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Figure 4.1: A ]\'a;'"" Clien\-Sen'cr VE 

TIle HEAVEn VE architecture, aimed at suppmling a diverse group of users, CaJllot be as simple as the 

a\xlvc desl!>!l as it docs not support or offer the functionality required and noted in Chapter 3. lfth" 

ann of (he desl!>!] was (0 support a hmited number of users, this design might have slifficN. The 

designed architectllre must however 1J., scalable in terms of the number of users and the centralised 

SerVer option will result in a bottleneck, of on~ form 0.- another (e,g. network bandwidth, processing 

lime or SerVer memory), at the central server', Other design options will need (0 be considered to 

COllnter this obvioo5 i1aw in the nahe design. 

There are two possIble avenues of approaching the next design phase. Eilher the serv~r can be 

removed entirely creating a seryer-less peer-to-peer architecture, or th~ Serv~r can be distributed to 

spreatllhe load that wOllict normally need [0 be handled by the central environlllent server. 

4.1.2 Sener-1ess Designs 

A server-less design is simply a peer-to-peer architecture where each peer is one orlh~ clients (also 

know as p~er-cli~nts) in the VE architecture. ).IOl~ thatlhe pe~r-chenls are logically cOlllected to each 

other but arc not necessarily fully intercomlected. TIlis is shown in figure 4.2 below. 

Th",o arc (>thOT pmb[c",", ",,)Ci~,"d with" 'inglo ccn!ntti,od .,c,,·cr oc.,i,,'Tl "llhou~h tho botticm,d:: .ituation caus< d by 

limitod re,,,UTCC';" the majo .. [~ct<,.. ~lflt limil' the usc o[ ,hi, ,i~l' de,ign. 
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figure 4.2: A Peer-lo-Peer (Server-less) Design 

Figure 4.2 illustrates the concepl 01' a peer-to-peer architecture. While this architecture offers a 

decentralisation of lhe environment server described in Figure 4.1, there are several significant 

problems associated wjlh ils lIse. }\ major drawback is the means by which the peer-diems store and 

distribute the environmenl datahase. In the initial design, the central en\"ironmem server stored dle 

entire enyirOllllent database, dislrihlIling portions 0 f this in formation to the interested dients when the 

nee<1 arose. In a peer-to-peer archilecture lhere is no central store and the clients must therefore store 

their own copies of the environmenl <1alabase lhat they arc nsing. This can introouce several problems, 

some of which arc: 

• Datahaw Security _ Any indi\idual peer-clienl will have <1irect access to the envirOllllCnt database 

that it stores. This coul<1 reslIll in a client altering or s.clectivcly sending database infomlation to 

other clienls. 

• Dalah(lse Consiste"cy - "The peer-clients must either store the entire environmenl database on every 

peer -c lienl, which may result in problem si tuations when IIp<1ating the <1alabase of every connected 

client (necessary to ensure <1atabase consistency), or the peer-clients must store portions of the 

entire environmenl <1atabas.e, which may introduce problems associaled w\lh Ihe rehahility of the 

infomlalion slore<1 in the database as there can be no guarantees made as 10 Ihe availability 01-

conntlCted dients storing the various data. This will he <1iscusse<1 further shortly_ 
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Figllr~ 4.3: Th~ D~signlncluding the Disnibuteu Environment SentJT Clll~ler 

4.2 Rcalhing the initial Design 

Whi le Ih~ d~sign shown in Figllre 4.3 might ~~~m rather simpl~, several asp«:ts arc llscflll although 

there ,(ill need, to be a great deal of de,ign dev~lopm~m b;,for~ a c1i~nt can trallspar~ntly connect to 

Ih~ '~rver cluster, retrieve ellvironment data and in(~racl with oth~r clients in RT. 

4.2.1 rhe Logical C~ntralised Server 

Vihi le scalability, consist~ncy and end-to-end latency are crucial asptlCl, 01" a VE'~ d~sign, when 

disnibuting seTV~r1;, it is important to ensure that the logICal c1ienl-saver metaphor remains consist~nt 

and Ihallhc complexity of the ellvironn...,nt 'e,,~r, is transparently hidden from the clients. To enable 

this, the archikctllr~ mu,t provide a lookllp service th"t Wlll tran~parenlly direct conn~cting cli~nts to 

an appropriate ellYironm~nt ~~rv~r (or in the easc of distributed environment servers. to a group of 

enVlronm~nt ~e"'ers that supply the client with n~c~~,ary ~~rvic~~). 

This lookup ~ ervic~ is supplied by a Broker Server (r~f~rr~d to a, a Broker h~reafter). The broker 

accepts conn~ctions from comlcctillg client >onwar~, authorises their eOllTIectioll reqllc>l, sliPplies the 
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Figure 4.4: Design showing Clicnts, Enviromnent Scrvers and Broker Scrvers 

The current design is shown in Figure 4,4, It includes the meshed brokers (using multiple point-to­

point connections to allow data dclivery acknowledgements), the environment server clustcr and the 

~onnecting clients, Note that the clients do not see the servers that are the environment itsetfbut only 

the cnvironmcnt as single entity to which they can COlUlect and bchind which the brokers and 

enviromncnt servers are hidden, A connecting chent connects firstly, at this stage of the design 

pro~ess, to a broker server that in tlIm, directs it to an appropriate environment server within the 

enviromnent server cluster, hiding thc complexity of the envirolUuent server clustcr completely, 

4,2,2 Findin~ the Broker Servers and Hidin~ Address Information 

Thc means by which the clients lo~ate the brokers has not yet been dealt with, While this might secm 

like a repeating problem Slllce any new server created to distriblite address infonl1ation will Itself need 

to be located, it is noled that the brokers are environmen/ "peciJk scrvers, as shown in Figure 4.4, and 

store only the address inrormation of the servers in its envirorunent A generalised enviroruncnt non-

Page 57 



Univ
ers

ity
 of

  C
ap

e T
ow

n

to 

name 

• are 

~P.1"'1l1r./~<:: o:Ue:red to 

not 

to ... "''''''' ",,:. 

• 
or can mterc:onne(~t. 

• 
UlVn.""l servers can 

use 

rlrcmIlnellt name. 

are as 

servers 

a means to translate a 

can 

"'u"'u.'" can 

a descn):ltl 

a name 

J.l.Ul""'.VU as 

to , .... " ..... .,u ,&1 .... 

as 

a 



Univ
ers

ity
 of

  C
ap

e T
ow

n

• must 

ensure 

a <>H'"U""" ITlanner 

en'lfm)mne11t servers as it is not a 

server so dUlplu::atlon 

can 

en'lfm:>mneltlt as a 

store 

"",u,,",u.,, can 

...... , .. ",,. .... t- errors 

correct. 

a name 

IS one 

name aal[aoase 

IS 

is not a 

a broker is to 

to 

to 

a 

must 

on a 

en1lfln)mne11t servers is not an 

as 

to 

can th,,... .. tn.·p 

user 

IS 

a 



Univ
ers

ity
 of

  C
ap

e T
ow

n

it 

source is not 

our current 

a 

across 

to 

a ternponrrv 1'\ ... -'1"1"",,, 

ex!)ec:ted to store 

UH,' ........ ,.'" are ,"",,,,,',,'*,,,,,,1" to as ensure 

• ......... IT"', .. " store a .............. U", .. ,,, .. , 

• 

to a 

occur at a 

soon to 

is ever a case a 

Vlrcmmlent to 

IS 

a 

"'1J .... "' • .u .... server 

conllmle to 

a .... u .. ,..., ..... , • .., .... "'. ms:te~La 

a not 

rO[llmmt, on 

store 

to 

can ensure 



Univ
ers

ity
 of

  C
ap

e T
ow

n

• 
server 

ensure 

• 

to 

can 

",,.r,ar,, ... servers 

a 

store 

a more --",,..--'-J 

occur Detore 

can access to a ... v .... "" .... "" 

De(~onrles a 

can 

a are 

COlt1gc~stllon or are 

can lAnugo,,,,, 

one 

a ", .. "ar,· .. ensure are 

sent to a .... nv .. r to it 

not servers. 

