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Objective Evaluations 
13.1
Selection Phase
13.1.1
Objective Measurements
The purpose of the objective measurement is to verify the performance of the EVS codec candidate algorithms using objective metrics. Those are applied to test the fulfillment of the design constraints defined in EVS-4 Permanent Document: Design Constraints [18] or to evaluate objective performance requirements defined in EVS-3 Permanent Document: Performance Requirements [17]. 

The objective metrics for selection consist of the following items:
1)
Gain verification (design constraints) (Gain)

-
The EVS candidate codecs do not amplify the output signal relative to the input signal beyond limits. 

2)
JBM compliance to TS 26.114 (design constraints) (JBM)

-
A JBM solution conforming to the requirements in TS 26.114 [13], except for the functional requirement in sub-clause 8.2.2 of TS 26.114: "Speech JBM used in MTSI shall support all the codecs as defined in clause 5.2.1", will be provided with the candidate codecs.

3)
Active Frame Ratio (AFR) (performance requirements) (AFR)

-
This part of the evaluation is based on a large database of speech and noisy speech of length (approximately 10 to 30 min) with an AFR of approximately 40 % (AFR is based on P.56 measured on clean speech). The requirements are set for clean speech, speech under background noise, music and mixed content, in narrowband, wideband, super-wideband, at all bit rates below 24.4 kbps. 
4)
Attenuation during inactive regions (performance requirements) (Att.)

-
For clean speech and speech under background noise, the attenuation of background noise level during inactive regions is constrained.

5)
Average active speech bit rate of VBR and CBR (BR)

-
Verification of average active bit rate.

6)
Complexity measurement (Cmp)

-
Processing details are described in EVS-7b [21].

Processing of objective performance requirements is described in EVS-7b Processing Plan, Annex A.

