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Abstract: On-Screen Equipment Movement and Monitoring System (OEMS) is an expert system designed to manageinventories (equipment) for an oil and gas project.  The OEMS is integrated with the network analysis to assist theplanning of the project.  This expert system is an all-in-one system that solves the problems that faced by the Oil andGas operation department and able to trace the equipment movement from becomes untraceable. The mainobjective of developing this system is because the available system is often lacked in a few areas such as equipmenttraceability and user friendliness. In this research, an expert system called the On-Screen Equipment Movement andMonitoring System (OEMS) was developed using the Microsoft Visual Studio 2013.  This expert system combines theinventory control technique and Network Analysis. This technique was chosen because it is meets the requirementsfor the equipment inventory, and project planning and control. The main functionality of the system is to view, trackand plan all the equipment movements.  At the same time the system can also assist in the planning of the suppliesneeded for a project.  This helps the planner in avoiding errors in estimating time for equipment preparation. Theperformance of this system was measured by the total lead time of the equipment acquisition for every project. Bycomparing the two systems, which are the OEMS and current manual systems, OEMS proved that the system cansave acquisition time about 40% more than using the current manual system. However, in order to fully optimizethe OEMS, further improvements or modifications are needed so that the system can perform more efficient.
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1. Introduction

*Inventory management concerns with theplanning and controlling of inventories in order tomeet the competitive priorities of the organization(Krajewski et al., 2010). Inventory managementplays major role in enabling a manufacturingorganization to operate effectively by allowing theinventory to absorb variation in demands. Inaddition, inventory also plays a significant role in thescheduling system of the organization. In short,inventory management system for any company isessential to fulfil customer demands on time and in acost effective manner (Zaidi et al., 2012). As a result,the selection and implementation of an efficientinventory management system for any companymanagement is vital.Inventory management is one of the parts ofdecision made within the company operationmanagement. There are four main objectives ofinventory management; maximize customer service,maximize efficiency of purchasing and production,minimize inventory investment and lastly maximizeprofit. Inventory represents an important decisionvariable at all stages of product manufacturing,distribution and sales. At the same time, theinventory also contributes significantly in the majorportion of total current assets of many businesses
* Corresponding Author.

(Sahari et al., 2012) (Temeng et al., 2010). Sinceinventory constitutes a major segment of totalinvestment, it is important that good inventorymanagement be practiced to ensure growth andprofitability. On the other hand, one of thedisadvantages of inventory is high cost of keepinginventory. Keeping inventory means that thecompany has fund the gap between paying for thestock to be produced and getting revenue in byselling it. Moreover, the disadvantages of excessiveinventories are the unnecessary tie up of the firmfunds, excessive carrying cost and lastly the risk ofliquidity. So, a proper planning of inventorymanagement is very important to ensure theeffective operations of a firm.In this research, the oil and gas company wasestablished on Oct 10, 2010 to provide equipmentservices for the oil and gas industries. Increasingnumber of projects received by the company hasindirectly resulted in increased in equipmentmovements, which are difficult to be tracked due tologistics (with possibility of equipment lost ordamaged) amplified by the current manual trackingtechnique. Any equipment that is lost or damagedwhile in logistics will result in increased costs to beborne by the company. Furthermore, report on thelist of all equipment at each location, such as at Miriworkshop and Labuan warehouse, needs to be done
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manually on a monthly basis. This tracking is toensure that the amount of the latest equipment isknown especially when new equipment iscontinuously being purchased for each project. So,the objective of this research is to develop the On-Screen Equipment Movement and MonitoringSystem (OEMS) as an inventory management andexpert system for the company.Specifically, this research is an improvement andextension to work by Mohd_Lair et al (2014) andMohd Lair et al (2013) on development of aninventory management system.  The earlierresearches demonstrated the application of the EOQconcept in continuous and periodic monitoringenvironments in controlling spare part inventories.This research, on the other hand, attempts tointegrate inventory management system withproject management concept in controlling andmanaging equipment inventories used by an oil andgas industry.
2. Literature reviewThe needs for an efficient inventory managementsystem have led to various researches in exploringand developing inventory management system.Whelpton (1988) focused on the implementation ofinventory management on equipment for medicalequipment maintenance department. In thisresearch, he used cost-effectiveness as theperformance measure and undertook this studyusing manual technique. Even though, he was onlyusing the workers as technical implementation of thesystem, he concluded that in-house support is highlycost-effective despite, the chronic under payment ofhighly dedicated staff.Sinha et al (1989) developed an expert system forinventory control system. The performance of thissystem was measured by a few of operatingcharacteristics such as the number of cycles, numberof stock-outs, average number of back orders,average inventory, average inventory value,inventory carrying cost, shortage cost, ordering costand total cost. However, this research was onlylimited to single item and a single problem only. Atthe end of the research, they found that facilitiesprovided in the expert system is not only aid thepractitioner in selecting the appropriate model butalso in obtaining and calculating the parametersrequired for solving problems.Ng et al. (1993) conducted research on problemsand benefits involved in implementing a computerinventory control system in a particular lightingproducts manufacturing company. They usedempirical analysis technique throughout the study ofwhich involved the survey and observations madeduring the implementation of the system. Theyperformed an assessment based on several factorsincluding time savings, accuracy and cost. Theyconcluded that the management of inventories hasan important bearing on the financial strength andcompetitive position of a manufacturing

