNRI_h =  6.48
+/- 0.24 

32.67% of medium power frames
SNRI_m =  6.22
+/- 0.22 

13.93% of low power frames   
SNRI_l =  6.35
+/- 0.36 

--------------------------------------------------------------- 

Test Condition 2b:  CAR NOISE@12dB,    Level = -26dBov, AMR5.9 

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

---- Classified Frames ---- 

19.35% of only noise frames  
NPLR   = -6.83
+/- 0.23 

80.65% of speech frames      
SNRI   =  6.19
+/- 0.23 

--- Speech Classes --- 

55.22% of high power frames  
SNRI_h =  6.33
+/- 0.24 

33.16% of medium power frames
SNRI_m =  5.97
+/- 0.23 

11.62% of low power frames   
SNRI_l =  6.17
+/- 0.34 

--------------------------------------------------------------- 

Test Condition 3a:  STREET NOISE@9dB,  Level = -26dBov, AMR12.2 

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

---- Classified Frames ---- 

16.02% of only noise frames  
NPLR   = -5.31
+/- 0.28 

83.98% of speech frames      
SNRI   =  4.52
+/- 0.30 

50.36% of high power frames  
SNRI_h =  4.68
+/- 0.28 

34.89% of medium power frames
SNRI_m =  4.40
+/- 0.28 

14.74% of low power frames   
SNRI_l =  4.38
+/- 0.63 

--------------------------------------------------------------- 

Test Condition 3b:  STREET NOISE@9dB,  Level = -26dBov, AMR5.9 

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 
---- Classified Frames ---- 

19.55% of only noise frames  
NPLR   = -4.59
+/- 0.49 

80.45% of speech frames      
SNRI   =  4.00
+/- 0.53 

--- Speech Classes --- 

55.33% of high power frames  
SNRI_h =  4.02
+/- 0.49 

32.25% of medium power frames
SNRI_m =  3.78
+/- 0.50 

12.42% of low power frames   
SNRI_l =  4.45
+/- 1.38 

--------------------------------------------------------------- 

Test Condition 4a:  STREET NOISE@15dB, Level = -26dBov, AMR12.2 

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

---- Classified Frames ---- 

16.55% of only noise frames  
NPLR   = -3.66
+/- 0.33 

83.45% of speech frames      
SNRI   =  3.31
+/- 0.33 

--- Speech Classes --- 

53.40% of high power frames  
SNRI_h =  3.33
+/- 0.33 

32.67% of medium power frames
SNRI_m =  3.29
+/- 0.34 

13.93% of low power frames   
SNRI_l =  3.31
+/- 0.39 

--------------------------------------------------------------- 

Test Condition 4b:  STREET NOISE@15dB, Level = -26dBov, AMR5.9 

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

---- Classified Frames ---- 

19.35% of only noise frames  
NPLR   = -3.37
+/- 0.33 

80.65% of speech frames      
SNRI   =  3.06
+/- 0.32 

--- Speech Classes --- 

55.22% of high power frames  
SNRI_h =  3.09
+/- 0.32 

33.16% of medium power frames
SNRI_m =  3.02
+/- 0.33 

11.62% of low power frames   
SNRI_l =  3.07
+/- 0.36 

--------------------------------------------------------------- 

  AGGREGATE MEASURE FOR 8 CONDITIONS(1a,1b,2a,2b,3a,3b,4a,4b)     

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''   

