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Introduction
This contribution illustrates the influence of clock drift and its compensation on VoIP measurements. The estimation of the delay vs. time with a simple cross-correlation-based method is presented as well as a proposal for the estimation of overall clock drift.
Measurement Setup
Hardware Setup
The source of the measurement setup is the reference gateway MFE VIII.1 which includes the encoding/decoding AMR-WB and receives/transfers audio data from/to the test system ACQUA. It encodes/decodes the audio data to RTP packets and transmits/receives them to/from the network. The device was calibrated to 0 ppm (parts per million) with external measurement equipment in advance. 
Another MFE VIII.1 is used as a device under test (DUT). Its clock accuracy is also calibrated in the same way as described above, but several artificial clock drifts are inserted here in order to simulate the behavior of different DUTs.
An overview about the measurement setup is shown in Figure 1. 
[image: ]
[bookmark: _Ref370402564]Figure 1: Test setup of clock accuracy testing.

This setup was chosen in order to derive measurements results purely based on the impact of the clock drift on the AMR-WB codec under a controlled environment without any additional signal processing such as packet loss concealment present.
Source Signals

In general different types of source signals could be used for such a measurement. However, it seems preferable to base the clock drift measurements on the same test signal as the measurements with delay and jitter profiles.
Consequently the real speech test sequence, 8 English test sentences according to ITUT- P.501 [1] were used (2 male, 2 female speakers) described in [2][1] was used. The sequences are concatenated in such a way that all sentences are centered within a 4.0s time window, which results in an overall duration of 32.0s. Due to the given delay profiles in [2], where the duration of a profile was set to 150.0s, the sequences were repeated 5 times (160.0s). 
The complete source file is shown in figure 2. For POLQA measurements according to [3], the full-band signal is used as the reference file. For playback, the signal is pre-filtered for wideband transmission and the active speech level according to ITU-T P.56 is set to -16.0 dBm0.
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	[bookmark: _Ref370311860]Figure 2: Source file used for measurements



Calculation of clock drift
This section briefly describes the methods necessary for an estimation of the clock drift. First, the delay vs. time has to be determined. From this data, the clock drift is then calculated with some smoothing operations.
Delay vs. time calculation and determination of clock drift in ppm
For measuring the delay versus time and deriving the clock drift between reference gateway and device under test the analysis described in [2][1] is used as a base analysis. The delay for each time frame is calculated with a cross-correlation between the source signal and the signal recorded at the DUT. Delay discontinuities can occur due to clock drifts between DUT and radio network simulator or due to the behavior of the adaptive jitter buffer of the DUT.
The clock drift is determined as follows: 
Step 1:
· The average delay is calculated using and FFT size of 131072 for a sampling rate of 48 kHz (corresponds to ±1.35s of detectable delay) or equivalent. The average delay TA measured is used to compensate the delay offset between the recorded test signal at the ERP and the source signal.
Step 2:
· The delay of the recorded test signal at the ERP is compensated by TA.
· The variable delay per sentence is calculated using a FFT Size of 262144 for a sampling rate of 48 kHz (corresponds to ±2.73s of detectable delay) or equivalent.
· The overlap of the FFT calculation for the variable delay is calculated according to the output step size of 4.0s, which corresponds to one single sentence of the source signal:



With the given parameters above, an overlap of 26.7% is obtained.
· This analysis provides the output signal Y(tn) consisting one single delay value for each 4.0s time window includeing one sentence of the ITU-T P.501 source material. With the source file described in the previous section, 40 delay values are obtained for the 160.0s measurement.
Clock drift estimation
In order to reliably detect small clock drifts a long observation window must be used. In general, the sampling resolution can be rather low assuming a stable clock of the devices used in the tests.
The delay vs. time graph is analysed to estimate the clock drift in parts per million (PPM). In a first step, the raw drift D is calculated as a derivative of the delay vs. time series Y(t):

The step size is the same as used in the delay vs. time calculation (4.0s); the normalization Factor M depends on the scaling of the time and delay axis and usually is set to 1E6 (assuming time and delay axis are given in seconds).

