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A Study of DDS Middleware based Multimedia PACS Data Transmission
Scheme for QoS in Hospital Network

Nam-Ho Kim

Department of Computer Engineering,
Graduate School,
Pukyong National University

Abstract

A picture archiving and.communication. system (PACS). is a digital
medical 1maging technology which provides 'storage of and
convenient access to images from multiple modalities. In the early
stage, the image sizes of Computed Radiography (CR) and Computed
Tomography. (CT) were. 10Mbyte and O0.5Mbyte of /100 slices
respectively. '‘But now, the image size of CT has grown up to 2
times and CT of. the Cardiac/PET'supports the. multi frame and has
from 300 to 5000+slices...The increased image size brings the
network traffic which is a “serious-problems in hospital networks.
Generally, the hospital network must be designed by the best effort
method for the stable transmission of PACS data, which effects the
medical treatment. Especially, as the multimedia PACS data has
been widely used, the hospital network has disturbed more and
more the medical treatment in the Iimited environment. Many
network researchers have introduced the Quality of Service (QoS)
concept for solving the network traffic. This paper designs
DDS(Data  Distribution  Service) based QoS for the stable

transmission of multimedia PACS data in the hospital network and

- Vil -



simulates it on virtual hospital network. Our QoS can control the
contribution system in the hospital network. From simulation results,
we verified that our QoS can transmit the multimedia PACS data

with stable.
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2.3 Quality of Service 713
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= w93} IPV4A(Internet Protocol Version 4)°1 4= sfZ19] g F
oAy FTH AN FHEE AP F AT TOSEH= SHE =7t 4
Au o] AAREHAATIA Fol AFESHA] vk MMz F4S ALEEHA
g Aol sizle ey A e = e Aol AR Heoly dEe A
de WA = 5 givh dEUY AEATE erskE Al FE2 54

of wt @ol vE F Utk dF 5o duk PC T4 AREAE AZW 2
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Engineering Task Force)oll A= @A SIH U A QoSE Al F3dh W
of thate] {3 AF-S WA IntServiIntegrated Services) =2,
DiffServ(Differentiated Services) =2 %2 IETFolA A<¢td thx 3l
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O IntServ =4
IntServ &2 HAdY Au)2 Qo] F 7o) =R A8 SHEE F
7Fakatk. HAE AW X(guaranteed service)@t o= A W] A(predictive
service)o|th. B AMu|AaE F8E ¢ Ho A W AR[EE Fojof
gk Au)zolal, oF AHlaeE AR FRYE F e XA Wl A
AMul2E A dekE Aolvt. olH g MuAE F71sty] fEke] gh-f-E el A
7l ~E ™ (stream) 3= FE2-9(flow)o] tdle] 278 A
& FAE BAstE " Zes Ads FEotoop-&rh. =5, shibe] ~EH
2571 AR del Bid 2SN AA ARRATE 88 2
A& Fustojok gt} SR A YdL B = m we sol £3Ho g
2EY e E2%E 4457 flste] #ErEH S Y Ad e $HEr] ¢

& A 7199 (signaling) ZEEZo] 23tk IntServ L oA A1l

'y
i
2
£,
o

IZEEZ RSVP(Resource Reservation Protocol)E AFg£3lr} RSVPE

AFg A A9e sdslE e a9 59 Al
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REVP REVP-aware RSVP-aware RSVP-unaware RSVP-aware RSVP
Sender Router Router Router Router Receiver

10.10.10.10 10.20.20.20 10.30.20.30 10.40.40.40 10.50.50.50 10.80.60.60

F Hop=
10.30.30.30,,

G

FATH
(] Dest: 10.60.60.60
P Hop:10.10.10.10 PATH
Dest: 10.60.60.60

P Hop: 10.20.20.20

P Hop: 10.30.30.30 P Hop: 10.30.30.30 PATH
[} Dest: 10.80.60.60

P Hop: 10.50.50.50

RESWY
= Dest: 10.50.50.50 ]
RESWV M Hop: 10.80.60.80 |
Diast: 10.30.30.30 :

PATH
Dest: 10.60.60 80

PATH
Dest; 10.60.80.60

" RESV
Dest: 10.20.20.20
N Hap: 10.90.30.30

N Hop: 10.50.50.50 7

RESW I
Diest: 10.30.30.30
M Hop: 10.50.50.50

(]

RESV y
Dest:10.10.10.10 [
N Hop: 10.20.20 20

141353

[ Legend: O = RSVP processing occurs ‘ = Bandwidth reserved on inferface |

¥ 6. RSVP Signaling | [http://www.cisco.com]
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IntServ A& Y37 Y3t z+ 1 e A S22 AA 4

