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ABSTRACT 

The PACS(Picture Archiving and Communication Systems) have been developed 

for efficient image file saving cind retrieving for the medical applications. The Global 

PACS system combines imaging equipment, viewing workstation, database archive 

system and a high speed digital network. The addition of the remote consultation 

facility to the PACS system is very helpful to the accurate diagnosis of the patients. 

This thesis suggests the remote consultation system in the Global PACS environment. 

The system consists of 3 parts - Local WS, Remote WS Consultant, and Database 

Archive System(DBAS). The viewing workstations provide simple X-Window based 

user interface, and communicate with each other to send and receive their framing 

information. In a remote consultation, two radiologists axe able to perform diagnosis 

on the same image, at difFernet workstation locations. They use various forms of 

frames, and tools for confirmation of their pointing commands on the other's screen. 

The suggested system was implemented and tested between the SUN and DEC work

stations across a Local PACS and Internet. The performance test over the Internet 

proved the usefulness and efficiency of this remote consultation system. 
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CHAPTER 1 

INTRODUCTION 

1.1 Statement of the Problem 

Computer networks have been developed and utilized for a large number of appli

cations which provide new user services. Electronic mail, Automatic Teller Machine, 

Remote Airplane Reservation System, Electronic News, and Electronic Bulletin are 

just a small part of the application areas. The role and importance of the computer 

network is increasing in the modem society. 

The area of the Medicine becomes one of the largest network application areas. 

Hospitals produce many image files everyday from various imaging equipments or 

modalities such as Computer Tomography, Ultraisound, X-Ray, and Magnetic Res

onance Imaging. By the use of digital technology, the images are stored in digital 

format instead of conventional film. The digital image files are stored in an archive 

system, and later retrieved and used for the diagnosis of the patients. This total

ity digitized imaging system is very useful because it can save time for saving and 

retrieving and it can reduce the loss of the medical imaging films[l, 2]. 
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The Picture Archiving and Communication Systems(PACS) have evolved since 

19S2. PACS components include imaging equipments, viewing workstations, database 

archive system, and a high speed digital network. The supporting technology for 

P.ACS has advanced rapidly in recent years[4, 5, 6]. The imaging equipment and 

viewing workstations currently provide excellent quality images for diagnosis and 

analysis for several modalities. In addition, the technology for network and telecom

munication systems which transfer the images through a Local PACS and across 

country is also progressing in a rapid rate. The opportunity exists to merge these 

technologies into a Global PACS environment for digital radiology. The Global PACS 

system can interconnect many Local PACS across country. 

The PACS users are usually the radiologists and the physicians, and the system 

is going to be used mainly at the medical centers. The major use of the PACS is the 

retrieving and displaying of the image file from the remote database archive system 

for the diagnosis of the patients. Sometimes the doctors at the hospital need a more 

specialized diagnosis and consultation from the radiology specialist who is in the 

remote site. The addition of the remote consultation facility will be very helpful for 

the major PACS users. This thesis suggests the Global PACS system for the remote 

consultation application and describes the overall architecture of the proposed system. 

The software design and implementation of the system is also described in this thesis. 
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1.2 Objective 

The objective of this thesis research is to design, implement, and test the remote 

consultation system in the Global PACS environment. The user interface software 

provides a simple X-Window menu-driven interface from which the user can choose a 

particular file used in the consultation and maintain the consultation session. More

over, the two viewing workstations can communicate with each other to send and 

receive the framing information for the efficient consultation. The database archive 

system provides a simple directory services as well as retrieves and sends the image 

files to the viewing workstations. 

1.3 Approach 

This system consists of three parts - Local WS, Remote WS Consultant, and the 

Databcise .Archive System(DB.A.S). These systems are connected in a Local P.A.CS by 

a communication network. The communication network uses the TCP/IP protocol 

to transfer the images and the control informations between these components. 

The simple user interface menu and the display of the images are primcirily based 

on the X-Window system. The user interface should be easy to accomodate the end-

users who are unfamiliar with the computer system. The display system should be 

able to display almost all the image file of any format. 

The communication process should be done between the two display system of 

the user workstations, because the communication between two display prograjns is 
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simpler and faster than between the user interface menu system processes. So the 

communication process of the framing information between the two viewing worksta

tions is implemented inside the display program. 

The remainder of the thesis is organized as follows. Chapter 2 describes the Global 

PACS distributed software design and remote consultation scenarios. X-Window 

concept is explained at the end of that chapter because it plays cin important role in 

the user-interface design and the display and communication programs. Chapter 3 

provides the details of the implementation of the Global PACS software. It includes 

the detailed description of the user interface and the communication software. The 

summary and conclusions of this thesis are described in Chapter 4. 
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CHAPTER 2 

GLOBAL PACS DISTRIBUTED SOFTWARE DESIGN 

A Global PACS consists of several Local PACS networks interconnected by a na

tional or international backbone network, or Internet. Digital images and patient 

informations are transferred across the Internet between Local PACS sites using a 

communications system. Figure 2.1 shows the Global PACS environment. The sys

tem software for PACS is distributed among Imaging Equipment, Viewing Worksta

tions, Database Archive System, and the network interface nodes. Users are able to 

store and retrieve images at other Loced PACS or remote PACS sites. 

2.1 Overview of Global PACS Software 

The Global PACS system development is based on a three part Global PACS 

scenario[l]. The operational requirements are derived for operation of the system 

from the user perspective. The three user scenarios are described here. 

1. Non Real-Time Image Storage and Retrieval 

Global PACS can provide any of its services in real-time or non recil-time. In 

this scenario, medical images and patient information are trajfisferred to the 
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destination within seconds or minutes. This is an example of non real-time 

image transfer, for storage or retrieval. Requests for image storage and retrieval 

occurs off-line and images are exchanged between an imaging equipment or 

workstation on a Local PACS and the database archive system on a Remote 

PACS. Local PACS users have access to a image directory service to image 

location. This scenario is used to retrieve imagery for research, education and 

diagnosis. Local PACS users can also retrieve image files from the nationzil 

archive center in the Global PACS system. 

Remote Consultation and Diagnosis 

The remote consultation aind diagnosis scenario involves two or more medical 

experts each located at a Local and Remote viewing workstation. They estab

lish a consultation session for the purpose of examining images. They both see 

the same image on their workstation screen. Each viewing workstation provides 

a pointer that allows the physician to point sections of the image. This opera

tion is called "framing". When the physician moves the pointer, the Remote site 

sees the resulting movement of the pointer on their image. The data for each 

framing operation is transferred from each site to the other, interactively. In 

addition, workstations have image processing capabilities that allow the doctors 

to process the image. These features are also displayed on the other consoles 

at the same time eis the originating workstation. Voice interaction between the 

two doctors is required in remote consultation. In order for all this to take place 
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in real-time, only the framing commands and image processing parameters are 

transmitted to the remote site. The remote consultation scenario is addressed 

in this thesis. 

3. Interactive Remote Conference 

In this scenario, the doctors exchange digitized video, images, voice and text 

in an interactive session. There may be more than two sites on the conference, 

as in a multicast arrangement. Digitized video will require compression for 

transmission and a high speed backbone network is needed for communications. 

The planned giga-network successor to the NSFNET, the National Research and 

Education Network(NREN) is a candidate backbone for this scenario. 

2.2 WS User Scenarios 

Global PACS will be used to exchange voice, video, image, and data information 

over long distances both in real-time and non real-time. Three Global PACS user sce

narios are described at the Sections above. The Remote Consultation and Diagnosis 

scenario is the basis of this thesis research, ajid the goal of the thesis is to implement 

the software design for this scenario. Figure 2.2 shows the operations in the remote 

consultations scenario. 
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2.2.1 Local WS 

This system sends a request for remote consultation to the Remote WS Consul

tant and the DBAS(Step 1). The request includes the name of image file which will 

be used in the remote consultation. The Remote WS responds with an acknowledge

ment for the session(Step 2). The DBAS sends the image to both the Local and 

Remote WS(Step 3). The DBAS then closes the connections(Step 4). The Local WS 

displays the image on its own window and continues the session with the Remote WS 

Consultant to get the specialized consultation. The data for the framing operations, 

performed by a mouse button, is bi-directionally transferred between the Local and 

Remote WSs(Step 5). 

These pointing frames have three different forms as follows: 

1. A location within the picture where the other workstation is to draw a fixed 

sized circle or rectangle. This is called "fixed framing". 

2. A rectangle with variable size, so that the user can specify large or small area 

of the picture. This is called "variable size framing". 

3. An outline of an area with a variable size and shape, allowing the user to identify 

any irregularly-shaped region of the image. This is called "free hand framing". 

The first two operations axe implemented in this research work. A fixed frame on 

the Local WS appeares as a square icon on the Remote WS. A fixed frame on the 

Remote WS appeares as a circle icon on the Local WS. When the mouse button is 
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clicked, the Local WS software transfers the data to the Remote WS, and when the 

acknowledgement is received, the square icon appears locally. The acknowledgement 

indicates the Remote WS has received and displayed the squaxe frame location. 

