




















































































































































































































































































































































Chapter '} Conclusion 

control characters used by the protocol to facilitate the transfer of information were still 

present in the file. 

These extraneous characters did, however, play an important part in better understanding 

the text of the transmission protocol. 

2.5. Manual decompression and calculation of ECG data 

The transmission protocol described the transmission process in a fair amount of detail. 

The decompression of the data was not mentioned at all. In the light of this it was 

decided to start off with test runs at data decompression. There would be no point in 

transmitting data that could not be decompressed and interpreted. 

For lack of a complete understanding of the decompression process, an initial manual 

decompression was performed9 

These results were entered into an MS-Excel 5.0 spreadsheet and the resulting graph held 

great promise. A close resemblance between the test ECG and the graph could easily be 

seen. 

2.6. Initial graphing with MS-Excel of the decoded data 

The sheer volume of the data that had to be decoded, made it impossible to attempt 

such an operation by hand. The knowledge acquired during the manual decode step 

was sufficient to write a Borland® C++ 3.1 program that could read a binary ECG file 

(HP4745A format) and return a file with a set of numbers representing the data. 

These data were entered into MS-Excel 5.0 for graphing. Some calculations still had 

to be performed, and MS-Excel was used for this.10 By manually comparing the MS­

Excel graphs with the test ECG, an error was discovered in the decoding process. 

9 Started toward s the end of Jul y 1996, and ended on th e 29th of August 1996. A meticul ous task which wou ld 
have driven anyone blind and insane, provided th at they were mad enough to stick to it! 

10 The first correct set of graphs were produced on the 18th of September 1996. 
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2.7. The first RS-232 communications program (BorlancfID 
C++ 3.1) 

Between the creation of the decoding program mentioned in the previous section and the 

writing of the communications program, some important decisions had to be made about 

the way in which the RS-232 communications were to be implemented. Enough 

textbooks and experience were at hand for coding the RS-232 communications functions 

from scratch. 

This did not seem like a viable option, since the point of the exercise was not to write yet 

another RS-232 communications library. A suitable RS-232 communications library 

(completely written in ANSI C) was located. I I The immediate problem was solved. 

Work on the RS-232 communications program lasted nearly three weeks. 12 Initial 

communications attempts failed. After days of debugging, the reason for the failure was 

attributed to the fact that the buffer of the communications port overflowed due to the 

inability" of the RS-232 communications library to operate at such high baud rates (19,200 

baud). The conclusion was made that the fact that the communications library was 

written entirely in C slowed down the servicing of interrupts (due to high overheads 

associated with parameter passing using the stack with function calis). Should the library 

be rewritten in Assembler, higher throughput was to be expected. 

Nevertheless, a satisfactory answer was obtained and the baud rate was simply lowered to 

9600 baud, resulting in success. 

2.8. Capturing data for statistical analysis 

In order to determine the optimal storage method, some data had to be captured. This 

activity took place in paraliel with the rest of the research. To realise this, a special 

version of the communications program was prepared in Clipper 5.2. The CA Clipper 

Tools library version 3.0 (by Computer Associates, the manufacturer of Clipper) was 

used to implement the RS-232 communications routines. 

11 Another product called RS232 , by Chris A. Karcher, 9537 Evanston Ave, N., Seattle, Washington, 
98103-3131 , USA. © 1992. 

12 Started on the 8th of November 1996, with the first successful run on the 1 s1 of December 1996. 
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The result of this was that the existing Hearls application could digitall y acquire ECG 

Data. These data could not, however, be stored in the database. Instead the ECG , 

data were stored in files on the file server, awaiting database storage in the new 

Hearls 32 database. 

One thousand and twelve ECG data files were digitally captured between 

20 December 1996 and 8 May 1997. 

2.9. Development cross-roads 
Although the C language seemed like a good choice for such low level work, the 

character based interface did not appeal. The new trend was Windows® and Graphical 

User Interfaces (GUl), and it did not make sense to develop a new product using an 

outdated interface. 

