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ABSTRACT
All test and measuring instruments must be calibrated both at the time of manufacturing and at
regular intervals during use to assure the accuracy and confidence in the measurements. Precise and
accurate measurements are not only needed to improve production, product quality and research &
development, but also needed for any preventive or corrective measure to be taken by law enforcement
bodies. For a country of the size of Saudi Arabia, which is utilizing all available resources to enhance
its technological capabilities throughout its different regions, it is a basic requirement to introduce
and develop a calibration and traceability system that is capable of unifying and harmonizing the
measurements throughout the kingdom, irrespective of place, person or time. This paper highlights the
real needs for such an effective national calibration system and present some suggestions towards the
strategy of establishing several accredited laboratories throughout the Kingdom to implement this
important task.
Keywords:
Metrology, Calibration. Measurement, Accuracy, Traceability, Acriditation, Primary
and Secondary Laboratory.

ﺍﻟﻤﻠﺨﺹ
ﻤﻥ ﺍﻟﻤﻬﻡ ﻤﻌﺎﻴﺭﺓ ﺠﻤﻴﻊ ﺃﺠﻬﺯﺓ ﺍﻟﻘﻴﺎﺱ ﻭﺍﻟﻤﻌﺎﻴﺭﺓ ﻋﻨﺩ ﺘﺼﻨﻴﻌﻬﺎ ﻭﻋﻠﻰ ﻓﺘﺭﺍﺕ ﻤﻨﺘﻅﻤﺔ ﺃﺜﻨﺎﺀ ﺍﻻﺴﺘﺨﺩﺍﻡ ﻟﻀﻤﺎﻥ ﺩﻗﺔ ﻭ ﻭﺜﻭﻗﻴﺔ
 ﻓﺎﻟﺤﺎﺠﺔ ﻟﻀﺒﺎﻁﻪ ﻭﺩﻗﺔ ﺍﻟﻘﻴﺎﺴﺎﺕ ﻟﻴﺴﺕ ﻤﻁﻠﻭﺒﺔ ﻓﻘﻁ ﻟﺘﺤﺴﻴﻥ ﺍﻹﻨﺘﺎﺝ ﻭﺠﻭﺩﺓ ﺍﻟﻤﻨﺘﺠﺎﺕ ﻭﺍﻟﺒﺤﺙ ﻭﺍﻟﺘﻁﻭﻴﺭ ﺒل ﺇﻥ. ﺍﻟﻘﻴﺎﺴﺎﺕ
 ﻭﻓﻲ. ﺫﻟﻙ ﺃﻴﻀﹰﺎ ﻤﻁﻠﺒ ﹰﺎ ﻀﺭﻭﺭﻴﹰﺎ ﻋﻨﺩ ﺍﺘﺨﺎﺫ ﺇﺠﺭﺍﺀﺍﺕ ﻭﻗﺎﺌﻴﺔ ﺃﻭ ﺘﺼﺤﻴﺤﻴﺔ ﻤﻥ ﻗﺒل ﺍﻟﻬﻴﺌﺎﺕ ﺍﻟﻤﺴﺌﻭﻟﺔ ﻋﻥ ﺘﻁﺒﻴﻕ ﺍﻟﻘﻭﺍﻨﻴﻥ
ﺒﻠﺩ ﺒﺤﺠﻡ ﺍﻟﻤﻤﻠﻜﺔ ﺍﻟﻌﺭﺒﻴﺔ ﺍﻟﺴﻌﻭﺩﻴﺔ ﺍﻟﺘﻲ ﺴﺨﺭﺕ ﺠﻤﻴﻊ ﻤﻭﺍﺭﺩﻫﺎ ﺍﻟﻤﺘﺎﺤﺔ ﻟﺩﻋﻡ ﻗﺩﺭﺍﺘﻬﺎ ﺍﻟﺘﻘﻨﻴﺔ ﻓﻲ ﺍﻟﻤﻨﺎﻁﻕ ﺍﻟﻤﺨﺘﻠﻔﺔ ﻓﺈﻨﻪ
ﻤﻥ ﺍﻟﻤﺘﻁﻠﺒﺎﺕ ﺍﻷﺴﺎﺴﻴﺔ ﺇﻴﺠﺎﺩ ﻭﺘﻁﻭﻴﺭ ﻨﻅﺎﻡ ﻟﻠﻤﻌﺎﻴﺭﺓ ﻭﺍﻟﺘﺴﻠﺴﻠﻴﺔ ﻴﻜﻭﻥ ﻗﺎﺩﺭ ﻋﻠﻰ ﺘﻭﺤﺩ ﻭﺘﻭﺍﻓﻕ ﻨﺘﺎﺌﺞ ﺍﻟﻘﻴﺎﺴﺎﺕ ﻓﻲ ﺃﻨﺤﺎﺀ
 ﻭﺘﺴﻠﻁ ﻫﺫﻩ ﺍﻟﻭﺭﻗﺔ ﺍﻟﻀﻭﺀ ﻋﻠﻰ ﺍﻻﺤﺘﻴﺎﺝ ﺍﻟﺤﻘﻴﻘﻲ ﻟﻨﻅﺎﻡ ﻭﻁﻨﻲ. ﺍﻟﻤﻤﻠﻜﺔ ﺒﻐﺽ ﺍﻟﻨﻅﺭ ﻋﻥ ﺍﻟﻤﻜﺎﻥ ﺃﻭ ﺍﻟﺸﺨﺹ ﺃﻭ ﺍﻟﻭﻗﺕ
ﻓﻌﺎل ﻟﻠﻤﻌﺎﻴﺭﺓ ﻭﺘﻘﺩﻡ ﺒﻌﺽ ﺍﻻﻗﺘﺭﺍﺤﺎﺕ ﻨﺤﻭ ﺍﺴﺘﺭﺍﺘﻴﺠﻴﺔ ﺘﺄﺴﻴﺱ ﻋﺩﺓ ﻤﺨﺘﺒﺭﺍﺕ ﻤﻌﺘﻤﺩﺓ ﻓﻲ ﻤﺨﺘﻠﻑ ﻤﻨﺎﻁﻕ ﺍﻟﻤﻤﻠﻜﺔ ﻟﺘﻁﺒﻴﻕ
. ﻫﺫﺍ ﺍﻟﻤﻁﻠﺏ ﺍﻟﻬﺎﻡ
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INTRODUCTION