2.2.2 Remote WS Consultant 

A specialized consultant is located at this Remote WS. After receiving the request 

from the Local WS, it sends the session acknowledge signal to the Local WS(Step 

2). When the image file is transferred from the DBAS, the Remote WS Consultant 

displays it on its own window. Then it continues the session with the Local WS for 

consultation(Step 5). The Remote WS then conmiunicates with the Local WS while 

it is pointing at a location of the image using the mouse. The framing data is sent to 

the Local WS, and the same frame is displayed on the window of the Local WS as a 

circle icon. The Remote and Local WSs exchange the framing data interactively in 

real-time. 

2.2.3 Database Archive System(DBAS) 

This DBAS has the image files in its local storage in the form of the GIF format 

or the RAW data. When it receives the request for the remote consultation from the 

Local WS(Step 1), it retrieves the image from the disk and transfers it to the Local 

WS and the Remote WS Consultant (Step 3). After completing the transfer, it closes 

the connection with the Local WS and the Remote WS Consultant (Step 4). More 

about DBAS software is described at Section 2.4. 
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2.3 Viewing Workstation 

The workstations enable the user to view the images in the remote consultation 

scenario and are the same as the Local and Remote WSs. The doctors and radiolo

gists at the workstation retrieve images by using window based menu interface. The 

viewing workstations should have local image disk storage and large image buffers 

so that they can display large-sized image files up to 2048x2048x12 or 4096x4096x8 

bits. An image request may include a folder of images for a single patient or Ccise 

study. 

2.3.1 WS User Functions and Commands 

The user functions and commands are shown in Figure 2.2 and divided into the 

following categories: 

1. Connection 

(a) Connect - Establish a connection with other WS or the DBAS(Step 1,2) 

(b) Disconnect - Disconnect from the other WS or DBAS(Step 4) 

(c) Exit - Disconnect all the connection and exit the program 

2. Image Retrieval and Display(Step 3) 

(a) Query - Query database 

(b) Retrieve - Retrieve image file from the DBAS 
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(c) Display - Display the retrieved image 

3. Remote Consultation(Step 5) 

(a) Start - Send a message which says it is ready for consultation 

(b) Request - Send a request of consultation 

(c) Ready - Send a message which says it is ready for consultation 

(d) Not Ready - Send a message which says it is not ready yet 

(e) Framing - Send/Receive the framing data 

(f) Acknowledge - Send an acknowledgement of framing data 

(g) Wait - Send a message which says it will wait another consultation request 

(h) Quit - Disconnect the connection and quit the consultation session 

2.3.2 WS SQL Query Interface 

The WS query interface uses the Structured Query Language(SQL). SQL is not 

itself a database management system, nor is it a stand-alone product. SQL is an 

integral part of a database management system, a language and a tool for communi

cating with the DBMS[26]. An official standard for SQL has been published jointly 

by the American National Standards Institute(ANSI), and the Intemationeil Stan

dards Organization (ISO). A SQL-based database and the programs that use it can 

be moved from one DBMS to another vendor's DBMS with minimal conversion ef

fort. The vendor independence provided by SQL is one of the most important reasons 
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for its use with PACS system. This thesis does not address the use of SQL for the 

communications to the DBAS. 

2.3.3 WS Error Detection and Reporting 

The Viewing WS must have many kinds of error detection and reporting facilities. 

It should detect the failure of any WS or the DBAS in the system, due to system 

breakdown, communication hcurdware failures, or other such problems. Another error 

to be detected and reported is the failure of image retrieving which is resulted from 

image absence, storage problem, or network failures. At the remote consultation 

session, the absence of consultant or any communications problems should be detected 

and informed to the user. 

2.4 DBAS Software 

The Database Archive System stores patient images and textual information in a 

mass storage system. When image requests axe received from the WSs, the DBAS is 

responsible for retrieving images and sending them to the Viewing Workstations. The 

DBAS is structured in a three level hierarchical axchitecture[5]. Level 1 maintains 

images that have been generated from 1 to 7 days, and axe required to be delivered 

to the workstations within two seconds. Magnetic disks axe used as storage in level 1. 

Each unit has 600-900 MB disk storage. Level 2 maintains the images from 8 to 30 

days. Optical juke box system is used for storage in this level. They axe write-once 
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read-many (WORM) units. A single juke box system can store the contents of 5-6 

magnetic disks. Level 3 maintains the images beyond 1 month and up to 7-10 years. 

At this level manual optical disks are used for storage. 

Global PACS nodes include national eirchive centers for storage of images as in 

Figure 2.1. The storage nodes at national archive centers are similar to the database 

archive systems used in a Local PACS. A distributed database system on a national 

basis for Global PACS has several features. The essence of a distributed database 

design is to distribute the logical and physical components of a single database over 

a communication network while keeping the distribution hidden from the users. The 

information on the nodes of Global PACS represents a distributed database must also 

be made secure in a distributed sense. 

2.5 Communication Network Software 

The communication network software is based on the ACR-NEMA Digital Imag

ing and Communications(DICOM) Standards Version 3.0[3, 6]. DICOM uses a dual 

stack for network communications, with ISO and TCP/IP protocols. ISO Open 

System Interconnection(OSI) 7-layer protocols have become popular lately as many 

organizations have stated their intentions to move towards networks based on ISO 

standard [11, 12, 13]. Unfortunately, networks based on OSI protocols are still in 

their infancy. A nonproprietary implementation of many of the OSI protocols is 

available as the ISODE software package. This package runs under 4.2BSD, 4.3BSD, 
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System V release 2 and 3, along with other variants of these UNIX systems. For 

example, 4.3BSD-Reno for the VAX family computers provides support for the ISO 

OSI protocols CLNP, TP4, and End System to Intermediate System Routing Proto-

col(ESIS). Kernel support for the ISO OSI protocols is enabled with the ISO option 

in the kernel configuration file [6]. 

The UNIX system we are using does not support the ISO OSI protocols. We use 

the TCP/IP protocol for the transport/network layer of the OSI reference model. The 

remote consultation service acts as the application layer, and appropriate presentation 

and session service is used for the presentation/session layer of the 7 layer. Figure 2.3 

shows the protocol layers of this system according to the OSI reference model for 

Global PACS. 

2.5.1 Application Layer 

The Application layer is the highest layer of the OSI architecture, and permits 

application processes to access user services. The purpose of the layer is to serve as 

an interface between correspondent application processes so that they may exchange 

information in the open environment. Each application service element uses the un

derlying OSI communication services to provide a specific application-level service. 

Unlike services provided by the lower layers, application-related services axe not pro

vided to any higher layer and, therefore, do not have access points attached to them. 

Application service elements themselves use services provided by each other and by 
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the lower, Presentation layer. In our system, the remote consultation service acts as 

the application layer, and it uses services provided by the presentation layer service. 

2.5.2 Presentation Layer 

The Presentation layer is responsible for the appropriate representation of cill 

information communicated between application entities. It covers two aspects, the 

structure of user data between end devices, and its representation during transfer in 

the form of a sequence of bits or bytes. The Presentation layer is only concerned with 

the syntax and its logical structure, not with the meaning given to it by Application 

entities. 

Unfortunately, not all computers store the bytes that comprise a multibyte value 

in the same order. This problem of byte ordering will be continued for a long time, 

as there is no clear standard. Consider a 16-bit integer that is made up of 2 bytes. 

There are two ways to store this vaJue: with the low-order byte at the starting 

address, known cis little endian, or with the high-order byte at the starting address, 

known as big-endian. The big-endian is used by IBM 370, motorola 68000, and the 

little-endian is used by IBM PC, DEC VAX and DEC PDP-11 and so on. 

The solution to this problem is for a network protocol to specify its network byte 

order. The TCP/IP, XNS, and SNA protocols all use the big endian format for the 

16-bit integers and 32-bit integers that they maintain in the protocol headers. The 

protocol has no control over the format of the data that the applications transfer 
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across the network - the protocol only specifies the format for the fields that it 

maintains. This problem is considered in the presentation service of Figure 2.3. 

2.5.3 Session Layer 

The main functionality of the Session layer is to provide Presentation layer entities 

with the means to organize exchange of data over a connection either in the full-duplex 

or half-duplex mode of communication. That is, depending upon the application, user 

entities may decide to take turns to transfer data. It also enables users to release a 

connection so that there is no loss of data during the release operation. The session 

control service of this sytem provides the session layer according to the user scenario 

of the remote consultation. 

2.5.4 Transport Layer 

While the Network layer provides a path for data treinsfer between workstations, 

the Transport layer provides a facility to transfer data between Session entities in a 

reliable and cost effective maimer. It is the responsibility of this layer to optimize 

the use of Network services and ensure that the quality of Transport services is at 

least as good as that requested by the Session entities. 

