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ABSTRACT

There is a need for a better calibration system of timing devices at the
National Metrology Laboratory, SIRIM Berhad (NML-SIRIM), particularly
stopwatches and timers with seven-segment LCD. This research is focused on the
development of a prototype calibration system which is based on the idea of utilizing
a colour-mark sensor. It comprises of the process of predefining key specifications,
designing a new calibration method, constructing a prototype measuring instrument
and performing an experimentation test and finally carrying out an evaluation
performance test via bilateral comparison with the existing calibration system of
NML-SIRIM and also with the National Measurement Institute of Netherlands
(VSL). To the best of the author’s knowledge, there are as yet no reference
publications or reports of calibration system involving the use of colour-mark sensor
for the calibration of timing devices. Based on the observation and data analysis of
the conducted experimentation tests, it shows that the developed prototype or so
called the colour-mark sensor based calibration system can operate regardless of the
intensity of ambient light and the measurement uncertainty is not constrained either
by human reaction time or by resolution of the timing device being tested. Instead it
is limited by the sensor reaction time and the counting capabilities of the prototype
calibration system. There is also no need to dismantle the casing of the timing device
under test in performing the calibration. Furthermore, the functionality of the timing
device under test in counting the time can also be tested. The results from bilateral
comparison show that the best measurement uncertainty of this prototype calibration
system is + 0.016 seconds per day, which is comparable to the best existing

calibration method mentioned in this thesis.
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ABSTRAK

Suatu sistem tentukuran alat pengukur masa yang lebih baik diperlukan di
Makmal Metrologi Kebangsaan, SIRIM Berhad (NML-SIRIM) terutamanya untuk
jam randik dan pemasa jenis tujuh segmen LCD. Penyelidikan tertumpu kepada
pembangunan sistem tentukuran prototaip yang berdasarkan kepada idea
menggunakan sensor jenis tanda warna. lanya merangkumi proses pra penentuan
spesifikasi utama, merekacipta kaedah penentukuran baru, membina prototaip alat
pengukur dan menjalankan ujian eksperimentasi dan melaksanakan ujian prestasi
penilaian melalui perbandingan dua hala dengan sistem tentukuran sedia ada NML-
SIRIM dan juga dengan National Measurement Institute of Netherlands. Berdasarkan
pengetahuan pengarang, masih belum ada lagi penerbitan rujukan atau laporan sistem
penentukuran melibatkan penggunaan sensor tanda warna untuk tujuan tentukuran
alat pengukur masa. Berdasarkan pemerhatian dan analisis data ujian eksperimentasi,
didapati prototaip yang juga dikenali sebagai sistem tentukuran jenis sensor tanda
warna boleh beroperasi tanpa dipengaruhi oleh keamatan cahaya sekeliling dan
ketidakpastian pengukurannya tidak dipengaruhi oleh masa tindak balas manusia
serta resolusi alat pengukur masa yang ditentukur. Sebaliknya ianya dipengaruhi oleh
masa tindak balas sensor tanda warna dan keupayaan pembilang sistem tentukuran
prototaip. Alat pengukur masa yang ditentukur juga tidak perlu dibuka. Selain itu,
fungsian alat pengukur masa yang ditentukur juga dapat diuji. Keputusan dari
perbandingan dua hala telah menunjukkan bahawa ketidakpastian pengukuran
terbaik sistem tentukuran prototaip ini adalah £ 0.016 saat per hari, di mana ianya
adalah setanding dengan kaedah tentukuran terbaik sedia ada yang telah dinyatakan

di dalam di tesis ini.
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CHAPTER 1

INTRODUCTION

1.1  Background of the Problem

Timing devices, particularly those with a seven-segment LCD are perhaps
used every day in industrial and commercial activities, and for almost unlimited
number of applications. Thus, it is very important to calibrate, verify and certify
these timing devices periodically using an accurate and traceable calibration system,
in order to ensure these timing devices are well within the allowable tolerance as
stipulated in the national and international legal metrology requirements as well as

the technical requirements of ISO 17025.

