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Table 3 - Results without the RTD. 

Time : Time to t Time to lost 
reported ! get I drive to Time 

! dressed I the test 
! after I centre 

Time to Total 
restore time to 

reported restore 
rault 

Case 

I sleeping i and back 
, I 

Number Time : Minutes Minutes Minutes Minutes Minutes 

21 1103! �-�;�;�O�+�-�_�-�-�, �4 �~�1� r-_-,41 110 151 
3' 17:00; 0 37 37 23 60 
41 3:17, 30, 35 65 55 120 ==.-i1 ... �~ �~�~ �t�-�- .. �~�~� , �~� �~�! �·�·�· �t�~�1 �·�·�·�·�·� �~�~�~� 
7' 23:15, 0 33 33 21 54 

The times that were taken are from the first telephone call received. 

The following graph shows time spent and wasted in the different case studies. 
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Figure 80 - Graph showing lost time, time to restore and total time for a test system without a 

remote testing facility. 
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The following two parameters were measured as a waste of time before any testing 

can be performed: 

• Time to get dressed after sleeping. 

• Time to drive to the test centre and back. 

6.2.3.1 Time to get dressed after sleeping 

This parameter is measured by including the time it takes to take down the 

information from the fault reporting centre, taking a quick shower and to dress into 

working clothes. From the table can be seen that this parameter is sometimes almost 

zero. This is because the fault was reported during the day and the person on standby 

was ready to go. The only time that was wasted is getting the fault details from the 

call centre. 

6.2.3.2 Time to drive to the test centre and back 

This parameter could change drastically from city to city, since the average distances 

that employees stay from work must be taken in to account. The times that were taken 

is based on the geographical area of Bloemfontein, with a maximum distance of 15 

kilometers from the test centre. These parameter measures trips, both to and from the 

test centre. 

The following table shows the effect a remote testing facility can have on the average 

time wasted before a test can be performed on any circuit. This is to illustrate how 

often it is necessary to actually drive to the test centre to localize a problem. Cases 2 
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and 8 were the only times the faultsman had to actually drive to the test centre and 

back because offaulty equipment. 

Table 4 - Results with the RTD. 

Cos. Time 1 Time to TIme to I Lost Time 10 UTIR 
reported I get drive to Time restore (Mean 

dressed the test I reported time to 
after centre fault restore) 

sleeping and b_8Ck
l 

! 

The following figure displays the lost time variables in the different case studies. 
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Figure 81 - Time lost over ten case studies. 

• Losttime 

.Time to restore 

o Total time 

From the two tables can be seen that the MTTR (Mean Time To Restore) for a test 

facility having an RTD is 73 minutes, and for a system without an RTD, 113 minutes. 
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This does not seem like much, but applying this calculation to the monthly call-out 

figures for the company on a national basis, it amounts to many wasted hours. 

Recent statistics showed that on average 180 faults are logged per month. All of the 

180 faults were tested without having an RTD facility. This would amount to an 

average man-hour expenditure of: 

Man-hours = (180 * MTTR without RTD) / 60 Hours 

= (180 * 113) / 60 Hours 

=339 Hours 

Comparing this against figure with an RTD facility would amount to: 

Man-hours = (180 * MTTR with RTD) / 60 

=(180 * 73)/60 

=219 

Hours 

Hours 

Hours 

This shows that with the system implemented, 120 hours could be saved per month. If 

a price tag could be attached to these savings, it could amount to R6000.00 (with an 

average of R50.00 an hour) discarding petrol costs, company image, etc. This, 

however, is only an assumption, since remote testing facilities are not in place to 

prove this . 
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6.2.4 Conclusion 

By implementing this system, up to 120 hours can be saved per month. If the national 

call centre was capable of testing the circuit before calling the people on standby, 

approximately R70, 000.00 can be saved per year. Many times the fault could have 

been localized and therefore only specific people could have been called. If a person 

is to be called, approximately 40 minutes per fault is saved. This, on the other hand, 

also promotes the image of the service provider after hours. In Chapter 2 it was stated 

that a client wants a circuit to be available with little or no errors and little or no 

breaks. Thus, the longer it takes to restore a service, the longer the breaks would be. 

6.3 Experiment 3 - Performance measurements on local and remote test desks 

This experiment in no way affects the measurement figures of the results in 

experiment one. The result of this experiment only reflects the performance of testing 

a circuit locally against testing the same circuit remotely. Furthermore, the circuit that 

is tested does not have any faulty conditions that could affect the outcome of both of 

the time stamps that were taken. 

