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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment of 

the requirement for the degree of Master of Science 

 

ROBUST POSITION ENCODING AND VELOCITY DEDUCTION FOR REAL 

TIME WATER LEVEL MONITORING 

 

 

By 

 

ABDALLAH S. Z. ALSAYED 

April 2015 

Chairman: Muhammad Razif Bin Mahadi @ Othman, PhD 

Faculty: Engineering 

 

Precision Farming is concept that emphasis on optimization of input for maximum 

output. In rice production, Precision Farming has been gradually implemented to 

improve the rate of production. One of the activities is in the management of water usage, 

for better sustainability. Otherwise an uncontrolled water management leads to excessive 

use and in the long run may cause the soil to be damped and too soft for machinery to 

travel without sinking. Motivated by the problems related to irrigated water management 

for rice production, this research was conducted as a proposed method to measure the 

level of water, deducing the rate of rising, and at the same time establishing a wireless 

connectivity for possible use of remote monitoring. 

 

Specifically, this research presents a proposed technique for linear motion parameters 

measurement system. The measurement system contains linescan transducer with built 

in illumination system, grating scale, and ultrasonic sensor. Once the linescan transducer 

scans the grating scale optically, the displacement of the transducer is measured based 

on pixel differential method. However, if the time of the travelling is known, then it is 

possible to deduce the velocity and the acceleration of the transducer movement. 

Additionally, an ultrasonic sensor is added to the transducer to provide the initial position 

in proximity.  

 

The design of the linescan transducer basically included the illumination source and the 

division of grating scale. The accuracy of the measurements were compared to white and 

infrared lights. Then, the comparison was based on three scale divisions which are 0.5 

mm, 1 mm, and 2 mm. Finally, the accuracy was also compared to different travelling 

ranges of motion. Moreover, the linescan transducer measurements were evaluated 

comparatively to reference devices. Two ZigBee modules were incorporated into the 

device, which allowed remote data communication between the transducer to a 

monitoring station. The wireless connection was tested over different transmission 
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distances with a view to inform the accuracy of the measurements through ZigBee 

technology. 

The linescan module had low errors, if the grating scale division was 2 mm and the used 

illumination was infrared LEDs. In this case, the average error was 0.9% and the standard 

deviation was 11.63 mm over travelling range of 500 mm. However, after adding an 

ultrasonic sensor to the transducer, the integration of linescan sensor and ultrasonic 

sensor could measure the displacement over 1 meter with average error of 1.18% and 

standard deviation of 783 mm. The remote monitoring system could successfully send 

the data over different transmission distances (1.5m-10m) based in ZigBee modules. As 

a result, the output of this research is a contribution to knowledge in novel, robust, and 

simplified method for measurement of displacement, velocity, and acceleration of object 

in linear horizontal motion.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

iii 

 

Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia 

Sebagai memenuhi keperluan untuk ijazah Master Sains 

 

 

PENGEKOD KEDUDUKAN TEGUH DAN PENURUNAN KELAJUAN UNTUK 

KEGUNAAN PEMANTAUAN MASA SEBENAR PARAS AIR 

 

Oleh 

ABDALLAH S. Z. ALSAYED 

April 2015 

Pengerusi: Muhammad Razif Bin Mahadi @ Othman, PhD 

Fakulti: Kejuruteraan 

 

Pertanian Jitu adalah konsep yang memberi penekanan kepada pengoptimuman input 

untuk output yang maksimum. Dalam pengeluaran beras, Pertanian Jitu telah semakin 

digunakan untuk meningkatkan kadar pengeluaran. Salah satu aktiviti ini adalah 

pengurusan penggunaan air, untuk kelestarian yang lebih baik. Jika pengurusan air yang 

tidak terkawal yang membawa kepada penggunaan yang berlebihan maka untuk jangka 

masa panjang boleh menyebabkan tanah akan teredam dan terlalu lembut untuk jentera 

untuk melakukan perjalanan tanpa tenggelam. Bermotivasikan masalah yang berkaitan 

pengurusan pengairan untuk pengeluaran beras, kajian ini telah dijalankan sebagai 

kaedah yang dicadangkan untuk mengukur paras air, pengurangan kadar kenaikan paras 

air, dan pada masa yang sama mewujudkan sambungan tanpa wayar untuk kegunaan  

pemantauan jarak jauh. 

