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The Implementation of Multimedia

Communication System using PLC

Byeong-Seog Kim

Department of Electrical and Electronic Engineering
Graduate School of Industry
Cheju National University

Supervised by professor Jea-yun Lim

Abstract

PLC, power line communication, uses exiting electric lines
for broadband communications 1n home networking
environment and for telecommunication services to the home
and business. So far, PLC technology has been applied to
low speed services in the field of home automation. But,
now this technology could provide telecommunication
services such as all types of voice and data services,
particularly Internet access.

In this thesis, the multimedia communication system is

realized on the low voltage powerline. The principle of

_1_



CSMA/CA, which is the media access control protocol of the
high speed PLC modem, 1s explained. @The PLC modem
adopting the protocol is chosen for the test, and the
indicators of its performance : frame loss and latency, which
are recommended by RFC2544, are measured by IXIA400 and
then analyzed. Three types of networks are configured to
measure its performance for each type.

A voice communication system 1S realized on the
powerline. Packet loss, average delay time and jitter are
measured and then compared with the results measured by
IXIA400. PLC modems adopting OFDM and DMT modulation
method are used for the test. The system satisfys the delay
time required for real time transmission in unidirectional and
bidirectional communication. Also, a 1mage communication
system using web cameras is realized, and transmission rate
1S measured. The system satisfys 1mage transmission
although the transmission rate differs slightly for each
modem. Therefore, a new communication network can be
configured by using existing powerlines as PLC network
using high speed PLC modems has enough bandwidth and
transmission rate which are necessary to transmit voice and

image.
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Latency Measurement Type: O
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Duration of each trial: 00:00:20 sec
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- Port Configuration — One-to-One

Name TXchassis.card.port Speed Duplex RXchassis.card.port Speed Duplex
Pairl 1.1.1 10 half 4.2.2 10 half
Pair2 4.2.2 10 half 1.1.1 10 half

Fig. 14. One-to-One throughput test
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Y &4 S4LE 6dbyte ZEAHFH 1518byte ZdH A7FA] &Aoo 2
zYds At ZYdY AFe 3 HAE 10Mbps= AFsk 2H A
FH = 10%% 7Fsle] 9Mbps, 3H A= 8Mbps - - - - 10H A= 1Mbps
2 AFeA Hed odlE w71 Al Aes SHAe} v B 64
FolE =y dd o 400kbpsA =9 A5
SN = 60%01de] AFEAS Uetit B =39 ZHdEd 54
o= 10HAZFARE At e s FAS A AGstdon & Zdql A7)0
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Table 5. Test results for One-to-One frame loss

byte 64 128 256 512 1024 1280 1518

%LOSS | %LOSS | %LOSS | %LOSS | %LOSS | %LOSS | %LOSS

1 times | 95.501 | 92.145 | 85.568 | 72.215 | 55.144 | 44.174 | 33.958

2 times | 94.935 | 91.346 | 84.034 | 69.150 | 50.244 | 37.975 | 26.649

3 times | 94.358 | 90.266 | 81.952 | 65.248 | 43.939 | 30.213 | 17.456

4 times | 93.616 | 88.813 | 79.358 | 60.282 | 35.987 | 20.258 | 5.649

5 times | 92.582 | 86.953 | 75.922 | 53.695 | 25.274 | 7.045 0.000

6 times | 91.062 | 84.438 | 71.131 | 44.445 | 10.374 | 0.000

7 times | 88.957 | 80.626 | 63.905 | 30.612 | 0.002

8 times | 85.236 | 74.143 | 51.926 | 7.453 0.000

9 times | 77.974 | 61.237 | 27.969 | 0.000

10 times | 64.258 | 22.660 | 0.003
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2) 4 o t} 74 (One-to-Many mapping)

99 155 9 H B 9 A9 s 9 ASAET ZAIAEA
A2 g5 48R s dEdolt
Table 6. Test results for One-to—-Many throughput
byte Tx Rx TxTput(fps) | %TxTput kbps
64 579 3.89 389
128 645 7.64 764
258 11.2 608 13.42 1342
512 1.1.1 1.1.3 537 22.85 2285
1024 114 447 37.34 3734
1280 435 45.22 4522
1518 406 49.94 4994
e AL
1.1.1 : Master Modem, 1.1.2 : Rooml9¢] slave modem 1,