Metrology is the field of knowledge concerned with all theoretical and practical aspects of
measurement regardless of the accuracy level or field of science or technology where they
might occur [ISO, 1984]. For example, it covers measurement theory, units, standards,
instruments, methods, laboratory, personnel, etc. It plays an important role in a wide range of
our every day activities, such as trade, science, technology, industry, agriculture, health,
safety, etc. Consequently, it is an essential part of the infrastructure of any country to ensure
harmonization of measurement within the country and with respect to the international
community, especially after the removal of trade barriers between the World Trade
Organization WTO countries which are implementing quality and environmental standards
systems such as ISO 9000 and ISO 14000 [Kind and Quinn, 1995]. The most important
elements of Metrological infrastructure in any country are laws and regulations, organization
and management, specification standards, measurement standards, calibration facilities,
personnel, information, awareness and education.
In Saudi Arabia, calibration and measurement activities were not formulated until 1383 H
(1964). This is because priorities were given to the services of the Holy places, health,
education, regulation and laws, defense and public security. The infrastructure of the country
was significantly improved after the rise of oil prices in 1973. As a result unprecedented
development and expansion throughout Saudi Arabia in all various fields was carried out in a
grand scale fashion. This included of course the important area of measurement and
calibration, a task implemented today by the Saudi Arabian Standards Organization (SASO),
which is working to enhance its capabilities towards the fulfillment of all metrological
requirements of Saudi Arabia.
Test Laboratories and centers through out Saudi Arabia are performing measurements and
tests independently of each others. In other words the results obtained by various centers for
the same measured quantity may not be compatible among themselves. This is because no
national calibration and traceability system exists at present to ensure uniformity of
measurements irrespective of place, time, or person. This paper highlights the needs for such
calibration systems, review the present situation and present some suggestions towards
establishing several accredited laboratories throughout the kingdom to implement the
important task of calibration and traceability.
2.