 

Secara khusus, kajian ini membentangkan satu teknik yang dicadangkan untuk parameter 

gerakan linear sistem pengukuran. Sistem pengukuran mengandungi transduser imbasan 

garisan (linescan) yang dibina bersama dalam sistem pencahayaan, skala garisan, dan 

sensor ultrasonik. Setelah transduser linescan mengimbas skala garisan secara optik, 

anjakan transduser diukur berdasarkan kaedah perbezaan piksel. Walaubagaimanapun, 

jika masa perjalanan diketahui, maka nilai untuk halaju dan pecutan pergerakan 

transduser boleh dikira. Selain itu, sensor ultrasonik ditambah untuk memberikan 

kedudukan awal transducer. 

 

Reka bentuk transduser linescan pada dasarnya terdapat sumber pencahayaan dan 

pembahagian skala garisan. Ketepatan ukuran dibandingkan dengan lampu putih dan 

inframerah. Kemudian, perbandingan itu dibuat berdasarkan tiga bahagian skala yang 

0,5 mm, 1 mm, dan 2 mm. Akhir sekali, semua ketepatan juga dibandingkan untuk julat 

gerakan yang berbeza. Selain itu, ukuran transduser linescan dinilai untuk peranti 

rujukan. Dua modul ZigBee telah dimasukkan ke dalam peranti ini, yang membolehkan 

komunikasi data untuk jarak jauh antara transduser ke stesen pemantauan. Sambungan 
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tanpa wayar diuji pada jarak penghantaran yang berbeza dengan tujuan untuk 

memberitahu ketepatan ukuran melalui teknologi ZigBee. 

 

Modul linescan mempunyai ralat yang rendah, jika bahagian skala garisan adalah 2 mm 

maka pencahayaan yang digunakan ialah LED inframerah. Dalam kes ini, purata ralat 

adalah 0.9% dan sisihan piawai ialah 11.63 mm pada julat gerakan 500 mm. 

Walaubagaimanapun, selepas menambah sensor ultrasonik pada transduser, integrasi 

sensor linescan dan sensor ultrasonik mampu mengukur anjakan lebih 1 meter dengan 

purata ralat 1.18% dan sisihan piawai 783 mm. Sistem pemantauan jarak jauh berjaya 

menghantar data pada jarak penghantaran yang berbeza (1.5m-10m) seperti di dalam 

modul ZigBee. Konklusinya, kajian ini adalah satu sumbangan kepada pengetahuan yang 

baru, kretif, teguh dan memudahkan untuk mengukur sesaran, halaju dan pecutan objek 

dalam gerakan mendatar. 
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CHAPTER 1 

 
1 INTRODUCTION 

 
1.1 Background 

 
Sustainability in farming requires the efficient use of resources. This is the core concept 

of Precision Farming. In rice production, high yield achievement is significantly affected 

by the management of water in paddy field. In conventional practice, the fields are simply 

flooded and drained. If the flows are not precisely controlled the inner layer remains 

damp although the top soil has dried out. Hence the soil would gradually lose its strength 

capacity to sustain heavy loads on the surface and thus preventing the use of heavy 

machinery. This situation has been experienced at Muda Agriculture Development 

Authority (MUDA) in Kedah [1]. In paddy field, management of water level that includes 

the measurement of rate of rising and falling are important factors for irrigation systems 

[2], soil and water management [3], water productivity, and flood control systems [4]. 

 

1.2 Problem Statement 

 

Rice production in paddy field is strongly affected by water. Water should be supplied 

continuously in paddy fields throughout the growth stages. In Asia, 90% of total irrigated 

water is used for rice crops [5]. In Malaysia, a total of 775 mm is needed for irrigation 

of 1.82 hectares of paddy plot area [6]. Water level during the growing period varies 

from 25 mm to 100 mm [7]. In some cases, such as floods, irrigation system 

troubleshooting, and rainfall patterns, the level of water goes more than the desired level. 

Hence, management of water level is of prime importance.  

 

In order to manage the water level, the key component for control is a water level 

measurement device, which usually consists of transducers for reading the values. 

Selecting a proper transducer for measurement water level is often difficult because of 

several factors. Cost is a major limitation factor for farmers to acquire such a system. 

The cost includes the price of the transducer as well as the costs for installation and 

maintenance. Another factor is accuracy. Although some transducers or devices could 

achieve high accuracy for short travel, the result is reverse for long travel. The site 

condition can also influence the suitability of a measurement device, for example, sonic 

devices cannot work well when the surface of the target shape is irregular [8]. 