Q371 dEY IntServ ZE-S ® A3}
7] gt Ewuel RSVP, 42 #e, d7le] 2AE" 5 9 Jss
A Aatelol st wElel e @7 7F vl 283 IntServ EES X9
7] 95te] RE 7t & A IntServEH-S x| Qdlojof dhr}. o] 7
3 @72 Q8] IntServi EE @$E7}F IntServE A Q3kE ol Ak

AT

7 #e o2 IntServ REE A

@ DiffServE @

g4 A wEo] IntServ R FaAy Td=d AV A
IETFl A o]e @ £AE sidsl?] $l8ke] DiffServ =& =aslvh
DiffServ &A= Lpefst 22-97F B4 2 APl S22 E7Y
o] =7 9o Eoled An)a ZefadE A s}l Diffserv ©9
qME Ee ¢Hel diste] S22 Au #e 2 AadEs 8935
gt Diffserves IP d619 TOSS F-# 59 68 EE QoSE Aste= 5
o2 vk oled WYE X EYHE 83 QoSel wEk uF
olof uwte} E TS FA(aggregation) o wH AAEY FAE 4
skt RSVPo= @8] H4A9F A ke] ojwdt QoS f7-Akge] o
g Aragko] dojubA] @A e Z RSVP7E 7HA AL A%l AZ24A )

HD:

o i3k F-AE A AT Diffserve] @7 H < (short-lived) EZ2-9+=

SHAS MAGA e & sAE9e wWE 7S (quick discussion)S &
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232 ¥4 dEYAAA 2 QoS A

AE YA N~ AMu| 2~ RESQ HAY i o7jAn AEx=d oy
S A ALERN A AP gtE AUl AE 93] IEEEC A& 802.11edh= &
=& AAsAE -4 LANSIA 9 QoS TEEE 802.11ee}al Awslo]l =
Felo] ot} IEEE 802.11es A®3t7]e] A 7|24 #4 LAN 7]
%o thsle] oloky)ald, Wi-Figtii® E2E FA4 LANS &4 LANY
S WS A S BERE WA o= A ojridlely  EFH I 2
ool 7155 4 F3E(radio frequency)
NS ol&etE A BB A A A ATt AR A AR ol s S
BAs LAN AX 8% 29 5 8y 43S A5 gloH9-11].

4 LANS AuE A=z Abgstn= dedr|7F s o]sdh=

ol
o
=
=
rx,
lo

i
0
)
2
2
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é
>
i
i
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>
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o
1
)
o
f
_O|L
rie
ol

Wb dAbekE AEEy v dEe) ALE A AAA R A9 HF
7V F3 9 (license—free radio)e] AME, AT I o] EA3lE FoAME
FAFEI) 73 48 A E U d Ak (spread spectrum) 7] &9 o] &
S 5 7 At a8y 4 LANS 7oA AA MESAE 8T

T e TER AAHCdE Faa ey dd dY @A 2o A
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T4 LAN 7l&2 24 PHYASH MACAIS F #2222 77450 3
t}. IEEE 802.11WGUW ol A= PHY Hi= MAC A &4 gd
2 d¥IF (TG : task group)”t /4% 3L, 2 TGEZ ZF87F 28y
Atk
IEEE 802.11e7]& < MACAZIA QosE Adst7] #1% Aoz EDCF
(Enhanced Distributed Coordination Function)&  AF&3kt}.  EDCA

ki

(Enhanced Distributed Channel Access) A4 W22 8719 A= v ¢
A<= (User Priority: UP)E 2t QSTA(QoS Station)”) 41 v Aol tf
gho] Azt ol B4k o] e ¢ e = Ao skal gl IEEE 802.1D
BElF] A6 Al FostE HolH e QoS FAEE wehA] ¥ UPe
Zyzre]l Ejal EAo| we} thA] 479 FHEiE i (AC: access categories)
2 EF90 254 8ol wEt SHA S = EDCAS AR|AE Algis
ohool W, ME i $HECE e 4 ACA WE TXOP B
(contention) S AIFS[AC], aCWmin[AC], aCWmax[AC] 53} 7Zo] QAPY
dotll QAPEDCATable MIB(Management -Information Base)®} non-AP
QSTA®] dotllEDCATable MIBel A=< &= EDCA wehue A<
7y s ARgEte] HY Ao R ofFojAY, HAFstard sk ZH Yol &
sk 7 ACES 17 6olA Hole A 22 IFS #AE 73 4A