Table 13.1: List of databases used for objective evaluations

	Database
	Description
	Gain
	JBM
	AFR
	Att.
	BR
	Cmp

	1
	NB clean speech filtered by MSIN, in 8 kHz sampling, at -16, -26 and -36 dBov
	pass
	pass
	n/a
	pass
	pass
	pass

	2
	WB clean speech filtered by HP50, in 16 kHz sampling, at -16, -26 and -36 dBov
	pass
	pass
	n/a 
	pass
	pass
	pass

	3
	SWB clean speech filtered by HP50, in 32 kHz sampling at -16, -26 and -36 dBov
	pass
	pass
	n/a 
	pass
	pass
	pass

	4
	NB speech with car noise at [15 ]dB SNR filtered by MSIN, in 8 kHz sampling
	pass
	n/a 
	pass
	pass
	pass
	pass

	5
	WB speech with car noise at [15] dB SNR filtered by HP50, in 16 kHz sampling
	pass
	n/a 
	pass
	pass
	pass
	pass

	6
	SWB speech with car noise at [15] dB SNR filtered by HP50, in 32 kHz sampling
	pass
	n/a 
	pass
	pass
	pass
	pass

	7
	NB speech with street noise at [20] dB SNR filtered by MSIN, in 8 kHz sampling
	pass
	n/a 
	pass
	pass
	pass
	pass

	8
	WB speech with street noise at [20] dB SNR filtered by HP50, in 16 kHz sampling
	pass
	n/a 
	pass
	pass
	pass
	pass

	9
	SWB speech with street noise at [20] dB SNR filtered by HP50, in 32 kHz sampling
	pass
	n/a 
	pass
	pass
	pass
	pass

	10
	NB speech with office noise at [20] dB SNR filtered by MSIN, in 8 kHz sampling
	pass
	n/a 
	pass
	pass
	pass
	pass

	11
	WB speech with office noise at [20] dB SNR filtered by HP50, in 16 kHz sampling
	pass
	n/a 
	pass
	pass
	pass
	pass

	12
	SWB speech with office noise at [20] dB SNR filtered by HP50, in 32 kHz sampling
	pass
	n/a 
	pass
	pass
	pass
	pass

	13
	NB mixed content and music filtered by MSIN, in 8 kHz sampling rate
	pass
	n/a 
	n/a 
	n/a 
	pass
	pass

	14
	WB mixed content and music filtered by HP50, in 16 kHz sampling
	pass
	n/a 
	n/a 
	n/a 
	pass
	pass

	15
	SWB mixed content and music filtered by HP50, in 32 kHz sampling
	pass
	n/a 
	n/a 
	n/a 
	pass
	pass


For verification of the candidate solution several objective metrics will be evaluated by using the tools defined in EVS-7b [21]. PC should use the tools defined in EVS-7b to create JBM objective metrics, but may also use their own tool. Proponents reported how they have made the JBM objective metrics compliance assessment as part of the selection deliverables defined in EVS-6b [20]. 
13.1.2
Verification of Codec Performance with respect to Acoustic Test Cases based on the EVS Selection Phase Executable
13.1.2.1
Evaluation Setup

The first step in the evaluation is the scaling with regard to a certain overload point. Two overload points (3.0 vs 9.0 dBm0) for the conversion from the physical unit Volt to 16-bit scale were taken into account.
Since the overload point (OVLP) refers to a full-scale sine wave (with level Tmax = -3.01 dBov according to [29]), for the scaling between dBov and dBm0 resp. dBV, the following notation can be made:

Tmax = -3.01 dBov
[image: image1.png]x[dBov] = y[dBmO0] — (OVLP [dBmO0] — T.... [dBov])
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Example: For an OVLP of 3.0 dBm0, the scaling between dBV and dBov is defined as:

[image: image3.png]x[dBov] = z[dBV] + 2.21 dB — (3.0 dBm + 3.01 dBov))
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The scaling back to the physical unit Volt was applied in the corresponding inverse way.

After scaling, the next step included the encoding and decoding of the audio data. This was conducted with the provided command line executable. The source code was not recompiled to a new binary. 
For the evaluation of narrowband, wideband, and super-wideband mode, all bit rates which are available in each bandwidth mode according to Table 1 of [2] were used.
13.1.2.2 General

Several tests according to 3GPP TS 26.132 [29] were performed in order to evaluate the performance according to [14] of the EVS codec. Only frequency response results are reported in this subclause. Detailed results can be found in Annex D.

TS 26.132 is originally intended for acoustic testing of terminals. Since the EVS codec is regarded as the “device under test”, only electrical insertions are reasonable for testing and thus only measurements in (acoustic) receiving direction are taken into account. 

In narrowband the test signal bandlimitation as defined in 3GPP TS 26.132 [29] was used. For superwideband the ITU-T P.501 [29] test signals were downsampled to 32 kHz, cut-off frequency 14.4 kHz, >80 dB/oct. For fullband the original speech signals from ITU-T P.501 [29] were used.

With this approach, the EVS codec can be evaluated with typical test scenarios, which will occur in real-life applications with mobile phones.

The following graphs include multiple curves representing the different bit rates within each bandwidth mode. For the sake of clarity, the corresponding legends are not repeated in each graph, Table 13.2 shows the legends used in the following sections.
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Table 13.2: Legends for different bit rates

13.1.2.3 EVS-Mode: Narrowband (NB) -- Frequency Response with Real Speech
In narrowband mode, a sampling rate of 8 kHz and all bit rates (5.9, 7.2, 8.0, 9.6, 13.2, 16.4 and 24.4 kbit/s) according to Table 1 of [2] were used. The two possible target overload points 3.0 and 9.0 dBm0 were used by default for all analyses.

It should be noted, that even though Table 1 of [2] states that a narrowband signal can be encoded with 16.4 and 24.4 kbit/s, the provided command line executable produces a bitstream with 13.2 kbit/s. Therefore, the magenta, the blue, and the grey curves are identical in the plots of this section and the last three rows of Table 2 and Table 3 state the same values.

The following results are produced by applying the measurement instructions according to clause 7.4.2 of [29]. To simulate also the impact of level variations, additional overload points of 21.0 and 39.0 dBm0 were also simulated. These overload points do not represent a realistic conversion, they are only used for checking the linearity of the codec and can be regarded as attenuations of 18.0 resp. 36.0 dB compared to the overload point of 3.0 dBm0.