is to ensure 

IS 

COlt1m~ctllng to a 

to store 

1'" ........ , must as 



Univ
ers

ity
 of

  C
ap

e T
ow

n

can 

must 

• 

cause 

COlmnrlWllc,atic)ns use a <>UJ"IJ'"'' 

as Sll1rlDlie a 

not ne(!es:san 

thE"Y"ptnT'p not 

u£"" ....... , .... to WU;'''I''''''' 

is "' .. Y .... "' .... 

user 

must 

rorunc~nt server 

status 

aCJKnC)WleClgrne:nt "',,,"' ........... to ensure 

can to to a 

or 

not 

as 

user, or 

scene 



Univ
ers

ity
 of

  C
ap

e T
ow

n

411 

scene 

can 

411 

en1VlfC)mne]lt servers. 

ensure 

to 

are not 

or 

state 

to 

scene 

COlltruD more mtlomnatlon can 

is 

nUllnan avatar 

a .... "'".,." "'... to IS 

must th, ... ",tn .. ·", ansiterrea to 

or 

r .. TU1 .. ",T1.U e:ng]lne is not ....... 11.1 .... .,. .... 

must ensure 

it occurs 

y.,-<>TnF·" a sec:onll, a 

en1VlfC)mnellt servers so 

not 

servers. 

ensure 

en'vin:>mnellt servers to 

rOIlmlent servers must 

is across 



Univ
ers

ity
 of

  C
ap

e T
ow

n

an lrnrnc~rsllV 

to user. 

user. 

as secure 

COIISl(len~<1 a 

to users 

to 

IOc;us:ea on COIl<1Ulcte:<1 at 



Univ
ers

ity
 of

  C
ap

e T
ow

n

4.2.6 Summary 
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figure 4.5: The Design Including Model and '<arne Servers 

Figure 4.5 shows the curren! state of the design including the individual :>1odel and Media .erver, the 

meshed Broker Servers, the partially connected Name Servers and the remaining Envlrol1Jllenl Cluster, 

which will be the focus of the tt ext sectiott, ),Iote that the MSs arc trattsparentiy hidden behind the 

brokers and are standalone although they can communicate with each other as tteeded. The name 

servers are shown as beitt); partially linked and are not pan of the environrnettt although they do offer 

services ttl (he clienls attd 10 the environment as a wIK)le. 

4.3 The Environment Server Cluster 

While the initial design of the environment cluster might seem mther simple. several aspecls slillneed 

to be clarified. This sectiott focuses on the enviromnent servers, the methods they usc to comnlllnicate 

with the chems, and a means to enSUre that thc communications occur with a 'realistic time.' Note that 

up unlil this point in the design process, the assumption has heen that the etwiromnent servers 
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with a maximum of IOms positive" jitter [Wl095I ISlrOOI. As the end-to-end laLency is not easily 

guaranteed, a framework of maximum delays bctwcen cnvironment components needs to be set out to 

set an uppcr-bOlUld time framework: that must be guaranteed by each individual component in the path 

of the data. 

Since the cnvironment servcrs arc fully meshed, to traverse the server mesh requires a path containing 

only two servers and one communication link. Commumcation from an enactor to receiving viewcr 

will therefore occur, at most, beLw een two clients, two >ervers and over Iwo elienl-server 

communications links and over a single in tcr-server link, This IS shown in Figure 4.6 below. 

c 

, C 
c 

Fully Meshed 
Shared Connections 

c 

c 

Connections 

Hgure 4.6: Client-Server and Inter-Server COlUlection Framework 

Figure 4.6 above shows how clients connect to a meshed centralised cnvironmcnt selTcr. Thc mesh 

extends to largcr numbers of servers with each clicnt having a direct connection to ever), oLher client 

which ensures that informalion sourced at a single client will reach any other client having to travel 

drrough at mosL lwo servers. Notc that the inter-server connections are sharcd cOllllcctions and any 

, I The Jitter only n .. ds 10 be measured in lh. I'miti"c direction 4, CUIIllIXmic.lion th.[ takes k;s than 100"" is preferlod, 

while coIIuIlunicaliun [hal take, lon~cr th. n I 1 Dm, will compromi>< the int .. " cth'ity oftho environnl<m, 
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data travelling ber-veen the serverS will have to he nllli(iplexed at the servers hefme srnding The 

clients cOlllleet to their specific serv~r '" ith a d~dicaled c·omledion. 

The fact that there arc a limited numher orlogical entiti~s between the souree and destination for a.ny 

data allows a logical framework to he constructed that sd, upper bounds on the time spent Ln the'e 

various logical nodes. The nodes induik hoth of (he ,ervers, the clients and the vanous 

communication media. A single sourc.e-destination pal[ is ,hown in Figure 4. 7 below. 

Serv .. r S .... v .. r 

C"nn.cti<>n i;onn.ction 

C I~ Input LagfTtaeking c 
Figure 4. 7: A Single Source-Destination Pair 

figure 4.7 shows a single source uestination pair, clearly showing how the clients use dedicated links 

to connect to the servers and how inter-server connections are shared with any other communication 

that is taking place between the servers. Figure 4.7 al,o labels the sources of the delays showing thm 

the delay' occurring at the sou.r~e-client r~Su.ll from inpu.t lag and tracking, and at the destination client 

where the data is displayed (this can be to a non·visual output. like sound). .'-Iote that the input and 

ui'play times mu,t be included in tl1« end-lo-end limits a, the l()()m, limit is the lime fmm the user 

(not the client) executing the action to the receiving user (again, not the client) experiencing the resu.1t 

of the executed action. 

R~seareh I \\'1095:] has show that IOms is requireu by the client for retrieval of data from appmprime 

input '>Ou.re~s, filt~ring of/his data, encapsulating the remaining data into appropriate data packets and 

finally, sending the data. The same research also shows that lOms is needeu by the client to process 

received packet' of Ulfonl1a(ion and rendering the data appmpriat~ly. Rend~ring, m lhis ins(an~e, 

covers all form, of data outpu.( (0 (he user TI1«s.e limits ar~ physically possibl~ 10 me~l ""th most 

modem display hardware and with th~ various other output devices thm can be used. If the hardware is 
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not able to meet these limits, the complexity of the data being rendered will have to be reduced. 

Similarly, the tOms limit can be met by most inpld devices and if the system is oot able to aUain the 

needed information within I Oms, the lISer will have to be prompted not to use the input device. For (he 

remainder of the design, it wi!! be assllmed that the elient software is able to ensure Ihese limits. 

The remammg 80m~ must then be divl(led across the vanous logical nodes seen in FigllfC 4.7. While 

there IS no optimal solution to this problem, II is noted that there are several considerations that need to 

be taken into account when dividing the time over the various logical components: 

• Inter-scrver communication should have stricter latency bounds lO allow user connections to have 

longer latencies. Thi~ will allow user:; with connections of lower quality to still COlmect to the 

enVlronment antI expenence iI, blll thIS will result in (he inter-server connections costing more 

since they requirc a higher qllality of service from the service proyidcrs supplying (he connections. 

While this is a drawback, it is noted that the data sent between servers is mllitiplexcd and will result 

HI a somewhat lower cost than if a nllmber of inter-server connections Were to be llScd Or if the 

clicnt-server connections where forced to be of the higher qllali ty. 

• Comrnllllication, whi le seemingly instantaneous over short distance, can resliit in considerable 

delays. A trans-Atlantic crossing will yield betw·een 25 and 30ms delay dlle only to spced-ol~light 

propagation delays and the slowuown of electrical signals in the cables [Smctl II. A round trip 

transatlantic communication had delays of over 120ms in [Kin9~1 which used lP over ATM to test 

a long-distance DVE and in AUgllSt 2001 the delays were measllfCd at 79.955ms [SIlIeOI L The 

server time should therefore be kept to an absolute minimum to enable time to be given to 

commllllication occurring between the servers, and between the SCrverS and the clients. 

