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ABSTRACT

The environmental control system for a laboratory must be maintained well. The
laboratory shall not have any downtime. The environmental out-of-tolerance conditions and
services may shut down the laboratory. Because of the requirement, the environmental
controls sensors shall be calibrated regularly involves yearly calibration cost of USD 10,000.
The objective of this project is to create a new process of a standard operating procedure to
calibrate the laboratory temperature and humidity sensors. This project evaluates the
accuracy of the recorder-sensors used in the laboratory. The project will also design the
standard operating temperature and humidity calibration procedures (SOP) that consists of
setting up instruments and collecting readings from instrumentation devises. In addition, the
test and measurement methods are required as compliance criteria of the international
standard requirements of ISO/IEC 17025:2005. This project is the successful develop and
implement the operating temperature and humidity calibration procedures (SOP) in the
calibration laboratory. This project has successfully developed and implemented the
calibration of temperature and humidity standard operating procedure (SOP) in the
calibration laboratory. A significant cost reduction for the annual operation cost for the
laboratory which is 70% reduced compared to the previous cost is achieved. (one paragraph
will do, don’t so many paragraph)



ABSTRAK

Sistem kawalan persekitaran bagi makmal mesti diselengara dengan baik. Makmal
ini hendaklah sentiasa beroperasi. Sekiranya persekitaran makmal berada di luar
spesifikasi, aktiviti di dalam makmal akan diberhentikan. Oleh sebab demikian, pengesan
yang digunakan untuk mengawal pesekitaran di dalam makmal perlu ditentukur secara
berkala kerana kos penentukuran tahunan adalah sebanyak USD 10,000. Objektif projek ini
adalah untuk mewujudkan satu proses baru untuk menentukur pengesan suhu dan
kelembapan di dalam makmal. Projek ini akan menentukan ketepatan perakam yang
digunakan di dalam makmal. Untuk projek ini, prosedur untuk pengesan suhu dan
kelembapan akan dibuat dan prosedur ini mengandungi cara penyediaan peralatan dan
cara mengumpul bacaan daripada peralatan. Di samping itu, ujian dan kaedah pengukuran
dikehendaki sebagai kriteria mematuhi keperluan standard antarabangsa ISO / IEC 17025:
2005. Projek ini berjaya merangka dan melaksanakan prosedur operasi penentukuran suhu
dan kelembapan (SOP) di dalam makmal. Dengan terlaksananya projek ini, pengurangan
kos yang ketara untuk kos operasi tahunan makmal iaitu sebanyak 70% dapat dikurangkan
berbanding dengan kos terdahulu.
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CHAPTER 1

INTRODUCTION

1.1 Overview

Calibration is a comparison between the output of a scale against a standard reading.
Therefore, calibration determines the difference between a scale readout and the actual value
of the platform to ensure accuracy. This statement was explained in detail in Jaworski, J.M.,
et al (2014). National Instruments Calibration Services Penang (NICSP) laboratory located
in 8, Lebuh Batu Maung 1, Bayan Lepas, Pulau Pinang, Malaysia is an accredited calibration
laboratory by American Association for Laboratory Accreditation. The calibration
laboratory performs calibration procedures in the areas of AC or DC voltage and current,
resistance, Resonance Frequency (RF), oscilloscope, time and frequency and capacitance.

The recommended temperature and humidity of the laboratory is required to operate
within limits at 23 + 1 ° C and 45 %, = 10 % relative humidity (RH). The temperature and
humidity operating limits is predefined to be in control within the specification to meet the
calibration procedure of NI 4071 7'2-Digit FlexDMM Calibration Procedure, National
Instruments, April 2011 that specify the calibration to be performed in the predefined criteria.
The calibration laboratory environmental control system is designed and setup by Precision
Environments Inc. as shown in Figure 1.1. This system monitors the temperature and
humidity changes of the laboratory room in order to prevent the effects that may lead to
failure operation or damage of a system under testing.

This project introduces temperature sensor which is used to measure the temperature
and humidity in the laboratory. Temperature sensors consist of two types, a contact sensor
and a non-contact sensor. Contact temperature sensor requires a physical contact with an

object detected. A non-contact sensor however, uses convection and energy methodology to

1



monitor the difference in temperature and cannot be touched during temperature

measurement process.