6.3.1 Purpose 

The outcome of this experiment reflects the times between testing a reported circuit 

on a local test facility against testing the same circuit on a remote testing facility. The 

result is necessary for management to determine if it would be viable to implement an 

automated test system and a centralized test centre for after-hour service to clients. 

This experiment will show that, although the remote test facility is slower, it is still a 

solution to after-hour fault testing. 
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6.3.2 Method 

This experiment was done on a similar circuit as the one in experiment 1. The results 

are presented on a table and are measured with a normal stopwatch. The counter is to 

be started at the receiving of the fault by a telephone call. It must also be noted that 

parameters like, time to wake up and time to drive to the test centre are excluded from 

this experiment, as it is assumed that someone will be available any time of the day to 

perform the fault -testing procedure. 

6.3.3 Results 

All of the results for this experiment are calculated by using an average from a 

stopwatch. The results are tabulated into the following table from where the 

comparison can be done. 

Multiple calculations of the same experiment might result in slight variations, but 

these variables can be taken as the mean. 

Table 5 - Table showing the time measurements from the local and remote tests . 

I . ocal 
Tests ""r. done on a : 

0 Start 0 
1 Di aLinto mobi dial2B.B 120 0 

2 .... ,.ad . i .. 20 . - .. 15 
,oin 

3[ ...... 
ID 

4 Attend Fault 4! 15 
5 RC E Looin 3[ 25 

RC E Disc cct H 10 
7 RCF sclit 15 ... 15 .. .. 

t to test desk · 0 0 
9 Test 19k6 120 120 

OC 
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The above table was used to draw the following graph, which shows an exact 

comparison between the remote and local testing facilities. 

Time comparison between the local 
and remote tests at specific intervals 

140 
120 - \ III 

"C 100 I: \ I 0 80 u 
\ J a; ----- Remote III 60 - \ ! a; • --Local 

E 40 V ~ / i= 20 
.:.4~~ , ~='> 0 

1 2 3 4 5 6 7 8 9 10 

Test procedure steps 

Figure 82 - Comparison between the local and the remote test facility 

From the graph can be seen that the remote desk takes considerably longer to connect 

up to the fith step. Step nine also takes longer to set up than the local test desk. This is 

true because the remote test desk has to connect using a modem, which in itself is a 

long process, because the modems have to negotiate for the best reliable line 

conditions before communication can commence. Secondly, the Unibase® connection 

also takes longer because of the amount of information that has to be sent across the 

modem connection, whilst with the local connection a 10Mbitls LAN connection is 

used. Thirdly, time is lost in step nine because the remote desk is configured with 

individual commands rather than making direct physical connections (patch cords 

etc.) like in the case of the local test desk. 
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Accumalative results of the test steps 
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Figure 83 - Accumulative results showing the sum of all the test times. 

The last graph shows the accumulative results for the sum of the results for both the 

remote desk as well as the local desk. 

6.3.4 Conclusion 

From this experiment can be seen that once the connection has been established and 

all the necessary software has been loaded (that is a point 5), the largest time 

difference is controlling the remote desk (point 9). For remote-automated testing this 

means that if a connection is established, testing can be performed almost as quickly 

as with a local test facility. Since the local desk is not remote controllable, it is a 

viable option to use the remote desk to do testing without excessive time losses. 
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6.4 Summary 
This chapter discussed three experiments showing the feasibility of the research. First 

it was shown that by implementing the system no additional problems (errors) would 

be accumulated to the system. Secondly, it was shown that a lot of man-hours could 

be saved on a long-term basis by implementing the research to Telkom testing facility. 

Last it was shown that, although it takes longer to test a circuit on a remote facility, it 

is still feasible to implement because software can be adapted to do automated testing. 

© Central University of Technology, Free State



125 

Chapter 7 

Future study and enhancements 

This chapter will briefly discuss a few features that can be implemented on the system 

that can greatly enhance its flexibility. By redesigning the hardware, the remote­

control desk can be upgraded with software changes from a remote site. The software 

could be modified to act as an automated testing facility. The software could be 

changed to support either direct COM port or TELNET communications. This is but a 

few of the possibilities that can be accomplished with the existing system, and these 

possibilities will be discussed in this chapter. 