In our system, Transmission Control Protocol(TCP) is used for the Transport 

layer. It is connection-oriented protocol that provides a reliable, full-duplex, byte-

stream for a user process. The User Datagram Protocol(UDP), on the other heind, is 

a connectionless protocol for user processes. Unlike TCP, there is no guaxautee that 
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UDP datagrams ever reach their intended destination. Therefore, TCP is used in the 

remote consultation system. 

2.5.5 Network Layer 

The Network layer provides the means to establish, maintain and terminate Net

work connections between open systems. It specifies the functional and procedural 

means to transfer user data between Transport entities over a Network connection. A 

Network connection may involve messages to be stored and later forwzirded through 

several communication subnetworks. In order to suitably relay user data from the 

source workstation to the destination computer through on or more subnetworks, 

a route must be determined either centrally or in a distributed maimer. Messages 

must also be routed within each subnetwork through which the connection is estab

lished. The Internet Protocol(IP) is used for our system because it is the protocol 

that provides the packet delivery service for TCP. 

2.5.6 Data-Link and PhysiceJ Layer 

The Data-Link layer provides functional and procedural means of the transfer of 

data between data link service users. It also provides independence of the underlying 

physical layer to the data link service users. The objective of the Physical layer 

service is to transmit raw bits over transmission medium. The physical layer prototol 

depends highly on the transmission medium and the topology of network. More 

about the data link layer of PACS system can be found in [7]. 
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2.6 Overview of Global PACS Performance 

This section describes the initial performance requirements for the Global PACS 

system. The performance requirements presented here represent values over a na

tional communications backbone network operating at 45Mbps, with direct connec

tion of Local PACS to the backbone [1]. 

1. Performance requirements for the non real-time image storage and retrieval 

scenario are: 

(a) The response time for the retrieval of a single image must less than 30 

seconds. 

(b) The response time for the image search in the name server, less than 5 

seconds. 

(c) Session establishment time is less than 25Q milliseconds. 

2. Performance requirements of the remote consultation and diagnosis scencirio 

are; 

(a) Voice packet transfer time, less than 250 milliseconds. 

(b) Framing data transfer time, less than 250 milliseconds. 

(c) Image manipulation commands transfer time, less than 1 second. 

(d) Transfer time for the retrieval of a single image from a national archive, 

less than 30 seconds. 
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(e) The response time for an image search in the name server, less than 1 

second. 

(f) Session establishment time is less than 250 milliseconds. 

3. Performance requirements for the interactive remote conference scenario are: 

(a) Response time for text and image search, less than 2 seconds. 

(b) Voice packet transfer time, less than 250 milliseconds. 

(c) Framing data transfer time, less than 250 milliseconds. 

(d) Image manipulation commands response time, less than 1 second. 

(e) Digitized video packets depend on the high speed backbone network and 

are to be determined. 

2.7 RPC and XDR 

2.7.1 Remote Procedure Call(RPC) 

The procedure call(function call or subroutine call) is a well-known method for 

transferring control from one part of a process to another, with a return of control to 

the caller. In most current systems the caller and callee are within a single process on 

a given host system. They are linked together using a link editor when the program 

file is generated. This types of procedure calls axe referred to as local procedure calls. 

In a remote procedure call(RPC), a process on the local system invokes a procedure 

on a remote system[9, 22, 24]. RPC provides a mechanism for one host to make a 



31 

procedure call that appears to be part of the local process but is reaJly executed on 

another machine on the network. Typically, the host on which the procedure call is 

executed has resources that axe not available on the calling host. This distribution 

of computing services imposes a client/server relationship on the two hosts: the host 

owning the resource is a server for that resource, and the calling host becomes a client 

of the server when it needs access to the resource. 

What RPC provides is the hiding of all the network code into the stub procedures. 

This prevents the application programs, the client and server, from having to worry 

about details such as sockets, network byte order, and the like. One goal of RPC is 

to make the writing of the distibuted applications easier. 

RPC falls somewhere between the transport layer and the application layer, in the 

OSI model. Typically it is considered part of layer 6, the presentation layer[9, 24]. 

Since one intent of RPC is to hide the application layer from some of the networking 

details, RPC usually includes a specification for exchanging the arguments and results 

between the client and server in some standard format. This enhances portablity 

between different systems and prevents the application programs from having to 

worry about details such as byte ordering. 

2.7.2 external Data Representation(XDR) 

With a local procedure, both the client and the server axe executing on the same 

system, so there aren't any data incompatibility problems. The binary format of all 
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data types is the same. But when RPC is used, we should consider the situation 

when the client passes a floating point number to the server. If the client and server 

are on the systems with different axchitectures, there has to be a data conversion 

somewhere. So we have to worry about all data items, not just binaxy values. 

The data representation standard used by Sun RPC is called XDR, which is used 

by the Network Information Service(NIS) and the Network File System(NFS) of the 

Sun Microsystems at the presentation layer[23]. XDR is built on the notion of an 

immutable network byte ordering, called the canonical form. It imposes a big-endian 

byte ordering and the minimum size of any field is 32 bits. This means, for example, 

that when a VAX client peisses a 64-bit integer to a server that is also running on a 

VAX, the 64-bit value is first converted to a 32-bit big-endian integer by the client, 

then converted back to a little-endian 64-bit integer by the server. 

2.7.3 Using RPC and XDR in this System 

Before we determine whether we should use the RPC and XDR in this thesis 

project or not, we need to consider more carefully. The RFC 1057[24] describes the 

remote procedure call model as follows. 

One thread of control logically winds through two processes: the caller's 

process, and a server's process. The caller process first sends a call message 

to the server process and waits(blocks) for a reply message. The call message 

includes the procedure's parameters, and the reply message includes the proce

dure's results. Once the reply message is received, the results of the procedure 

are extracted, and caller's execution is resumed. 
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On the server side, a process is dorment awaiting the arrival of a call message. 

When one arrives, the server process extracts the procedure's parameters, com

putes the results, sends a reply message, and then awaits the next call message. 

In this model, only one of the two process is active at any given time. 

This effect on the RPC model is described in Figure 2.4. To avoid this effect, 

the server should create a seperate task to process an incoming call, so that the 

original server can be free to receive other requests. Or some implementation may 

choose to have RPC calls be asynchronous, so that the client may do useful work 

while waiting for the reply from the server. However the X-Window system uses 

the blocking(waitng) mechanism for its own events such as mouse input, keyboard 

input, and the window parameter change. Implementing RPC into the X-Window 

system will make the program very complex without malcing fast the communication 

between two workstations. 

Also this system transfers only the integer vidues of the x, y coordinates of the win

dow, therefore it is enough to consider the network byte ordering when transmitting 

the data. So RPC and XDR is not used in this system. 

2.8 Socket Communications in TCP/IP 

In this system, the application program uses TCP/IP because TCP provides a 

connection-oriented, reliable, full-duplex, byte-stream service. For the connection-

oriented transfer, first the server is started, then sometime later a client is started 

that connects to the server. For the consultation session of the PACS system, the 
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process in the local WS acts as a server, and the process in the remote WS Consultant 

becomes a client. 

To do network I/O, the first thing a process must do is to call the socket system 

call, specifying the type of communication desired. 

Sinclude <sys/types.li> 

#include <sys/socket.h> 

int socket(family, type, protocol) 

int family; 

int type; 

int protocol; 

Because we are using the Internet TCP/IP protocol, we specify family as AFJNET, 

type as SOCK-STREAM. The protocol argument to the socket system call is typ

ically set to 0 for most user applications. Then the server process assigns a name to 

unnamed socket by the bind system call. 

#include <sys/types.h> 

#include <sys/socket .h,> 

int bind(sockfd, myaddr, addrlen) 

int sockfd; 

struct sockaddr *myaddr; 

int addrlen; 

myaddr is the pointer to a socket address structure, which is defined in <sys/socket.h>. 

struct sockaddr •[ 



36 

u_sh.ort sa.faonily; 

char sa_data[l4]; 

>; 

The connection-oriented server executes the listen system call to indicate that it 

is willing to receive connections. 

int listenCsockfd, backlog) 

int sockfd; 

int backlog; 

The backlog argument specifies how many connection requests can be queued by the 

system while it waits for the server to execute the accept system call. 

After a connection-oriented server executes the listen system call described above, 

an actual connection from some client process is waited for by having the server 

execute the accept system call. 

#include <sys/types.h> 

#include <sys/socket. h.> 

int accept(sockfd, peer, addrlen) 

int sockfd; 

struct sockaddr *peer; 

int »addrlen; 

This accept system call takes the first connection request on the queue and creates 

another socket with the same properties as sockf d. If there is no connection requests 

pending, this call blocks the caller until one arrives. The above system calls are 
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executed by the server process. A client process connects a socket descriptor following 

the socket system call to establish a connection with a server. 

