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1. Introduction

This document introduces the coverage analysis of the proposed test sequences in 3G TS 26.174 V0.9. The analysis was made using AMR-WB speech codec version 1.3 in two different approaches. In the first test, the usage of parameter values delivered by the speech encoder was analysed by calculating the number of times each parameter value occurred. In the second test, the coverage of the test sequences in terms how fully the execution of all the C-code program lines is covered. Note that the speech codec version 1.3 is exactly the same than version 1.2 except the homing functionality has been added.

2. Test methodology

The purpose of the test for parameter values is to verify the usage of all possible entries in the quantization tables for each encoder output parameter separately. The analysis for the parameter stream was performed using Matlab software. With this software, the histogram of the occurrence of each parameter value was calculated. This test has been performed for each speech codec mode separately when DTX is switched off, while DTX index coverage is tested for modes 6.60 kbit/s, 8.85 kbit/s and 23.85 kbit/s. Limited number of modes were used for testing the DTX operation because the difference in comfort noise generation between the modes is very small and therefore the index coverage results easily saturates. Results for the parameter analysis are presented the chapter 3.

The coverage of the test sequences in terms of program C-code lines was made by using the software called "True Coverage". With this software we can analyse the usage of each program line on function by function basis. The results from this analysis are presented in chapter 4.

3. Parameter analysis

The results are presented in the form of hit rates which is the percentage of occurred parameter indices of all possible values. Results for all the possible parameters for all the modes (with DTX off) are given separately in the Table 1 while DTX column combines results of the DTX analysis with the modes 6.60 kbit/s, 8.85 kbit/s and 23.85 kbit/s

The following naming convention is used for the individual parameters.

ISP n
n th index of ISP parameters
LTP-lag
index of the LTP-lag
LTP-lag frac
index of the LTP-lag fractional part
Gains
index of the fixed and codebook gains
CB n
n th index of codebook parameters For DTX option
CN energy
index of the comfort noise energy
Dither Ctrl
index for comfort noise stationarity control


Mode [kbit/s]


Parameter
6.60
8.85
12.65
14.25
15.85
18.25
19.85
23.05
23.85
DTX

ISP 1
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
98.44
93.44

ISP 2
99.61
99.61
99.61
99.61
99.61
99.61
99.61
99.61
98.05
43.75

ISP 3
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
59.38

ISP 4
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
40.63

ISP 5
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
68.75

ISP 6
-
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
-

ISP 7
-
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
-

LTP-lag
100.00
100.00
87.50
87.50
87.50
87.50
87.50
87.50
87.50
-

LTP-lag frac
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
-

Gains
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
-

CB 1
99.66
100.00
100.00
89.16
88.95
100.00
93.75
87.60
87.06
-

CB 2
-
100.00
100.00
89.83
89.61
100.00
93.75
87.35
87.55
-

CB 3
-
100.00
100.00
100.00
89.67
100.00
100.00
87.55
87.65
-

CB 4
-
100.00
100.00
100.00
89.39
100.00
100.00
87.55
87.60
-

CB 5
-
-
-
-
-
87.37
100.00
100.00
100.00
-

CB 6
-
-
-
-
-
88.60
100.00
100.00
100.00
-

CB 7
-
-
-
-
-
89.00
89.09
100.00
100.00
-

CB 8
-
-
-
-
-
88.52
89.39
100.00
100.00
-

HB-energy
-
-
-
-
-
-
-
-
100.00
-

CN_energy
-
-
-
-
-
-
-
-
-
57.81

Dither_Ctrl
-
-
-
-
-
-
-
-
-
100.00

Table 1: Test sequence coverage of the parameter values for all AMR-WB codec modes

Program C-code coverage analysis

Annex A lists all the C- code functions of the AMR-WB codec together with the following information on each function: 1) Percentage of program lines covered, 2) notes, 3) how many of the function lines are NOT executed and 2) how many are executed. Note that these figures for program lines that are NOT executed, exclude the program lines which are for: 1) Bad frame handling or 2) printing of the error messages.

4. Conclusion

As the codec parameter analysis indicates, most of the parameters are fully tested i.e. all possible index values exists at least once. Still for the parameters which index values are not fully covered, the hit rate is over 87 % for the cases where DTX is switched off. The coverage of DTX test sequences is somewhat lower, but those figures are still in line with the ones given for the coverage of the test vector for AMR narrowband codec. In order to reach higher coverage for DTX test sequences we would require much more test files with different background noise types. This would increase the required amount of test material a lot and was therefore not seen to be feasible.

C-code program coverage analysis indicates that almost all the program lines are executes at least once when test sequences are processed (when the cases listed in chapter 4 are excluded). There are only few program lines that are not executed and those exceptions are listed in the chapter in the end of Annex A.

As a summary it can be stated that the proposed test vectors test the whole codec very exhaustively.

Annex A

Test sequence coverage of the C-code program lines for AMR-WB codec functions:

Function Name

Covered
[%]
NOTE
NOT
Executed
[n of lines]

Executed
[n of lines]