---- Classified Frames ---- 

16.98% of only noise frames  
NPLR   = -6.23
+/- 0.22 

83.02% of speech frames      
SNRI   =  5.24
+/- 0.18 

--- Speech Classes ---

52.35% of high power frame   
SNRI_h =  5.49
+/- 0.19 

34.23% of medium power frames
SNRI_m =  4.91
+/- 0.16 

13.42% of low power frames   
SNRI_l =  5.22
+/- 0.27 

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

+                   ADDITIONAL TEST CONDITIONS                + 

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

--------------------------------------------------------------- 

Test Condition 6a:  BABBLE NOISE@9dB,  Level = -26dBov, AMR12.2 

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

---- Classified Frames ---- 

16.02% of only noise frames  
NPLR   = -1.26
+/- 0.17 

83.98% of speech frames      
SNRI   =  1.02
+/- 0.17 

--- Speech Classes --- 

50.36% of high power frames  
SNRI_h =  1.02
+/- 0.17 

34.89% of medium power frames
SNRI_m =  1.00
+/- 0.18 

14.74% of low power frames   
SNRI_l =  1.05
+/- 0.29 

--------------------------------------------------------------- 

Test Condition 6b:  BABBLE NOISE@9dB,  Level = -26dBov, AMR5.9 

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

---- Classified Frames ---- 

19.55% of only noise frames  
NPLR   = -1.17
+/- 0.23 

80.45% of speech frames      
SNRI   =  0.97
+/- 0.25 

--- Speech Classes --- 

55.33% of high power frames  
SNRI_h =  0.97
+/- 0.23 

32.25% of medium power frames
SNRI_m =  0.96
+/- 0.25 

12.42% of low power frames   
SNRI_l =  1.02
+/- 0.47 

--------------------------------------------------------------- 

Test Condition 6c:  BABBLE NOISE@15dB, Level = -26dBov, AMR12.2 

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

---- Classified Frames ---- 

16.55% of only noise frames  
NPLR   = -0.92
+/- 0.19 

83.45% of speech frames      
SNRI   =  0.79
+/- 0.19 

--- Speech Classes --- 

53.40% of high power frames  
SNRI_h =  0.80
+/- 0.18 

32.67% of medium power frames
SNRI_m =  0.77
+/- 0.19 

13.93% of low power frames   
SNRI_l =  0.83
+/- 0.23 

--------------------------------------------------------------- 

Test Condition 6d:  BABBLE NOISE@15dB, Level = -26dBov, AMR5.9 

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

---- Classified Frames ---- 

19.35% of only noise frames  
NPLR   = -0.76
+/- 0.18 

80.65% of speech frames      
SNRI   =  0.61
+/- 0.21 

--- Speech Classes --- 

55.22% of high power frames  
SNRI_h =  0.65
+/- 0.18 

33.16% of medium power frames
SNRI_m =  0.61
+/- 0.19 

11.62% of low power frames   
SNRI_l =  0.55
+/- 0.55 

--------------------------------------------------------------- 

Test Condition 7:   MUSICAL NOISE@xdB, Level = -26dBov, AMR12.2 

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

---- Classified Frames ---- 

16.57% of only noise frames  
NPLR   = -0.99
+/- 0.21 

83.43% of speech frames      
SNRI   =  0.85
+/- 0.21 

--- Speech Classes --- 

54.64% of high power frames  
SNRI_h =  0.87
+/- 0.21 

36.26% of medium power frames
SNRI_m =  0.86
+/- 0.20 

9.11% of low power frames   
SNRI_l =  0.72
+/- 0.26 

--------------------------------------------------------------- 

Test Condition 8:   TALKERS NOISE@ydB, Level = -26dBov, AMR12.2 

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

---- Classified Frames ---- 

16.57% of only noise frames  
NPLR   = -0.13
+/- 0.04 

83.43% of speech frames      
SNRI   =  0.10
+/- 0.03 

--- Speech Classes --- 

54.64% of high power frames  
SNRI_h =  0.11
+/- 0.03 

36.26% of medium power frames
SNRI_m =  0.10
+/- 0.04 

9.11% of low power frames   
SNRI_l =  0.05
+/- 0.05 

--------------------------------------------------------------- 

Test Condition 9:   ACC_CAR NOISE@zdB, Level = -26dBov, AMR12.2 

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

---- Classified Frames ---- 

16.57% of only noise frames  
NPLR   = -7.24
+/- 0.33 

83.43% of speech frames      
SNRI   =  5.59
+/- 0.35 

--- Speech Classes --- 

54.64% of high power frames  
SNRI_h =  6.16
+/- 0.33 

36.26% of medium power frames
SNRI_m =  5.08
+/- 0.36 

9.11% of low power frames   
SNRI_l =  4.34
+/- 1.22 

--------------------------------------------------------------- 

Test Condition 10b: CAR NOISE@6dB,     Level = -36dBov, AMR12.2 

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

---- Classified Frames ---- 

16.52% of only noise frames  
NPLR   = -7.76
+/- 0.14 

83.48% of speech frames      
SNRI   =  6.12
+/- 0.18 

--- Speech Classes --- 

55.10% of high power frames  
SNRI_h =  6.64
+/- 0.16 

35.79% of medium power frames
SNRI_m =  5.34
+/- 0.22 

9.12% of low power frames   
SNRI_l =  6.14
+/- 0.75 

--------------------------------------------------------------- 

Test Condition 10c: CAR NOISE@6dB,     Level = -16dBov, AMR12.2 

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

---- Classified Frames ---- 

16.21% of only noise frames  
NPLR   = -8.05
+/- 0.13 

83.79% of speech frames      
SNRI   =  6.45
+/- 0.14 

--- Speech Classes --- 

54.73% of high power frames  
SNRI_h =  6.95
+/- 0.13 

36.16% of medium power frames
SNRI_m =  5.74
+/- 0.19 

9.11% of low power frames   
SNRI_l =  6.36
+/- 0.56 
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