& ol Al e e AlEEu14]
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p AIFS[i]
ATFS[i]
—
DIFS
P PIFS | p Contention Window >
DIFS/AIFS
¢ >
i SIFS
Milé?ﬁm i Back-off Slot Next Fram
— ¢ Slot Time
Defer Access Select Slot and Decrement Back-off
¢ e o
as long as medium is idle
219 6. IEEE 802.11e EDCF &3 314
AIFS[AC]=aSIFSTime+aSlot TimexAIFSN[AC] (1)

7y ACol|  wE CAIFSIACIS] 21(1)S  F3lA ~dozl g2 7ZF ATFS
(Arbitration Interframe Spaecc)®] #o = AR W o 7dE A ACo] o) dlo
EAE Ad J2E 9% Belrs= v A7) Busyol Al Idle® ZGEj7F o
HE =7 7 B $AES e wEba AAE AIFS[ACHs S Ald o]
Idle1 % 71vhg]aL, Ado] Idleo]™ WQZ 348 Fa3r)

7+ AC7F Zbe 53AA Ad HT WAL a9 6ol Mol A
kAl dnet AIFSIAC] @& AMgTdo=i Ae 7utez Fadch
ol Non-AP QSTA®] AIFSN [AClE= 28 69 #3t 2AY & o=
QAP7} AEste A=Y s E AT X3ty o] 7} STAoA A
o} whd QAP AIFSNIACIE 1oAY 1wt 2 S §x 3874 €t
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534 ¥ EDCA TXOPS 95 4 Auh. EDCA A% W22 STA9
ol®l AC7} TXOP w¢F A%S AF¥dow Fx&H, A543 Ty do] &

A GHTE ACK ZdAde AL Qoo xdg wE Ads

(frame exchange sequence)’} A3d oz ZAEH Fo AL Ade s

p

4o ARe AES 4 g TaE mMon 3de 19 arHI5-19]

’

24 DDS

24.1 DDS vjE4g o] A7

DDS¥E OpenDDS$ A8DDSZ s F Atk OpenDDSE  Object
ComputingAtol A 7l@star ¢l C++ ZjHko = +d¥ OMG(Object
Management, Group)2] DDS 2.3% A~ wdoltl DDS 55 wW=3 9
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# 1. IEEE 802.112] oJ&] ¥4 &g Al 253 2 EA ¢

i Data rate
802.11 Frequency | Bandwidth .
Release per stream | Modulation
Protocol [GHZ] [MHZz] .
[Mbit/s]
Original | Jun 1997 24 20 1, 2 DSSS
6, 9, 12, 18
a Sep 1999 5 20 OFDM
24, 36, 48, 54
b Sep 1999 2.4 20 1, 2, 65, 11 DSSS
1, 2 6,9 12,
OFDM,
g Jun 2003 2.4 20 18, 24, 36, 48,
DSSS
54
7.2, 144,217,
20 28.9, 43.3,
57.8, 65, 72.2
n Qct 2009 2.4/5 OFDM
15, 30, 45, 60,
40 90, 120, 135,
150

Wi-Fi o] ol T2 AleF =4S ard e Wl Wi-Fi Broadcasting
Infra® 918 @ Aol A= IEEE 80211gE 7|22 APE T3 A
o] nfgA s Ro =z Aztsir) R02.11gw IEEE 802.11 Original ¥ 802.11b
oto] 3t9l T3S A d3tE 7ol

FAH B ¥ £

s
=
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il
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=
=
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—
—
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3} Engenius AFe] NMP 8602 PLUS-S#}+= IEEE 802.11g A
Mini-PCI ] ¥ 7}=¢2] Datasheetol] w2 o] Qg #o]~2] 24GHz2]
Adurz F=A #gx WAdLS IMbpsol A -95dbm, 6Mbpsol A -91dbm,
11Mbpsel Al -90dbm, 54Mbpsell 4] -72dbm-=- 72}, o]o] w23 1Mbps
2 A5 4 54Mbpsel Hl&E] 23dbme]yt 257t efste et Fale] )
SotthE onjolrt W AEF Al AlEe7E HWE 1, 2, 55, 11Mbps9
749 28dbm, 6~24Mbpse] 4% 27dbhm, 36Mbpsi=  25dbm, 48Mbps+
24dbm, 54Mbpsy 23dbm¢ A& A7]E AEstk = IMbpsel v &)
54Mbps+= 5dmb©] kA Ass dAEsth= o)w ot} IEEE 802.11¢

At g A de A Be ASAES AAFA] At 1P o

[e)