	[image: image9.emf]Freq. Resp. P.501 [EVS-NB - Overload point = 3.0 dBm0]
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	[image: image10.emf]Freq. Resp. P.501 [EVS-NB - Overload point = 9.0 dBm0]


L/dB





-30


-20


-10


0


10


20


f/Hz


120


160


240


300


400


800


1200


1600


2400


4000




Freq. Resp. P.501 [EVS-NB - Overload point = 9.0 dBm0]L/dB



-30 -20 -10 0 10 20

f/Hz 120 160 240 300 400 800 1200 1600 2400 4000



	[image: image11.emf]Freq. Resp. P.501 [EVS-NB - Overload point = 21.0 dBm0]
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	[image: image12.emf]Freq. Resp. P.501 [EVS-NB - Overload point = 39.0 dBm0]
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	Figure 13.1: Frequency response for NB for different overload points


The results of this analysis are shown in Figure 13.1. For the default and extra overload points, the codec meets the given tolerance scheme according to [14] for all bit rates.

13.1.2.4
EVS-Mode: Wideband (WB) – Frequency Response with Real Speech

In wideband mode, a sampling rate of 16 kHz and all bit rates (5.9, 7.2, 8.0, 9.6, 13.2, 16.4, 24.4, 32.0, 48.0, 64.0, 96.0 and 128.0 kbit/s) according to Table 1 of [2] were used. The two possible target overload points 3.0 and 9.0 dBm0 were used by default for all analyses.
The following results are produced by applying the measurement instructions according to clause 8.4.2 of [29]. To simulate also the impact of level variations, additional overload points of 21.0 and 39.0 dBm0 were also simulated. These overload points do not represent a realistic conversion, they are only used for checking the linearity of the codec and can be regarded as attenuations of 18.0 resp. 36.0 dB compared to the overload point 3.0 dBm0.

	[image: image13.emf]Freq. Resp. P.501 [EVS-WB - Overload point = 3.0 dBm0]


L/dB





-30


-20


-10


0


10


20


f/Hz


100


200


500


2000


5000




Freq. Resp. P.501 [EVS-WB - Overload point = 3.0 dBm0]L/dB



-30 -20 -10 0 10 20

f/Hz 100 200 500 2000 5000


	[image: image14.emf]Freq. Resp. P.501 [EVS-WB - Overload point = 9.0 dBm0]
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	[image: image15.emf]Freq. Resp. P.501 [EVS-WB - Overload point = 21.0 dBm0]


L/dB





-30


-20


-10


0


10


20


f/Hz


100


200


500


2000


5000




Freq. Resp. P.501 [EVS-WB - Overload point = 21.0 dBm0]L/dB



-30 -20 -10 0 10 20

f/Hz 100 200 500 2000 5000


	[image: image16.emf]Freq. Resp. P.501 [EVS-WB - Overload point = 39.0 dBm0]
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	Figure 13.2: Frequency response for WB for different overload points


The results of this analysis are shown in Figure 13.2. For the default and extra overload points, the codec meets the given tolerance scheme according to [14] for all bit rates.

13.1.2.5
EVS-Mode: Super-Wideband (SWB) – Frequency Response with Real Speech

In super-wideband mode, a sampling rate of 32 kHz and all bit rates (9.6, 13.2, 16.4, 24.4, 32.0, 48.0, 64.0, 96.0 and 128.0 kbit/s) according to Table 1 of [2] were used. The two possible target overload points 3.0 and 9.0 dBm0 were used by default for all analyses.

It should be noted, that even though Table 1 of [2] states that a signal can be encoded in super-wideband mode with 9.6 kbit/s, this mode was not tested during Selection Phase of EVS development. Unfortunately a software bug was present in the version used for Selection and the provided command line executable encodes effectively only the wideband bandwidth up to 8 kHz. Therefore, the green curve violates the tolerance schema in Figure 13.3. The software bug was corrected in v.12.1.0 – See clause 13.4.1
The following results are produced by applying measurement instructions similar to clause 8.4.2 of [29] which are adapted to super-wideband by replacing the source signal with a fullband version of the same file and extending the tolerance schema to 14 kHz. To simulate also the impact of level variations, additional overload points of 21.0 and 39.0 dBm0 were also simulated. These overload points do not represent a realistic conversion; they are only used for checking the linearity of the codec and can be regarded as attenuations of 18.0 resp. 36.0 dB compared to the overload point 3.0 dBm0.