Since the raw drift D is quite noisy (see example in Figure 3), a smoothing is applied. The 20% and 80% percentiles are determined and used as a limiter. Only values inside these limits are taken into account for an average calculation of the PPM. This step is necessary in order to compensate potential delay jumps due to jitter buffer over-/underrun of the DUT.

Figure 3 shows the principle of the algorithm. The left side of the graphs shows a typical delay vs. time result of a VoIP measurement. For illustrating the small amount of drift, the ordinate is scaled in milliseconds. 
The right side of the graphs shows the raw drift D, the percentile smoothing and the final result after averaging the remaining values.
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	[bookmark: _Ref387074557]Figure 3: Example of delay vs. time and estimation of PPM value





Example Measurements

[bookmark: _GoBack]Several experiments with different clock drifts were conducted. Delay vs. time graph with the previously described procedure is reported as well as the POLQA delay vs. time graph as a comparison. Also the resulting POLQA values per double sentences (time windows of 8.0s) are reported. POLQA Version 1.1 was used for this evaluation.
Experiment #1: Full compensation of clock drift

In this experiment, the clock drift of the DUT-MFE VIII.1 was set to 0 ppm. Figure 4 shows the delay vs. time of the cross-correlation method of section 3.1. Figure 5 shows the output of the POLQA analysis for delay vs. time and Figure 6 provides the POLQA scores vs. time.
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	[bookmark: _Ref387152672]Figure 4: Delay vs. time (Cross correlation method)
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	[bookmark: _Ref387152681]Figure 5: Delay vs. time (POLQA output)
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	[bookmark: _Ref387223039]Figure 6: POLQA vs. time



In the observed time range of 160.0s, no delay jumps are visible. The estimated PPM obtains a value of 0.0, which correlates to the pre-set 0 PPM of the test setup.
Even though a smoothing is already applied in the algorithm of section 3.2, the estimation of PPM does not work properly for the POLQA delay vs. time graph. Additionally, the highly varying delay values and the high sampling rate of this curve (same as the input signals of the POLQA algorithm; 48 kHz) also negatively influence the calculation.


Experiment #2: Medium clock drift

In this experiment, the clock drift of the DUT-MFE VIII.1 was set to 110 PPM. Figure 7 shows the delay vs. time of the cross-correlation method of section 3.1. Figure 8 shows the output of the POLQA analysis for delay vs. time and Figure 9 provides the POLQA scores vs. time.
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	[bookmark: _Ref387149790]Figure 7: Delay vs. time (Cross correlation method)
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	[bookmark: _Ref387149791]Figure 8: Delay vs. time (POLQA output)
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	[bookmark: _Ref387223024]Figure 9: POLQA vs. time



In the observed time range of 160.0s, one delay jump of 20ms (one packet length) can be detected. The estimated PPM obtains a value of -106.5, which correlates to the pre-set 110 PPM of the test setup.
Due to the highly varying delay values and the high sampling rate of this curve, the estimation of PPM with the algorithm of section 3.2 is not possible for the POLQA delay vs. time graph.


Experiment #3: Strong clock drift

In this experiment, the clock drift of the DUT-MFE VIII.1 was set to 175 PPM. Figure 10 shows the delay vs. time of the cross-correlation method of section 3.1. Figure 11 shows the output of the POLQA analysis for delay vs. time and Figure 12 provides the POLQA scores vs. time.
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	[bookmark: _Ref387150729]Figure 10: Delay vs. time (Cross correlation method)
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	[bookmark: _Ref387150735]Figure 11: Delay vs. time (POLQA output)
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	[bookmark: _Ref387222979]Figure 12: POLQA vs. time



In the observed time range of 160.0s, two delay jumps of 20ms (one packet length) can be detected. The estimated PPM obtains a value of -174.4, which correlates to the pre-set 175 PPM of the test setup.