 

There is a lack in amount of researches which are proposed for water level measurement 

system in precision farming. This lack is a result of some factors which hinder the desired 

proposed techniques. Factors such as sensitivity of the transducer, sensitivity to the 

physical perturbations (vibration, magnetic, temperature, etc.), and the construction of 
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the transducer assess the sensing techniques to be used on the fields [9, 10]. The 

displacement transducers have been developed and investigated for water level 

measurements. There are two types of displacement transducers; contact sensing and 

non-contact sensing transducers. In contact sensing, the problems of corrosion, short 

lifespan, high absolute error, and vibration are examples of restrictions for capacitive, 

inductive, and resistive sensors [11, 12]. These restrictions can be overcome with non-

contact sensors. But, it has been reported that non-contact sensors have low accuracy 

over long range of measurements as in magnetic sensor. In addition, it have high power 

consumption (digital camera), high cost (laser interferometer), complicated algorithm 

(optic fiber sensor), and difficulties with installation on the fields [13]. Therefore, a 

robust, low cost, real time measurement system, and preferably high accuracy for long 

span measurements is needed for implementing water level measurement system.  

 

Recently, the demand for wireless communication in agriculture activities is rapidly 

growing. It is used to optimize the production by controlling and monitoring the 

agriculture activities [14]. In wired communication, cables and wires have been reported 

as a source of noise, failure, and escalating cost for future design of monitoring systems 

[15]. The most used standards are IEEE 802.15.1, IEEE 802.11, and IEEE 802.15.4, 

which are generally known as the Bluetooth, Wi-Fi, and ZigBee respectively.  Integration 

of wireless communication and precision farming requires a high efficient technology 

which has low cost, long battery life, low power consumption, low latency, and operates 

in most jurisdictions worldwide [16]. However, every one of them has advantages and 

disadvantages based on the application. In this research, wireless communication 

technology is integrated into the measurement system, hence allowing for real time water 

level monitoring. 

 

1.3 Research Objectives 

 
Efficient measurement system for water level prediction relies on specific sensing 

technique, whereas theoretical and instrumental framework is built to realize the 

measurement concept. For precise displacement, velocity, and acceleration 

measurements, the transducer capability affects the system significantly. Therefore, this 

research embarks on the following objectives: 

i. To derive the theoretical framework for robust measurement system based on 

non-contact sensing technique. 

 

ii. To establish instrumentation for robust encoding of displacement and deduce 

the velocity and acceleration for water level transducer based on optical and 

ultrasonic sensors.   

 

iii. To assess remote data communication between the transducer and a monitoring 

room. 
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1.4 Research scope and limitation 

 
This research concentrates on linear motion parameters measurement, applied in a 

horizontal platform in lab environment. In our analysis for motion parameters, the effect 

of gravitational acceleration is not included. The aim is on establishing the groundwork 

for the development of a transducer based on non-contact sensing. The maximum 

resolution of the linescan sensor is 63.5 µm, and 1 mm for ultrasonic sensor. The 

proposed transducer was tested for displacement over 1000 mm.    

 

1.5 Thesis Layout 

 
In this chapter, the introduction that motivates this work is presented. It shows the main 

problems in current issues which are going to be taken into consideration in this research. 

The critical tasks have been developed and identified into the objectives of this research. 

The limitations and scope of this project are also discussed in scope section. The rest of 

the chapters are organized as follows: 

 

 

Chapter 2: This chapter reviews the current and previous researches, which emphasis on 

the linear motion parameters measurements. It concentrates on displacement sensors, 

displacement transducer design, water level measurements, and wireless communication 

in precision farming.  

 

 

Chapter 3: This chapter describes the methods of sensors transducer design, platform 

design, and build of monitoring system. Additionally, the linescan sensor based on pixel 

differential is discussed for displacement tracking and deduction of velocity and 

acceleration. 

 

 

Chapter 4: This chapter includes the results of the experiments, and discusses the quality 

of the results with respect to reference devices. 

 

Chapter 5: This chapter concludes the previous chapter, and investigates the achievement 

of the objectives based on the methodology. For further work, it gives some 

recommendations for future work in this research scope. 

 

1.6 Summary 

 
A comprehensive introduction is introduced to provide a novel, robust, and simplified 

method for determination of displacement, velocity, and acceleration. The previous 

approaches, as in the problem statement, have suffered from some difficulties in this 
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field, which lead this study to propose a new approach that can be implemented to 

overcome the current weakness. To complete this proposed method, a number of 

investigations with real analysis were implemented so that the outcome of this research 

can overcome the previous and current problems. 



© C
OPYRIG

HT U
PM

100 

 

   REFERENCES 

[1] Nasiruddin Abdullah, "Approaches to Overcome Soft Soil Problem in Muda 

Area", National Conference On Agricultural and Food Mechanization , P9:S3.1, 

2014." 

[2] M. Rinaldi and Z. He, "Decision Support Systems to Manage Irrigation in 

Agriculture," Advances in Agronomy, pp. 229-280, 2014. 