#in.clude <sys/types.h> 

#inclTide <sys/socket .h> 

int connect(sockfd, servaddr, addrlen) 

int sockfd; 

struct sockaddr »servaddr; 

int addrlen; 

The sockfd is a socket descriptor that was returned by the socket system call. The 

second and third argument are a pointer to a socket address, and its size. These 

five system calls complete the connection establishment in the connection-oriented 

protocol. Then the data transmission is done by read and write system call. 

Data is read from aji open file using 

int read(fildes, buff, nbytes) 

int fildes; 

char *buff; 

unsigned int nbytes; 

Data is written to an open file using 

int write(fildes, buff, nbytes) 

int fildes; 

char *buff; 

unsigned int nbytes; 

By specifying fildes as the socket descriptor, network I/O is accomplished using 

the regular UNIX system calls for I/O. 
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2.9 Supporting Technology - X Window 

2.9.1 X-Window Background 

The X-Window System(or Simply X) is a hardware-independent and operating-

system-independent windowing system. It was developed jointly by MIT and Digital 

Equipment Corporation, and has been adopted by the computer industry as a stan

dard for graphics applications[14-2I]. 

X controls a "bit-mapped" display in which every pixel (dot on the screen) is 

individually controllable. This allows applications to draw pictures as well as text. 

To allow programs to be run on one machine and display on another, X Wcis 

designed as a network protocol - a predefined set of requests and replies - between 

two processes, one of which is an application program called a client, and the other 

of which, the server, controls the display hardware, keyboard, and the pointer. 

The X server acts as an intermediary between user programs and the resources of 

the local system such eis the keyboard and screen. It contains all device-specific code, 

and insulates applications from differences between display hardware. It performs 

the following tasks: 

1. Allows access to the display by multiple clients. 

2. Interprets network messages from clients and acts on them. 

3. Passes user input to clients by sending network messages known as events, 

which represent key or button presses, and pointer motion. 
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4. Maintains complex data structures, including windows and fonts, so that the 

server can perform its task efficiently. 

The user programs displaying on the screen(s) managed by a server are called its 

clients. There may be several clients connected to a single server. Clients may run 

on the same machine as the server if that machine supports multitasking, or clients 

may run on the other machines in the network. In either case, the X Protocol is used 

by the client to send requests to draw graphics or to query the server for information, 

and is used by the server to send user input and replies to information requests back 

to the client. Figure 2.5 explains the network characteristics of X-Window. 

One of the X-Window application programs which utilize the network features of 

X-Window protocol is wscrawl program by Brian Wilson at HP. He programmed it to 

demonstrate the networking capabilities of X-Windows. The word "wscrawl" stands 

for "window-scrawl". The user may think of wscrawl as a paint program shared by 

any number of people on each participant's display. From that point onward, each 

participant sees the actions and ideas of every other paxticipeint as they occur. Each 

individual may simply watch, or participate at any moment. Any individual may exit 

out of the session at any time without affecting the other participants. This program 

seems to be very complex with many network communication processes. But, if the 

X Protocol is used in this application, the details of network programming is much 

simplified. 
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2.9.2 X-Window Software Hierarchy 

A programmer wishing to write applications that run under X-Window must per

form all windowing and drawing by using only procedures from the Xlib library, 

which is available in C, PasczJ, FORTRAN, Modula-2, and Ada. If the application 

program is written in this way, it should be able to be ported to any hardware that 

supports an X server by simply recompiling without altering the code. 

Xlib contains more than 200 procedures, many of which resemble those found 

in any graphics library. For example, the drawing primitives include XDrawPoint, 

XDrawRectangle, XFillRectangle, and XDrawArc. Xlib supports clipping, stippling, 

and tiling operations as well as the manipulation of raw bit maps. It supplies 

other procedures to create and configure windows (XCreateWindow, XResizeWin-

dow, XDestroyWindow), and still others concerned with events, queries, font manip

ulation, keyboard, pointer, color control. 

Above the level of Xlib lies the realm of X Toolkits. These are sets of prefabricated 

routines, built out of Xlib functions, that allow rapid program development. Several 

toolkits already exist in the public domain. The purpose of Xt is to provide an 

object-oriented layer that supports the user interface abstraction called a widget. A 

widget is a reusable, configurable, piece of code that operates independently of the 

application except through prearranged interactions. A widget set is a collection of 

widgets that provides commonly used user-interface components tied together with 

a consistent appearance and user interface. Using the X Toolkit Intrinsics and a 
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Figure 2.6: Software Architecture of X-Window Applications. 

widget set is the most common way of writing applications for several reasons: it is 

quite powerful; it results in applications that operate well with other X applications; 

it supports several popular user-interface conventions; and the C language is widely 

available. 

Figure 2.6 shows the layering of software in an application that uses the Xt Intrin-

sics and a widget set. Notice that the Intrinsics are based upon Xlib, the lowest level 

C-language interface to X. Xlib provides full access to the capabilities of the X Pro

tocol, but does little to make programming easier. It handles the interface between 

the application and the network, and includes some optimizations that encourage 

efficient network usage. Applications often need to call Xlib directly to accomplish 
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certain tasks such as drawing. Xt does not provide its own graphics calls, nor does 

it provide access to every X protocol feature. 

Xlib, Xt, and several widget sets are available on MIT's public software distri

bution. But the Motif and OPEN LOOK widget sets are not on the Release 3 or 

Release 4 distributions from MIT. This research is done by using the Athena widgets 

because they are contained in the Xaw library of the standard X distribution. 

Figure 2.7 shows the class inheritance hierarchy for the Athena Widgets. The 

Core widget class, defined by the Intrinsics, is the root of the hierarchy, from which 

all other classes are descended. The Core class defines characteristics common to all 

widgets, such as size and position. 

The Athena Simple widget set inherits basic features from Core and adds a few 

minor features of its own(for example, the ability to change the cursor shape when 

it enters the window). The Label widget in turn adds the ability to print the string, 

and mechanisms for changing the font and placement of the string. The Command 

widget then inherits features from Label(including those already inherited from Core 

and Simple) and adds more features(the ability to accept user input, and to highlight 

the button). Command is known as a subclass of Label, and Label is the superclass 

of Command. In general, lower classes in the hierarchy have more features. 

However, the Athena widget set was not intended to be complete - it was built 

mainly for testing and demonstrating the Intrinsics. Furthermore, the Athena set 
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does not have a particularly attractive appearance. For these reasons, serious appli

cation development efforts should begin with a commercial widget set. 

2.9.3 Simple X-Window Application 

Opening an X-Window application involves eight steps in sequence: 

1. Open a connection to the server with XOpenDisplay. 

2. Create a top-level window with XCreateWindow. 

.3. Set standard properties for the top-level window, including hints for the window 

manager. 

4. Create window resources such as graphics context. 

5. Create any other windows needed. 

6. Select the desired events for these windows. 

7. Map the windows. 

8. Enter the event loop. 

Before application program can use a display, a connection to the X server should 

be established. Once established a connection, the user then can use the Xlib macros 

and functions to return information about the display. To open a connection to the 

X server that controls a display, use XOpenDisplay. 
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Display *XOpenDisplay(display.name) 

char •display_name; 

The displayJiame specifies the hardware display name, which determines the 

display and communication domain to be used. This display name or DISPLAY 

environment variable is a string in the format: 

hostname: number. screen_mimber 

hostname specifies the name of the host machine on which the display is physically 

attached. The hostname is followed with either a single colon(:) or a double colon(::). 

number specifies the number of the display server on that host machine. This 

display number may optionally be followed with a period(.). A single CPU can have 

more than one display. Multiple displays are usuaJIy numbered starting with zero. 

screenjiTimber specifies the screen to be used on that server. Multiple screens can 

be controlled by a single X server. The screen_number sets an internal variable that 

can be accessed by using the DefaultScreen macro or the XDefaultScreen function if 

you are using languages other than C. 

For example, the following would specify screen 2 of display 0 on the machine 

named ece-dbas: 

ece-dbas:0.2 

The XOpenDisplay function returns a Display structure that serves as the con

nection to the X server and that contains all the information about the X server. 

XOpenDisplay connects your application through TCP, Unix domain, or DECnet 
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communications protocols, or through some local inter-process communication pro

tocol. If the host name is a host machine name and a single colon (:) seperates the 

hostname and display number, XOpenDisplay connects using TCP streams. If the 

host name is not specified, Xlib uses whatever it believes is the fastest transport. If 

the hostname is a host machine name and a double colon (::) seperates the hostname 

and display number, XOpenDisplay connects using DECnet. A single X server can 

support any or all of these transport mechanisms simultaneously. A particular Xlib 

implementation can support many more of these transport mechanisms. 

If successful, XOpenDisplay returns a pointer to a Display structure, which is 

defined in <Xll/XIib.h>. If XOpenDisplay does not succeed, it returns NULL. 