Figure 1. 1: NICSP Calibration Lab Layout

The sensor device also detects temperature and humidity data in real-time.
Srbinovska, M., et al (2015) proposed a low cost wireless sensor to monitor key
environmental parameters such as the temperature, humidity and illumination for vegetable
greenhouse architecture. This sensor is capable to collect accurate data from the sensors. The
few parameters that must be established during the sensor system setup is the specification
and accuracy of the sensor, sensor operation and the locations of the sensor in the laboratory.

According to ISO/IEC 17025:2005 requirements, section 5.3; Accommodation and
Environmental conditions, the laboratory facilities shall ensure that environment conditions
do not invalidate results or adversely affect the required quality of measurement. The

laboratory must establish a method in monitoring environmental factors such as temperature

2
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and humidity. The sensors that are used in the laboratory requires to run a calibration exercise

to ensure readings from the sensors are consistent with other measurements.

1.2 Problem Statement

The heating, ventilating and air-conditioning (HVAC) system must be installed to
handle the environmental control to achieve high accuracy in measurement. The
environmental control system is used to facilitate the control room in the building. This
serves as an interface to the facilities, laboratory personnel and security organizations
whereby should the laboratory environmental condition is out of specification, facilities
holds responsibility for rectifying the problem. This environmental control sensors maintains
at a yearly basis and requires calibration. The service cost in maintenance alone can cost up
to USD 10,000 as shown in Figure 1.2.

The laboratory cannot tolerate downtime due to the environmental out-of-tolerance
condition. This is because some of the products test conditions are required to be maintained
at an ambient temperature of 23 +1 °C. Test results may not meet published specification if
the product is not tested in the specified environmental condition or it may lead to damaging

of the device as shown in Figure 1.3.
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1.3  Objectives

The goal of this project is to develop new process of standard operation procedure in
terms of calibrating the laboratory and evaluate the temperature and humidity sensors. There
are specific objectives to make the project a success.

The objectives are to:

e To Develop a temperature and humidity calibration standard operating procedure
(SOP) in setting up instrumentation devices and data collection from the instruments.
e Evaluate the accuracy of the temperature and humidity calibration methods and

introduce a unique SOP to calibrate temperature at 23°C and humidity 45 % RH.

1.4  Scope

The scope of this project is to assess the existing sensor technology and the
measurement system as part of the practicability analysis for this project. The project
identifies the benefits of the varieties of technology that can be used in other related projects.
The technique are:

I. Temperature calibration at 23 °C + 1 °C between Fluke 2626 H Dewk Prode,
Extech Instrument temperature and humidity recorder and YSI 44000 series thermistor using
propose calibration SOP.

I1. Humidity calibration at 45%RH + 10 %RH between Fluke 2626 H Dewk
Prode, Extech Instrument temperature and humidity recorder and YSI 44000 series
thermistor using propose calibration SOP.

I11. Compare and conclusion of above sensor’s result .



The project also reviews the humidity difference between some countries and the
impact to the instruments. Calibration knowledge holds a significant part in accomplishing
the objectives for the project. The instruments, calibration procedures and results collected
from the calibration system must meet the requirement of the ISO standard ISO/IEC

17025:2005. parameter, stencil type and squeegee blade.

1.5  Expected Outcomes

The objective of the project is to develop a temperature and humidity calibration
procedure to calibrate the sensors installed in the calibration laboratory. This process
introduces a comparison method in which the sensor is calibrated by comparing a reference
sensor or a standard sensor in the calibration laboratory.

This project will analyze the differences in practical measurement as compared to the
theory learned in classroom. The goal is to have a standard operation procedure for the
temperature and humidity calibration at the end of this project. The overall results from this

project may introduce more future improvements to further improve the procedure.

1.6  Dissertation Organization

First chapter discusses the background, statement of problem, scope, objectives and
expected outcomes. The main aim of this project is to gain knowledge about the temperature
and humidity calibration with different sensors. It is also to gain more understanding on the
operation of the different temperature and humidity sensors and their application.

The second chapter reviews the existing technology in for laboratory environment
control, sensor and calibration for temperature and relative humidity. Advantages of

different calibration systems developed by different vendors are compared to strengthen