<
1

rlo
2

of tighk IMbps M S= Aghs dlAe v & S22 UF AIls
e 7 AEF stojof Ak

IEEE 802.11 HA #olA+= CSMA/CA 7]wel 7|x3tal v+ DCF
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(Distributed Coordination Function)e}+= 44 7|¥ke] o5 & 5 MAC
7)ol AREH AL gtk

DCF MACe /&4 #2 vx= 29 11 #AF 23 Zdv 29
A A, B, C, DYl e 7tR 2 A o2 d@RH(STA) A
E2E AZhol whet EAIEY] 918l AFEERITE dEES AEE 2y ol
oW A A FHE F213le], & Carrier Sensings A @3t z)d o]
Idle 8t#] &1gtt) zdo] Busyst®d F&& 3337] 9138 Random %<2
IE Q3 Wex S Uniform[0, CW]ElE Random &5 A PA#A +
gttt CW(Contention Window)+= &5} 313 & 98l AF&she= AT 4
oj APl o) L Fro] GE A FoXIth

o

P L
Lamtentor

Wdow . B I
Frame _— , W Ao A

(! 1 [l *
. Rempaining Backoff
| OO IO (Il o

{TT1T]

Datz o =
] | [TTFame~] | K e
' — = PR Backoff = Uniform[d, C]
] (111 Frame | D
L ' t T L
DIFS DIFS DIFS

1% 12. TEEE 802.11 DCF &% 4% 4

g 1104 @2 B, C, D # Y9 (random) W 23X #}AE & 77} 5

2
2, 39] WMoz e Fval spAS B, C, D= A9 AFe] Eubal A
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DCFE @<dtal 349 ¥4 MAC 7]&°] A% VolP(voice over IP)
oF e AN &S AYsdle FFeA dSol Ay AFE E
W stk 28 IEEE 80211 MACel:= DCE ¢l 4Ao] ofd AP7}
PollingS %3 d% AdS A3 PCEF(Point Coordination Function) 2}
th LE#y o] PCE HA] Q1A 2R vFAdeR
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4 LANS 9l Ak BAE £7] 9% WReze 24 E84¢0 A
A AAE FEATNE HT QoS T8 ATz thE ARE AN )
Ag WA "FskA sk By Fol Utk

oF Ao Argslde] 1998 AH ¥ IEEE 802.112) MACS VoIP
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of FEolMe MEE A IRk MACS! EDCASH H744 MACS
HCCA(HCF Controlled Channel Access)E A 33th o] F 7Fx MAC
% Wi-Fi ¥5& 93lxE= HCCAZE vt AFel; d dAdAE ol &
Ak AHlE 277 ofdu weka] | Aol A= EDCAE AR&8h=
Aol @AHA dgrelth. AA WMM/WME (Wi-Fi MultiMedia/Wi-Fi
Multimedia Extension) $15 2.2 ¢#% Wi-Fi¢] AAIZF dEnto 75

52 AN EDCA 759 AY A4FE YelE Ao,

o

EDCA= 29 120 ®A|8H Azt Zo] Zg<ls w1
A, 249 4R ACE E/73t3 ol&5S 449 A% Flqueue)ES 3

] #BEER A T4 AC HolM = Aol AolE = F 3

o AAl Ag sled SHEghe] FFmE 871 o]k,
Priority 802.1D Priority | | Access Category
Actess categories Lowest il AC_BK
4 1 : ? 2 AC B
Q AL _BE
3 AC_BE
4 Video [ACV)
- > Video (ACV])
L ,L i L i Woice (AC_VO)
Highest 7 Voice (AC_VO)
mrsgj] AIFS{1] AIFSE}.'] NF5§||
BO[0] BO[1] BO[2] BO[3] .
AC CWmin | OWNmax | AIFSN
! ¥ v ! Background (AC_BK) 31 1023 |7
Virtual collision handler Best Effort (AC_BE) 31 1023 3
Video (AC_VD) 15 31 2
l Wiice (AC_ VO Fi 15 2
Legacy DCF 15 1023 2

218 13. EDCACA e ACS 459 &5
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CWmin, CWmax #t< 28 129] = 3l Fo FA S o] ot}
EDCA°| A AIFSe] 93ste DCFolA e DIFSeF #Zt}l vt ACwit}
ATFS 38 927 dozi A Hoto $ATAE Aod = =S 3
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= g 3o
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IV. 49 dolg AF 71 A

oAl E Y WEY A PACS HolHe wE WEYLY F-st

e FARES 7437 9 AARA 2 Adel sty 7)|&e)
41 A 2 33 AA
411 A4 AL A4

[ Zetfic MREEIng B o8 o0s o 7 Arsi o)