1.1.3 : Rooml19] slave modem 2, 1.1.4 : Rooml¢] slave modem 3

|

dtt H2EE MasterZ oA o8] 9 SlaveR oz HFs = AS
ZHAsta AdEEs A8 sder a1 FHANE 1 69 YER ST

Atk Aee2 AA7E Zald &4 glo] 3 AE o] 2ol ol ]IE
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dolxz A% F# i HAdge den 2 =4S 27 BA7HS of
galA Zelded glol Hrae Huge e

Aditt AFel A= o] melolA 3o BHo HolHE AHst
A AAR sdon Zagle 2718 6dbytets 2 AED 4§ A&

< 3.89%°] 1L &%= 389kbpsE HHEFWT

3) o i ¢ A (Many-to-One mapping)

a9 16 DY ASAE F AYee SR PHOR FAst x
dle) waglel clellel waldA shite] melow dolE HgA FAT
F o9 Adge ey 9 9o 27 BAVES ol gaN Zead
Eagol #AA Aojgke thebd,

tjd HAEE Slave 2o A Master Rd o2 Egjdo] IEFH+=

F= 7MiM HAE 3 Aot
F 7] Aol ®Tol 7 othe] My EolA o tie] SeolH
Hoz Bl dolHed ddd Ao vsskAnt o o] Seoln
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Table 7. Test results for Many-to-One throughput

byte 64 128 256 012 1024 1280 1518
RxTput(fps) 174 198 213 219 225 180 153
PRxTput 1.17 2.34 4.70 9.32 18.80 | 18.71 | 18.82
Avg.kbps 117 234 470 932 1880 1871 1882

 Fhx AME
1.1.1 : Master Modem,
1.1.3 : Rooml9] slave modem 2,

o] m ol A
= weshe

= 6dbytedr 9] =

117kbpsE “EFATE

il

1.1.2 : Rooml9] slave modem 1,

1.14 : Roomle] slave modem 3

ol A A& 117%°]11 &£
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Ethernet Header [12byte)
Twvpe or Length (Zbyta)
IF Header (20byts)
UDF Header (Shyta)
UDF Data

Packet number (Zbyitel, P
0x0001,0x0002, ...
FAFF o7 B EHo

Voice data (Z4byie)

# dole §F F=

e

Embedded UTP Cable Embedded
A at Rl Lt Rl
E_E_ IIIIIIIIIIIIIIIIIIIII> E-E
Tx Rx
& Packet number 7%/5 Packet number

M B
[ @By ] B AEE

o | 0E nEn [ 0T ] 0@
Aina | i i@ [l | i
AN ] s S [ RiE ] e i
LL OV B [ Welis] e Bl
G | R DA [ RS | o iiEAEs
APAF | Oz A0S0 | BRG] o ilB S
WOEH ] Ok DB0H [ 8807 ] S«lanr
D | i DR [E00] 2 AB08
A @] A O@na [ RNy ] Bxaang
AETN] W O@EAL [EE1@] Bwudna
LLS N DRI [ @1 1] S 0@in
LI ER T ET [W12 ] @ 0l
AEIN] Hx O@ERe [ W05 e i
LLSESI Dl 1 [@fi] @i
mid i @i @ [@B1%] S B@Enr
wmE T e 1A [ @B ] S iE m
- [EE17] B

ﬁ'ﬁn—m—rﬁ : ":|

# Eﬁnﬂwﬁ

Fig. 21. Measuring method for packet loss
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Fig 22. Measuring method for latency and jitter
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ato] VolPHR =9} PCYF A4 RS-232CE o] &35t

E(r)nbedded UTP Cable Embedded
Rt Rl S 54
HE | sssssssssssssssssssas > ER=S
Tx Rx

Fig. 23. Unidirectional communication on
VoIP board-to—VoIP board condition

Table 8. Values measured on VoIP board-to-VoIP board condition

H

o} 1 <=3 (packet) A A 2 (ms) At A B (ms)