After a successful call to XOpenDisplay, all of the screens in the display can be used 

by the client. 

The "window manager" referred to in step 3 is a special client that manages 

the positions and sizes of the main windows of applications on the server's display. 

The window manager is just another client, but by convention it is given special 

responsibility to mediate competing demands for the resources of a display, including 

screen space, color resources, and the keyboard. 

Applications are required to give the window manager certain information to help 

it mediate competing demands for screen space or other resources. For example, 

an application specifies its preferred size and size increments. These are known as 

window manager hints because the window manager is not required to honor them. 
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The "graphics context" in step 4 is a data structure that contains information 

about a drawing: the foreground and background colors, line width, and clipping 

region. Mapping is an initialization process that makes a window viewable. 

Closing an application properly involves killing all windows, freeing all resources, 

and then calling XCloseWindow. If one fail to do this and merely exit, the server 

will eventually notice and close down itself, since it is responsible for maintaining the 

client connection. 

If the application programmer has linked the application to the required Xlib 

routines, at run time X-Window will generate the equivalent X Protocol requests to 

send to the X server. These requests correspond quite closely with the Xlib routines 

that generate them(though there are fewer of them, since many routines generate the 

same request). For example, the XDrawRectangle routine generates a Poly Rectangle 

request, and XCreateWindow generates a CreateWindow request. 

2.9.4 Basic Window Method 

This section describes the initialize, expose, set_values, resize, query .geometry, 

and destroy methods. Applications that use the Toolkit should do all their drawing 

in widgets. Although it is possible to create normal X-Windows and draw into them 

from the application code, the advantage of Xt's event dispatching, event filtering, 

and other features will be lost. These are the methods the application programmer 

need to write to make a functioning widget or window(although destroy is optional). 
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The initialize Method This Method has basically one function: it sets instance 

structure members(also called instance variables). This job has two parts: set

ting the initial values of private instance variables, and checking to make sure 

that the values of the public instance variables are valid(since they are user 

configurable). 

The expose Method This is responsible for initially drawing into a widget's win

dow and for redrawing the window every time a part of the window becomes 

exposed. This redrawing is necessary because the X server does not maintain 

the contents of windows when they axe obscured. When a window becomes 

visible again, it must be redrawn. 

The set.values Method The set_values method is where a widget responds to 

changes in its public instance variables. It should validate the values of the 

public variables, and recalculate any private variables that depend on public 

variables that have changed. 

The resize Method When a widget is used in an application, it is created with a 

parent that will manage its geometry. Depending on the layout policy of this 

parent widget in the application, the widget's window may change size when 

the application is resixed. Most widgets need to recalculate the position and 

size of their graphics when their window changes size. This is the job of the 

resize method. 
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The query_geometry Method This method is called when the parent is about to 

make a size change to some of its children but not yet sure which ones and by 

how much. 

The destroy Method When a widget is destroyed by the application, its destroy 

methods are invoked in subclass to superclass order. Therefore, the destroy 

method for any given class need free only memory allocated by itself; it need 

not worry about memory allocated by superclasses. 
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CHAPTER 3 

IMPLEMENTATION OF GLOBAL PACS SOFTWARE 

The goal of this thesis is to realize the Global PACS system according to the 

remote consultation and diagnosis scenario. The overall system axchitecture is shown 

in Figure 3.1, which is composed of 3 components - LocsJ WS, Remote WS Consultant 

and DBAS. The emphasis of the software development is focused on the simple user 

interface and the efficient transmission of the framing information. 

Section 3.1 explains the user interface software design. It includes the main menu 

design and the session control process which administrates operation (1) through (4) 

of the user scenarios of the remote consultation system in Figure 2.2. In Section 3.2, 

the display of image file and the transfer of framing information are explained. This 

corresponds to the operation (5) of Figure 2.2. Finally, the communications software 

between workstations and the DBAS is explained in Section 3.3. This software is 

partly related to operation (3) and (4) of the user scenarios. Figure 3.2 shows the 

software structure of the remote consultation system. The following sections will 

describe this architecture in detail. 
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3.1 User Interface Software Design 

One important design philosophy of this research is to provide a simple user in

terface for computer illiterate end-users. Because doctors and radiologists are mostly 

not familiar with computer systems, the operating procedure of this system should 

be as easy and simple as possible. For this purpose, this system adopts two kinds 

of user interface. One is pull-down menu, the other is icon menu. Figure 3.3 shows 

the user interface menu of the Remote WS. The Local WS has the same format of 

user interface. The upper boxes named as 'Quit', 'Main Menu', 'PACS Images' are 

the pull-down menu. The four icons in the lower axea axe used as the icon menu. 

Pull-down menu can be relatively easily implemented by using the Athena widget 

of X-Window. Since the icon menu is not supported by the Athena widget, the 

application programmer must taJce care of all window programming issues. 

3.1.1 Pull-down Menu 

The pop-up and pull-down style menu can be implemented by using the command 

widget, transient shell widget, and box widget classes, which are the instances of X-

Window Athena widget set. Figure 3.4 shows the instajice hierarchy of the user 

interface menu of the Local WS and the Remote WS Consultant. The same menu 

format can be used for the Local WS and the Remote WS Consultant because the 

characteristics of the commands are similar for two menus. 
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Below the TopLevelSheil, there exists forml widget which is divided into the box 

widget and the form2 widget. The box widget provides the pull-down menu and 

the form2 widget is used for the icon-based menu, so that the user can use the pull

down menu or icon menu for his operation. The implementation of the icon menu 

is explained more in next section. The box widget is composed with 3 commcind 

widgets; quit, menu, and directory widgets. The quit widget is used when the user 

wants to quit the entire consultation session. If the user wants to quit, he can just 

click the mouse button on the box named 'quit'. The menu and directory widgets 

are implemented to be poped up when the user clicks on that box, so that the user 

can choose one operation or one image file from the poped-up menu. 
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Figure 3.5 shows the flow diagram of the main function of the user interface 

program. The first thing to do is to create and initialize the top level widget which 

is the basis of the window application. This operation is performed by XtVaApp-

Initialize function. 

Widget XtVaAppIiiitialize(app_coiitext.return, application_class, 

options, num.options, argc_in._out, axgv_in._out, 

fallback_resources, ... , NULL) 

XtAppContext *app_context_retTim; 

String application_class; 

XnoOptionDescList options; 

Cardinal num_options; 

Cardinal *argc_in_out; 

String *argv_in_out; 

String *fallback_resources; 

XtVaAppInitialize initializes the X Toolkit internals, creates an application con

text, opens a display, and creates the initieil application shell instance using the 

varargs argument style. NULL specifies the NULL-terminated variable-length list of 

resource name/value pairs to override any other resource specifications for the created 

shell. 

The widgets used in the user interface can be created by XtCreateManagedWidget 

function of X-Window Athena widget. 

Widget XtCreateManagedWidget(name, widget_class, parent, args, 

num_args) 

String name; 

WidgetClass widget_class; 
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Widget parent; 

ArgList args; 

Cardinal nTim_args; 

where name specifies the text name for the created shell widget, widget_class means 

the widget class pointer for the created widget, and parent represents the parent 

widget. 

XtCreateManagedWidget combines creation and management of a widget into one 

routine. It calls XtCreateWidget and XtManageChild consecutively. Then XtAdd-

Callback function add a callback procedure to a widget's callback resource. 

void XtAddCallbackCobject, callback_name, callback, clien.t_data) 

Widget object; 

String callback_name; 

XtCallbackProc callback; 

XtPointer client.data; 

where we can specify callback argument as Quit for our 'quit' operation. Finally 

by writing a procedure Quit(), 'quit' function is completed. 

void Quit(w, client_data, call_data) 

Widget w; 

XtPointer client_data, call_data; 

{ 

printfC'ALL CONSULTATIOM SESSION CLOSED"); 

exit(O); 

} 
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The pop-up and pull-down menu is programmed as follows. Below the com

mand widget 'menu' which was created by XtCreateManagedWidget, TransientShell-

WidgetClass is added by the function XtCreatePopupShell. 

Widget XtCreatePopupShell (name, widget_class, parent, args, num.args) 

String name; 

WidgetClass widget_class; 

Widget parent; 

ArgList args; 

Cardinal num.args; 

XtCreatePopupShell creates a pop-up shell widget, suitable for containing one 

composite or simple widget that is to be popped up. For a widget to pop up, it must 

be the child of a pop-up widget shell. A pop-up shell is never allowed more than one 

child, so one box widget should be created below the pop-up shell, under which a 

number of command widget can be made for the pull-down style menu. To execute 

the procedure according to the click on the command widget, the callback procedure 

should be prepared by XtAddCallback function like 'quit' case. 