IMPORTANCE OF CALIBRATION AND TRACEABILITY

Calibration and traceability are important elements of Metrology. Calibration is defined by
international standards as “the set of operations which establish, under specified conditions, the
relationship between values indicated by a measuring instrument or measuring system, or values
represented by a material measure, and the corresponding known values of a measurand” [ISO,
1984]. It must be said that calibration provides two major benefits. First, it allows you to use
your instruments with confidence by minimizing the uncertainties associated with your
Top
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instruments. Second it fulfills the requirements for traceability to national standards demanded so
frequently today. Similarly, Traceability is defined as “The property of a result of a
measurement whereby it can be related to appropriate standards, generally international or
national, through an unbroken chain of comparison all have stated uncertainty” [ISO, 1984].
In production and quality control, one of the most significant factors is the reliability of
measurements. This reliability can only be achieved by calibrating the measuring devices,
e.g. determining the magnitude of its measurement error with a better, more accurate,
instruments. However, this more accurate instruments, also needs to be calibrated and in the
way a chain is established. Via that chain all measurements are connected to the 7 base SI
units; the Meter (m), Kilogram (kg), Second (s), Ampere (A), Kelvin (K), Candela (Cd) and
Mole (m) as defined by BIPM (Bureau International des Poids et Measures) the international
center of metrology. This process is known as calibration and traceability, which is important
element of metrology. Figure 1 shows the output response of an instrument before and after
calibration namely, one year specification, As Found and 24 hours specification, As Left for
100 mV, 1V and 10 V [Fluke, 1996]. This reflects the importance of periodic calibration of
all the various measuring devices and/or systems.
For a country of the size of Saudi Arabia with an area of about 2 millions Square Kilometers,
which is utilizing all available resources to enhance its technological capabilities throughout its
different regions, it is a basic requirement to introduce and develop a calibration and traceability
system that is capable of unifying and harmonizing the measurements in the various fields and
activities of life. Precise and accurate measurements are not only needed to improve production,
product quality and research and development, but also needed for any preventive or corrective
measures to be taken by law enforcement bodies. Precise and accurate measurements are
particularly important in areas like:
1. Extraction and utilization of natural resources.
2. Activities related to the state defense and public security.
3. Testing and quality certification of products.
4. Environmental and meteorological activities and control.
5. Safety related matters.
6. Scientific research.
7. Sales and service transactions.
8. Treatment and diagnostics in medicine.
9. Registration of national and international sport records.
10. Repair, calibration and verification of measuring equipments.
The needs for an effective calibration and traceability system are increasing day by day
[Coleman and Waters, 1997]. To illustrate this further, consider, for example, the release by
human and industrial activities of toxic and harmful wastes to the atmosphere in the gas,
liquid and solid forms, which ends as suspended particulate matter in the air. In order to
Top
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control and monitor their amount and effect by environmental regulation bodies, these
effluents have to be accurately measured [Verma, 1997].
Since these wastes are produced in various cities and places, the measurement made, say at
Dammam, Riyadh and Jeddah must be compatible among themselves. This means that test
instruments at the three places should give the same results within specified limits. This can be
achieved when all measurements are made with reference to an accepted national or international
standard of measurement. In other words, the measurement must be made in terms of SI units,
which are realized in national and international laboratories [Coleman and Waters, 1997].
3.

PRESENT SITUATION OF METROLOGY IN SAUDI ARABIA.

There are different objectives for Metrology such as legal, industrial, military, research and
development and medical metrologies [Al-Muhaisini, 1994], which are well established on an
independent basis throughout Saudi Arabia. However, Legal metrology in Saudi Arabia traces
back to the early days of Islam, where many activities in Islamic religion state the importance
of accurate measurement either through fare trading or through Islamic duties; in fact, four of
the Islam main fundamentals, Prayer, Zakatt, Fasting and Hajj, rely on accurate measurement.
For example accurate determination of time is required for prayer, Fasting and Hajj; accurate
determination of weight is required for Zakat.
Now a days Saudi Arabian Standards Organization SASO is the national authority for weights
and measures since 1392 (1972). As part of its main objectives, SASO has established in 1406 H
(1986) the national measurement and calibration laboratory (NMCL), which houses the primary
standards of the country in the various fields of measurements which are traceable to
international standards. At present SASO is upgrading the NMCL to coincide with the
completion of the new laboratory building at SASO new premises. In addition, a survey
conducted by SASO in 1994 showed that many public and private calibration laboratories exist
throughout the country [SASO, 1994]. Among those are:
1.

A number of calibration laboratory in different sectors of Military.

2.

A number of calibration laboratories are available in some universities and research
organizations. For example, King Fahad University for petroleum and minerals
(KFUPM) has a well-equipped laboratory, King Abdulaziz City for Science and
Technology (KACST) is in the process of establishing its own calibration laboratory.

3.

There are a number of private laboratories, which provide their services to the factory
or the company where they belong and do not offer calibration services to outside
customers.

4.

Some private calibration laboratories provide services to customers on business basis.
Few of them are accredited by SASO.

5.

SASO is running an accreditation system for both calibration and testing laboratories
according to the international standards (ISO – 25).

Top
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Figure 1:
Comparison of an instrument response before and after calibration. Shaded boxes show
one-year specification, as found and 24-hour specification, as left.
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SUGGESTED IMPROVEMENT STRATEGY.

4.1

Legal Requirements

The awareness of the importance of measurement and calibration was stated in royal decree
no 29, which was issued about 35 years ago. It states that the metric system is the official
system of units, which have to be used throughout the kingdom. However the harmonization
of calibration activities in Saudi Arabia is not only a national requirement but also an
international requirement. The regional grouping is required for mutual recognition of test
results which is a prerequisite for free trade and an effective mean of minimizing trade
barriers. Accordingly, without a harmonized national calibration system, the benefit of the
participation in a regional grouping will be highly down graded. Therefore, there is an urgent
need to either revise the above mentioned law to cover all aspects of measurement activities in
Saudi Arabia such as laws and regulations, laboratory accreditation, calibration and
traceability etc, or a new law on uniformity of measurements may be drafted. These legal
requirements will enable the national authority to implement an effective national policies in
the field of metrology.
4.2

Calibration and Traceability system

In addition to the responsibilities of (SASO) as briefly mentioned earlier, other
responsibilities associated with calibration and traceability must be added. Some of these new
responsibilities may include:
1.