At that point in time, Borland had brought their new Rapid Application Development 

(RAD) tool , DelphiTM, to the market. The choice was largely between Microsoft Visual 

C (from previous experience not an attractive idea) and DelphiTM 

Although the researcher was not versed in the Pascal language 13, a decision was made to 

move to DelphiTM This meant not only that another computer language had to be learnt, 

but also that a paradigm shift had to be made. Rather than traditional procedural program 

development, object oriented, event driven programming was to be performed. 

2.10. The first RS-232 communications program (DelphFM 1.0) 
Once again, the biggest obstacle to overcome was the RS-232 communications 

component. It was quickly di scovered that the low-level knowledge of serial 

communications programming in DOS would not suffice in a multi-tasking environment 

13 The development language used in Borland® Delphi™. Microsoft Visual C uses the C programming 
language. 

154 

© Central University of Technology, Free State



Chapter '} Conclusion 

such as Windows®. The Internet provided a so lution in the form of the MSComm VCL 

component. 14 

As a first program in DelphiTM 1.0, the communications program came into being, 

downloading data in the Windows® environment at speeds of 19,200 baud15 This was 

quite surprising, when the overheads of multi-tasking and messaging in Windows® are 

considered. It was found that higher transmission rates do not dramatically reduce the 

time needed for complete data transfer. 

The most probable reason for this phenomenon is the fact that half-duplex 

communications are used. Every packet of data that is sent to the PC must be confirmed. 

If a large stream of data was continuously sent, an increased transmiss ion rate would 

have had a greater influence on the transmiss ion time. In the realm of the research 

problem, the largest packet is limited to 256 bytes by the transmission protoco l. 

2.11. Windows® 95 and the 32-bit environment (DeJphjTM 2.0) 

Windows® 95 had by then positioned itself in the market and Borland released 

DelphiTM 2.0, a 32-bit version of their best se lling compiler. Since no shattering progress 

had been made developing with the 16-bit version of DelphiTM (for thi s research), and 

also because of the claimed benefits of the new compiler, it was decided to move to the 

32-bit environment. 

A brief spell with a beta version of Borland ' s C++ Builder led to the deci sion to stick 

with Delphi™. The most important reasons for this included that the product was not 

ready for release yet (no documentation was supplied), and also that it was extremely 

slow in compiling, when compared with Delphi™. C++ Builder also needed roughly 

10MB of di sk space for scratch files when writ ing a "Hello World" program. 

While the bulk of the code for the communications program could be ported to 

DelphiTM 2.0, the same o ld problem arose once more: The 16-bit vers ion of the RS-232 

14 MSComm VI. I0 by Jeff Atwood. The MSComm VeL componenl duplicates the functionali ty of the 
MSCOMM Visual Basic VBX component. All attempts to contact Je ff for acquiring of personal details in 
order to pass credit for his work fail ed . 

15 Work stancd on the 7th of December 1996, with the first successful run on the 29th of December 1996. 
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communications component (MSComm) no longer functioned with DelphiTM 2.0. One of 

the most important reasons for this was the fact (discovered after many hours of toil) that 

Microsoft had, in their infinite wisdom, renamed and removed some of the API functions 

found in the Windows® kernel. The search for a new RS-232 communications 

component alas started anew. 

This time the Internet did not deliver the goods. Countless searches resulted in fai lure or 

unsati sfactory solutions. The answer came in the form of AsyncPro™, a professional 

communications library for DOS®, Windows®, Windows® 95 and Windows® NT. A 

trial edition of the software was found on the CD bundled together with the book 

"DelphiTM 2 Developer' s Guide" by Pacheco & Teixeira. The license for the library cost 

R 1,000.00. 

The new communications component naturally did not use the same methods and 

properties as the 16-bit component. This meant a re-write of the communications portion 

of the program. 16 

2.12. Following up on decoding and calculation 

In the meanwhile, work on integrated decoding and calculation proceeded, USIng 

BOrland® C++, since the researcher could work faster developing initial code in C. 

Some technical problems were soon experienced, as the limitations of DOS® (most 

notably the 640 KB barrier and the segmented memory architecture) were reached. 

