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• The Goal: Introduction to the quality issues of  VoIP.

• Questions to be answered:

– What are the characteristics of the quality of VoIP?

– What are the loss, delay and delay variance
characteristics of VoIP in an IP switching environment?

– How much better is the quality of VoIP over IP
switching than IP forwarding?

– What is  the error of delay variance estimators designed
for best-effort Internet in a campus IP-switching
network/IP forwarding network/Ethernet?
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MEMORY 
BUFFER

bit streambit stream

Coding of samplesCoding of samples
e.g. GSM 06.10 codinge.g. GSM 06.10 coding

audio dataPhys.   IP   UDP   RTP
frame

MEMORY 
BUFFER

bit streambit stream

Decoding of codedDecoding of coded
samplessamples
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• Quality of under three concepts:

– The characteristics of QoS

– Management of QoS

– Agreements of QoS

• The characteristics of QoS are quantities:

– throughput, prosessing delay, network end-to-end
delay, delay variance, error rate, packet loss rate
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• adjusting the playout time

• Using RTP-sender timestamps:

– pk
i= tki + fixed delay estimate + variable delay estimate

• RTP: Interarrival jitter the mean deviation of the difference
in packet spacing at the receiver compared to the sender
for a pair of packets

• Difference in packet spacing:

– D(ki, kj) = (ak
j - ak

i) - (tk
j -  tk

i)
• various algorithms exist for etimating Jitter from´D
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• tki : sender timestamp of i-th packet in k-th talkspurt

• ak
i: receiver timestamp of i-th packet in k-th talkspurt

• pk
i: the playout time of i-th packet in k-th talkspurt
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SourceSource
- SUN Ultra- SUN Ultra
- Nevot- Nevot

ReceiverReceiver
- - SUN UltraSUN Ultra
- Nevot- Nevot
- Nevot debug- Nevot debug
- RTP dump- RTP dump

RADCOM LANRADCOM LAN
AnalyzerAnalyzer
- analysis/stats- analysis/stats
- load- load

(7+(51(7

Function Function 
generatotgeneratot

DelayDelay
 meter meter

Timestamps (sender, arrival)Timestamps (sender, arrival)

••End-to-end delayEnd-to-end delay
Packet len.     Packet len.     delaydelay

0.02 s 0.02 s 105 ms105 ms
0.2 s0.2 s 295 ms295 ms

•• Terminal delay: Terminal delay:
viiveviive

HWHW 8.9 ms8.9 ms
VoIP ClientVoIP Client 104 ms104 ms
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DelayDelay
 measurement measurement

        

SourceSource
- SUN Workstation- SUN Workstation
- Nevot- Nevot

ReceiverReceiver
- SUN Workstation- SUN Workstation
- Nevot- Nevot
- Nevot debug- Nevot debug
- RTP dump- RTP dump

Receiver timestampsReceiver timestamps

IP Switch IP Switch 
GatewayGateway

ATMATM
SwitchSwitch

IP Switch IP Switch 
GatewayGateway

10BaseT10BaseT ATM 155Mbit/sATM 155Mbit/s

IP switch IP switch 
processorprocessor

- flood ping- flood ping
- kilent-server 4- kilent-server 4

••End to end delayEnd to end delay
IP s&fIP s&f     116 ms    116 ms
IP kytkentäIP kytkentä     114 ms    114 ms

••Network delay (ping)Network delay (ping)
for bothfor both     1-2 ms    1-2 ms
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• Setup
– Using Microsoft Netmeeting, Windows 95

– Newest DirectX version 5.0 (speeds up coding and
decoding)

– Sounblaster 16 plug&pray

– Pentium 133 to Pentium 100 MHz
• HW delay inside PC mike to speaker:

5,4 ms

• End to End delay over LANE

– 170 - 190 ms

– ping delay 1 ms
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•Load
- 590 - 630 frames/s
- 6.8 - 7.2 Mbit/s
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% D < n ms

IP forwarding loaded with flood ping
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IP switching 
Loaded with flood ping 
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• ping load 2x40 Mbit/s
• ran from edge routers
• large packets 
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• Load with a perl-script:

– ran on edge routers

– sends 1500 byte TCP/IP packets

IP forwarding
Load: 2 processes
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IP switching
Load 2 processes
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Traffic during measurement 

IP forwarding
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Differences in packet spacings of voice stream:
• IP Forwarding

•Standard Deviation 2,68
•Sample Variance 7,19
•Minimum -19,77
•Maximum 105,45

•IP Switching
•Standard Deviation 2,22
•Sample Variance 4,94
•Minimum -19,32
•Maximum 108,34
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Jitter of voice stream
IP switching, 8 processes
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Jitter of voice stream
IP forwarding, 8 processes
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•Load with a client-server application:

–perl scripts run on edge routers

–sends 1500 byte TCP/IP packets

– 2 x 4 sending processes

IP forwarding IP switching
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IP forwarding
8 processes

0

5

10

15

20

25

30

0,
8

0,
71

4

0,
62

8

0,
54

2

0,
45

6

0,
37

0,
28

4

0,
19

8

0,
11

2

0,
02

6

-0
,0

6

-0
,1

46

-0
,2

32

-0
,3

18

-0
,4

04

-0
,4

9

-0
,5

76

-0
,6

62

-0
,7

48

-0
,8

34

jitter (ms)

nu
m

be
r 

of
 in

ci
de

nt
s

Frequency

IP switching
Load 8 processes
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IP forwarding
•Standard Deviation 2,63
•Sample Variance 6,92
•Minimum -19,76
•Maximum 108,63

IP switching
•Standard Deviation 2,00
•Sample Variance 4,01
•Minimum -19,77
•Maximum 108,63
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Jitter of voice stream
IP switching, mixed load

-10

-8

-6

-4

-2

0

2

4

6

8

10

1 61 12
1

18
1

24
1

30
1

36
1

42
1

48
1

54
1

60
1

66
1

72
1

78
1

84
1

90
1

96
1

10
21

10
81

11
41

12
01

12
61

13
21

13
81

14
41

15
01

15
61

packets

jit
te

r 
(m

s)

J

EJ_16

Differences in packet spacings of voice stream:
•Standard Deviation 2,93
•Sample Variance 8,56
•Minimum -19,77
•Maximum 101,78

IP switching mixed load
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• End-to-end delays caused by poor terminal performance
=> functions on hw

• At its best delays acceptable, around 100ms (GSM 80ms)
• IP switching reduces network caused jitter of audio stream

– when most traffic switched
– proritizing increases differences
– no differences in fixed delay (network too small)

• IP switching increases throughput of network
– compared to IP forwarding… but not to wire-speeds yet

• Even with worst loads all measured networks good for
VoIP

• Even the generic interarrival jitter estimation algorithm ok,
although the weighting factor in RTP not optimal =>
adaptive algorithms with error feedback

LSDQDLSDQD 9RLFH�RYHU�,3�0HDVXUHPHQWV9RLFH�RYHU�,3�0HDVXUHPHQWV

• Contents:

– Concepts: delay, delay variance (jitter), synchronization

– Measurement setup

– End-to-end delay measurements

– Delay variance of a voice stream over Ethernet

– Delay variance  of a voice stream over IP switching

– Conclusions