• While the client-scrver and servcr-client comrnllllication times do not need to be symmctrical, it 

docs simplify the design of the overall system and the testing of any implemented software. It is 

noted that an asymmetrical system may be more suited to the design of a VE as the client wi!! 

naturally be receiving more data from the mliitiple clienl-sourees Ihan it will be sending and Ihu~ 

will reqll1rc mOre bandwidth on the downlink. While this does not affect the delay limits 

associated with this data transfer, i( cOldd alrectthe availability oUhe connections and the mereasc 

in delay limit eOlild allow more cOlmections to be made at the required delay values. This topic is 

not considered further in this dissertation but is onc lor [urtiler research 
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• Th~ lim~ delay al eitheT S~r"eT shu"ld b~ lh~ ~am~ as th~ functiuns pertolTIled al either of the 

~rv~rS are identical Sinc~ th~ SerVeTS are dedical~d applicalion~ lhal are more than likely nJllIling 

on d~dieat~d hardware, lh~ir r~~p<Jns~ times shu"ld nalurally be fasl er and their response times 

hmits call be mure slringent 

Having noled these factors, the framework shown in Figure 4.8 was d~eid~d "(Xln. 

S.'VIt, Pro"tI •• int 
Om. 

S""Vtl, ConntlctiOf'1 
16ma 

S .. rver P .... c ... --.Lng 
8;m. 

(Data 

Clitlnt COf'1necti<>n 
:Z4m~ 

linl<) 

Client Connection ,_. 
c 

Maximum Delay: 100ms Jitter 

Input L"9fTn~"king 
IOm5 

l'igure 4.8: The HEAVEn Ma~im"m Delay Framewurk 

c 

Each Serv~r has 8ms to process and distribute the data received and their tasks must be completed 

within this time. This can b~ consideTed a hard R T deadline if the servers are being implemented on a 

RT platfornl and lh~ 8ms is th~ time measure Irom the initial receiving of the packet from the 

application level input communication socket, to the time it IS sent from the Olltput socket. Between 

the sen-ers, there i~ a loms ndwork lransmission time, and between the client-server pairs, a 24ms 

maximum transmission time. 

Nch'u~k Segment! Tim~ in milliseconds Maximum Latency 

Sending Client Interaction Processing !Oms 

Propagation Delays 

Sendiug Server Re,ponse Times 

Propagation Delays 

24ms 

I om~ 
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Figure 4. 10: The final HHAYHn architecture 

Figllre 4.10 illustrates the final design showing the Control Server and Broadcast Server meshes and 

the standalone Model and .YIedia Servers, all fomling part of the DVE to which the clients can 

transparently connect via the Broker Servers lhlll logether fonll a sptlCific VE. The clients locate the 

environment lISing the Name Servers that direct them to an appropriate Broker Server, which in tcrm 

authorise., tl-,., cli~nt lind pa~.",., th~m on to the appropriatc Control, Broadca~t and Model and Media 

servcrS. 

4.4 The Network Layer 

Now that a final DYE architccture has been constructed in the logical application and session layer, the 

network layer needs to be focused on. Thi~ section IOeu.,e~ on how the o:k~ign'., r~'-I"ir~ments are 

lIpplied spocifically to the A TM nctwork layer that this Architecture has been designed for and how the 

network is able to support the variou., connection requirement, thTOlLgh th~ ll~~ of 11-,., ser,,..ice .,uppli~d 

by the ATM n~twork. 
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I 
n 

Input and Output Cycle Combined (t) 

~ . 
t 

Not Visible But Included in the 8ms: 
Interest Matrix Calculation a nd Di stribution 
Resend Unacknowledge d Updates 

Figure 5.1: The Con(mi Server Pnl<;ess Loop 
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Figure 5.1 illustrates the currently described process loop used hy the CS. Each socket is a non­

blocking socket that allows the CS to rraversc the input socket list checking Ji,r new data_ If data 

arrives, the CS handles the data immediately, sending ii, as deSl.:ribed above, directly to destination 

sockets as dictated by the interest matrix. Initially, the lise of oUlpld buflL..-s was discarded (ru; can be 

seen In the figure above) since the control data does nol gain from per-connection data collation, which 

the buffers allow, due to the critical natllre of (he updates. The removal of the buffers would have aloo 

simpli(;ed the CS implementation. After implementing and testing the CS as shown in Figure 5.1, it 

was realised that by removing the grouping of data at the output buffers, we had inadvertently 

mcrensed the nllmber of send eonunands thm needed to be executed, ns u send command had to he 

completed tilr every POU being sent thr<)l1gh (he server' This severely affected the perfonnance of tIle 

server and limited the number of users that tIle server could support. 

Having teamt from (he initial implementation's emm;, (he hllffers were added and (he mlplementa(ion 

can be graphicallj' illustrated as shown in Figure 5.2. Of further interest is that the bllJTering allows a 

simple implementation of an acknowledgement system. When data in a buffer is sent. it is not 

Page III 



Univ
ers

ity
of

Cap
e T

ow
n

immediately removed from the buffer. Ins(ead, i( is flagged as being 'sent'. When the 

acknowledgement is received, the data is removed from the buffer. If the time limit for the packet is 

exceeded, the 'sent' flag 1S removed ami (he data will be resent in the next output cycle. To prevent 

infinite retries, a counter is associa(e(i with each element in (he buffer. If the sending has not been 

successful ailer a limited number or attempts, the updme has to be discarded even though this may 

affect the consistcncy of thc envirorunent. 

One (irawback of (his mcthod is the use of the grouping in conjunction with the AAl5 convergence 

layer. The grouping and the subsequent packing of the data in an AAL5 frame forces inter-PDU 

dependence that could reduce the reliability of the environmenl. Fortunately, the 8ms throughput of 

(he server limits the impact of this problem as the buffers will tent not to have too much data, though 

this is a generalisation. 

I 
n 

~ . t. 
s 
o 
c 
k 
e 
t 
5 

Input Output Cycle {tl 

FIFO Du pul BuH.,. 0 
u 
t 

A2F1A1 P 
U 

C t 

S 
o 
c 
k 

---® ~ 
5 

Overall Cycle Time {tl = 8ms 

Figure 5.2: The Control Server Process Loop 

Figure 5.2 shows the final processing loop or the CS. 01' note is the method it uses to divide thc Sms 

a1loUed time across the input and output tasks. As all example, follow the data lrom (he vanOll.' input 

sockets as the data is read in dunng the input cycles. Data (AI) is initially rcceivcd at the first 

cOIUlection (Aj, appiie(i (0 the interest mmrix and thCll distributed to the output buffers for connections 
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B and l!. Conneetio!lS B and C have no datu waiting to be read in_ Connection D's data. once 

received, is found to not be o[ interest hy the interest matrix and is discarded. Connection E has no 

data_ Conne<.:tion F has dala (Fl) and it 15 added to connection B's buffer. A second iteration finds 

only data (A2) at connection A, and the data is placed m bldTers [or connection B and E. This data 

(A2) is newer data associated with the same object but must nO! replace the older data as the control 

infonnation is critical to ell\'lronment consistency_ Note that in this example, we sec only the input 

cycle as it repeats, once the mput cycle has repeated its allotted numher of times, the output cycle 

distriblltcs the buffered information. The CS then calculatcs any interest matrices it needs to and then 

checks the output huffers for unacknowledged data that must he resent nlis data 1S then flagged for 

sending in the next output cyclc. 

While the development of the CS software, other than the slip up with the buffering, went smoothly, 

one major prohlem forced a diven;ion from the designed system. While 1t was originally thought that 

Winsock 2 supported YBR scrvices through the AT-'VI adaptc11l, it was later discovered that the YBR 

service that is oD'ered is non-RT IMar02L Since using VBR connectio!lS was aimed at guaranteeing 

the RT reqllirements ofthe connection, it was decided that the UBR sen-icc should be used to simplify 

connection creation as no usability statistics were available from which initial bandwidth constraints 

could be calculated [or the nrt-VBR connoctions or similar CBR connections. The UBR eOlllloctions 

wcre then timcd to cnsure that they obeyed the RT constraints and the results of this timing me given in 

the results section ofthis chapter. 