Large data sets such as those found in the ECG files could simply not be handled with 

ease in DOS®. As an interim so lution, a statistical/mathematical package]7 was used 

to temporary overcome some of these problems. 

The answer to these architectural problems was, of course, to use DelphiTM 2.0 in the 

32-bit environment, where each program theoretically has a 2GB memory space that it 

can use. No more memory model nightmares ! 

16 Work on this fe-write started on the 25th of January 1997, and was successfully completed on the 1st of 
February 1997. 

17 C/Math Toolchest by Mix Software Inc ., 1132 Commerce Drive, Richardson, Texas, 75081 , USA. © 1991. 
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2.13. TeeChart and DelphjTM 3.0 

As the research progressed, and more milestones were reached, the choice of a graphing 

tool became inevitable. Drawing the graphs with MS Excel 5.0 no longer sufficed. An 

integrated solution was needed. 

An investigation into writing the routines needed from scratch, soon showed that this idea 

was not viable. There is no point in re-inventing the wheel! A good "wheel" was found 

in the form of TeeChart, a professional graphics library for Delphi™.18 

The issue of money arose once again. The purchase price of TeeChart would mean an 

additional expenditure of R 1,000.00. Roughly one month later, Borland released version 

3 of DelphiTM, which promised even more improvements on version 2. Interestingly 

enough, Borland chose to bundle the TeeChart software with DelphiTM version 3. The 

choice was clear: purchase the upgrade to DelphiTM at a cost of RI,250.00, with 

TeeChart bundled in the package. 

TeeChart made it possible to reach yet another milestone, namely graphic re-creation of 

digitally stored ECG data.19 TeeChart also permitted interesting options such as zoom 

functions and the creation of callipers to be implemented with relative ease. 

2.14. Choice of optimal storage method 

Statistical analysis of the digitally acquired ECG data files yielded good information on 

the composition of these files. Different options were considered, and a storage format 

was proposed in Chapter 6.20 The researcher gained experience with the use of 

statistical functions in MS-Excel 5.0 during this part of the research work. 

18 TeeCharl V3.0, runtime version, © 1995 - 1997, David Berneda, TeeMach SL. Barcelona, Catalonia, SPAIN . 

19 Research on the graphic display tool started on the 9th of June 1997, and continued through to the 13th of 
October 1997. 

20 Research on this topic started on the 13th of May 1997, and continued on and off until roughly the 27th of 
September 1997. 
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2.15. Interfacing with the Windows® Registry 

With the Hearts 32 application on the one hand, and the data acquisition DLLs on the 

other hand, some "glue" was needed to ensure a connection. The connection was 

realised by utilising the Windows® Registry. Chapter 4 discusses the design issues 

behind this decision. Appendix B contains more detailed programmatic information 

on this topic. Creating an interface with the Windows® Registry represented another 

step towards the final solution21 

2.16. Developing a Dynamic Link Library 

Chapter 4 discusses the rationale for implementing the data acquisition module as a 

dynamic link library. Initial work on testing the descriptions for DLL writing, as found 

in the literature, succeeded instantly. However, when trying to put thi s knowledge into 

practice with a real life application, something was missing. Appendix B throws more 

light on thi s matter. Suffice it to say that the problems with DLL implementation have 

been sorted out and the conceptual model has been put into practice - yet another 

milestone reached.22 

2.17. The literature research on the electrical activity of the 
heart 

The researcher deemed it necessary to perform a literature research on the basic 

anatomy and physiology of the heart, as well as the electrical activity of the heart in 

order to place the ECG in context. This part of the research was extremely interesting 

d . f' 23 an salts ymg. 

2.18. The use of MS Word 

During the course of the writing of this thesis, a lot was learnt about the functionality 

of MS Word 24 The writing of a document as complex as a research report would be 

21 Research work on the Registry started on the 151 of September 1997 and continued until the 3rd of December 
1997. 

22 Research on DLL creation started on the 18th of August 1997 and continued on and off until the 7th of 
December 1997. 

23 The writing of thi s chapter, together with the graphics work, lasted nearly 6 weeks. 

24 Many of these ski lls were learnt by reading the help text and trying until the desired effect was ach ieved. 
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much more difficult without features such as styles, templates, captions, auto 

numbering, cross referencing and spell checking found in MS Word. 