The realization of a widget instance is performed by XtRealizeWidget function. 

void XtRealizeWidget(w) 

Widget w; 

XtRealizeWidget causes widgets to set window attributes, create their windows on 

the disply, and perform their final initializations. XtRealizeWidget is Ccdled just prior 

to calling XtAppMainLoop to process events. The argument to XtRealizeWidget 
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is usually the top-level widget returned from XtVaAppInitiadize. After realization, 

finally, the program goes into the infinite loop by XtAppMainLoop. 

void XtAppMainLoop(app_context) 

XtAppContext app.context; 

XtAppMainLoop first reads the next incoming X event by calling XtAppNext-

Event and dispatches it to the appropriate registered procedure by calling XtDispatch-

Event. This constitutes the main loop of X Toolkit applications, and as such, it does 

not return. Applications are expected to exit in response to some user action. 

3.1.2 Icon Menu 

The pull-down menu provides easier user interface than the text mode user in

terface. However, some computer-illiterate PACS users feel uncomfortable with this 

method. They want a more compact user interface. For these reasons, this system 

provides icon-based menu as well as pull-down menu. 

As explained above, the pull-down menu is implemented by Athena widget of X-

Window. However, the icon menu is not supported by the Athena widget. Therefore, 

the programmer must write code which includes the basic widget methods. The 6 

basic widget methods which should be included in application program are initial

ization, expose, set-value, resize, query-geometry, and destroy. They axe explained in 

Section 2.9.4. 

First, the application programmer should create the icons which can represent the 

meaning of the operation correctly. On the X-Window environment, bitmap editor 
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can be used to create the icon bitmap data files. Then XCreateBitmapFromData and 

XCopyArea functions display the icon bitmap on the window. 

Pixmap XCreateBitmapFromDataCdisplay, drawable, data, width, height) 

Display *display; 

Drawable drawable; 

char »data; 

unsigned int width, height; 

XCreateBipmapFromData creates a single-plane pixmap from an array of hexadec

imal data which comes from bitmap editor. The bitmap data must be in X-Window 

Version 11 format. XCopyArea copies an cirea of a drawable onto the window screen. 

XCopyArea(display, src, dest, gc, src_x, src_y, width, height, 

dest_x, dest_y) 

Display •display; 

Drawable src, dest; 

GC gc; 

int src_x, src_y; 

unsigned int width, height; 

int dest_x, dest_y; 

XCopyArea combines the specified rectangle of src with the specified rectangle 

of dest. src and dest must have the same root and depth. Once the icons axe 

realized on the screen, we should find out which icon is selected, by checking the x, 

y coordinates of mouse pointer. 

This checking mechanism and the expose method which is one of the 6 basic 

widget methods, can be implemented by using the translation table and actions 
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table. Actions are one of the two techniques which connect widgets to application 

code. The other is to use callbacks. The translation table maps event sequences 

into string action names, and the actions table then maps string action names into 

actual action functions. This is done in two steps so that the translation table is a 

single string that can be specified in the resource databases. The action table is not 

configurable through the resource data base, but it can be added to the application or 

with XtAppAddAction(s). The followings are the translation table and the actions 

table used in this system. 

static void RedrawPictureO , IconMenuO ; 

String trans = 

"<Expose>: RedrawPictureO \n\ 

<BtnlDown>: IconMenuO"; 

static XtActionsRec window_actions[] = { 

{"RedrawPicture", RedrawPicture}, 

{"IconMenu", IconMenu}, 

}; 

The format of an actions table is defined as follows. 

typedef struct _XtActionRec { 

char •string; 

XtActionProc proc; 

} XtActionsRec; 
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An XtActionProc is just a pointer to a function with four arguments: a widget, an 

event, a string containing any arguments specified for the action in the translation 

table, and the number of arguments contained in the string. 

According to the above specification of the translation and actions table, Redraw-

Picture() function is executed when the expose event is occurred, and IconMenu() 

function is executed when the user clicks the mouse buttonl. The function XtApp-

AddActions() declares the action table and register it with the Resource Manager. 

void XtAppAddActions(app_coiitext, actions, num.actions) 

XtAppContext app_context; 

XtActionList actions; 

Caxdinail mim_actions; 

All widget class records contain an action table. In addition, using XtAppAdd-

Actions, an application can register its own action tables with the Resource Manager. 

An action table consists of a list of string names and corresponding function pointers. 

A function pointer is of type XtActionProc. The following is the action routine used 

in expose method of the icon menu. 

static void Redraw?ictureCw, event, params, mua.peiraias) 

Widget w; 

XExposeEvent *event; 

String *paxams; 

Cardinal *num_parans; 

{ 

(redrawing procedures using X-Hindow copy function) 

} 
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By above declarations and procedures, the function RedrawPicture() is executed 

when the application window is exposed. This function is also called when the window 

is initially created because the initial creation is one case of the expose situations. Like 

above explanations, the six basic widget methods for icon menu axe accomplished. 

3.1.3 Session Control Process Design 

The PACS system for remote consultation consists of two major programs. One 

is the User Interface Program, the other is the Display and Framing Information 

Transmission Program. The communication of the freiming information between the 

Local WS and the Remote WS Consultant is performed inside the second prograjn. 

The User-Interface Program also has the communication procedure for the session 

establishment and control, and the transfer of the image files. 

The flow diagram of the session control process between the Locsd WS and the 

Remote WS Consultant is described in Figure 3.6. .A.t the connection establishment 

step, the Remote WS Consultant acts as a server and the Local WS becomes a 

client. While the Remote WS Consultant is waiting, the Local WS sends a request 

for the remote consultation with file name. Then the Remote WS Consultant sends a 

response of ACK(Acknowledge) or NAK(Not Acknowledge). If it is NAK, the Local 

WS aborts its request and returns to the waiting state. If it is acknowledged by 

the Remote WS Consultant, the Local WS sends the same request to the DBAS. If 

the DBAS sends a ACK packet to the Local WS, the Local WS steirts to receive the 
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Local WS Remote WS Consultant 

Connect to Remote WS 

Wait for User's Command 
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Figure 3.6: Session Control Process Between Local & Remote WSs. 
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ACK/NAK 
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NAK 03 

Figure 3.7: Session Control Procedure and Packet Format. 

image file which it requested. The Remote WS Consultant receives the same file from 

DBAS. After the two workstations complete receiving of the image file, they enter into 

the image display and framing information transmission process. Figure 3.7 shows 

the session control procedure and the packet format which is used during session 

establishment. 
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3.2 Local WS - Remote WS Communications Software Design 

In this section, the communication software between the Local WS and the Remote 

WS Consultant is discussed. After the image file is transmitted from the DBAS 

according to the request of the Local WS, two viewing workstations display the image 

on its own window. After that, they open the communication chajinel to transmit 

and receive the framing information. The image display program is also discussed 

here because the communication process is implemented inside the display program 

and must cooperate with it. 

3.2.1 Image Display Program 

The PACS system is going to be used widely in the areas of hospitals ajid other 

image related research center and industries. Efficient image display equipment is 

required for the wide use of this system. Among the various image display programs, 

the XV program is the most widely used to the workstation users. The xv program is 

public domain software, and available to anyone who wants to use it. This program 

can display various formats of images such as GIF, PBM, PGM, PPM, and PM 

formats. One of the major reasons for using xv in the PACS system is that it is 

based on the X-Window system, which is our choice of application environment. 

The Graphics Interchange Format(GIF) was created to provide a hardware in

dependent protocol for the exchcinge of raster graphics data[25]. GIF uses a slight 
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Magic Number ( 8 Byte ) Width ( 4 Byte) Height ( 4 Byte) Max Value ( 4 Byte ) 

n n n n n n n n w w w w h h h h m m m m 

The Magic Numbers are 

GIF87:GIF 

VIEW,WEIV:PM 

P1„P6:PBM 

PI: asdl bitmap 

P2: asdi greymap 

P3: asdi pixmap 

P4: raw bitmap 

PS: raw greymap 

P6: raw pixmap 

(EXAMPLE) 

If 512 X 512 raw image file with maximum grey scale 255, the header format is 

where b means ascii blank character. 

Figure 3.8: Image File Header Format for xv Program. 

variation of the Lempel-Ziv Welch compression algorithm. The LZW algorithm uses 

string repetition in the data as the basis for its compression. 

The raw image files can be displayed by xv program if a proper header is attached 

to the raw file so that xv program can recognize the format, size, and maximum value 

of the file. According to the header content, xv program considers the raw file as 

PBM or PGM. The format of the xv header is shown in Figure 3.8. 
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3.2.2 Transfer of Framing Information 

The communication program which takes care of transfer of the framing informa

tion is implemented inside the display program. To save the network transmission 

load, only the framing information and image processing parameters axe transmit

ted to the remote site. The pointing location on the image is called a frame by the 

radiologists. 