The testing o[the CSs [OCllS on how many clicnts a CS can support. 'inc server is tcsted by timing thc 

proceElSing loop as it handles data from the various clients_ !fthe server is ahle to step tluough all the 

clients and process their updates and requests within thc given BillS, then the server is able to support 

the given numbcr of clients at the datu rate they are using. The server will naturally be able to support 

more clients i[they are sending less data and this tcst is thcreforc a worst·case test. Since no usability 

data is available, no 'average' cases can be tested. When considering this means of testing, it is 

important to ensure that the client SImulations are producing the contllll updates and reqllests at the 

givcn rate, as it is possihle for the client simulation to become the bottleneck in the testing scenario. 

5.2.4 The Broadcast Server 

The BSs distribute update datu to interested clients within the DYE bused on the chent's interest 

matrices. This distrihution of the data is a timc critical operation that must be complcted within thc 
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8ms limit stipulated by the design in Chapter 4. The deadline mUM be maintaincd regardless of the 

number of cOIDlected clients or pee r-servers or the introduced delays could endanger the interactive 

experience of the users. 

When a BS receives an update, It must distribute the update, regardless of its contents, to every chent 

or peer-server stipulated in the Interest Matrix associated with the data source, .t\oIe that if a client is 

located vIa another BS, the data is simply sent to the associated sener where it will be appropriately 

distributed. 

The implementation of the BS, while requiring that the data be delivered within 8ms, can il\:cept small 

losses in data and therefore no guarantees have to be made as to the delivery of the data, further 

simplifying \he implementation ofthe server. 

After some Imtial attempts at implementing the BS, it was dedded to implement it in much the same 

way that the CS is implemented in the discussion above. Since the BS is aimed at re<:eivmg and 

distributing large quantities of temporal data, it was decided to implement the system lISing non­

blocking sockets allowing the main broadcast thread to step through the socket list multiple times. 

Any incoming data is distributed to an output buffer associated with the appropriate output socket (the 

appnlpriate socket is l(lUnd by using the various intcrest matrices). 'Ihe burfer ensures that newer data 

can replace older data in the output queue thus collating the data sent. Once every 'period', the 

broadcast thread can send all the data in the output buffers. 

Ensuring that the data is sent only once every period reduces the number of 'send ' commands that the 

server has to execute. If the data is sent on a per POU basis, the number of send cOimnands would be 

equal to the number of POUs. Smce a smgle send command takes a significant time. it is in the best 

interest of the server to limit the number of send commands, The server can do this by grouping data 

to be sent before sending it. While the grouping of data may seem an ideal solution considering the 

burfering that is already taking place at the server. it must not be forgotten that the POUs being sent 

must remain independent of each other or they will not be able to withstand small losses. This is 

possible using the AALO convergence layer and a PDU size of eXil\:tly 48 bytes as the send data will be 

automatically segmented, when sent, mto its constituent POUs. 

The period spoken of above is the 8ms assigned to the broadcast server by the design, and the number 

of iterations through the input socket list is covered by the time taken to distribute the data in the 
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o"tput buffers_ The time available for reading data in the input cycle is thus the overall cycle time less 

the time taken to send the data 111 the output cycle. Any remaining time (less than the Sms) after the 

overall cycle IS completed. IS added to the time available for the iterations ofthe input cycle_ Any time 

used by the overall cycle that exceed the Sms limit is removed from the time that lS avallab le for 

iterations of the input cycle. The system thus stabilises itself dependant on the rate at \~hich the data is 

amvmg. 

The process loop, as described above, is shown in Fig"re 5.3 below_ 

I 
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~ . t. 
s 
o 
c 
k 
e 
t 
s 

Inpul Cycle (I) Oulpul Cycle (I) 

FIFO Ouput Buffun 

'1. 

" ..... ---il,!', 

Overall Cycle Time (t) - Bms 

Figure 5.3: The Broadcast Server Process Loop 
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Figure 5.3 shows \he processing loop of the BS. Of note is the method it uses to divide the Sms 

allotted time across the input and outpllt tasks. As an example, follow the data from the various input 

sockets as the data is read in during the input cycles. Data (AI) is initially received at the first 

connection (A), applied to the interest matrix and then distributed to the o"tput b\lffers for connections 

Band E. Connections Band C have no data waiting to be read in. Connection D's data, once 
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Control Server Input Cycle Count 

Input Cycle Count 

Numb.r of Us .... Inurest Matrix Siz. 

Figur~ 5.4: Results for the Control Server 

Figure 5.4 shows the CS's ability to support connected clients. The first point to note is that, as the 

n lLmber 0 f users increases, so the number of input cycles decr~ ases. This is Tela\i vely self-explanatory 

as the l~ngth of the output and input cycles are directly proportional to th~ number of input sockets that 

must be ch~cked and read from and to the number of OlL\put buffers (one for each output socket) that 

must be checked and any data sent When more clients cOlUlect, there are simply more sockets and 

buffers that mlLst he checked each time th~ appropriate cycle (input or output) occurs and thllS fewer 

cycles can b~ completed in the allotted time. 

Th~ second point of interest is that there is no change in the input cyck time as th~ interest matrix siz~ 

increases. This may seem strange when considering that the size oftbe interest matrix is relative to the 

quantity of data that must be distributed and thllS should intuitively increase th~ output cycle time and 

thus reduce the input cyclc lime. While this may be intuitive, it is important to realise that all the data 

in an output bufTeT is sent in a single send command. As th~ interest matrix lllcreases, so will the 
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quantity or data that needs to be buffered lor each output soeket (as Ihere are more sources of data 

supply each buffer), As long a<l the output bullers arc large enough to hold Ihe data, Ihe dala will all be 

sent and sent in a single data send. TIlercfore, me number of send commands per output cycle remains 

constant. 

A third point of interest is to consider how me testing can be extended. If the size orthe inlerest matrix 

lor each client is increased (further depth in me graph -- y-axis), the server will evenllJally fail due 

either to quantity of data that would need to he stored in me limited output hlJllers, or due to the 

masimum available bandwidth of the ne!\vork cOlllcctions being reached, If the number or users is 

increased (further width to the right - x-axis), the server will eventually fail when the inpnt cycle time 

cannot be completed withm the alloUed time_ For 100 users, the server still completes at least drree 

flJil mplJt cyeles_ 

Broker Server Input Cycle Count 

1(OJ,GOQ l ' 

Input Cyel. Count 

Number or User. "" 
Inlerest Mltrix Si .. 

'00 

Figure 5.5: Results for the Broadcast Server 

Figure 5_5 shows the simulation specific to the Broadcast Server_ While It might seem strange that the 

above graph looks similar to the graph in Figure 5,4, it is noted that the two servers limction almost 
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identically and therefo re have the Same characteristic respon,;c~ as described abo"c. The di fferences 

betwecn the two seners lie in the implementation of the acknowledgemcllt protocol for the CS alld the 

per connection data collation for the RS. It was initially ~uspccted that thesc !\VO factors would ha"e 

an impact on the server's ability to Sl.lpport client~, a~ ~ome orthe server's processing time would be 

taken up with the acceptance and sending of the acknowledgement POlls (in the case of the CS) or the 

source checking and collation of" data (lor the BS). While these were the original assumption, on 

te~ting it is obvious that these factor~ have little on no elTect on the input eyele time. 