3. Areas for future research 

Future research areas include the following: 

• Computer-aided interpretation of ECG data, companng newly acquired ECGs 

with previous data. This can typically be performed using an expert system. 

• Lead to lead, and ECG to ECG QTc comparison, as an indication of subtle 

pathological changes in the patient's ECG. 

• Annotation of the ECG stored in the Hearts 32 database, so that the cardiologist 

can mark and store areas of interest on the ECG directly in the Hearts 32 database. 

• A web-enabled version of the Hearts 32 database. This should make the data 

more accessible to distant users. 

4. Future of the system 

4.1. Hardware 
The HP4745A Page Writer II Cardiograph is rapidly agemg. [t was initially 

introduced during 1987. One cannot help but wonder how long the Hewlett-Packard 

Company will continue to provide service and support for these machines. The 

Department of Cardiology, Universitas Hospital, Bloemfontein has access to the 

professional services of a team of highly skilled bio-engineers, who can service the 

HP4745A ECG machines. This of course, depends on the availability of spare 

components, in case of component malfunction. 

It is reasonable to foresee that these instruments will be in use for at least another two 

years, during which time the use of the software system resulting from this research 

can make a big impact on the work performed by the Department of Cardiology. 

[t is important to note that the HP4745A does not support the year 2000, the reason 

for this being that dates are only 6 digits long. 

159 

© Central University of Technology, Free State



Cnapter ':J Conclusion 

4.2. Software 

A vast array of software development tools is currently available on the market. The 

new generation of software development tools aims at increasing programmer 

productivity by reducing or eliminating as many of the mundane tasks as possible. 

These Rapid Application Development tools enable the fast creation of a prototype 

that can easily be turned into a fully functional system. 

The time span between major releases of existing software development tools also 

seems to shorten continuously. 

These factors had a big influence on the choice of software development tool used for 

development of the Hearts 32 application. The main considerations for the choice of 

software development tool (application development environment) included: 

• Does the manufacturer of the product have a history of developing quality 

products? 

• Does the manufacturer have a sound financial position? (Will the manufacturer be 

around in years to come in order to support the product?) 

• Does the manufacturer have a sound commitment to the product? 

• Is this a brand new product, or something new based on tried and trusted 

technology? 

• How is the product received by the market? 

It is believed that the choice of Borland® Delphi™ was solid and responsible. 

Borland has been in the compiler-business in excess of I 0 years, producing top quality 

professional compilers for Pascal, C, Basic, Prolog and Lisp. Borland was also 

responsible for database products such as Paradox® and Reflex, and through 

acquisitions, dBASE®. 

Admittedly, Borland has experienced some financial difficulties before the release of 

DelphiTM, but DeiphiTM (together with C++ Builder) has become Borland's flagship 

product, so lving these financial problems. 
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DelphiTM uses the Object Pascal language. Borland has, as mentioned, been writing 

Pascal compilers for roughly 10 years. DelphiTM was also written in BOrland® Pascal. 

The resulting programs are true executable 32-bit Windows® programs. No pseudo­

code or run-time modules for program interpretation are needed. 

Within a short time after the release of DelphiTM, a large part of advertisements for 

programmer positions, required skills in Delphi™ The bewildering number of 

newsgroups and Internet sites on Delphi™ also proves that the industry has embraced 

Delphi™ completely. 

One point which does raise a few questions is the following: Since Object Pascal is 

deemed a high levellallguage, it should be portable. For the largest part, this is true. 

However, the experience with the different RS-232 communications modules which 

did not function correctly with different versions of the DelphiTM compiler (even 

different 32-bit versions) was frustrating, to say the least. Suffice it to say that the 

blame cannot completely be laid on DelphiTM or Object Pascal. As already 

mentioned, Microsoft modified the API functions in the Windows® kernel. 