organization, because it directly affects the workingcapital, the production and customer services.Hong and Zhong (1994) conducted researchrelated to the implementation of a computer-aidedinventory control system in boiler works at China.Using the model (T, Q, SS, s), they calculated the costand found that with the new inventory system thetotal inventory cost is continuously reduced. Besidesthat, the manual work has been reduced and dataprocessing has dramatically improved in terms ofprecision, flexibility, variety and real-time operation.Furthermore, flexibility and adaptability of theenterprise has increased and redundant data aregreatly reduced.  As a resulted the slow responsesand data inconsistencies have improved.Sepehri (2011) used simulation to prove the costand inventory benefits of cooperation in multi-period and multi-product supply. Using cost as aperformance measure, he developed a set of linearprogramming models to develop and solved anintegrated supply chain framework. This frameworkhas considered operation capacities and costs for allmembers in the supply chain. The simulation resultsindicate an approximately 26% reduction in totalcosts of the supply chain, utilizing this formulationover competitive setups.Hochmuth and Kochel (2011) also used asimulation optimization on research concerning theordering and transhipping in multi-locationinventory system. Using cost as a performancemeasure, they have successfully combined a widelyadaptable simulation model with a geneticalgorithm, which allows the investigation of highlycomplex models with few assumptions and istheoretically not limited to a location. In addition,they also succeed in developing a flow oftranshipments and also suggested next researchersto evaluate varying flows of transhipment by limitingpooling.Golini and Kalchschmidt (2011) conducted anempirical analysis to review supply chainmanagement (SCM) at a global level. The purpose oftheir research is to investigate the impact of globalsourcing on inventory performance and the roleplayed by SCM in moderating this relationship.  Theycollected data from the International ManufacturingStrategy Survey (IMSS). The data collected comprisesof the percentage of purchases from the outside ofthe region and also the level of the materialinventory. They concluded that performing globalsourcing in supply chain management (SCM) hasbeen helpful in keeping the company inventoriesunder control.Different from others journal, Liang (2013) hadchosen prediction model as a method in performingthe inventory system. She conducted her researchfor the Food-Processing and Distribution Industrywith the aim of solving the storing problem. Shesurveyed the experts and come out with theprediction model to predict the forthcomingmaterials in an inventory. Quantity of stored foods,the input or output frequency of the same foods andthe recency of input or output foods. The QFR
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(Quantity, Frequency, Recency) are the factors usedto calculate the importance of each material ininventory. She found that through the predictionmodel, the best accuracy of inventory predictioncould be 66.3% and it is useful for a company toadopt as the inventory prediction technique.Mishra et al. (2013) in their journals studied therelationships between the chain-of-effects linking ITcapability, inventory efficiency, and stock marketreturns. Using the empirical analysis, they used thestock market returns and risk from the secondaryinformation of multiple industries across the 10-yeartime period of 2000–2009 to calculate the measuresof inventory efficiency and the control variables.From the analysis, they found that firms IT capabilityimproves the inventory efficiency of firms, therebyleading to higher stock market returns and alsodirectly reduces their stock market risk andenhances their stock market returns.Differ from the inventory control, there are fewtechniques used for project planning. Three journalswere selected for review on the techniques used.Gupta and Ghosh (1989) conducted a survey onexpert systems in manufacturing and processplanning based on a case study of manufacturing andprocess planning. From the survey, they concludedthat there are few keys to success in development ofexpert systems, which firstly prototype the systemrapidly, then extracting domain knowledge from theexperts, have a very strong managementcommitment, do an early demonstration to user andalso upgrade the expert systems continuously.Nowak and Nowak (2013) used a decision treemethod to solve research related to the projectplanning for railway industry. They measured theprofit margin as the performance measure and theyfound that the decision tree seems to be an efficienttool for the project planning.Torabi et al. (2014) conducted research onoptimal planning of oil and gas development projectsconsidering long-term production and transmission.They used the linear mixed-integer-programmingmodel. They used number of sensitivity to measurethe performance of the method applied. Lastly, theyfound that the model is able to select the bestcombination of development projects as well asscheduling them and predicting transmission sub-problems.Mohd Lair et al (2013) centred on thedevelopment of the Computerised InventoryManagement System (CIMS) for the maintenanceteam at Weida Integrated Industries Sdn. Bhd. Theinventory management technique used to control thespare parts inventory in this research was the basicEconomic Order Quantity models (EOQ). However,the CIMS developed is unique as it has the ability inhandling inventories in multiple-storage locations.The CIMS was written using the Visual Basic 2010software. This CIMS has the abilities to keep recordsand process the spare parts information effectivelyand faster besides helping the user to perform spareparts ordering tasks compared to the current manualrecording. However, observation indicates that the