The graphics application programs across the network can be easily implemented if 

one utilizes the network features of X-Window. One of the good examples is wscrawl 

program which was explciined at Section 2.9.1. The image display program with 

the communication process of framing information is also considered as the network-

based application program. The network features of X-Window axe not used in this 

system, because image, video, and voice should be integrated into the PACS system 

for remote consultation even if voice facility is not implemented at this time. If we use 

the X Protocol directly, there will be no way to implement voice packets. Therefore 

the decision was made to use the fundamental socket function of the UNIX system 

for network communication. 

The fixed and variable size framing operations axe described here. The framing 

information can be obtained from inside the xv program. When the user clicks the 

mouse on the image, the RGB value and the x, y coordinates are read by the xv 

program. If the user crops a picture(points a rectangular region of interest), we can 

get the X, y coordinates of the two diagonal end-point of the rectangle. From the 
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Figure 3.9: Framing Operation. 



information obtained from the xv program, the framing information packet can be 

constructed as shown in Figure 3.9(a). 

The fixed framing operation is described in Figure 3.9(b). The arrow in the 

Figure 3.9(b) means the mouse pointer of the workstations, and the circle of the 

Local WS represents the mouse position of the Remote WS, which was trauisferred 

across the network. The location of the circle as well as the current mouse position 

should be transmitted to the Remote WS to inform that the Local WS received the 

frame of the Remote WS without transmission error. The circle of the Local WS is 

displayed on the image of the Remote WS as a small circle for zui acknowledgement of 

the correct transmission. Figure 3.9(c) shows the variable size framing operation. The 

variable size frame of the Local WS is transferred to the Remote WS, and displayed 

on the image of the Remote WS. The frame of the Remote WS is also transferred to 

the Local WS, and displayed on the image of the Local WS. 

The framing information packet is transferred to the other WS inside the infinite 

event loop of the X application. After processing one event of the X-Window such 

as mouse movement, the packet is transferred from the Local WS to the Remote 

WS Consultant, and vice versa. Before transmission, the packet is converted to the 

network byte order. When the WS receives the framing information packet from the 

other site, it converts it from the network byte order to local byte order, and displays 

the frames on its display window by X-Window draw functions. The flow diagrams 

for the server and client process are described in Figure 3.10 and Figure 3.11. 
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YES NO 
crop changed? 

convert to local byte order 

save data 

display new pointer 

receive packet from client 

display comeback pointer display crop pointer 

send packet to client 

load local data 

convert to network byte order 

Figure 3.10: Flow Diagram of Server Process. 
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crop changed? 
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receive packet from server 
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convert to network byte order 

display crop pointer 

convert to local byte order 

Figure 3.11: Flow Diagram of Client Process. 
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Two methods can be used to erase the old frame. One is to use the exclusive OR 

function for the graphics context(GC) of X-Window resources. XSetFunction sets 

the bitwise logical operation in a graphics context. 

XSetFunctionCdisplay, gc, function) 

Display *display; 

GC gc; 

int function; 

where we can specify function as GXxor. XSetFunction sets the logical operation 

applied between the source pixel values and existing destination pixel values to gen

erate the final destination pixel values in a drawing request. GXcopy, GXinvert, and 

GXxor are the only logical operations that are commonly used. 

Another method for erasing the old frame is to copy the original picture into the 

old part of the window by copy function of X-Window. To draw an image on a 

window, the XPutlmage function is used. 

XPutImage(display, drawable, gc, image, src_x, src_y, dst_x, dst_y, 

width, height) 

Display *display; 

Drawable drawable; 

GC gc; 

Xlmage *image; 

int src_x, src_y; 

int dst_x, dst_y; 

unsigned int width, height; 

XPutlmage draws a section of an image on a rectangle in a window or pixmap. 

The section of the image is defined by src_x, src_y, width and height. There is no 



76 

limit to the size of image that caji be sent to the server using XPutlmage. XPutlmage 

automatically decomposes the request to make sure that the maximum request size 

of the server is not exceeded. The memory for an Xlmage structure is allocated by 

XCreatelmage function. 

#include <X11/Xutil.li> 

Xlmage *XCreateIinage(display, visual, depth., format, offset, 

data, width, height, bitmap_pad, bytes_per_liiie) 

Display »display; 

Visual *visual; 

unsigned int depth; 

int format; 

int offset; 

char *data; 

unsigned int width; 

unsigned int height; 

int bitmap_pad; 

int bytes_per_line; 

XCreatelmage allocates the memory needed for cin Xlmage structure for the spec

ified display and visual. This function does not allocate space for the image itself. 

It initializes the structure with byte order, bit order, and bitm.ap unit values, and 

returns a pointer to the Xlmage structure. The red, green, and blue mask values are 

defined for ZPixmap format images only and cire derived from the Visual structure 

passed in. 
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In this program, we used the second method because xv program is using the first 

method to draw its own crop area. If the frame is moved, that paxt of the origincd 

picture which is in the internal memory, is copied into the window. 

XDrawArc and XDrawRectangle functions are used for drawing frames of the other 

worksation on its own window. XDrawArc draws an axe fitting inside a rectangle. 

XDrawArc(display, drawable, gc, x, y, width, height, anglel, angle2) 

Display *display; 

Drawable drawable; 

GC gc; 

int x,y; 

unsigned int width, height; 

int anglel, angle2; 

where anglel specifies the start of the axe relative to the three-o'clock position from 

the center. .Angles are specified in 64ths of a degree (360*64 is a complete circle), 

aiigle2 specifies the end of the arc. 

XDrawArc draws a circle or elliptical axe. An axe is specified by a rectangle axid 

two angles. The x and y coordinates are relative to the origin of the drawable, and 

define the upper-left corner of the rectaxigle. The center of the circle or ellipse is the 

center of the rectangle, and the major and minor axes are specified by the width and 

height, respectively. The angles are signed integers in 64ths of a degree, with positive 

values indicating counterclockwise motion and negative values indicating clockwise 

motion, truncated to a maximum of 360 degrees. The start of the arc is specified by 

anglel relative to the three-o'clock position from the center, and the path and extent 
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of the arc is specified by ajigle2 relative to the start of the arc. XD raw Rectangle 

draws an outline of a rectangle. 

XDrawRect angle (display, drawable, go, x, y, width., height) 

Display •display; 

Drawable drawable; 

GC gc; 

int x,y; 

unsigned int width, height; 

XDrawRectangle draws the outline of the rectangle by using the x and y coordi

nates, width and height, and graphics context. This function is used for drawing of 

the fixed-sized frame and the crop area. 

Figure 3.12 and Figure 3.13 show the results of fixed frames appearing on the 

medical image display of the Local and Remote WS, respectively. The large circle 

of Figure 3.12 shows the position of the Remote WS's mouse pointer, and the small 

rectangle indicates that its own mouse pointer is being shown at that position of the 

Remote WS window. This feature helps the users at the remote site to communicate 

with each other without misunderstanding. 

The variable size framing operation is shown in Figure 3.14. In this figure, the 

upper rectangle means that the user at the Remote WS is pointing at that area by 

using the variable size frame, and the lower rectangle represents the current variable 

size frame of the Local WS. If the user at either workstation chooses the variable 

size framing operation(clicks the mouse button ^2 - middle button), the variable 

size frame is shown on the display windows, and the fixed frame is removed. If 



79 

Figure 3.12: Fixed Fraine(Local WS) 



Figure 3.13: Fixed Franie(Remote WS). 
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XV pacsJmg 

Figure 3.14: Variable Size Fraine(Local WS). 
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Figure 3.15; Talk Window for Remote Consultation. 

the fixed frame is chosen(clicked the mouse button #1 - left hand button) by any 

user, only the fixed frame is shown on the window with the variable size frames 

disappeared. Figure 3.15 shows the operation of the UNIX talk utility, which helps 

the remote consultation session. We used it instead of the voice facility, because the 

voice facility is not implemented in this system. 

3.3 WSs - DBAS Communications Software Design 

3.3.1 Communication Module 

The communication between the workstations and the DBAS is based on the 

client/server model of the file transfer protocol[9]. The workstations on the Local and 

the Remote Consultant are the clients and the DBAS is the server. The file requests 
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from the Local workstation include the file name which will be used for the remote 

consultation. All the communication is performed by the TCP/IP protocol which 

provides the connection-oriented, reliable, full-duplex, byte-stream transmission. 

The server system in the DBAS is the concurrent server, so it caja send the image 

files to the Local WS and the Remote WS Consultant concurrently. It saves the 

time because the transmission time for the large image file cein be more than a few 

minutes. 

The program operations for the concurrent server are: 

int sockfd, newsockfd; 

if ( ( sockfd = socket( ... ) < 0 ) 

printf("socket error"); 

if ( bindCsockfd, ... ) < 0 ) 

printf("bind error"); 

if ( listen(sockfd, 3) < 0 ) 

printf("listen error"); 

for( ; ; ) { 

newsockfd = accept(sockfd, ... ); 

if (newsockfd < 0 ) 

printf("accept error"); 

if (forkO == 0) { 

close(sockfd); 

network_process(newsockfd); 

exit(O); 

} 

close(newsockfd); 
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The result of these operations is to transmit the image file to the Local and Remote 

WSs concurrently. 