[3] D. Bhaduri and T. Purakayastha, "Long-term tillage, water and nutrient 

management in rice–wheat cropping system: Assessment and response of soil 

quality," Soil and Tillage Research, vol. 144, pp. 83-95, 2014. 

[4] H. S. Sidhu, "Improving Water Productivity of Wheat-Based Cropping Systems 

in South Asia for Sustained Productivity," Advances in Agronomy, vol. 127, p. 

157, 2014. 

[5] T. S. Lee, M. A. Haque, and M. Najim, "Scheduling the cropping calendar in 

wet-seeded rice schemes in Malaysia," Agricultural water management, vol. 71, 

pp. 71-84, 2005. 

[6] M. Z. Mohamed Azwan, M. Sa’ari, and P. Zuzana, "Determination of water 

requirement in a paddy field at Seberang Perak rice cultivation area," 2010. 

[7] A. Singh, "Land and water management planning for increasing farm income 

in irrigated dry areas," Land Use Policy, vol. 42, pp. 244-250, 2015. 

[8] E. Martin, "Measuring Water Flow and Rate on the Farm," 2009. 

[9] A. Crabit, F. Colin, J. S. Bailly, H. Ayroles, and F. Garnier, "Soft water level 

sensors for characterizing the hydrological behaviour of agricultural 

catchments," Sensors, vol. 11, pp. 4656-4673, 2011. 

[10] G. Pajares, "Advances in sensors applied to agriculture and forestry," Sensors, 

vol. 11, pp. 8930-8932, 2011. 



© C
OPYRIG

HT U
PM

101 

 

[11] G. Zheng and S. Jin, "Large measurement range displacement sensor based on 

hall elements," in Control and Decision Conference (CCDC), 2013 25th 

Chinese, 2013, pp. 4058-4062. 

[12] R. Linbo, T. Geng, W. Jing, L. Haitao, and H. Hongfa, "Development of high-

speed non-contact vibration measurement system," in Electronic Measurement 

& Instruments (ICEMI), 2011 10th International Conference on, 2011, pp. 244-

247. 

[13] C. Jones, "Miniature non-contact displacement sensors," World pumps, vol. 

2011, pp. 30-31, 2011. 

[14] M. Srbinovska, C. Gavrovski, V. Dimcev, A. Krkoleva, and V. Borozan, 

"Environmental parameters monitoring in precision agriculture using wireless 

sensor networks," Journal of Cleaner Production, 2014. 

[15] P. R. Zekavat, S. Moon, and L. E. Bernold, "Performance of short and long 

range wireless communication technologies in construction," Automation in 

Construction, vol. 47, pp. 50-61, 2014. 

[16] D. J. Mulla, "Twenty five years of remote sensing in precision agriculture: Key 

advances and remaining knowledge gaps," Biosystems Engineering, vol. 114, 

pp. 358-371, 2013. 

[17] M. Ito, T. Kuwamura, and S. Konishi, "Low physical restriction MEMS 

potentiometer using probe dipping μpool with conductive liquid," in Micro 

Electro Mechanical Systems (MEMS), 2010 IEEE 23rd International 

Conference on, 2010, pp. 288-291. 

[18] K. Yongdae, C. Hyun Young, and L. Young Cheol, "Design and Preliminary 

Evaluation of High-Temperature Position Sensors for Aerospace Applications," 

Sensors Journal, IEEE, vol. 14, pp. 4018-4025, 2014. 

[19] M. Milushev, M. Süßer, and F. Wüchner, "Investigation of two different types 

of displacement transducers in the cryogenic environment," Cryogenics, vol. 

44, pp. 197-201, 2004. 



© C
OPYRIG

HT U
PM

102 

 

[20] S. V. Thathachary, B. George, and V. J. Kumar, "A resistive potentiometric type 

transducer with contactless slide," in Sensing Technology (ICST), 2013 

Seventh International Conference on, 2013, pp. 501-505. 

[21] I. Sinclair, Passive components for circuit design: Newnes, 2000. 

[22] J. S. Wilson, Sensor technology handbook: Elsevier, 2004. 

[23] L. K. Baxter, "Capacitive sensors," Ann Arbor, vol. 1001, p. 48109, 2000. 

[24] M. Kim, W. Moon, E. Yoon, and K.-R. Lee, "A new capacitive displacement 

sensor with high accuracy and long-range," Sensors and Actuators A: Physical, 

vol. 130, pp. 135-141, 2006. 

[25] M. Kim and W. Moon, "A new linear encoder-like capacitive displacement 

sensor," Measurement, vol. 39, pp. 481-489, 2006. 