0 30 2.8

¥ 8& VoIlPH =9} VoIPEEZF UTPAO E=
2 HoHE AFsI S wo AgAgoly oju &AL §lloen H

FA AR 7o} HFAE 7} 22 Ve

2) VoIPEE-PLCEH-VoIPH =

Power Line TP Cabl
Embedded R aole Embedded
e |LUTP Cable Q P
BE - He

TX erereeeeeeea. > Rx
Fig. 24. VoIP board-PLC modem-VoIP board(load free)

(unidirectional communication)
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Table 9. Values measured on VoIP board-PLC modem-VoIP board

condition (load free, unidirectional communication)

T o 71 &4 (packet) | F A A Al 7Hims) H 1 A E (ms)
AR 0 42 0.7
BERd 0 41 5.2

PC 20}
Speaker 274

e A DS Moden
Switching Hub

Powef Line
Embedded e UTP Cable Embedded
%}\é%/‘\l UT,D Cab/e o . ] %/\é%/}l
HE N ] HE
TX III”IIIIIIIIIIIIIIIIII» RX

Fig. 25. PLC modem-power line- PLC modem( loaded)
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a9 25t mHs 2ol dedel B AH77E A4 F ol
Foz WAL Aol APsE TH eIk

Table 10. VoIP board-PLC modem-VoIP board(loaded, unidirectional

communication))
T o 71 &4 (packet) | F A A Al 7Hms) 7 A & (ms)
AR 0 42 0.3
BERd 0 42 5.2
w A¥zd o 4894 AY : 50m, EF FatAdHl 2 PC 2W, Speaker 274,

ADSLE 9 19, SwitchingHub 1tj<1 2

i)
ind

-
o

pr— P 2L
Speaker 274
e ADSL Modem
Switching Hub

Powef Line
UTP Cable Embedded

[e}
=484l

HE=E

s
¥y,

Embedded /_s’*'r- :
BN UTP Cable LJ

e
‘IIIIIIIIIIIIIIIIII»
Fig. 26. PC-PLC modem-power line- PLC modem-PC

( loaded, bidirectional communication )
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Table 11. PC-PLC modem-PC(loaded, bidirectional communication)

5 ) Z1 4= 2 (packet) | ¥ A A 7H(ms) A €] (ms)
AxRd 0 33 1.8
BXEd 0 60 129

A€M A7 : 50m, EF F3HA8] = PC 24, Speaker 271,
ADSLE Y 19, SwitchingHub 1t 24

_4
i

ih

112 dBFe= dolHE AFsds e dddHoin. 4

>~
ri

I} IXTA 400 FH]E o]&3k % 39 =4 dHolge nlus) 2 u SAHE
ol A% sy 2 SAUolHE Egsle] °F 78byted] dHlolH ZA7|E 1A

SAEANS A 29 33frames AT ol

:ﬂ‘ PN — =2 i
w39 @A wel sjzle] Avle= Aoz uARE G723.19 A¢ &

1201 A ¢} 22 #Zle] A7|2 AAEY olu IXIA 40074409 FHA3E
A HH 64byted 4 2 66871501, 128bytee] 1] -5 66371

Table 12. Comparison of the number of packet in VoIP with the one in
high speed PLC modem

T on A& VoIP A E O
(64byte) (78byte) (128byte)
S EARS 668 33 663

 3E 120014 A AEE #3904 64byte 9 128byte ¢ A -F-oll .
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Fig. 27. Test devices for image transmission
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(1) Embedded Fd&A B =9 1% PLC RS AMgstdlem 4 A
78+ 14 PLCE d¥d (VCTF 2.0mm=*2C) 100 me AZA gt
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(2) 4vje] 7hretE 4Ad A Qo] 7be’ Embedded 974E41H =0
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(3) 4909 Fulete Aol G et
5
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sa AAZOR B Adgel BIde] FAHEAE HATT
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UTP Cable '
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Fig. 29. Image transmission by using 4 cameras
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(1) Camera©lx #9335 F7= Embedded G4 1

(2) ¥EE olG2a JYNZTE yAE NIz 2 ¥IAI
(3) 4ChE 94 <Al =2 Multiplexing St}

(4) Mpeg 4 =< iels
(5) ¥z ML)
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3) Embedded 4 BE=o] A9 A3

Fig. 30. Embedded image board block diagram
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(2) 999 I oA = MPEG-4%= Sh=4tt.