	[image: image17.emf]Freq. Resp. P.501 [EVS-SWB - Overload point = 3.0 dBm0]
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	[image: image18.emf]Freq. Resp. P.501 [EVS-SWB - Overload point = 9.0 dBm0]
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	[image: image19.emf]Freq. Resp. P.501 [EVS-SWB - Overload point = 21.0 dBm0]
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	[image: image20.emf]Freq. Resp. P.501 [EVS-SWB - Overload point = 39.0 dBm0]
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	Figure 13.3: Frequency response for SWB for different overload points


The results of this analysis are shown in Figure 13.3. For the default and extra overload points, the codec meets the given tolerance scheme according to [14] for all bit rates but 9.6 kbit/s as explained above.

13.1.2.6
Conclusions 

In narrowband mode, all bit rates pass all requirements of [14]. 

Across all bitrates and for various operating bandwidths NB/WB/SWB, the EVS codec version tested during the Selection Phase meets the frequency response tolerance requirements over an extended range of overload points when tested using real speech.
Note that more detailed results can be found in Annex D.

13.2
Complexity and Delay Analysis

With all features supported and measured according to EVS-8b, the worst case complexity of the coder is 85.9 WMOPS which splits up to 56.7 WMOPS for encoder (24.4 kbit/s SWB with DTX on) and 29.2 WMOPS for decoder (48 kbit/s SWB with DTX off, FER=6%). The coder uses 175KW of RAM (with no JBM included), 157 KW of ROM, and 116 KW of Program ROM. 

The JBM solution was measured to consume 18 WMOPS and 49 KW RAM.

The coder operates on 20 msec frames and the algorithmic delay (frame size plus look-ahead) is less or equal to 32 msec.
13.3
EVS JBM Objective Performance Evaluation in Channel Aware Mode
The objective performance evaluation results on EVS channel aware mode presented below are pertaining to the modes that were tested in EVS characterization testing. In particular, the delay and JICO (jitter induced concealment operations) objective performance conformance are reported as defined by 3GPP TS 26.114 [13] for delay error profiles 1-6 (MTSI profiles) and 7-10 (VoLTE profiles). The four VoLTE profiles were defined in Annex D of the EVS-7c [23] document and used for EVS Characterization Testing. The evaluation was done by setting the frame offset for partial redundancy to 3 (o=3) and frame erasure rate to HI (p = HI). 
The test conditions used and the JBM performance evaluation results are given in Table 13.3. 

Table 13.3: Conditions tested and conformance results of JBM objective performance evaluation for EVS channel aware mode 
	Label
	Condition
	Codec
	Bit rate
	DTX
	Level 
	FER/Profile
	RF
	Obj Requirements Pass/Fail

	1
	channel aware mode clean channel (p=HI, o=3)
	EVS-WB
	13.2 kbps
	on
	-26 dBov
	Profile 1
	on
	Pass

	2
	channel aware mode frame erasures (p=HI, o=3)
	EVS-WB
	13.2 kbps
	on
	-26 dBov
	Profile 2
	on
	Pass

	3
	channel aware mode frame erasures (p=HI, o=3)
	EVS-WB
	13.2 kbps
	on
	-26 dBov
	Profile 3
	on
	Pass

	4
	channel aware mode frame erasures (p=HI, o=3)
	EVS-WB
	13.2 kbps
	on
	-26 dBov
	Profile 4
	on
	Pass

	5
	channel aware mode MTSI bundled frame erasures (p=HI, o=3)
	EVS-WB
	13.2 kbps
	on
	-26 dBov
	Profile 5
	on
	Pass

	6
	channel aware mode clean channel (p=HI, o=3)
	EVS-WB
	13.2 kbps
	on
	-26 dBov
	Profile 6
	on
	Pass

	7
	channel aware mode clean channel (p=HI, o=3)
	EVS-WB
	13.2 kbps
	on
	-26 dBov
	Profile 7
	on
	Pass