overall average inventory level currently at thefactory is lower than the expected overall averageinventory level produced by the CIMS. This is due tothe fact that the CIMS was unable to consider theopening stock in ordering the inventories. Therefore,further improvements are needed to optimize theperformance of the system such as using the EOQwith the reorder point technique, the periodic orcontinuous review system.Mohd_Lair et al. (2014) developed the Spare PartInventory Management System (SPIMS) for theProfound Heritage Sdn Bhd (PHSB) while adoptingimprovement proposed in Mohd Lair et al. (2013).This automatic software used the Economic OrderQuantity (EOQ) in the periodic review environmentto control the inventory and written using theMicrosoft Visual Studio 2012. This newly developedSPIMS have the ability to keep the spare partstransaction records, calculate the EOQ for each partand remind the user to purchase more spare parts atits dedicated date. The developed SPIMSperformance was then evaluated by comparing it tothe current Kadex or manual method.  Comparisonacross the overall average inventory indicated thatthe EOQ with zero opening balance performs betterthan the Kadex method. However, the Kadex methodis found to perform better than the EOQ whencurrent opening balance is considered. Thedeterioration in the EOQ performance, when currentopening balance is considered, is due to the fact thatmore data and longer time for observation isrequired before the EOQ reached its steady state.However, it is expected that once the system reachedit steady state, the result similar to the EOQ withzero opening balance will be observed. In addition,the EOQ also produces some shortages on the stock,which is non-existent in the Kadex method. Thisproblem is caused by the EOQ inability in detectingany shortages as the inventory will only be checkedon a specific time interval. Due to this, animprovement on the SPIMS by implementing thecontinuous review environment is needed.This research is similar to Mohd_Lair et al. (2014)and Mohd Lair et al. (2013) on development ofinventory management system.  However, thoseresearches demonstrated the application of EOQconcept in continuous and periodic monitoringenvironment to control spare part inventories. Thisresearch, on the other hand, attempts to integrateinventory management system with projectmanagement concept in controlling and managingequipment inventories used by an oil and gasindustry.
3. The case studyThe oil and gas company is a wholly Malaysianowned company with the head office in Miri,Sarawak, Malaysia. The company was established onOct 10, 2010 to provide services for oil and gasindustries. The Management team of the companyhas encryption track records in managing, andexecuting oil and gas projects (and services) for
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downstream and upstream sectors for the past 10years. Their core service is the MechanicalEngineering Maintenance — Joint IntegrityManagement and Hydraulic Bolt Tensioning &Torqueing. Their other services are the ProjectManagement, Minor Fabrication and PipelineMaintenance. The company through its ownexperience providing project management serviceand has its own strategic approaches in providingthe best services to meet objectives and otherrequirements by the clients.Currently, the company has two separate officesand a warehouse in Labuan. The company faced aproblem of tracing the position of existingequipment. Increasing number of existing equipmentcontributed to the difficulty in monitoring becausewhen the equipment increases, the datasheet for theequipment also increases. Therefore, they havedifficulty in monitoring the movements of theequipment, which may be being used for a project orbeing stored in the company warehouse in Labuan.Efforts to create tracking system for the equipmentis ever made but ended in failure. For this reason,they are still using the manual method for trackingall equipment.
4. The on-screen equipment movement and
monitoringThe On Screen Equipment Movement andMonitoring System (OEMS) software developed inthis research is able to manage the equipment tomeet the project demand and was integrated withthe network analysis for project planning technique.