When a timing device is calibrated by an equipment, the calibrating
equipment must be more accurate (has lower measurement uncertainties) than the
device that will be calibrated. Otherwise, the measurement results will be invalid.
Consecutively, that accurate calibrating equipment must be compared against a more
accurate standard. Likewise, that more accurate standard needs to be periodically
compared to an even more accurate standard, until eventually a comparison is made
against a national or international standard that represents the best physical

realization of the Sl unit that is being measured, which is the SI second. This series



of comparison that goes back to SI unit, is formally known as metrological
traceability which sometimes can be illustrated using a pyramid as shown in Figure
1.1 which represents the calibration uncertainties decreasing as it goes up to the SI

units. Metrological traceability is defined by international agreement, as:

The property of a measurement result, whereby the result can be related to a
reference through a documented unbroken chain of calibrations, each contributing to

the measurement uncertainty [1]

SI Units
(BIPM)

Primary Standards
(National Metrology
Institute)

Reference Standards
(Calibration and testing laboratory)

Figure 1.1 A metrological traceability illustrated as a pyramid



Therefore, it is very important for every national metrology institutes and
calibration laboratories to ensure that their measurement standards and calibrating
equipment is traceable to the SI unit [2]. Moreover, if a statement of ‘in tolerance’ or
‘out of tolerance’ based on the device’s metrological specification is intended to be
made in the calibration report, the measurement uncertainty of the calibration
method to be used must be small enough, preferably four times smaller than the
allowable tolerance of the device to be verified in order to ensure that the calibration
result is valid [3].

The timing devices that will be used for commercial activities such as
parking meters, time recorders and taximeters are compulsory to be calibrated,
verified and certified. A calibrated stopwatch is often used for field calibration to
verify the accuracy of these commercial timing devices [4]. The accuracy of these
commercial timing devices must be ‘in tolerance’ with the allowable tolerance
before it is permitted to be operated and used to charge the customer. In Malaysia,
there are laws such as the National Measurement System Act and Weight and
Measures Act that are used for defining and regulating the legal metrology
requirements of these commercial timing devices. These laws are intended for fair
trading. Other countries, such as the United States also have similar metrological
regulations for controlling the accuracy of the operating commercial timing devices
[4-6]. For example, a person who pays for 1 hour on parking meter is legally entitled
to receive one hour with plus/minus tolerance. Legal metrology does not only
protect the consumer but also the seller. Table 1.1 summarizes the acceptance
tolerances of the commercial timing devices which correspond to the respective

legal metrology requirements in Malaysia and internationally as well.



Table 1.1: Summary of legal metrology requirements for commercial timing devices.

Timing Devices Time Accuracy / Allowable Tolerance

Parking Meter 3% [7]

Time Recorder | 3 s per hour (0.08 %), but not exceed one minute per day
(0.07%) [8]

Taximeter Taximeter not installed in the vehicle: 0.2 s or 0.1 % whichever
is greater [9]

Taximeter installed in the vehicle: 0.2 % [9]

Other important things that should be highlighted apart from the requirements of the
legal metrology, is the necessity to calibrate and verify the timing device in
guaranteeing its accuracy is well within the manufacturer’s specifications especially

during the final acceptance test and factory quality control.

For example: The manufacturer’s specifications of stopwatch model Citizen claims
that its accuracy is 99.99957 % or 0.00043 % tolerance of error, which it stated in

the instruction manual shown in the Appendix.