Due to the highly varying delay values and the high sampling rate of this curve, the estimation of PPM with the algorithm of section 3.2 is not possible for the POLQA delay vs. time graph. Additionally, the POLQA delay vs. time curve shows some inconsistencies around 140.0s which are not visible in Figure 10.
Merged POLQA vs. time

Figure 13 shows the merged POLQA vs. time curves of the previous sections. The maximum deviation between worst and best score is achieved at 60.0s and obtains 0.17 MOS.
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	[bookmark: _Ref387222230]Figure 13: POLQA vs. time (merged)







Conclusions

The proposed delay vs. time algorithm provides a robust basis for the estimation of the PPM value. The POLQA delay vs. time graphs shows some issues which prevent the PPM algorithm to work properly.
Even though the measurements were conducted with reference gateways which do not include any packet loss concealment, there seems to be no systematic impact of delay jumps to the speech quality.
References
[bookmark: _Ref370307520]
[1] [bookmark: _Ref377473769][bookmark: _Ref376513212][bookmark: _Ref377573205]ITU-T Recommendation P.501 (07/12): “Test signals for use in telephonometry”
[2] [bookmark: _Ref387155221]3GPP Tdoc S4- 131160, HEAD acoustics GmbH, “Delay and speech quality measurements with new loss and jitter profiles”, Tdoc S4-AHQ076
[3] [bookmark: _Ref376513826]ITU-T Recommendation P.863.1 (05/13): “Application Guide for Recommendation ITU-T P.863”
		Page: 1/3
		Page: 10/10
image3.emf
0 50 100 150

160

161

162

163

164

Time [s]

Delay [ms]

Example: Delay vs. time

 

 

Delay vs. time


image4.emf
0 50 100 150

-40

-30

-20

-10

0

Time [s]

PPM

Example: Drift Estimation (PPM = -16.8)

 

 

Raw drift D

20% / 80% Percentile

Avg. drift with smoothed data


image5.emf
0 20 40 60 80 100 120 140 160

80

90

100

110

120

Time [s]

Delay [ms]

Delay vs. Time (XCorr) - PPM

est

 = 0.0


image6.emf
0 20 40 60 80 100 120 140 160

80

90

100

110

120

Time [s]

Delay [ms]

Delay vs. Time (POLQA) - PPM

est

 = -852.6


image7.emf
0 20 40 60 80 100 120 140 160

3

3.5

4

4.5

Time [s]

POLQA [MOS]

POLQA vs. time (Avg. P-MOS = 3.65)


image8.emf
0 20 40 60 80 100 120 140 160

80

90

100

110

120

Time [s]

Delay [ms]

Delay vs. Time (XCorr) - PPM

est

 = -106.5


image9.emf
0 20 40 60 80 100 120 140 160

80

90

100

110

120

Time [s]

Delay [ms]

Delay vs. Time (POLQA) - PPM

est

 = NaN


image10.emf
0 20 40 60 80 100 120 140 160

3

3.5

4

4.5

Time [s]

POLQA [MOS]

POLQA vs. time (Avg. P-MOS = 3.70)


image11.emf
0 20 40 60 80 100 120 140 160

80

90

100

110

120

Time [s]

Delay [ms]

Delay vs. Time (XCorr) - PPM

est

 = -174.4


image12.emf
0 20 40 60 80 100 120 140 160

80

90

100

110

120

Time [s]

Delay [ms]

Delay vs. Time (POLQA) - PPM

est

 = NaN


image13.emf
0 20 40 60 80 100 120 140 160

3

3.5

4

4.5

Time [s]

POLQA [MOS]

POLQA vs. time (Avg. P-MOS = 3.67)


image14.emf
0 20 40 60 80 100 120 140 160

3

3.5

4

4.5

Time [s]

POLQA [MOS]

POLQA vs. time (merged)

 

 

Strong clock drift

Compensated Clock drift

Medium clock drift


image1.png
1 wre s -

<) =Speech
< --%» =Control

AES/EBU I Ethernet

o

(e




image2.emf
Modified POLQA source file (160.0s)


p/Pa





-2


-1.5


-1


-0.5


0


0.5


1


1.5


2


t/s


0


25


50


75


100


125


150




Modified POLQA source file (160.0s)p/Pa



-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

t/s 0 25 50 75 100 125 150