3.3.2 SQL Query Interface 

The DBAS system in this thesis project does not have the complete database 

management system(DBMS). But this DBAS provides a simple file retrieving facility. 

At the time of the session opening with the Local WS, the DBAS sends the file 

directories to the Local WS, so that the Local WS can make the simple file directory 

menu for the users. Even though it is not sufficient for the DBMS, it provides an 

easy access method for the workstation users. 

3.4 Framing Packet Transmission Tests 

The environment of PACS differs somewhat from the other computer network 

environments. Basically, the purpose of PACS is to provide better diagnostic care to 

the patients and to provide better handling of image by interconnecting the viewing 

workstations, imaging equipment, and database archive systems. The performance 

of PACS networks has a great effect on the acceptability of the PACS by the medical 

community. Not only is the quantity of data for image transfer very large, but also 

the quality of data for image transfer is extremely sensitive in the PACS environment. 

The parameters of performance on PACS are availability, response time, throughput, 

reliability, channel utilization, and security. The remote consultation scenario in this 



85 

research requires real time speed on framing information between the Local WS and 

the Remote WS. The image transfer time delay is not important as much as the time 

delay of a framing information, since this scenario provides predetermined image 

transfer from database and local display of transferred images. In this Section, the 

results of performance testing on the transfer time delay of the framing information 

are presented. 

Response times in Figure 3.16 are transfer time delays of data representing framing 

data packets, which are tested between a DEC 5000 in the ECE building and a DEC 

3100 in the radiology research laboratory in the University of Arizona. Response 

times in Figure 3.17 are time delays of data transfer which are tested between a DEC 

5000 in the ECE building in the University of Arizona and a SUN SPARC Station 

in the Wake Forest University. This response time testing includes two separate 

processes: a client process and a server process. 

The client in the Local WS operates as follows to get the response time for the 

framing information transfer. 

1. Get an initial time (tl) of the Local WS. 

2. Generate a framing information to trsinsfer. 

3. Send a framing information to the Remote WS. 

4. Wait for a returned message of the framing information. 

5. Receive the returned message from the Remote WS. 
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6. Resolve the framing information ajid get the integer values. 

7. Get a second time (t2) of the Local WS. 

8. Get response time (t3 = t2 - tl) and store in a result file. 

9. Go to step 1. 

The server in the Remote WS operates as follows to get the response time for the 

framing information transfer. 

1. Wait for a framing information message from a client. 

2. Receive a framing information from the client. 

3. Resolve the framing information and get the interger values. 

4. Regenerate a framing information to transfer. 

5. Send a framing information to the client in Local WS. 

6. Go to step 1. 

The response time in this test means the round trip delay of the framing informa

tion between a local workstation and a remote workstation. The framing information 

consists of 18 bytes of binary data. 

The test is repeated by 140 times with 10 minutes of time interval. The average 

response time, the minimum response time, and the standard deviation are derived 
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from the test. The average is the most common measure of central tendency of the 

data. The measure of dispersion, called the stajidard deviation, is also calculated. 

The result shows the actual response time of the protocol performance, because 

the network was connected to numerous hosts in the University and several daemons 

were running in the testing host. Also, it shows acceptable results of the performance 

for the PACS system in realistic situation. 

The average delay time of framing information packet transmission between the 

ECE and Radiology department in the University of Arizona was 245.37(ms) which 

is lower than the performance requirement(250 ms) in Section 2.6. The average 

delay time between the University of Arizona and the Wake Forest University was 

634.21 (ms) which is slower than the requirements(250 ms). In Section 2.6, the per

formance requirements assumed direct connection of the Local PACS to the 45Mbps 

backbone network. In our test environment, the Internet path includes a mix of 

o6Kbps, Tl, and T3 links. If we were to use direct access to the backbone, the 

transfer time will be much faster enough to meet the performance requirements. 
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FRAMING INFORMATION PACKET DELAY TIME TEST 

ECE - Radiology Dept. of tbe Univ. of Arizona 

Time Delay (ms) 

Average: 24537 (ms) 

Standard Deviation: 171.00 (ms) 1000 • -

500 

3 PM 9PM SAM 9 AM 3PM 

Figure 3.16: Remote Consultation Packet Delay Test 1. 
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Figure 3.17: Remote Consultation Packet Delay Test 2. 
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CHAPTER 4 

SUMMARY AND CONCLUSIONS 

4.1 Prototype Results 

The proposed system was implemented using C programming language under the 

UNIX operating systems - SunOS 4.1.1 and Ultrix V4.2A. The system has been tested 

on the SUN and DEC workstations which are connected across the Local PACS and 

the Internet. 

First, the remote consultation was tested between SUN workstations inside the 

ECE department, which are connected by the Ethernet. For the verification of the 

system operation, the talk utility of the UNIX system was used, because the voice 

facility was not implemented. Then it was installed and tested between the ECE 

and Radiology departments of the University of Arizona to check the usefulness aind 

the speed across the Local PACS. The system was demonstrated to the radiologists, 

who showed much interest in its operation. The pull-down menu and icon menu are 

intended to be easy to use for the doctors and radiologists. 

Finally, this system was tested across the Internet. The SUN workstation at the 

Bowman Gray School of Medicine of the Wake Forest University in North Carolina 
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acted cLS the Remote WS Consultant, and the DEC workstation of ECE department 

became the Local WS. The file transfer time for 50KB image file took about 1 minute 

during the day, but the trajisfer of the framing information was accomplished in real

time. 

The image transfer time and the framing information transfer time is good enough 

to use the system without inconvenience or misunderstanding. The framing packet 

transmission test of Section 3.4 shows that the remote consultation across the Locad 

PACS meets the performance requirements presented at Section 2.6. But the test 

result between the University of Arizona and the Wake Forest University is somewhat 

behind the requirements. This is because the requirements are based on the assump

tion of direct connection of the Local PACS to the backbone network at 45Mbps. 

The current Internet contains lower speed lines between the packet switching nodes. 

If we were to use direct access to the 45Mbps backbone, instead of current Internet, 

the transfer time will be much faster enough to meet the performance requirements. 

4.2 Constraints of Current System 

Among the proposed frames, the irregularly-shaped region was not implemented. 

The addition of this feature will make this system more convenient. This feature will 

allow a free-hand framing operation. This system has no voice or video facility yet. 

If we add these facilities to the current system, the total remote consultation system 

will be completed. 

fc—'• • • 
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Currently, the Database Archive System does not have the powerful DBMS. The 

current system provides a simple directory service and the file transfer function. 

The complete DBAS system with an Ingress DBMS is now being developed in the 

Computer Engineering Research Laboratory. It will use the RPC/XDR facilities and 

Network File System(NFS). 

The pull-down menu and icon menu axe easy to use for computer-illiterate users. 

The pull-down menu is easily implemented by using the Athena widget of X-Window, 

which is a public domain software. Not every Unix workstation has the Athena widget 

along with X-Window system, so the pull-down menu cannot be realized under some 

situations. Furthermore, the Athena widget set is not intended to be complete, 

because it was made for use with Intrinsics. Also, it does not have an attractive 

"look and feel". Therefore, the commercial Motif widget system or the direct use of 

X library is recommended for the professional X-Window applications. 

4.3 Future Work 

The addition of the Database Majiagement System(DBMS) to the DBAS is essen

tial for this remote consultation system and the Global PACS system. The Ingress 

DBMS will be implemented into this system. The complete remote consultation sys

tem with a voice and compressed video scenario will be the next step of Global PACS 

system. After that, the real-time interactive remote conference system can be real

ized. In this system, the doctors exchange digitized video, images, voice and text in 
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an interactive session. For this system to be realized, a high-speed backbone network 

such as 45Mbps NSFNET or NREN is needed for higher speed communications. 

The medical imaging applications including the Global PACS will be very helpful 

for teleradiology and telepathology. Telepathology is a new field of medicine en

compassing the practice of pathology at a distance by visualizing an image of tissue 

and/or cells on a video monitor rather than viewing the specimen directly through 

a microscope [27]. The individual technologies for the components of teleradiology 

and telepathology systems currently exist, and must be system integrated to operate 

efficiently and reliably in the application. 

The benefits of PACS for teleradiology and telepathology axe meiny. Doctors axe 

able to perform diagnosis of illness and disease from remote geographical locations, 

just like this remote consultation system. High speed communication networks al

low transfer of 50 Mbit images via a national backbone. The images are zurchived 

in database archive systems, which store the images magnetically and optically. Im

ages can be retrieved for diagnosis, educational and research purposes. Images are 

retrieved into high performajnce workstations with local storage and video display 

capabilities. Simple user interfaces, based on X-Windows, allow the radiologists and 

pathologist user friendly environment without the knowledge of the implementation 

details. 
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