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ABSTRACT 

Manufacturing metrology is an imperative part of the sophisticated Industrial 4.0-

based manufacturing industry. The Vision Inspection System (VIS) of the modern 

inspection industry is intelligent, broadly associated and flexible. They are completely 

adaptable, independent and attainable based on the Internet of Things (IoT) 

environment. The challenges in this issue stemmed from a lack of adequate and 

appropriate inspection systems. Accordingly, the lighting framework concentrates on 

these matters top to bottom to further develop lighting capability. The camera and 

lighting system were utilized to guarantee product quality. Indeed, even light, distance, 

coordination with camera and lens, angle of illumination and running, and upkeep 

costs are a portion of the 3SMVI system critical reasonable issues. It's memorable 

crucial that the camera doesn't involve the ambient light detected by a light meter in a 

scene. Nonetheless, the camera sees how much-mirrored light from objects in a scene, 

is impacted by reflectivity levels. This study proposed an approach to develop an 

automated smart system based on STEP-NC for Machine Vision Inspection with 

Internet of Things architecture. Case studies were measured with a 3SMVI system and 

a Coordinate Measuring Machine (CMM). Based on the results of the case studies, the 

findings were divided into three sections: First, the developed vision system 

successfully detected surface feature shape, measured the surfaces after machining the 

Part in the CNC machine, and the data flow appeared in cloud server-based MQTT 

protocol, and through an integrated with Open CV platform vision inspection system-

based on IoT architecture with STEP-NC based Open CNC. Second, the reading of the 

roundness data between the 3SMVI system measuring and CMM inspections is more 

accurate for the CMM which takes more time than the new 3SMVI system which takes 

less time. Third, the data examination utilized the mean and standard error between 

the 3SMVI system and the CMM based on hole diameters, which measured roundness 

according to the data, for the validation of the measurement systems. Thus, the CMM 

model's standard errors were determined to be lower than the 3SMVI model's common 

errors.
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ABSTRAK 

Metrologi pembuatan adalah merupakan aspek penting dalam industri pembuatan 

berasaskan Industri 4.0 yang canggih. Sistem Pemeriksaan Penglihatan (VIS) bagi 

sektor perindustrian pemeriksaan  adalah pintar, bersambung secara meluas dan boleh 

disesuaikan. Ia boleh disesuaikan sepenuhnya, autonomi dan boleh diakses 

sepenuhnya berdasarkan persekitaran Internet Perkara (IoT). Cabaran dalam isu ini 

berpunca daripada kekurangan sistem pemeriksaan yang berkesan dan sesuai. Oleh itu, 

sistem pencahayaan yang memfokuskan pada setiap kebimbangan ini secara 

mendalam adalah bertujuan untuk meningkatkan keupayaan pencahayaan. Sistem 

kamera dan pencahayaan digunakan untuk memastikan kualiti produk. Malah 

pencahayaan, jarak, penyepaduan dengan kamera dan kanta, sudut pencahayaan dan 

pengendalian serta kos penyelenggaraan adalah beberapa isu praktikal penting sistem 

3SMVI. Adalah penting untuk diingat bahawa kamera tidak menggunakan cahaya 

ambien yang dirasai oleh meter cahaya dalam adegan. Walau bagaimanapun, kamera 

sebenarnya melihat jumlah cahaya yang dipantulkan daripada objek dalam 

pemandangan, yang dipengaruhi oleh tahap pemantulan. Dalam kajian ini, satu 

metodologi untuk membangunkan sistem pintar automatik berdasarkan STEP-NC 

berasaskan standard ISO14649 untuk Pemeriksaan Penglihatan Mesin berdasarkan 

seni bina Internet of things telah dicadangkan. Kajian kes diukur menggunakan sistem 