As has been agreed earlier, it is very important to ensure that the calibration
method has the measurement uncertainty that is relatively small when compared to
the stopwatch accuracy we are attempting to verify. To illustrate this, assuming that
we are calibrating the stopwatch model Citizen using the totalize method (that will
be further discussed in Chapter 2) and employing a 4:1 rule formula for acceptable
uncertainty. This means that the expanded measurement uncertainty of the
calibration method must be four times smaller than the acceptable tolerance of the
stopwatch under test in order to declare the unit to be in or out of tolerance to the
manufacturer’s specification of 0.00043 %. The measurement uncertainty of the

totalize method is 38 ms. By using the 4:1 rule formula, the tolerance must be 152



ms in order for measurement uncertainty of totalize method to be one quarter of the
tolerance of the stopwatch under test. Therefore, the amount of time required to

elapse on the stopwatch per one reading would be at least:

0.152 s =35348.84 s (approximately 9.8 hours)
0.00043 %

Typically in verification, the measurement is repeated for at least three times.
Therefore, it requires a total measurement time of approximately 30 hours to
complete the verification work. This is lengthy, and the laboratory that verifies it to
0.00043 % would clearly need to consider a more appropriate method with better
measurement uncertainties. Thus, the smaller the measurement uncertainty of the

method, the faster the calibration and verification work can be completed.

1.2 Statement of the Problem

Prior to the start of this research, a survey has been conducted at NML-
SIRIM in order to know how many and what type of timing devices are received by
NML-SIRIM for calibration services. Based on the information acquired from the
calibration services records retained by NML-SIRIM, there were about 415 timing
devices including stopwatches, timers and parking meters received between the year
2009 to 2011, and 98% of these timing devices have a seven-segment LCD for
displaying its time interval or time of the day. This is perhaps due to the fact that the
LCD is widely used especially in battery-operated timing devices such as

stopwatches and timers due to their low power consumption [10].



Since 2004, NML-SIRIM has been using the in-house designed
stopwatch/timer calibrator to provide calibration services for these timing devices.
However, there are some drawbacks of using this calibrator that will be further
discussed in Chapter 2. In some cases, NML-SIRIM need to use another calibration
method, namely the totalize method and photo totalize method as an alternative
solution for the calibration that cannot be performed by the NML-SIRIM’s
calibrator. These methods were chosen, because of the required equipment used in
this method are freely available at the NML-SIRIM. However, there are still some

drawbacks of using these methods that will be further discussed in Chapter 2.

Based on the aforementioned information, it is clearly justified that a better
calibration system at NML-SIRIM, Malaysia particularly for timing devices with
seven-segment LCD is necessary to be developed which could also offer an
alternative solution to overcome some drawbacks faced by the existing calibration
method.

1.3 Objectives of the Study

The main objectives of this study are:

(i) To review the existing calibration method for timing devices with

display.

(i)  To propose a new calibration method for timing devices with display.

(i)  To develop a prototype calibration system based on the proposed
calibration method.



(ili)  To evaluate the performance of the developed prototype calibration

system.

1.4 Scope of the Study

A new calibration method particularly for timing devices with seven-segment
liquid crystal display (LCD) shall be designed and a prototype calibration system
shall be constructed to realize this new method into practical by utilizing a colour-
mark sensor. The prototype is intended to be used in the laboratory under a

controlled environmental condition of (21+£2)° C and (60+10) % Relative Humidity.

1.5  Significance of the Study

This study proposes a better calibration system at NML-SIRIM, particularly
for timing devices with seven-segment LCD. Furthermore, the prototype calibration
system to be developed shall be operated based on a new method that can offer an
alternative solution over the existing calibration method employed by the National
Metrology Institutes. With this development, it certainly contributes to the
improvement of calibration services of timing devices primarily in fulfilling the

legal and industrial metrology requirements in Malaysia.



1.6 Thesis Outline

This thesis is structured as follows. Chapter 1 begins with the introduction of
the thesis. Chapter 2 outlines the basic operation of timing devices, metrological
concepts and literature review of the existing calibration method of timing devices
where the calibration procedure, measurement uncertainty, advantages and
disadvantages of each of these methods are summarized. Chapter 3 is the research
methodology, where it elaborates on how the prototype colour-mark sensor-based
calibration system is designed, constructed and tested. Chapter 4 will discuss the
results and findings gained in the research methodology. Finally, Chapter 5 will
explain the conclusion and future work that could be undertaken to further improve

the prototype of colour-mark based-calibration system.
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