ACELP_2t64_fx
100.00

0
131

ACELP_4t64_fx
100.00

0
372

add_pulses
100.00

0
10

Agc2
90.91
2)
3
30

Autocorr
100.00

0
29

Aver_isf_history
100.00

0
21

Az_isp
98.68
1)
1
75

Chebps2
100.00

0
29

Close_coder
100.00

0
6

Close_decoder
100.00

0
5

CN_dithering
96.77
1)
1
30

Coder
100.00

0
539

Convolve
100.00

0
8

Copy
100.00

0
5

cor_h_vec
100.00

0
14

cor_h_x
100.00

0
22

D_gain2
100.00

0
112

dec_1p_N1
100.00

0
10

dec_2p_2N1
100.00

0
23

dec_3p_3N1
100.00

0
16

dec_4p_4N
100.00

0
27

dec_4p_4N1
100.00

0
16

dec_5p_5N
100.00

0
15

dec_6p_6N_2
100.00

0
25

DEC_ACELP_2t64_fx
100.00

0
17

DEC_ACELP_4t64_fx
100.00

0
49

Decim_12k8
100.00

0
8

decoder
100.00

0
378

decoder_homing_frame_test
100.00

0
2

decoder_homing_frame_test_first
100.00

0
2

Deemph_32
100.00

0
18

Deemph2
100.00

0
11

dhf_test
100.00

0
31

Disf_ns
100.00

0
16

dithering_control
100.00

0
19

Dot_product12
100.00

0
8

Down_samp
100.00

0
9

Dpisf_2s_36b
100.00

0
29

Dpisf_2s_46b
100.00

0
44

dtx_buffer
100.00

0
12

dtx_dec
97.27
1), 2)
3
107

dtx_dec_activity_update
100.00

0
17

dtx_dec_exit
100.00

0
8

dtx_dec_init
100.00

0
13

dtx_dec_reset
100.00

0
26

dtx_enc
98.08
1)
1
51

dtx_enc_exit
100.00

0
8

dtx_enc_init
100.00

0
13

dtx_enc_reset
100.00

0
18

encoder_homing_frame_test
100.00

0
7

Estimate_Speech
100.00

0
29

Filt_6k_7k
100.00

0
12

Filt_7k
100.00

0
12

filter_bank
100.00

0
32

filter3
100.00

0
7

filter5
100.00

0
10

find_frame_indices
100.00

0
70

G_pitch
100.00

0
19

Get_isp_pol
100.00

0
18

Get_isp_pol_16kHz
100.00

0
18

Gp_clip
100.00

0
6

Gp_clip_test_gain_pit
100.00

0
10

Gp_clip_test_isf
100.00

0
15

hangover_addition
100.00

0
21

Hp_wsp
100.00

0
47

HP400_12k8
100.00

0
34

HP50_12k8
100.00

0
35

ilog2
100.00

0
15

Init_coder
100.00

0
14

Init_D_gain2
100.00

0
17

Init_Decim_12k8
100.00

0
4

Init_decoder
100.00

0
13

Init_Filt_6k_7k
100.00

0
4

Init_Filt_7k
100.00

0
4

Init_gp_clip
100.00

0
4

Init_Hp_wsp
100.00

0
4

Init_HP400_12k8
100.00

0
3

Init_HP50_12k8
100.00

0
3

Init_Lagconc
100.00

0
4

Init_Levinson
100.00

0
4

Init_Oversamp_16k
100.00

0
4

Init_Phase_dispersion
100.00

0
4

Init_Q_gain2
100.00

0
5

Int_isp
100.00

0
13

Interpol
100.00

0
7

Interpol_4
100.00

0
11

Isf_Extrapolation
98.89
3)
1
89

Isf_isp
100.00

0
11

Isp_Az
100.00

0
40

Isp_isf
100.00

0
15

Isqrt
100.00

0
7

Isqrt_n
86.96
1)
3
20

Lag_window
100.00

0
6

level_calculation
100.00

0
10

Levinson
90.14
2)
7
64

LP_Decim2
100.00

0
16

Main
100.00

0
127

Med_olag
100.00

0
6

median5
100.00

0
17

noise_estimate_update
100.00

0
34

Norm_Corr
100.00

0
38

Oversamp_16k
100.00

0
8

Parm_serial
100.00

0
13

Phase_dispersion
100.00

0
55

Pit_shrp
100.00

0
7

Pitch_fr4
100.00

0
40

Pitch_med_ol
100.00

0
51

Pow2
100.00

0
12

Pred_lt4
100.00

0
17

Preemph
100.00

0
12

Preemph2
100.00

0
14

Q_gain2
100.00

0
120

Qisf_ns
100.00

0
11

Qpisf_2s_36b
100.00

0
36

Qpisf_2s_46b
100.00

0
41

quant_1p_N1
100.00

0
7

quant_2p_2N1
100.00

0
31

quant_3p_3N1
100.00

0
16

quant_4p_4N
100.00

0
35

quant_4p_4N1
100.00

0
16

quant_5p_5N
100.00

0
48

quant_6p_6N_2
100.00

0
43

Random
100.00

0
3

Reorder_isf
100.00

0
9

Reset_decoder
100.00

0
38

Reset_encoder
100.00

0
51

Residu
100.00

0
9

rx_dtx_handler
100.00

0
55

saturate
100.00

0
10

scale_mem_Hp_wsp
100.00

0
11

Scale_sig
100.00

0
7

search_ixiy
100.00

0
40

Serial_parm
100.00

0
9

Set_zero
100.00

0
5

Sub_VQ
100.00

0
19

Syn_filt
100.00

0
17

Syn_filt_32
100.00

0
16

Synthesis
100.00

0
87

tx_dtx_handler
100.00

0
18

Up_samp
100.00

0
9

Update_cntrl
100.00

0
49

Updt_tar
100.00

0
7

vad_decision
100.00

0
46

Voice_factor
100.00

0
30

VQ_stage1
100.00

0
22

wb_vad
100.00

0
17

wb_vad_exit
100.00

0
7

wb_vad_init
100.00

0
7

wb_vad_reset
100.00

0
25

wb_vad_tone_detection
100.00

0
6

Weight_a
100.00

0
9

NOTES:

1) Value bound check not covered

2) Stability check not covered

3) One out of three possible ISF extrapolation filter degree not used