3SMVI dan Mesin Pengukur Koordinat (CMM). Berdasarkan kajian kes yang 

dijalankan, penemuan dapat diringkaskan kepada tiga bahagian: Pertama, sistem 

penglihatan yang dibangunkan berjaya mengesan bentuk ciri permukaan, mengukur 

permukaan selepas pemesinan dalam mesin CNC, dan aliran data muncul dalam 

MQTT berasaskan protocol pelayan awan, dan melalui sistem pemeriksaan 

penglihatan platform terbuka CV bersepadu berasaskan seni bina IoT dengan CNC 

terbuka berasaskan STEP-NC. 3SMVI dan CMM berdasarkan diameter lubang diukur  

untuk pengesahan sistem pengukuran. 
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INTRODUCTION 

 An Overview 

This chapter provides an overview of the existing manufacturing industry of globalized 

and measurements-based Industrial 4.0 (I4.0). Then, the problem statement discusses 

the drawbacks of the traditional Coordinate Measuring Machines (CMM) and the 

future view of the vision inspection system incorporated cloudily with internet of 

things (IoT) structure using Physical Component (PC) of Computer Numerical Control 

(CNC) milling machine based on STEP-NC environment. Furthermore, the study's 

objectives, scope, and significance are addressed. Finally, the thesis structure is 

described in detail at the end of this chapter. 

 Research Background 

The manufacturing industry plays a vital role in the current fast-changing industrial 

environment based on globalization, product customization, and automation. Industry 

4.0 (I 4.0) is at the top of the manufacturing industry since it integrates innovative 

technology and techniques which may change products, processes, and supply chains 

in every Part of the industrial sector rapidly and effectively. Manufacturing Metrology 

is a vital aspect of the sophisticated Industry 4.0-based manufacturing industry, seeing 

as practically everything machined with certain metrological systems has to be 

measured or inspected. For the time being, Industry 4.0 forces the inspections to 

engage its significant portion in the digital chain of product capture, consequently by 

obtaining and feedback information that fulfills the demands for the closed-loop 

manufacturing sector by [1,2]. Moreover, the information obtained from dimensions 
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and geometric measures is used to develop effective state-of-the-art concepts, such as 

digitizing twins, real-time inspecting, automatic compensation, and traceability in 

different processes, including manufacturing additive and subtractive products. These 

technologies to manage together optimize a product or process aim of providing data 

that can be used by intelligent technologies to extract knowledge [3],[4],[5]. 

The industry requires continuously complex Parts manufacturing increasingly 

pressing needs. It has made rapid progress and changes in manufacturing processes 

that can promote advances in various fields such as aerospace, robotics, and 

automotive. However, issues are standing in the way of integration with current digital 

technologies. From the perspective of the Fourth Industrial Revolution (IR4.0), 

production processes require considerable adjustments in management data and 

processing the data obtained within the manufacturing process. Hence, the aim is to 

link the available digital technologies with the material resources associated with 

manufacturing processes [6]. Intelligent manufacturing is a new form of production 

that integrates industrial assets today and tomorrow with technical sensors and 

computing platforms, communications technology, control, simulation and modeling 

data-intensive engineering predictive [7]. In globalization, the aviation industry 

companies tend to improve threefold: cost, time and quality.  

Advanced technology in Computer Numerical Control (CNC) has 

revolutionized manufacturing [8]. Quality control is essential to maintain 

competitiveness; however, such quality control processes are generally carried out 

offline [9]. Quality inspection is an important step throughout the production process 

for free-form surface Parts. In order to be able to monitor the quality dimensions, the 

registry to fit the software design model of the measurement is usually used [10]. In 

contrast, the information exchange of CAD-CAM-CAI is integrated within a digital 

platform, [11],[12]. The integration model defines the path for the computational 

implementation of the closed-loop inspection system based on the inspection analysis 

carried out by a coordinate measuring machine [13].  

In this study, state-of-the-art links the integration of the closed-loop inspection 

of both the system planning and the manufacturing system. It offers the challenges of 

geometric errors, and the difference between the true value of the measurement model 

and the value shown by the measuring instrument under different conditions is known 

as dynamic error in the CNC machine, and regarding CMM format based on ISO14649 

standards. However, the tasks are to analyse the roundness holes surface of the 
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