	8
	channel aware mode frame erasures (p=HI, o=3)
	EVS-WB
	13.2 kbps
	on
	-26 dBov
	Profile 8
	on
	Pass

	9
	channel aware mode frame erasures (p=HI, o=3)
	EVS-WB
	13.2 kbps
	on
	-26 dBov
	Profile 9
	on
	Pass

	10
	channel aware mode frame erasures (p=HI, o=3)
	EVS-WB
	13.2 kbps
	on
	-26 dBov
	Profile 10
	on
	Pass

	11
	channel aware mode clean channel (p=HI, o=3)
	EVS-SWB
	13.2 kbps
	on
	-26 dBov
	Profile 1
	on
	Pass

	12
	channel aware mode frame erasures (p=HI, o=3)
	EVS-SWB
	13.2 kbps
	on
	-26 dBov
	Profile 2
	on
	Pass

	13
	channel aware mode frame erasures (p=HI, o=3)
	EVS-SWB
	13.2 kbps
	on
	-26 dBov
	Profile 3
	on
	Pass

	14
	channel aware mode frame erasures (p=HI, o=3)
	EVS-SWB
	13.2 kbps
	on
	-26 dBov
	Profile 4
	on
	Pass

	15
	channel aware mode MTSI bundled frame erasures (p=HI, o=3)
	EVS-SWB
	13.2 kbps
	on
	-26 dBov
	Profile 5
	on
	Pass

	16
	channel aware mode clean channel (p=HI, o=3)
	EVS-SWB
	13.2 kbps
	on
	-26 dBov
	Profile 6
	on
	Pass

	17
	channel aware mode clean channel (p=HI, o=3)
	EVS-SWB
	13.2 kbps
	on
	-26 dBov
	Profile 7
	on
	Pass

	18
	channel aware mode frame erasures (p=HI, o=3)
	EVS-SWB
	13.2 kbps
	on
	-26 dBov
	Profile 8
	on
	Pass

	19
	channel aware mode frame erasures (p=HI, o=3)
	EVS-SWB
	13.2 kbps
	on
	-26 dBov
	Profile 9
	on
	Pass

	20
	channel aware mode frame erasures (p=HI, o=3)
	EVS-SWB
	13.2 kbps
	on
	-26 dBov
	Profile 10
	on
	Pass


The measurements are performed using scripts derived from the selection processing with necessary updates to run the channel aware mode. 
Item 2 of TS 26.114, clause 8.2.3.1 (design guidelines for JBM minimum performance requirements) underscores the need for handling conditions that cause higher JICO even at the expense of increased buffering times.

"2. If the limit of jitter induced concealment operations cannot be met, it is always preferred to increase the buffering time in order to avoid growing jitter induced concealment operations going beyond the stated limit above. This guideline applies even if that means that end-to-end delay requirement given in 3GPP TS 22.105 [26] can no longer be met;".
Increased error burst lengths are common with network conditions that result in higher JICO. In such cases of larger error bursts, the EVS channel aware mode can be configured to utilize increased buffering times via higher FEC offsets to maximize the availability of partial copies. In particular, EVS channel aware mode is designed to use FEC offsets 5 and 7 to address the above mentioned scenario. 

The results in Table 13.3 show that the EVS JBM in channel aware mode conforms to the delay and JICO objective requirements defined by 3GPP TS 26.114 for all configurations with FEC offsets 2 and 3. 
13.4
Frequency Response
13.4.1
Evaluation of Codec Performance with respect to Acoustic Test Cases based on EVS v.12.1.0 [7]
The measurement results presented in this clause are based on the release codec version 12.1.0. The measurement results presented include the fullband version which is available in the release version. It shows that the error found in the pre-release version in wideband 9.6 kb/s mode is corrected. For all tests except 5.9 kb/s bitrate DTX was deactivated.