(3) =49 9 vlolE+= Ethernet Packet3} o] Ethernet &% %3
Client PCZ A% # )

(4) PCollA = Embedded 97 BE=® F&Haoto] AdFH 4= AL

o]
AN

Table 13. Measurement of image transmission speed using PLC

. O I - e & % (Kbyte) Hit AEE5E
T AduE (sec) 23] A% (kbyte/sec)
Chil 20 270 268 13.45
Ch2 20 385 361 18.65
PLC =4
Ch3 20 200 200 10
o]
Ch4 20 284 268 13.8
it 284.75 274.25 13.98
Chl 20 230 229 11.475
Ch2 20 387 303 17.25
PLC = ¢
g Ch3 20 164 164 8.2
Ch4 20 175 169 8.6
3t 239 216.25 11.38
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1. oFDMEH=WAIS A ETH 1% PLC=H

System Block Diagram

LEDs

<‘1”."GPS| RX ADC 'l BPF
PCI PowerPacket PowerPacket
I
Ctr 0 w1y [
MIVGPSI TX ) DAC w BPF
INTS1X1 AFE ModJle
MODE =
PHY EEPROM
Option

— .
Foweriine

Fig 1. System block diagram of A company’'s PLC modem
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Table 1. Characteristics of A company’s high speed PLC modem

T w E %
AEEHE Z 11 14Mbps
- 8471 2o
OFDM™ % - AEAD M
- Azl 4
T3 < 4.3M ~ 20.9M
Melo] Mz A4 DQPSK, DBPSK, ROBO
A A A8 CSMA/CA
& FIg 100 MHz

FCC Part 15 emission %ol 53

10-Bit ADC/DAC, AGC( Auto Gain Control ) %

Homeplug 1.0 7|22 A2

812 MDI/SPI Phy chip

PHY and MAC
7hARl dE Ad Adgor HHe] AFad #A

812 MDI/SPI Phy chip
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- 553 (Delimiter, Header, Body, CheckSec, Delimiter)

Delimiter Frame Header Frame Body Check Sequence Delimiter
( A Y A Y A A A
| 25 bits ‘ 5 bytes | [} bﬂesl 6 byles | variable byte count |2 bytes ‘ ‘ 25 bits ‘
Preamble | Frame Control | Segment Contral | DA SA Frame Body B-PAD| FC3 E Preamble | Frame Control
variable symbal count
4 symbols 20-160 symoals 4 gymbols
Y

; c o B E C indi
Start of Frame End of Frame
Contention Conirol Adapted modulation and tones Confention Contral
Length of frame Decoded based on Tone Map Channel access priority
Tone Map Index Extensible to higher rates

Fig 2. Packet block of A company’'s PLC modem

Driver

8 Powerline
Line |[@—P>
Interface

2. DMTH=WAIZ R SEH 2% pLcEH
m =
TX
mpc-850 |MPVO >
XPLC20 Mixed-Signl
PLC PHT Front End
MIIT ¢RX
100BaseT| Switching
&
H Ethernet Processor-
Interface based MAC

Fig 3. System block diagram of B company’s PLC modem

_52_



W 5 A

Table 2. Characteristics of B company’s high speed PLC modem

Lr_L

M

=
= 4

AR Fhs 0]

D.C. ~ 20MHz

W DMT (Discrete Multitone)
FFT =7] 512
Ao 4 256

wa) ol 717

78.125KHz ( => 20MHz/256)

AbgE el A T 20MHz/256
B3 A&7 15.6usec
ns& 64.1KHz

D-BPSK, D-QPSK, D-8PSK

convolution code(1/2 or 3/4),
RS code with interleaver

WA H Ao TEES

CSMA/CA
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