On closer examination, it was discoveyed that the data collation was actually of little use in the design 

as it ~tands . Collation of data takes place at the output bulTer for a specific socket associated with a 

RS. If" data is received from the same source as the data il, the queue, it will collate this data, replacing 

the older with the newer data. WhLie this may ~eem like a lL~eful mechanism to have in place in the 

BS, when one realises that the RS's overall cycle time (8ms) is less than half the time taken for a cli ent 

to create a single I.lpdate (2Oms) , it is understandable that the server should never be ahle to collate the 

data beill g sell[1 

In the case of the acknowledgement protocol associated with commUllication in the CS, Lt was noted 

that sent acknowledgements were added to the output buffers and while they affected the qualltity 01' 

data being distributed, they did not adversely affect the input cycle time due to mlcrosecond delays that 

the acknowledgem ent POU creation added. When considering acknowledgements being received, it is 

noted that the time difference between a read that returns a ' pass' and a read that retl.lms data is al~o 

minimal. The receiving of acknowledgements docs therefore also not affect the illput cycle time~ 

Page 123 



Univ
ers

ity
of

Cap
e T

ow
n

, , , 
c 

,1 " 

c , 

" 
, 

• < • , , , 
• 

c " 

J. ) 

"fJ 

, , 
U 

Time Taken by the UBR Connections 
to Deliver Data (for the CS and BS) 

."'"~, .. 1'1 
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FigLlnl 5.6 is an addition to the above results and IS here as a mtl;\ns of confinmng thai the U1lR 

connections supplied the necessary timetl delivery of the environment dala in the place of the n-VBR 

cOllllcnions. It is noted thai (he UBR connections were only able to supply this service because they 

were IIsed over a dedicated ATM network Figure 5.6 is an ordered scatter graph showing the 

coIDleclion times for the UBR COllllections IIsed in both the BS and CS simula\ions_ As can be seen, all 

of lhe UBR COllllections used transported their data within (he 24ms upper bound listed in the latency 

framework of the design chapler. In lhis, the UBR cOimcctions did not alTcct or hamper the testing 

process or the results obtained. 
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6.2.3 Investigate the lise of Active 1'" etworks to Enhance :'I'luiticast Distribute of Updates 

An Active ,Verwork is a nehvork architecture in which the network nodes are able to perfonn 

customisable computations on the data being switched or routed IT en97] [PunOO]. When considering a 

multic-ast c_onnee(ion through an active network, it is conceivable that at each node in the multicast 

tree, a decision can be made as to the necessity of the data further do\~n the multicast tree. If it is not 

needed, it is discarded. This is illustrated in Hgure G, I. 

5 ......... 

No Clienlll.qui .. B th. 
Oilt. in thi& Ir .. n~h, 

DlIta Di&""rd .... 

C"ta Re-qui,.d by 
eli.nt, $ .. ,,1 

hgure 6.1: Tn\elligell\ Network Nodes 

Each server hosts an intelligent muhicas\ tree to whkh the server"s c_lients are connected. Once the 

server has received an update and checked if it is acceptable. it sends it to the multicast tree leaving the 

tree to decide if the data is to be discarded or not. Otl<;e the data reaches the network nodes, it is either 

discarded or passed on dependant on the needs of the next node in the multicast tree. The needs are 

based on a combination of the needs of all the clients connected to the leaf nodes orthe multicast tree 

and thus data is slowly pruned when it is no longer needed. Thc active network's mLLiticast tree is 

capable ofsl.lpporling diITerent QoS requirements by simply pruning the data before sending it to the 

l.lser, and similarly is able to guarantee delivery latency by ernuring the maximum time to send the data 

to the client is smaller than the latency limits. 

Further, simple Aot calculations could be made at the active network nodes and white this would 

lficrease the proccssing overheads, it reduces the bandwidth and congestion that could occur in the 

network, as more data pnming will be done. To racilitate this, thc clients would need to be able to 
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Appendix B: Architectures 

This appendix IOcus.es on the various communication topologies that can be used when cr~a(ing a 

distributed system. Certain advan\ag~ s and disadvantag~s specific to DYEs arc noted to highligh\ \h~ 

variOll> architecture,' usefulness when consider ing the cr~a\ion of a DVE, 

_~--7" '.'"" '", .. 
.. . 

7 
b) Physical Links 

"4_~~O~~"""'''' a) Logica l Link 

Figure 8.1: (a) Log",al and (b) Physical COIDle<:tions 

Figure B.l shows two ways for end terminals to be cOlme<;t~d. Figure RIa shows the fogicu! 

COflllccrion between two end-terminals across which infomlalion can be sent. Figure RIb shows one 

of l11any possible physie<iI connl?ct;on.. consisting of the connecting media and networking 

components. The physical link is often abstra<:tcd to allow any application to transparently use the 

logical1ink, between two end terminals, as if the two temlinals where directly connected. 

Often archileernres arc discussed in tcnns of the logkal conn~ctions between terminals in the VE, as 

this is how infomlation flows, bul it is imperative that the limitations of the physical connections are 

also considered, as these limitations can drastieal1y affect the ideal logical connection's performance. 

Similarly, the protocols used over the physical link and the information sent over the logkallink can 

effect the link's pcrfommnce. 

Th~ followmg s~c(ions present topologies that Can be llsed to mtereonnec( components of a VE. 

8 .1 Cl ient-Server Architecture 

In the ciiem-server communications architecture. terminals send messages via a c ~ntralised server. 

This architecture is shown in Figure B.2. 

Page II 
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Figure 8.2: Logical Slar Architecture 

This logical architecture, while relatively simple, can be rather cOllvenient as it has many advantages: 

• The centralised nature 01" the archilectllTe allows the server to process any information before 

passing [hem [0 the dien(" TIl;, is often esscmiai to VE designs. 

• A single server is easily able to maintain a database that is completely consistent for all the 

clients in the VE, allo\'v'ing joining users (0 retrieve a view of the active VF that is consistent 

with the existing users. 

• SImilarly, since a single server has sequential access to the V1<: database, allY requests are dealt 

with all a first-come-first-ser-ved basis, preventing any inconsistencies or contention issues. 

• Another major advantage is that the server can reduce the quantity ofinforrnation that is sent 10 

an individual client by using various fillering techniques. The client will generally only be 

interested in a small porlion 01' the VF and any actions that occur outside of this area 0/ 

Page iii 
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connect to. 

is a user to rernelnb,eI 

advant,lges to are 

12 The area of interest is the area around the user's of reference within the environment from which the user wishes to 

receive information. Often the user will have different visual and areas of interest and the area of interest is also 

often known as an aura. 
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cease to r llnelion. Secondly, i r any or the logical connoctions "misbehaves" by, for example, using too 

much bandwidth, then thc ~ervice offered to any 01" the oth", logical connections could be affected. 

This is shown in Figure 8.3. 

UNFILTERED: 

N2KBpS 

FILTERED: 

nNKBps 

NKBps 

Server's 

Figure B.3: T.imited numb", 01" cOlllleetions between the server and network 

• The server does not have an infinite amount of bandwidth on the physical link connccting it to 

the network. Since all the logical eOlllledions share this link, as the number of user lIlcrea,es, 

so doe~ the bandwidth needed . .Eventually, a point will be reached where there is nO available 

bandwidth to accommodate new users or if new user, are added, congestion will occur. This 

severally limits the VE, as scalability i, a major concern. If a server has lv' eOllllected clients 

who each ,ending K Bytes per second (Il/s), then the data Teceived by the , erv", will be NK 

Bls. For a server that does not use filtering, the olltgoing bandwidth will be N' K Bps. This is 

an OCN' ) bandwidth problem. For a server that uses filtering and only sends the data of /I users 

to each client, then the outgomg bandwidth used will be /INK B/s. II" N is sulliciently larger 

than ", then the problem is simply an O{N) bandwidth problem and significantly more efficient. 

• lr all the clients arc forced to cOllnect to a smgle server, there is no gliaraJl!ee that the server 

will be sirnated in the physical centre 01" the area covered by the connected clients. This could 

result in long time dclays for messages that have to travel far to reach the server. 

B.2 Peer~to~Peer Architecture 

Page vi 
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o(multicast, multiple lX'inHO-lX'int cOllllections need to b<: made. In Ihis case, Ih~r~ wlll b<: a 

large amount of duplicated data belng &ent on each connection. severely limiting lhl: e_lre.-:tiv~ 

capacity of the physical lmk. As an example, consider a user using a mod~m running at 

56Kbitsis and g~neTating a 30 Byie paeket 30 times per second that needs to be scnt to 10 other 

clients wllhOLI! multicast That is a total of 72Kbitsis of dat~ , excluding any p~eket headers. 