. Applications |

TCP/IP Protocol Suite | || 1P Level
(Internet/Logical Network) QoS

Physical Networks ‘ Lo

Level QoS
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: gement
Switch Agent Setup-Agent Agent

W

Connection
Admission
Control

Switching DB ‘ [ Traffic Control DB
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i Classifier | QoS5 Packet >- =

Scheduler

Input Forward =) Output

29 14 29A Dol QoS A8 wWeke uERITE &8 A5l A
BdE PACS HeolH = mlEdoe B9 wat &5 a o]g7 &
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o8 F3 AEARE dAsed FRARE P A TOS d=E
of YuAolw B AT oG olgke] 29 oA

PACS Ho|H 2} H¥] PACS o]y & F-&3}ax} 3l
4.1.2 ¥4 EFI 9 A AT FA

a7 156 - EfEY A A EAE Zs] fg vES A
ZR2EZ 2" FxE UETh PACS dlolHE AA ez A%E3Y]
918l IEEE 802.11 MAC Z#¢g 7|Zo.2 &H-UDP 3z-E& Fall An
25 AYgt. UDP #7le] 54 e wAol ofgr] witel Reed
Solomong ©]&3F FEC(Forward Error-Correction)E A3t} U H g

ol s Frb @A ALY FHE FSske AE SRR I 2y

e dolole] fA: WA A

- H.zsa_mw;ﬁvc.; “7,‘5@:

_“

FEC

‘Forward Error Commection Protocol

‘ UDR/IP ‘
IEEE 802.11 WLAN Frame

29 16 A EgE e A Al 2AE dlder] g tREE
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Z8al QoSet Holy AE SRE Ald F e TOS =5 & 29
7o) AAFA} Rate & QoS T 1HO)E(Byte) Z7)olH A9 4nE
b &9 aER urolvh F9l 4W]E= AP Broadcasting -
Multicasting Rates 9w dlal 319 49 E= AP QoSE w3t} o] 3=
£ %3l AP9 Rated} QoSE ¥ & F Slth

i 2. Rated} QoSE 93 TOS 3t
Rate (/9] 4bit) o] nj QoS (&514bit ) o] nj

0x10 1" Mbps 0x00 Default
0x20 2 Mbps 0x40 Voice
0x30 55  Mbps 0x80 Video
0x40 6 . Mbps 0x0C Background
0x50 9 Mbps
0x60 11  Mbps
0x70 12  Mbps
0x80 18 . Mbps
0x90 24 Mbps
Oxa0 36 - Mbps
Oxb0 48 " Mbps
Oxc0 54 Mbps
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¥ 339 7ol QoSE AF3Y] % JhH Ay
A, W age = (BK), UZE (default)® U}

Hge nme ol 517 18] AMbps® ELAAAL ATA

-

1.

duid oz AgHE &
ol AFdvh A% wlel
A5E 9

% d7ls 54 50,000, 94 30,000, WiIiEle= 20,000, tEE

i 3. At AlEHolde HE AF HlolH
Priority A4 bit Rate A% Packet A5
Voice AMbps 50,000
Video AMbps 30,000
BK AMbps 20,000
Default AMbps 10,000
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Marimum Threshold =

Minimum Threshold =

0-01* Bandwidth Share™ Desired Latency™ Bondwidth

Bbits / byte * 1000ms/ sec

Auvpkt = Average Packet Length

e

Mazimum Threshold
a

Bt 2* MinThreshold + Moz Threshold 2)
e 3* Aupkt
Lim = 4* Max Threshold
Bandwidth (12Mbps) = 12%1024* 1024 bits/sec = 12582012 bits/sec
i 4 H7HE 93 7z As
- Max Min
Priority | ByaP0ket | pireshold |WEBhceshold | Burst. |\ Limit | 2P
Voice 1,000 62,914 31,475 41 251,606 | N/A
Video 1,000 47,185 23,092 31 188,740 | 0.05
BK 1,000 31,475 31,475 20 125,900 0.1
Default 1,000 15,728 7,864 10 62,912 0.15
£5 4% 9718 A8 g 3
- Expected Maximum
e
Priority 6T packet Bandwidth Desired Drop
4 ¢l (Byte) Share Latency e
Voice 1,000 40% 100ms N/A
Video 1,000 30% 100ms 0.05
BK 1,000 20% 100ms 0.1
Default 1,000 10% 100ms 0.15
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