TurboPower, the manufacturers of AsyncPro™, also reworked the code of their 

product in order to make it compatible with DelphiTM 3.0. 

Another point which deserves attention is that of the ZLIB 1.0.4 general purpose data 

compression library which was used for the storage of ECG data in the database 

(Chapter 6). The source code for this compression library was written in ANSI C, to 

allow compilation on different platforms. For the PC, the code was compiled using 

the Borland® C++ 5.0 compiler. An Object Pascal interface to these object files was 
z­then developed by the authors of ZLIB. ' 

It is possible that the interface to the ZLIB compression library will not automatically 

function with future releases of DelphiTM. (There always seem to be some or other 

"minor" change between different releases of the compilers which normally has an 

influence on topics such as mixed language programming.) 

25 Jean-loup Ga il y & Mark Adler. ZLiB © 1995-l996. 
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ZLIB was chosen for the following reasons: 

• It is a general purpose compression library. 

• It is available, for free. 

• The source code is available and the standards on which it IS based are 

documented well in request for comments (RFCs). 

• It is available on different platforms. 

In the light of these facts, it is sincerely believed that, should the ex isting ZLIB library 

not function easily with future releases of DelphiTM, there will be some support to 

overcome the problem. 

The Paradox® RDBMS supports the year 2000. This means that the Hearts 32 

application is in no immediate danger of the year 2000 problem. 

The experience gained with RAD tools and visual development environments does 

raise one important point: since a large portion of the program is hidden in the values 

of the properties of the objects used, it is no longer possible to read the source code 

li sting alone to understand the working of a particular piece of code. The programmer 

must always refer to the visual components as well. This can be impractical at times, 

and must be kept in mind when preparing printed copies of source code. 

5. Extension of the system 

The data acquisition module developed for the HP4745A PageWriter II Cardiograph can 

be used as long as the HP4745A is in use (provided that the Hearts 32 application is 

used). 

The Hearts 32 app lication was developed in such a way that new data acqui sition 

modules for other ECG machines can be created as dynamic link libraries. All that is 

needed is that these data acquisition modules deliver their data sets in the format outlined 

in Appendix B. 
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This safeguards Hearts 32 aga inst changes in ECG equ ipment, and also protects the 

investment of the Department of Cardiology, Univers itas Hospital, Bloemfonte in , in the 

Hearts 32 application. 
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The objectives as defined in Chapter 1 can be summarised as follows: 

Objective Result 

Data acquisition and decoding module for HP4745A Success. 
Page Writer JI Cardiograph. 

A method for database storage and retrieval of Success. 
digitally captured ECG Data. 

Develop specifications to allow other developers to Success. 
create data acquisition modules for Hearts 32. 

Develop a graphic browser for recreating of stored 
ECGs. 

Simultaneous views of different ECGs Success. 

Superimposing of selected leads Success. 

Printing of ECGs Success. 

From the summary above it can be seen that the aims of the study has successfully been 

reached. 

6. Summary 

Although many problems were encountered during the course of thi s study, and many 

questions had to be answered through reading and own interpretation, the hypothesis 

as outlined in Chapter 1 could be proved. 

The hypothesis was proved in a test environment. This means that a limited version 

of the new Hearts 32 database was developed to act as the host application and also to 

illustrate the interface between the data acquisition and graphics modules. Conversion 

of the contents of the current Hearts database has been programmed, and this work 

will ease the migration of the Hearts database to the Hearts 32 database considerably. 
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Appendix A 

HP Diagnostic Cardiology Digital Transmission 
Protocol 

Rev. 3.0, September 25, 1985. 

WARNING: The information contained in this appendix contains 
confidential information of a proprietary nature which 
has been made available to the researcher by 
Hewlett Packard under a confidential disclosure 
agreement. No part of this appendix may be made 
public or used without proper prior written approval 
from the Hewlett Packard Company. 

Pages 166 - 217 left blank intentionally. 
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Appendix B 

Hearts 32 ECG Storage Format 

1. Introduction 

While it is recognised that different electrocardiographs store data in their individual 

proprietary format, one of the goals of this research was to find a common storage 

format that would enable the storage of ECG data in the HearlS 32 database.' 