This is clearly well b<:yond the c~pability of such ~ modem cOlmection and any schemes to 

reduce the rate of s~nding would probably incre~s e the packet size, The Peer-lo-peer 

archi !eclur~ has to be used very carefully in a design aim~d al lhe publ ic. 

8.3 Hierarchical Tree Architecture 

This ~rchiteCiure uses a tree structure- to combine- ~kments of the VE. 'Ille dements need not 

specliically b~ servers or clients although typic~lJy th~ cll ents aTe the leaves whi le each branching node 

is a server, 'Each element will connect, 10 at most, one element at a higher hi~rarchical kvel and have 

any number of e-lements, from a lower level , connecting to llsdr. An ~xample of a hicrarchieal tree is 

shown m 

Figure B.4. 

Figure 8.4: Hierarchical Tn:e Architecture 

As with any architecture, there can be various advant~ges 10 usmg it although the advantages are 

particulaTly application specliic. The choice of a hierarchical architecture c~n be advantageous to an 

application should it m"",tthe following criteria. 
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Figure 8.5: Hierarchical Trce Arehitectlirc with Delays 

The data from user "A" will only have to travel via one element in the tree to reach user "3," Ifthc 

same data were \0 be sent to lIser "C" then the path would be far longer, consisting of three elements, 

Af; the lree ~comes larger, the number of elements traversal, and therefore palh-length traveJled. 

increases. This is particularly evident III the \~orst-cas~ sc~nano lha\ occurs betw~en elements at the 

ho\\om of two different branches of the rOOI clement. These variable delays. if not kept within 

acceptahle limits, cOlild easily cause inconsistencies between users in a group within the VE. 

8.4 Hybrid Architect ure 

A hybrid archi\ec(lIre comhines .. arious aspe<;H of the conunon aKhitec(uTCs to foml One more sUllable 

\0 the needs of an application. The hybrid architecture for IIJ:<:AVEn is discllssed in Chapler 4. 
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Ethernet Hub I 

Figllrc C1: (a) Ethernet Csing a Common Wire (h) Elhernel Using a Hub 

The new architecture increased Ethernet's reliability and from the huh was developed the Ethernet 

Switch. Every compuler on an Ethernet network is given a unique identifier known as a Media Access 

ConLrol (MAC) address. The MAC address is used by other computers (0 identify what computer data 

is destined for, and similarly (0 recognise what data IS (0 be received The design of the switch made 

usc of these addresses to selectively send data only to where it had to go to. As computers connect to 

the switch it identifies their MAC addresses and can thus fonvard appropriate infonnation to a specific 

destination. This selective tonvarding paltially solved the problems that arose when everyone tried 

sending or requesting data at the same time. 

The Ethemet Switch. by isolating each complller and intelligently fonvarding data, set the stage for 

flllurc developments in Ethemet technology allowing it to reach speeds of 100Mbitsis (Fast Ethernet) 

and even lOOOMbits/s (Gigabit Ethernet). Orthese lwo improvements, Fast Ethernet is generally used 

in conjunction with IOMbits/s £themet for LA.''is, while Gigahit £themet is often used to join LA'<s 

together \0 form a larger network, such as a .\1Gtropolitan Area Network (MA'<). 

C.2.1.2Erherne/ Characrer;s/;cs 

£themet is one of the most common LAN technologies in lISe and this is due to seven'] rac\ors. Since 

it was one of the early networking protocols, it has been around for some time It is also relatively 

easy to use and install. While there were other emerging nehvork teclmologies at the time, often with 

advantages, smaller networXs chose Ethernet as it was simple and worked "well-enough" for its cost. 

As people moved on, they tended to stick with what they knew and therefore continued to usc EthemGt, 

thus ensuring its longevity. 
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C.3,1 Multi-Protocol Label Switching 

Multi-Protocol Label Switching (MPLS) ha, the potential to be the most signilicant convergence 

teclmology yet [RosOl I. MPLS is a network layer enbancement that provides a connection-orientated 

service over a connectionless network and it is basod on various vendor speclfic "tag-switching" 

enhancements to TP routers. 

\1,·'hen an MPLS router receives a packet, it will look up the MPLS label in a table, using the label as an 

mdex into the table. The table will then tell the switch what to do with the current label, either 

modii)'ing or remO\'lng the label, or adding a new 000. The table will also indicate where to send the 

labelled packet next. In this manner, a packet v'illl traverse an MPLS network, as shown below. In a 

way, this strategy is very similar to the ATM use oi"VPTlVCI combinations with table look-ups and as 

such integrates well with ATM. An example is Soo,,'11 in Figure C.7. 

Station A Station B 

Label 

Incoming IncomIng D~stjnation OutgGing Outgoing 
Rooter Libel Interfices Network Interfacl!-S Lab~1 

R, .. 172.16.1 51 • 
R, • " 172.16,1 52 " 
R, " " 172.16.1 " 

, 
R, , 51 172.16.1 .. 

Figure (,7: MPLS Path through the !\etwork 

The only major disadvantage with MPLS is that it does not have any support for multicasting. Th,s is 

however being studied by the Intemet Enginooring Task Force (IETF), but lor now it can make use of 

lov.er level mechanisms, such as Ethernet broadcasting, to achieve the same effect on a limited scale. 

The advantages 01' MPLS lor connectionless·orientated networks such as lP are many. firstly, since a 

label is used as an index directly into the table, the look-up and replacement is i"ast in compariwn to 
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higher the resolution", frame ratel~ and colour depthl9, the nl!)re realistic the Imagc can appear, and the 

more immersive the environment will seem. 

To help increase the realism. 'shutter glasses' can be used. Shutter glasses hlock olTthe user's eyes 

altemately aud is syrKhronised with the monitor displaying two slightly dilTerent views of Ihe 

environment and this creates the illusion of a three dimensional picture. To support shutler glasses, the 

graphical hardware needs to be able to produce video frames at twice the rate that it would nomlally 

need to, While the shutter glasses do olTer increased 'realism,' the user IS forced 10 remam looking at 

Ihe monitor and Ihe situation still suffers from distractions, 

Figure D.l: (a) The nVision Oatavisor HMO (b) Olympus Eye-Trek FMO-700 [1\Ql{l2] 

A pixel i, the ,,,,,,U.,l 001 110.1 c.n t.e dr.wn on lb< ""reen and an "x" .00 "'y" ooordinat< Ind. colour •• lu< 

represent it, Tbe di'plly"< r<i-Olution i. the ITlllximum number u[ pix.ls lhal ('n be display.d", une lim •• 00 i, um.lly 

gi,'en by limnl! tbe mlXlm~m numbc.,- ofTow. and c"luTIlIl>. Th. lugl",r lhe re,ululion, lhe mure del.iled lhe pi<1I~'e ('n 

be, but IS til< resolution iOCTC'''''<, "" doc, the l".d UII lhe 'y'lem. IJ,gh-end display. often support l28lhl014 wltil. 

oOOlputer-g<neratoo image, tOT til<: C."lc.,-l.inmenl i"ju,lry.re o[len created.t 40'l6x4Q%, 

" Tl'" Imme ,,,Ie i •• """,n", of how rapIdly the sy,tem COIl oompl<:lciy updale the enlire , CTe<:ll and i> U>LIally 

mea>ured in f1'.m., p", Second (fps) 11,i. i, an in1"'rtanl metric ... the frame ral. i •• mea,ute u[ huw smooth lh. mu<iull 

In lhe picm1'e, app<w. to be. Thc cunycr", i, [ha[ tile more fram., yuu wonllo display, lbe faSler the ,y"em will n<ed 10 

r<11<1<T ,"d di'play the fTame" pulling a la1'ger l""d on the system. e,!",oially for high re,olution, high oolour "''''l!''' ' T11< 

,l.ndud jiJT Illml modern (onlp",.r l!"mes i, 30 fps .. i, n", t<l .. i,io11, while the cin<ma run, "t 24 fp •. 