7.1 Redesigning the hardware 

By replacing the existing hardware with a single-chip microcontroller like the Dallas 

SOOOT, the system can be remotely upgraded through its onboard UART. The 

DSSOOOT is an SOC3! compatible microcontroller with a built-in NVRAM and RTC 

(Real Time Clock). The NVRAM can be partitioned into variable RAM and ROM 

locations by setting a register in serial load mode. [3, p.134]. The software for the 

DSSOOOT can be written and compiled in a compiler like the KSC Software 

Systems®, SystemS!®. By using the serial programme load mode, the user can 

reprogramme the DSSOOOT with the new software. Since the DSSOOOT is pin and 

code compatible with MCS-S! series from Intel®, it can easily replace the existing 

design of the RTD (remote test desk). 
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7.2 Telnet 

By implementing a Telnet feature into the existing software design, the RTD can 

easily be controlled over the Internet or Intranet. This would make the possibility of 

testing after-hour faults from a central site more viable than phoning to every site, 

where a test is to be performed. 

One way to go about doing this is to use software that emulates a virtual modem 

connection. First of all the user will need to be connected either via an Intranet 

connection or the Internet via a dial-up modem. On top of that, a programme like 

COMT® is loaded that emulates a connection to a virtual modem. This virtual modem 

resides in COMT® software and is capable of accepting the Hayes compatible modem 

commands. To connect to a certain remote destination, a terminal programme is used 

to open a virtual COM port on the COMT® programme. The COMT® programme 

will then connect via the Internet I Intranet connection to the remote destination upon 

receiving an A TDT <Remote address> command. The remote address would take the 

form of an IP address (165.147.39.5), followed by a desired port number in square 

brackets, if necessary. Of course, a router like the CISCO 2511 ® would be required 

on the remote end to which the RTD is connected. By populating a country-wide 

network with CISCO® routers, all the RTDs connected to these routers can then be 

controlled from a central site. This feature could also be applied to the automated 

testing facility discussed next. 

The following figure shows how the Windows 3.1 Terminal® can interface with 

COMT®. 
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• 1.,,,.,,,,,1 [Unhtledl Fir-l EJ 

TELKOM SA REHACE 1 (SLAUE) 

Figure 84 - Illustration of Terminal connected to COMT virtual COM port. This figure shows 

that alternative methods can be found to connect to the RTD on an intranet. 

A quick connection is made to the RCE. Notice the "ATDT 155.239.l.I02" 

command. It works the same as a modem, except for the number being called. The 

software was executed from a desktop connected directly to the Intranet. 

7.3 Automated testing facility 

An automated testing facility has the advantage of doing tedious and repetitive tests 

without any human intervention. This is of importance to large service providers that 

accept hundreds of faults per day. As soon as a fault is reported onto the fault system 

(Unibase®), a command is sent to the host running the automated software. The 

software would be responsible for testing the circuit to both the A and the B side, to 

do some diagnostic tests on the RCE, and eventually give a report back to the fault 
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management system. The fault management system will then attach the report to the 

fault and route the fault to the desired test centre. The person accepting the fault will 

then automatically, without doing any tests, see what is wrong with the circuit, and 

take further action. This has the added benefit that a person with limited training can 

easily check the status and conditions of any circuit. 

7.4 Conclusion 

This chapter discussed some possibilities that can be researched in order to better the 

remote testing facility. It further shows that much research can still be done in this 

field, as the era of communication only started with the world wide web. The current 

system lends itself to be very flexible to future developments, and therefore many new 

ideas can still be added to the system. 
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Summary 

129 

The purpose of this research was to design an electronic system that can be remotely 

controlled over a distance. This gives a telecommunications company like Telkom SA 

the capability to do after-hours testing without having a lot of people working round 

the clock. The second purpose of this research was to save on man-hours during after­

hour call-outs. Thirdly, this research promotes the idea of testing all faults from a 

central point. 

An overview of the research domain is given in Chapter 1. A sketch of the final 

system is given here, as well as in Appendix A. 

The process of testing a digital circuit is discussed in Chapter 2. This chapter gives a 

few examples of circuit tests. The reader is also told how the fault is handled on the 

universal fault system, Unibase®. The concept of maintenance entities is also 

discussed to clarify how it is possible to test everything from a central point or ACE 

(Automatic Cross-connecting Equipment) site. 

Chapter 3 discusses the network interface that makes it possible for the user to 

connect to the remote desk. A few access methods are also discussed here, like Dial­

up connections and direct connections, etc. This chapter is the first of three chapters 

discussing the working of the remote testing facility. In the next two chapters, the 

RTD (remote test desk) hardware and the Graphical User Interface were discussed. 
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In Chapter 4 the physical hardware that was built to enable the RTD, was discussed, 

while Chapter 5 elaborated on the software necessary to control the hardware. 