13.4.1.1
Evaluation Setup

The first step in the evaluation is the scaling with regard to a certain overload point. Two overload points (3.0 vs 9.0 dBm0) for the conversion from the physical unit Volt to 16-bit scale were taken into account.
Since the overload point (OVLP) refers to a full-scale sine wave (with level Tmax = -3.01 dBov according to [29]), for the scaling between dBov and dBm0 resp. dBV, the following notation can be made:

Tmax = -3.01 dBov
[image: image21.png]x[dBov] = y[dBmO0] — (OVLP [dBmO0] — T.... [dBov])
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Example: For an OVLP of 3.0 dBm0, the scaling between dBV and dBov is defined as:

[image: image23.png]x[dBov] = z[dBV] + 2.21 dB — (3.0 dBm + 3.01 dBov))
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The scaling back to the physical unit Volt was applied in the corresponding inverse way.

After scaling, the next step included the encoding and decoding of the audio data. This was conducted with the provided command line executable. The source code was not recompiled to a new binary. 
For the evaluation of narrowband, wideband, and super-wideband mode, all bit rates which are available in each bandwidth mode according to Table 1 of [2] were used.

13.4.1.2
General

Several tests according to 3GPP TS 26.132 [29] were performed in order to evaluate the performance according to [14] of the EVS codec. Only frequency response results are reported in this subclause. Further results, e.g. distortion measurement results, can be found in Annex D.

TS 26.132 is originally intended for acoustic testing of terminals. Since the EVS codec is regarded as the “device under test”, only electrical insertions are reasonable for testing and thus only measurements in (acoustic) receiving direction are taken into account. 

In narrowband the test signal bandlimitation as defined in 3GPP TS 26.132 [28] was used. For superwideband the ITU-T P.501 [29] test signals were downsampled to 32 kHz. For fullband the original speech signals from ITU-T P.501 [29] were used.

With this approach, the EVS codec can be evaluated with typical test scenarios, which will occur in real-life applications with mobile phones.

The following graphs include multiple curves representing the different bit rates within each bandwidth mode. For the sake of clarity, the corresponding legends are not repeated in each graph, Table 13.4 shows the legends used in the following sections.

	[image: image25.png]T 9.9 KDIUS
—— 7.2 kbit/s
—— 8.0 kbit/s
~ 9.6 khit/s
—— 13.2 kbit/s
— 16.4 kbit/s
24 4 kbit/s




	[image: image26.png]T 9.9 KDIUS
—— 7.2 kbit/s
—— 8.0 kbit/s
~ 9.6 khit/s
—— 13.2 kbit/s
— 16.4 kbit/s
24 .4 kbit/s
— 32.0 kbit/s
—— 48.0 kbit/s
— 64.0 kbit/s
—— 96.0 kbit/s
128 0 kbit/s





	NB mode
	WB mode

	[image: image27.png]9.0 KbIUs
13.2 kbit/s
16.4 kbit/s
24 .4 kbit/s
——— 32.0 kbit/s
— 48.0 kbit/s
64.0 kbit/s
— 96.0 kbit/s
— 128 0 kbit/s




	[image: image28.png]32.0 kbitls
8.0 Kbit/s

96.0 kbit/s
128.0 kbit/s





	SWB mode
	FB mode


Table 13.4: Legends for different bit rates

13.4.1.3
EVS-Mode: Narrowband (NB) – Frequency Response with Real Speech
In narrowband mode, a sampling rate of 8 kHz and all bit rates (5.9, 7.2, 8.0, 9.6, 13.2, 16.4 and 24.4 kbit/s) according to Table 1 of [2] were used. The two possible target overload points 3.0 and 9.0 dBm0 were used by default for all analyses.
The following results are produced by applying the measurement instructions according to clause 7.4.2 of [28]. To simulate also the impact of level variations, additional overload points of 21.0 and 39.0 dBm0 were also simulated. These overload points do not represent a realistic conversion, they are only used for checking the linearity of the codec and can be regarded as attenuations of 18.0 resp. 36.0 dB compared to the overload point of 3.0 dBm0.