C"IOUT deplh i. a measure o[lb. number of oolour. that" pixel can t"k< on. The curre11t ,t"ndOTd i, bbelkd 'True 

t%ur' and cUI!>i'l, of 32 bIts of inform.rion with 8 b* b< i11g ~,ed to.- tran'11OT<:l1cy 11x: colour depth cuuld be jUTlhc.,­

i11cTe",cd bul [hi, i, LllUl.C.".f)''' the lmm.n yisu.l 'y,tem h", troubk di,li%'Ui'hing culouT> that arc too do<e lu eaoh 

ud",r and . n inn .... in the c~l(IUr depth will ju", odd ~!UX:CC"aT)' lu.d On [he ,y'lem. 
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Head-Mounted Oi~plays (HMOs), examples of which can be sccn in Figurc 0.1, consist of small 

graphical dl~play8 positioned beron: the llSer's eycs in a goggle-like visor. The display show the user 

two slightly diffcring vicws of the envlronmen( and creates the illusion or a three dimensional picture. 

Fmther, the user secs a much wider field of vlew20 while blocking Ollt almost all extemallight and 

other distractions. The user is also then able to move (helr head wi(holl( intemlpting the realism ofdlC 

environmcnt. Oftcn the HMO hi!> position senwrs and hcadphones, the former an input dc\'ice giving 

inromlation about the user'~ head position and dlC latter an output devicc for sound, Both will be 

looked at in later sections. 

Figure 0.2: Idealiscd Vicws of CAVE Au(omatie Virtllal Environments 

Another technique, examples of which are shown in Figure 0.2, is another option for displaying an 

environment. Uscrs stand in~ide a projection cube where projectors project images onto the walls, 

floor and ceiling of the 'CAVE Automatic Vinual Environment' (CAVE) IEVL02] [Fak02]. The 

images arc synclu'onised \0 Sillltter glasses worn by (he u;;er, creating the illusion of a three 

dimensional envirollllcnt in which (be user can mOVC around and in which the user has a large lield of 

VIew, 

rhc field of view d<t<nllinos how moch peripll<r.l ,'ision tll< ",or h... ! .(}oking lhmugh a tdciiCUjl< gives you. 

WI)' ""no,,; t",ld o[vi,iun. while looking at. 'v.'id<>;c'ccn' TV give. yuu. Jorge field ufvj,ion, Tn. lor~er th o u,"",- ti<ld 

of Vl>lUn, tho 'ltDnger tbe feeling of 'mmlCTIJUn' within tll< OnVlfOllIll<nt a, tl'" u,"r f. el, that the), arc mrroUIlded by Ill< 

e,,,'iwllIlJent i"st. ad of p<c.,-ing inlU it. 
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21 The Vle'IND()mt is the location from which the viewer is at the scene. In a 3D the matrix is "I1IJU<;;U 

to all the in the scene to determine where the are relative to the user' s uu~,""'j'" arid orientation. 
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of ~itlu.lI.m;~ taken per and is measured in per rate is the 

human to about The second is the number of bits used to encode the sound each time a 

is taken. This is measured in Bits per CD sound uses 
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the most ideal as they arc designed for a two dimensional environment Wld do not create a 

'realistic' impression of the interaction with the world. 

• "loysticks," "micropholl~s," ""wheels" and '"pedals" arc dcviccs oftcn uscd for games and 

vehicle simulators where they arc able to simulate the adual device~ used in the 'real' 

situations that are being modelled in the VE. 

,-.. 
" . . -. . , 
. "" ,. ,,,-

Figure D.3: 3D Connexion's "Spaccba1I" Series of Force-Balls. 

The "force-balls" in Figure D.3 allow a user to manipulate a pointer in three dimensions while 

offering a number of buttons for completing various actions on objects once they have been 

selected. 

• Body covering suits or gloves use sensors to monitor the motion of body parts. While the suits 

and gloves produce largc quantities of data about the user, the data can be overwhelming. 

Using these tools, the ",ser is able to use their body in a fully 3D way to interact with non-static 

models rather than y,ith a simple 2D, 3D or other pointing device. 

Figure 0.4: The Greenleaf Medical System's CyberGlove 

The ""dataglove" in Figure D.4 is an example of such a body covering sensor array. The glovc 

monitors the position of the user's ffimd relative to some fixed point as 'Well as calculating the 
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user's wrist and finger movements. The reSlllts are translated into a model of a hand that can be 

viewed within the envirorunent. 

Figure 0.5: Ascension T echllology's MotionStar Sensors [AscOIl 

• Magnet or llltrasonic trackers are often lLSed to track necessary body parts as sho\vn in J'igure 

0.5 "here an astronalit's body is heing tracked during training. The trackers calculate their 

position relative to a fixed point, An example of where such a tracker could be used Ill, besides 

the dataglove shown ahove, is an HMO "IJCre the sensors are used to calculate the user's 

viewpoint 

• Visual and motion trackers are becoming more popular and "ork on the principle that objects 

within a Irame can he identified and their motion caiclilated through consecutive frames. 

Motion sensors can be mOllnted around the user and while this is limiting, it is lLSeful III an 

envirorunents slich as a CAVE. Another option for visual trackers is to track the focus of the 

lIser's eyes and the focal point is used to determine which objects in the environment are heing 

[OCliSed on. Yet another option is for the vislial sensory to track the gestliteS of the user, 

translating them into gestures that the user's avatar can perform. The gestlll"e recognition can 

be particularly useful as a tool for dIe communication for those who arc unahle to speak, 

• Tetbering systems connect the lLSer to a fixed monitoring system tbat is ahle to detect the lLSer's 

motion hy calculating the forc es applied on tbe telhers, This is often very restrictive to the 

lLSer's movements, as they carutot move beyond the limits of the tethering system, but this is 

particularly accurate should the accuracy be needed 
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Figure D.6: (a) Immersion's Cyberl'orce (b) Immersion's CyberGrasp IImm021 

Figure D.6a shows the CyherForce haptic feedback device that can simulate the lee1ing of weight and 

inertia of objects or solidity of a virlual desk on whlCh the user could easily rest theIr hand and ann. 

The system also allows full six degree or Ireedom2l tracking of the hand and aml. The CyberGrasp, 

shown in Figure D.6b, allows force feedback for each finger in the hand and, combined with the 

CyberForce, can offer the user an extremely realistic reel to the environment. 

Figure D.7: (a) Immcrsion's CyberTouch (b) Virlual View fImmQ2J 

CyherTouch shown in Figure D.7a Llses small speaker:; that can be used to vibrate the user's fingerlips 

and simulate the tactile texturc or simulated objects as shown in Figure D.7b. 

" The numb<:T ofDcgTce< ofF reroom (UOF) j, a mea,me of Ih<: nnmber oh"e, of m<:>t!<)11 in whioh .n mlerf,ee deyi« "n 

TnO;"C. The Gr.l lhrtt de~",e' "re considered til< three-dimen,ion.l "",itionmg of the object and the ""cond three being the 

roiaiional mollOIl, which i""ludc< pitch. roll and yaw 
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Appendix F: Summary of the HEA YEn 

Components (Design at a Glance) 

The following is a sl1IllIllary of each of the components of the HEAVEn DVE as llluslralCu in Figmc 

4.10 which has been dllplicated here fOT convenience as Figure F.t. The various components arc 

described in tenns of!heiT functionality, interconnections and cOlllleclion types. 

MQdO< s. ..... , 
1-.... ft by 'b. clien •• ) 

t 

... 
Control S.",., 

(Mu~.d) 

.. .. 
B,ok., 54,._, 

(as . .. n b~ .... ,,';e n •• j ,--

Figure F. I: The final HEAVEn architecture 
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Name Servers (Abbreviated: NS) 
--,""~~=~-;;;;;;;;=c=~,c----;:-:; ---:\lain Fnnctions: A NS's main function is to translate lJescriptive iI/ames into Lists of ATM 

Server 

Interconnection: 

Address~s. The NS can Ix: used to provide this service to other apphcations as 

they arc not environment specific, rhe NS must be able to accept server 

registrations and dc-registrations at servers boot-up and shutdown. Additional 

functionality can also be included to balance the load between the listed s~rvers, 

to check the activity of the entries in the name databas~, and to log statistical 

infoIDlation about the adivity ofllle varimls named syst~ms. 