Should it be required that any electrocardiograph other than a HP4745A Page Writer II 

Cardiograph be connected to the Hearls 32 database application, a Data Acquisition 

Module must be developed for said electrocardiograph. The Data Acquisition Module 

will be in the form of a Dynamic Link Library (DLL) (as discussed in Chapter 4, 

section 3.1). In order to be compatible with the Hearls 32 database application, the 

data files produced by such a DLL must conform to the format described in this 

appendix. 

The storage format described in this appendix is intended to allow other developers to 

create ECG data sets that will be compatible with the Hearts 32 database? 

2. Lead Identifiers 
The 14 leads present in a Hearls 32 ECG data file are summarised in Table B-1 

below: 

TlIbie 8 - /: Lellds preselll ill 1I billllry ECG file 

Number lD Lead description 

I I J 

2 2 II 
, , 

III J J 

4 4 aVR 

I A device (hardware) independent storage format for digita lly acquired ECG data. 

2 The storage format resulted from the research described in Chaplers 4, 6 and Appendix A. 
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Table B-1: Letllis present in a binary ECG file (continued) 

Number ID Lead description 

5 5 aVL 

6 6 aVF 

7 7 VI 

8 8 V2 

9 9 V3 

10 10 V4 

I I I I V5 

12 12 V6 

13 99 (Calibration Pulse) 

14 24 Rllythm Strip (VIr) 

3. File Structure 
In order to allow random access to lead data, it was decided that the ECG data fil e will 

consist of two parts, as described in Table 8-2 below: 

Table B-2: StTltcttlre of a Hearts 32 ECG tlatafile 

Item Description 

Header Contains lead data characteristics. Items include number of leads in the 

file , Lead ID, number of samples per lead and also the offset of the first 

value of the lead in the data file. 

Lead data Contains the actual lead data. 

Table 8-3 describes each part as identified in Table 8-2 in more detail. Item I (Lead 

count) will occur only once in the decoded file, at the very beginning. Item 2 will 

occur once in the file. Note that item 2 consists of a set of items 2.1 to 2.6 inclusive, 

where the number of repetitions is equal to the number of leads as indicated by item I 

(Lead count). A total of 14 leads is present, as showed in Table 8-1. Item 2 is 

followed by item 3, which occurs once in the file. As with item 2, item 3 consists of a 

set of items 3.1 to 3.2 inclusive, where the number of repetitions is equal to the 

number ofleads as indicated by item I (Lead count). 
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Table B-3: Da1a eien/e1lls ill a lIea,'s 32 ECG "ala file 

NWllber Item Data Type Length (bytes) 

1 Lead count Integer 
, 
J 

2 Lead map 
information 

2.1 Space 1 

2.2 Lead ID Integer 
, 
J 

2.3 Space I 

2.4 Samples in lead Integer 5 

2.5 Space I 

2.6 Offset in file Long integer 7 
, 

Lead Data J 

3.1 Space 1 

3.2 Lead Data Integer value for N /A 
the HP4745A. 

(Could also be real 
val ue for other 
ECG machines. 

Does not matter. 3) 

In order to identify the different values in the file , they need to be separated from each 

other, normally with a space (ASCII 32, indicated with the letter "b" in this appendix). 

This is al so the case with the decoded data sets, as indicated in Table 8-3. Proper 

placement of these spaces (please refer to items 2.1 and 3.1 in Table 8-3) ensures that 

no unnecessary spaces are written at the end of the file. Should the first space have 

been written directly following the lead count (item I) , as well as items 2.6 and 3.2, an 

unnecessary space would be present at the end 0 f the fi Ie. 

The width of items I to 2.6 inclusive has been fixed , to ease manipulation of the 

header information. Since the header is relatively small (representing only 0.738% of 

the average total file size\ the additional spaces do not incur too much of a storage 

overhead. 

3 Stored data are read as ASC II strings from the data file. Tests showed that using the StrTolnr and SrrToFloat 
function s in Object Pascal yielded the same results for integer values. 