Fig. 1: Network diagram for project planningFig. 1 shows the network diagram implementedin OEMS for the project planning. The precedencerelationship in this network indicates that theproject will only start when the preparation for theequipment from the main stock and purchase isdone. So, the operation team have to make sure allthe equipment is prepared on time before the projectstart.
5. The OEMS performance: results and
discussions)Gantt chart in Fig. 2 illustrates the projectplanning prepared by the oil and gas companyoperation team for the previous project. From thechart, it seems that the equipment can either be

taken from the main stock or purchased (for the newequipment). Total of time taken to prepare thisproject is 7 days. The network analysis systemassumed to start on the same time so that themaximum lead time taken for the project isconsidered as the minimum time for all theequipment to be ready. Thus, the operation teammay know the planning period for certain projectand uses the extra time for another projectpreparation.

Fig. 2: Project planning by current method

Fig. 3: Project planning by network analysis methodBy using the same lead time (completion time)and data, the project preparation can be completedwithin 5 days, which is less 2 days compare to thetime taken by the manual system.Percentage Error = × 100% (1)= × 100% (2)= 40% (3)Therefore, the network analysis has save 40% oftime and also improved 40% from the existingmethod. This proves that with the implementation ofnetwork analysis, time taken for organised andplanning of the project can be optimised.
6. ConclusionEfficiency in managing the equipment, whichbecomes the core business controlling the whole
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business and influence the project, is very importantin an oil and gas industries. Inefficiency in managingthe equipment for the overlap project resulted in thetime wasted. Therefore, OEMS help to overcome theproblem so that the oil and gas company can manageequipment for certain project effectively.This research proved that the network analysistechnique can save up to 40% of acquisition timethan the current technique.  The developed OEMS isready for the oil and gas company operationdepartment. Though, there are still someweaknesses in the system that needs someimprovements. So, a few recommendations weresuggested in order to improve the OEMS. Thesuggested improvements include adding the linkbetween the purchased equipment and main stockdatabase. The OEMS should also be able to be linkedto the Microsoft Project for ease of display.
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