	[image: image29.emf]Freq. Resp. P.501 [EVS-NB - Overload point = 3.0 dBm0]
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	[image: image30.emf]Freq. Resp. P.501 [EVS-NB - Overload point = 9.0 dBm0]
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	[image: image31.emf]Freq. Resp. P.501 [EVS-NB - Overload point = 21.0 dBm0]
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	[image: image32.emf]Freq. Resp. P.501 [EVS-NB - Overload point = 39.0 dBm0]
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	Figure 13.4: Frequency response for NB for different overload points


The results of this analysis are shown in Figure 13.4. For the default and extra overload points, the codec does not violate the given tolerance scheme according to [14] for all bit rates.

The results when using 1/3rd octave instead of 1/12th octave analysis are in Figure 13.5.

	[image: image33.emf]Freq. Resp. P.501 [EVS-NB - Overload point = 3.0 dBm0]
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	[image: image34.emf]Freq. Resp. P.501 [EVS-NB - Overload point = 9.0 dBm0]
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	Figure 13.5: Frequency response EVS NB in 1/3rd Oct. for different overload points with P.501 speech signals




13.4.1.4
EVS-Mode: Wideband (WB) – Frequency Response with Real Speech
In wideband mode, a sampling rate of 16 kHz and all bit rates (5.9, 7.2, 8.0, 9.6, 13.2, 16.4, 24.4, 32.0, 48.0, 64.0, 96.0 and 128.0 kbit/s) according to Table 1 of [2] were used. The two possible target overload points 3.0 and 9.0 dBm0 were used by default for all analyses.
The following results are produced by applying the measurement instructions according to clause 8.4.2 of [28]. To simulate also the impact of level variations, additional overload points of 21.0 and 39.0 dBm0 were also simulated. These overload points do not represent a realistic conversion, they are only used for checking the linearity of the codec and can be regarded as attenuations of 18.0 resp. 36.0 dB compared to the overload point 3.0 dBm0.

	[image: image35.emf]Freq. Resp. P.501 [EVS-WB - Overload point = 3.0 dBm0]
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	[image: image36.emf]Freq. Resp. P.501 [EVS-WB - Overload point = 9.0 dBm0]
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	[image: image37.emf]Freq. Resp. P.501 [EVS-WB - Overload point = 21.0 dBm0]
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	[image: image38.emf]Freq. Resp. P.501 [EVS-WB - Overload point = 39.0 dBm0]
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	Figure 13.6: Frequency response for WB for different overload points


The results of this analysis are shown in Figure 13.6. For the default and extra overload points, the codec does not violate the given tolerance scheme according to [14] for all bit rates.

Instead of 1/12th octave analysis was used. The results using 1/3rd octave analysis are shown in Figure 13.7.
	[image: image39.emf]Freq. Resp. P.501 [EVS-WB - Overload point = 3.0 dBm0]
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	[image: image40.emf]Freq. Resp. P.501 [EVS-WB - Overload point = 9.0 dBm0]
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	Figure13.7: Frequency response EVS WB in 1/3rd Oct. for different overload points with P.501 speech signals


13.4.1.5
EVS-Mode: Super-Wideband (SWB) – Frequency Response with Real Speech
In super-wideband mode, a sampling rate of 32 kHz and all bit rates (9.6, 13.2, 16.4, 24.4, 32.0, 48.0, 64.0, 96.0 and 128.0 kbit/s) according to Table 1 of [2] were used. The two possible target overload points 3.0 and 9.0 dBm0 were used by default for all analyses. 

The following results are produced by applying measurement instructions similar to clause 8.4.2 of [28] which are adapted to super-wideband by replacing the source signal with a fullband version of the same file. To simulate also the impact of level variations, additional overload points of 21.0 and 39.0 dBm0 were also simulated. These overload points do not represent a realistic conversion; they are only used for checking the linearity of the codec and can be regarded as attenuations of 18.0 resp. 36.0 dB compared to the overload point 3.0 dBm0.