NSs may conn&t to each oth~r to share addr~ss information. rhis is often done 

using a hHlralThical distriblltion of the s~rvers to distribute according to 

geographlcall()cality ol'the addresses. 

Connection Types: TllC conn~ctions ar~ all AAL5 based ABR or UDR connectIons with a 

lightweight application level acknowledgement pmtocolto ensure data delivery. 

Table F.l: Nanle Server Characteristics 

Broker Servers (Abbreviated: Broker) 

Main Functi,""C,',-TT"'I'CC'B"''''k''''C'''Sc,'~','-,',CCprovide a c"I.=,'kC"'p,,-c,,C,',c,','e"lh"'ICCe',,"''''''''''''''''''C"C,p=""',,',' 

interfac~ to the DVE architecwre by storing the addresses of th~ various s~rvers 

in the environment In addition, tllC broker store lists of availab le models and 

the MSs where ll"les~ models can he retrieved. 

Bo!h ll"le s~rvers and clients can connect t() the bmkers !o retrieve address lists 

: lor the various se rvers, The clieJlts require this inlOrmation so that th~y can 

locate envirOlllJent servers !o connect to and thus they can join the VF and 

locate th~ sources of models fr()m the brokers. Other SeTverS Can request 

infonnation regarding their peers to which th~y can COlUlect and mesh. 

Connected enVlTImment servers must register with the brokers, deregis!er and 

respond to requests for statistics that allow ll"le brokers t() maintain an up-to-date 

database of activ~ environment servers. Tn addition, load values can be collected 

tor the various en"lTImmen! serv~rs and a limited load balancing is ()ffered by 

the brokers as they direct clients to c()nned to servers that have a smalkr load 

value, The brokers are also abk to initiate ocw server creation should the load 
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Server 

on the cntire database beeome 100 great 

"When clients connect, the broker authorises the clients and provides security 

tokens and unique identifiers to ensure that user interdCtion in the environment is 

identifiable and secure, 

Lastly, statistical inf(lllnation and billing is possible through thc brokcrs as nser 

connectivity can be logged. 

.---'"~=~==-cc­The brokers must be fully meshed to ensure the consistency ofthcir model file. 

IntcrconncctiollS; nser and address databases. This also ensures that no conflicting nscr 

connections occur when users connected at the same time requesting the same 

unique identifier. 

Connection Types: All bmker servers connect]()ns are AAL5 based ADR or UBR connections with 

a lightweight application level acknowledgement protocol to ensure data 

delivcry. 

Table F.2: Broker Server Characteristics 

Model and Media Seners (Abbre"ialed: i\-'I8) 

Main FunO,C.'~ioC,C,C,-TiT"hC,CM'"SC,:-;c"C"",,:-;chC,:-o,,OIC'"h~,:e1"y;':1,",C":C,==d","I-oOO:C"mC,Cd"ia"fi"I:"CC,",:,dO-;,,C,'"thin the YE. 

These files can be downkladed at any time as long as the connecting client has 

been authorised. The files can be pre-fetchcd and cached at will and the 

downloading of the files does not affect the services offered by the environment 

servcrs. 

The MSs must regisler with the brokers to llpload a list of the available fil es 

stored on the MS, update the brokers should thc list changc in allY way and be 

able to respond to requests for statistics about the.'vlS and its usage, 

Scncr No pcnnanent intcrconnections are maintained between .\1Ss, although a MS can 

Interconnections: be requeste<lto share <lata with another MS by the Brokers. 

Connection Types: All.'vlS connections are AAL5 based ABR or UBR connections with a 

lightweight application level acknowledgement protocol to cnsurc data delivery. 
--------'-

Table F.3: Model and .'vIedia Server Characteristics 
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1\1l1in Functions: 

The Clients 

The clients must collect and process dma from the local mteraetion tools and 

hardware, filtcr this data and qneue it for sending to the envirolllllcnt servcrs (BS 

and CS). Similarly, data that arrives must be processed, thc local portion orthe 

.' envirolllllcnt databasc updated, and the envirorUllem rcndcrcd. If there is 

processing avuilable, pTe-fetching and caching of the envirorUllent data and of 

models thut mighl be needed exlend the functionality of the client. Fnrthcr, the 

c1iems can dynamically alter Iheir interest matrix by commulllcating their needs 

to the CS. 

Connection Types: Chents connect 10 the '\ISs, brokers and 'VISs using guaranteed AAL5 ABR or 

UBR with a lightweight application level acknowledgcment protocol. They 

connect to the CS using a guaranteed AAL5 rtNBR connection with an 

application level acknowledgment protocol and to the BS using a oon­

guarantced AALO rt-VBR connection. The choice of thc cOllllcction style is 

dependent on the security and reliability necessary and is discussed in more 

detail in the various sections relating to the servers to which the client is 

connecting 

Table F.4: Client Charactcristics 

Control Servers (Abbreviated: CS) 

Main FunctiomO, -r;A-CC'SCd"iC,C,"Ob:":i:,";-;;pCc,Oi:ip:~:;CpOfC'"h:,C,CpC,Ciro;;Cp:p:":p",CdC"",,Ob:"C":,,-,CpC'"h:,ChC~"'C"CfCd",:~:,OriOpC,,:,: 

fil es, 10 the clients. Once the client is interacting with the environment, Ihe CSs 

medimc object control requests, creation and destruction of obj ects within the 

VE, nOli Ii cation of user joins or departures and the storing and updating of the 

descriptor files that repTesent the environment itself. 

Updates to the environment, once negotia ted, are distributed Via the CSs 

connection euher with <In acknowledgemenl guarantee, Or withoul one, 

dependant on the natlLre of the lLpdatc. 

The CS also calculate and distribute the interest matrices associated with specilic 

client needs to thc BS and use this nHltrix to distribute <lppropriute control 

infonnation to the clienls requiring this data. 
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Server I The CSs are fully meshed to ensure that any updates to the cilvirotllllcnt database 

Interconnections are propagal~d \0 all CSs and thus !h~ database consistency is ensured. These 

and connections arc AAL5 rt-VBR in nature with an acknowledgment protocol to 

Connection Types: ensure that the delivery of the dma in the mesh is guarant~ed_ CSs conn~ct!o 

.\-lain .function\; 

brohrs using guarame~d AAL5 ABR or L'BR connections with a lightweight 

: apphcation level acknowl~dg~men! protocol 10 ensure data delivery, and use this 

i connection to distribute the interest matnces, and receive updates from the BSs 

I using non-guaranteed AALO rt-VBR connections. Chenls connect to the CSs 

I

' using AAL5 rt-VBR cOIllloclions that use an acknowledgement protocol to 

ensure data delivery. 
-------------- ---~ 

Table F_S: Control Server Characl~ristics 

Broadcast Servers (Abbreviated: OS) 

The BSs distributes update data to a selection of users within the VE_ The data 

delivery is not guaranteed as it is temporal in natnre and loss of small quantities 

of data is recoverab le. It is RT in nature and this ensures that interaction within 

the VE remains immersive to the nser. Data is collated before being sent in a 

leaky-bncket output queue and inpnt data is filtered using interest matrices. 

-So,c.,c.,c.,",c-----t,Bo~ili'servers and U1>ers are connected using AALO RT-YBR connections. The 

Interconnections serven; are fully m~shed using individual unicast connections as update data 

and does not need to b~ sent to every serv~r, as not every broker wlll have interested 

Connection T}pcs: conn~cted clients_ The BSs recciv~ the interest matric~s Irom the CSs using 

guarnnteed AAL5 ABR or UBR connections with a lightweight 

ackno'Wledgement protocol to ellSur~ data d~hv~ry_ 

Table F_6: Broadcast Server Characteristics 

The above tables Jist the various charactensties of th~ elem~nts in the REA VEn arch,tecture and ar~ a 

summary of the functionality, nel'Working and interconnection characteristics for each of these 

elements. 
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