4 Mean Header Size! Mean Tolal File Size' 100 ~ (255 ! 34552.65)' 100 ~ 0.738%. Please referlo Table 6-10: 
Descriptive stati sti cs (ASC II Storage Format , Selective) in Chapter 6. 
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An example of such data can be seen in Table B-4 below. The example shows the 

lead count (item I), header data (lead map items 2. 1 - 2.6) for leads I, II and V I r 

Table B-5 shows the lead data (lead data items 3.1 & 3.2) with the first few data 

points for lead I. 

Table 8-4: Example offle(lIler (lea<l mop) <lata ill 0 Hearts 32 ECG <lata file 

Lead Item I tern Description Data Type Actual Data Length 
ID Number (bytes) 

Header data 

I Lead count Integer bl4 1 
J 

Lead- data 
map 

I 2.1 Padding Character b I 

2.2 Lead ID Integer bbl 1 
J 

2.3 Padding Character b I 

2.4 Samples in lead Integer bb633 5 

2.5 Padding Character b I 

2.6 Offset in file Long integer bbbb255 7 

II 2.1 Padding Character b I 

2.2 Lead ID Integer bb2 1 
J 

2.3 Padding Character b I 

2.4 Samples in lead Integer bb633 5 

2.5 Padding Character b I 

2.6 Offset in file Long integer bbb23 13 7 

VI, 2.1 Padding Character b 1 

2.2 Lead ID Integer b24 1 
J 

2.3 Padding Character b I 

2.4 Samples in lead Integer b2488 5 

2.5 Padding Character b I 

2.6 Offset in file Long integer bb27712 7 
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Table B-5: £Wll1Iple o/lead data;1/ a Hearls 32 ECG dalajile 

Lead Item Item Description Data Type Actual Data Length 
ID Number (bytes) 

Lead data 

I 3. 1 Padding Character b 1 

3.2 Lead data Integerlfloat5 -15 N/A 

3.1 Padding Character b 1 

3.2 Lead data Integerlfloat -4 N/A 

3.1 Padding Character b 1 

3.2 Lead data Integerlfloat 0 N/A 

3.1 Padding Character b 1 

3.2 Lead data Integerlfloat 3 N/A 

3.1 Padding Character b 1 

3.2 Lead data I ntegerlfloat 4 N/A 

Since the different data values are not of the same length, some character is needed to 

separate the values from one another. A space is written between adjacent values. 

Note the technique of writing a space before writing the actual value. This 

circumvents the problem of an urmecessary trailing space being written at the end of 

the file. (This, of course, only works due to the structure of the lead map itself. If 

there was no lead map, an unnecessary leading space would be present in the file.) 

Items 2.1 to 2.6 are repeated for every lead (up to the number of leads specified in 

Item 1). Items 3.1 and 3.2 are repeated for every value in each lead, up to the number 

or samples per lead (Item 2.4). 

4. DLL Specifics and Rules 

It is suggested that a mnemonic name for the data acquisition be gIven, such as 

HP4745A.DLL in the case of the HP4745A Page Writer II Cardiograph, for example. 

The exported function contained in the DLL fil e must be declared as follows: 6 

5 Data acquired from the HP4745A ar~ in integer format. Using the proposed storage format, it docs not matter 
whether data are represented as integers or as real numbers. Because of this, no pre-allocated length is 
associated with each data item. 
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Appendix tl Hearts 32 ECG Storage Format 

Co"e SlIippet 8-1: Object Pascal/tmctioll "eclaratioll 

f unction ReadDecodeCalcStoreECG ( hAppHandle : THandle i sDescription: PChar ; nComPort : 
Integer ; nBaudRate : Integer ; sBinaryFile : PChar ; sASC I I Fi le : PChar ; va r s ECGTime : 
TAr20 ; var sECGDa t e : TAr20 ) : Integer ; StdCall ; 

The ReadDecodeCalcStoreECG function accepts eight parameters, and returns an 

integer result. Successful downloading of the ECG data set from the cardiograph will 

result in a return value ofO. Ifany problems were encountered, the return value of the 

function is set to -I. A brief description of the parameters and their data types 

follows: 

Table 8-6: FUllctioll call parameters 

No Name Object Generic Data type Comments 
Pascal 

Data Type 

I hAppHandle THandle 32 bit signed integer Parent Application 
Handle7

• 

2 sDescription PChar ASCIIZ string Description of DLL. 