	[image: image41.emf]Freq. Resp. P.501 [EVS-SWB - Overload point = 3.0 dBm0]


L/dB





-30


-20


-10


0


10


20


30


f/Hz


100


200


500


2000


5000


10k




Freq. Resp. P.501 [EVS-SWB - Overload point = 3.0 dBm0]L/dB



-30 -20 -10 0 10 20 30

f/Hz 100 200 500 2000 5000 10k


	[image: image42.emf]Freq. Resp. P.501 [EVS-SWB - Overload point = 9.0 dBm0]


L/dB





-30


-20


-10


0


10


20


30


f/Hz


100


200


500


2000


5000


10k




Freq. Resp. P.501 [EVS-SWB - Overload point = 9.0 dBm0]L/dB



-30 -20 -10 0 10 20 30

f/Hz 100 200 500 2000 5000 10k



	[image: image43.emf]Freq. Resp. P.501 [EVS-SWB - Overload point = 21.0 dBm0]
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	[image: image44.emf]Freq. Resp. P.501 [EVS-SWB - Overload point = 39.0 dBm0]
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	Figure 13.8: Frequency response for SWB for different overload points


The results of this analysis are shown in Figure 13.8. For the default and extra overload points, the codec provides an accurate transmission behavior for all bit rates.
The results for the 1/3rd octave analysis are shown in Figure 13.9.
	[image: image45.emf]Freq. Resp. P.501 [EVS-SWB - Overload point = 3.0 dBm0]
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	[image: image46.emf]Freq. Resp. P.501 [EVS-SWB - Overload point = 9.0 dBm0]
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	Figure13.9: Frequency response EVS SWB in 1/3rd Oct. for different overload points with P.501 speech signals




13.4.1.6
EVS-Mode: Fullband (FB) – Frequency Response with Real Speech
In fullband mode, a sampling rate of 48 kHz and all possible bit rates (16.4, 24.4, 32.0, 48.0, 64.0, 96.0 and 128.0 kbit/s) according to Table 1 of [2] were used. The two possible target overload points 3.0 and 9.0 dBm0 were used by default for all analyses. 

The following results are produced by applying measurement instructions similar to clause 8.4.2 of [28] which are adapted to fullband by replacing the source signal with a fullband version of the same. To simulate also the impact of level variations, additional overload points of 21.0 and 39.0 dBm0 were also simulated. These overload points do not represent a realistic conversion; they are only used for checking the linearity of the codec and can be regarded as attenuations of 18.0 resp. 36.0 dB compared to the overload point 3.0 dBm0. The results of this analysis are shown in Figure 13.10. 

	[image: image47.emf]Freq. Resp. P.501 [EVS-FB - Overload point = 3.0 dBm0]
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	[image: image48.emf]Freq. Resp. P.501 [EVS-FB - Overload point = 9.0 dBm0]
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	[image: image49.emf]Freq. Resp. P.501 [EVS-FB - Overload point = 21.0 dBm0]
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	[image: image50.emf]Freq. Resp. P.501 [EVS-FB - Overload point = 39.0 dBm0]
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	Figure 13.10: Frequency response for FB for different overload points


For lower codec rates (16.4 and 24.4 kbit/s, red/green curves), the transmission characteristics show some slight degradations for frequencies between 15 and 20 kHz.

13.4.1.7
Conclusions 
In narrowband mode, all bit rates pass all requirements of [14]. 

Across all bitrates and for various operating bandwidths NB/WB/SWB, the EVS codec version 12.1.0 exceeds the frequency response tolerance requirements over an extended range of overload points when tested using both real speech and composite source signal.
The fullband mode was introduced with the release version 12.1.0. Since no requirements are available for this mode, results can only be reported. However, besides some slight degradation in the frequency response evaluations, the codec accurately performs on all tests.

Note that more detailed results can be found in Annex D.

13.5
Further Evaluations

Further evaluation results, e.g. distortion measurement results, can be found in Annex D.

13.6

Conclusions on Objective Evaluations

The objective evaluation results on the single joint EVS candidate demonstrated a "pass" at every condition. With this, the EVS coder fully meets all objective performance requirements for each database and also the acoustic requirements.

Annex D:
Attachments

Attachements to the present document include:

1)
Excel sheet containing the EVS Selection Phase Test Results
2)
Excel sheet containing the EVS Characterization Phase Test Results 
3)  Contribution S4-150559: HEAD acoustics, EVS – Objective Codec Evaluation - including results of codec release version 12.1.0, 3GPP SA4#83 Meeting, 13-17 April 2015
*** End of changes ***