The implementation of the new law on guarantee of uniformity of measurements.

2.

The assessment and accreditation of the measurement laboratories performing
calibration, testing or sampling and of laboratories that certify products, personnel
and quality systems in the various regions of the kingdom.

3.

The supervision of training courses on verification, calibration and traceability of
mass, electricity, volume and capacity, temperature and pressure measurement
instruments.

However, SASO cannot provide all the kingdom requirements of traceable measurements
directly. This is due to various reasons that includes:
1.

The large area of the Kingdom of Saudi Arabia.

2.

The responsibility of maintaining the primary standards and realizing and
maintaining transfer standards.

3.

The huge technical tasks involved in the various calibration and traceability
requirements from test centers upto national and international levels of an
unbroken chain of comparisons with stated uncertainties.

Top
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Instead, a network of external laboratories is needed to enable the dissemination of the
standards to the ultimate users of measuring instruments. Such laboratories must be
accredited by SASO through its system of accreditation. Since the capital cost of such
specialized laboratories is highly dependent on the required accuracy level, it is envisaged that
such a network will involve various classes of laboratories based on different levels of
accuracies.
For the size of the country of Saudi Arabia, a minimum of five secondary standard
laboratories are required to provide adequate calibration and traceability services that will
cover East, West, North, South and center provinces of the kingdom as shown in Figure 2.
They are called secondary because they come next (interms of accuracy) to the national
primary standard laboratories of SASO. The routine calibration of these secondary standards
laboratories should be performed at the national primary standard laboratories of SASO either
directly or indirectly through its own transfer standards.

NORTHERN
REGION

WESTERN
REGION

CENTRAL
REGION

Dahran
Ariyadh

EASTRN
REGION

Jeddah

SOUTHERN
REGION

Figure 2: The five regions for secondary standard laboratories around the kingdom.

Under each of the five regional secondary standards laboratories, a sub network of working
standards laboratories must be established to provide services for the various test centers in
the relevant province as shown in Figure 3. The secondary and working standards
laboratories must be accredited and monitored by SASO. It must be mentioned that
accreditation is defined as “a formal recognition that a laboratory is competent to carry out
specific calibrations, tests or specific types of calibrations or tests” [NAMAS, 1989]. The
accreditation procedures and requirements are very much involved and out of the scope of this
paper. However, confidence in the ability of the accredited laboratories (in the system) to
carry out these calibrations in a technically competent manner is essential.
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In the above suggested national calibration and traceability system or any similar system that
may be used, confidence in each stage of the chain of comparisons linking the calibration of
an instrument to the primary standards of the country must be established through reliable
measurements and procedures. Of course, each comparison in the chain will inevitably
increase the uncertainty of the measurement results but the total uncertainty of the instrument
calibration must be known with respect to national standards. This will allow the ultimate user
to have confidence in his ability to make measurements to the required degree of accuracy.
And this is what traceability means in the real world measurements.

International
Standers

National Standers
Laboratories
(SASO)

S.S.L

S.S.L

W.S.L

W.S.L

W.S.L

S.S.L

S.S.L

W.S.L
W.S.L

W.S.L

W.S.L

W.S.L

W.S.L
Users

Users

W.S.L

S.S.L

Users

W.S.L

Users

W.S.L

W.S.L

W.S.L

W.S.L

Users

Figure 3: The suggested structure for national calibration and traceability system.

Implementation of a national measurement system of this kind will definitely result in
enhanced and reliable measurement, which will positively effect a very wide range of
activities throughout the kingdom. The responsibility of implementing such system is that of
the national authority as entrusted by the new or modified laws as discussed earlier. However
the funding of such program must make use of the available infrastructure, both in the public
and the private sectors. In other words, this network system of calibration laboratories at all
levels could be totally or partially funded either by public or private sectors.
Top
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CONCLUSIONS

The needs for organizing and developing the kingdom measurement infrastructure is not only
a national requirement but also is essential for international trade. Implementation of a
national measurement system as briefly outlined in this paper or any similar effective system
will result in harmonized and reliable measurements which underpin a very wide range of
activities from research, manufacturing, healthcare and environmental monitoring and control
through to consumer protection. The effort presented in this work is only meant to draw
attention to this important field which directly affect our daily lives. Therefore, further
detailed studies are needed to cover all aspects of this important subject.
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