Chapter 6 was donated to experiments done on the system to first test the credibility 

of the system. Secondly, savings on after-hour faults were done. Thirdly, the 

performance of the local test desk was compared with the remote test desk. 

In Chapter 7, a few ideas were given on further research that can be performed. 

This research concludes with proven facts that it is viable to implement remote testing 

facilities on a national basis throughout Telkom SA. The last chapter also proves that 

much research can still be done on the present system. 
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APPENDIX A 

Diagram showing the complete remote-testing facility. 
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APPENDIXB 

Comparison of all the interface standards used in South Africa. 
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EJARS232C 
EIA RS232 V,35 RS449 (V,36) ITU ITU X.21 

RS232D 
Description Abbr. Direction V.24 

of signal V.35 

eet 25 pin 9 pin 
34 pin 

Type 
37 pin 

Circuit Type 
V,3a 

Abbr. Name 
1Spin 

A B A B A B 

Ground Protective ground M 1 A 1 101 Shield 1 

Signal ground SG AS 7 5 B 19 SG 102 G Ground 8 

oTE common return 37 SC 1020 

DeE common return 20 RC 1020 -= -Data Transmit data TO DCE BA 2 2 P S BAl 4 22 SO BAL 103 T Transmit 2 9 .. ... 
Receive data RD DTE BB 3 3 R T BAl 8 24 RD BAL 104 R Receive • 11 ~ 

" Control Data tanninal ready DTR DCE CD 20 4 H UNBAL 12 30 TR BAL 10812 
.. 
" Data set ready DSR DTE CC 8 6 E UNBAL 11 29 OM BAL 107 0 
a 

Request to send RTS DCE CA • 7 C UN8AL 7 25 RS BAL 105 C Control 3 10 "0 .,. .. 
Clear to send CTS DTE CB 5 8 0 UNBAL 9 29 CS BAL 106 

... 
<;;' 

Data carrier detect DCD DTE CF 8 1 F UNBAL 13 31 RR BAL 109 I Indication 5 12 
0 = 

Ring indicator RI OTE CE 22 9 J UNBAL 15 IC UNBAL 125 -.. or 
Clod< Tx Clock. (from oTE) TIC DCE DA 2. U W BAl 17 35 TI BAL 113 l' 

Tx Clock (from DeE) TC DTE DB 15 Y Mia BAL 5 23 51 BAL 114 S Sig.TimirJJ 8 13 

Rx Clock (from DCE) RC OTE DO 17 V X BAL 8 28 RT BAL 115 S 5ig. Timing 6 13 

Tests V.S4 Remote loop RlB DCE RL 21 14 Rl UNBAl 140 

V.54 I00p LLB DCE LL 18 10 LL UNBAL 141 

Test mode TM DTE TM 25 18 TM UNBAl 142 

Electrical Standard V35 V.11 

Mechanical Standard ISO 2593 ISO 4902 ISO 4903 
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APPENDIXC 

Table of the extended ASCII character set. 
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ASCII table. 

BINARY Jl####fYJ1#fY 
HIGH 

BaB B,B" HEX 0 1 2 , 4 5 6 7 6 9 A B C 0 E F 

0000 0 NUL SOH STX ETX Ea T ENO ACK BEL BS HT LF vr FF CR SO SI 

0001 1 OLE DCl DC2 DC' DC. NAK SYN ETB CAN EM SUB ESC FS GS RS US 

0010 2 SP , . • I % & ( ) . t I 

0011 , 0 1 2 , 4 5 6 7 6 9 , . > ? 

0100 4 @ A B C 0 E F G H I J K L M N a 

0101 5 P a R S T U V W x Y Z I \ I . -
011 0 6 • b c d • f 9 h i j k I m n 0 

0111 7 • q r s I u v w x y x ( I ) . DEL 

© Central University of Technology, Free State



144 

APPENDIXD 

Dialog box of the setup-programme. 
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- ---- - - - "- - -- -------- . -- ---------
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::-Connection PIe. Port 

€ , Direct to s..."".. C- ;::LPT:...:.._-=> 
C Direct to Device ICOM4 IIL::~P:....:T:....:'---,I. 
o Dial up 10 S.."... C Direct C-
O Dial up 10 Device € To Coo.1IICIion 

r Direct 
S..."".. T,.,. 
Type 

I CISCO II 
Call to RS232 Switch 

IBERD7 I 
Prooapt 
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Ace'. SWIll. 

12 illl III 
RS 232 Switch 

~P~III~I'~'D~.d~--, Add!' 
I,"n .. n I 101 I 
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APPENDIXE 

Graphical User Interface of the Fireberd tester software. 
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