3 nComPort Integer 32 bit signed integer RS-232 COM Port to 
which ECG machine is 
connected. 

4 nBaudRate Integer 32 bit signed integer Baud rate at which ECG 
machine communicates. 

5 sBinaryFile PChar ASCIIZ string Name of disk file to 
recei ve a copy of the 
binary ECG data. 

6 sASCIIFile PChar ASCIIZ string Name of temporary disk 
file to receive decoded 
ASCII ECG data. 

7 sECGTime var TAr20 Zero-based array of Time ECG was taken. 
20 characters 

8 sECGDate var TAr20 Zero-based array of Date ECG was taken. 
20 characters 

... 
The maID applicatIOn handle IS used to associate the data acqulSI!lon wah the maID 

application (Hearts 32). This ensures that the windows belonging to the DLL are 

closed together with the main application. 

6 In other languages such as C. the corresponding data type must be used instead. The name of the functi on must, 
however, be kept intact. Care must be taken with C++ compilers to avoid mangling or the function name. 

7 In the HP4745A.DLL file. the application 's instance was assigned the value of the parent application handle as 
fol lows: Application.Handle := hAppHandle. 
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AppendIX I:l Hearts 32 ceG Storage Format 

The values of the binary and ASCII file names are determined and supplied by 

Hearts 32. The contents is made up of the path name of the Windows® 95 directory, 

followed by TEMP. Appended to this is the eight digit computer number that 

uniquely identifies each patient in Hearts 32. The file extension is .Enn for binary 

files , and .Ann for ASCII files, where nn is the number of the ECG in the Hearts 32 

database.8 An example of such a file name IS as follows: 

C:\ WIN95\TEMP\123456789.EO I. 

Items 7 and 8 in Table B-6 need additional attention. Note that these variable 

parameters have assignments made by the data acquisition module. The format of the 

time parameter is hh:mrn:ss. The format of the data parameter is yy-mm-dd, but 

yyyy-mm-dd is also acceptable. 

Code SlIippel B-2: C/C ++ /III1Clioll dec/aralioll 

in t ReadDecodeCalcStoreECG ( HINSTANC E hAppHandle , char * sDescription , int nComPort, 
in t nBaudRate , char * sBinaryFile , char * sASCIIFile, char * sECGTirne , char * sECGDate 
I ; 

Depending on the coding style used, the function ReadDecodeCalcStoreECG could be 

defined as follows: 

Code SlIippel B-3: AI/emalive C/C++ /III1Clioll dec/aralioll 

int ReadDecodeCalcStoreECG ( HINSTANCE, char*, int, int , char * , char*, char*, char* ) ; 

8 The range of thi s number is I to 99. 
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AppendIx \.- Commonly used abbreviations and terms 

Appendix C 

Commonly used abbreviations and terms 
Table C·/: Commollly usel/ abbrev;(lfiolts and terms 

AbbreviationlTerrn Description 

API Application Program Interface. 

BDE Borland Database Engine. 

Cart A trolley with an electrocardiograph machine. 

CVO/O Coefficient of variation. 

DLL Dynamic Link Library. 

ECG Electrocardiogram. 

ECG machine Electrocardiograph. 

ICU Intensive Care Unit. 

LSB Least Significant Byte. 

Isb least significant bit. 

MSB Most Signifcant Byte. 

msb most significant bit. 

mV Millivolt. 

OLE Object Linking and Embedding. 

RS-232 Recommended Standard Number 232, Revision C from the 
Engineering Department of the Electronic Industries 
association. 

RTL Run Time Library. 

VCL Visual Component Library 

QTc Corrected QT time. 
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