[26] H. Yang, R. Li, Q. Wei, and J. Liu, "The study of high accuracy capacitive 

displacement sensor used in non-contact precision displacement measurement," 

in Electronic Measurement & Instruments, 2009. ICEMI'09. 9th International 

Conference on, 2009, pp. 1-64-1-68. 

[27] Y. Peng, S. Ito, Y. Shimizu, T. Azuma, W. Gao, and E. Niwa, "A Cr-N thin film 

displacement sensor for precision positioning of a micro-stage," Sensors and 

Actuators A: Physical, vol. 211, pp. 89-97, 2014. 

[28] D. Kang, W. Lee, and W. Moon, "A technique for drift compensation of an 

area-varying capacitive displacement sensor for nano-metrology," Procedia 

Engineering, vol. 5, pp. 412-415, 2010. 

[29] P. T. Smith Jr, "Analysis and application of capacitive displacement sensors to 

curved surfaces," 2003. 

[30] A. S. Morris and R. Langari, Measurement and instrumentation: theory and 

application: Academic Press, 2012. 



© C
OPYRIG

HT U
PM

103 

 

[31] S. Schonhardt, J. Korvink, and U. Wallrabe, "Robust comb design for inductive 

displacement sensor with large travel and high sensitivity," in Solid-State 

Sensors, Actuators and Microsystems Conference, 2009. TRANSDUCERS 

2009. International, 2009, pp. 1912-1915. 

[32] B. Aschenbrenner and B. G. Zagar, "Analysis and Validation of a Planar High-

Frequency Contactless Absolute Inductive Position Sensor," Instrumentation 

and Measurement, IEEE Transactions on, vol. 64, pp. 768-775, 2015. 

[33] Q. Li and F. Ding, "Novel displacement eddy current sensor with temperature 

compensation for electrohydraulic valves," Sensors and Actuators A: Physical, 

vol. 122, pp. 83-87, 2005. 

[34] M. R. Mousavi, R. P. Zangabad, S. Chamanian, and M. Bahrami, "Simulation 

of novel linear inductive displacement sensor," in Systems Engineering 

(ICSEng), 2011 21st International Conference on, 2011, pp. 383-385. 

[35] A. J. Fleming, "A review of nanometer resolution position sensors: operation 

and performance," Sensors and Actuators A: Physical, vol. 190, pp. 106-126, 

2013. 

[36] H. Wang and Z. Feng, "Ultrastable and highly sensitive eddy current 

displacement sensor using self-temperature compensation," Sensors and 

Actuators A: Physical, vol. 203, pp. 362-368, 2013. 

[37] S. Nihtianov, "Reactive sub-nanometer displacement sensors: Advantages and 

limitations," in AFRICON, 2013, 2013, pp. 1-6. 

[38] S. Nihtianov, "Measuring in the Subnanometer Range: Capacitive and Eddy 

Current Nanodisplacement Sensors," Industrial Electronics Magazine, IEEE, 

vol. 8, pp. 6-15, 2014. 

[39] J. Haus, Optical sensors: basics and applications: John Wiley & Sons, 2010. 

[40] F. L. Degertekin, G. G. Yaralioglu, and B. T. Khuri-Yakub, "Optical 

displacement sensor," ed: Google Patents, 2003. 



© C
OPYRIG

HT U
PM

104 

 

[41] A. Michalski and D. Sawicki, "The new approach to an optical noncontact 

method for small displacement measurements," Instrumentation & 

Measurement Magazine, IEEE, vol. 7, pp. 76-82, 2004. 

[42] A. Missoffe, L. Chassagne, S. Topçu, P. Ruaux, B. Cagneau, and Y. Alayli, 

"New simple optical sensor: From nanometer resolution to centimeter 

displacement range," Sensors and Actuators A: Physical, vol. 176, pp. 46-52, 

2012. 

[43] S. Lang, D. Ryan, and J. Bobis, "Position sensing using an optical 

potentiometer," Instrumentation and Measurement, IEEE Transactions on, vol. 

41, pp. 902-905, 1992. 

[44] M. Ferrario, D. Alesini, A. Bacci, M. Bellaveglia, R. Boni, M. Boscolo, et al., 

"Nuclear Instruments and Methods in Physics Research A." 

[45] X. Liu, Y. Wu, Y. Zhang, and G. Yang, "Optical measurement technology of 

nano-scale displacement," in Technology and Innovation Conference, 2006. 

ITIC 2006. International, 2006, pp. 343-348. 

[46] Z. Chen, J. Khurgin, P. Rodriguez, J. Lorenzo, S. Trivedi, F. Jin, et al., 

"Absolute surface displacement measurement using pulsed photo-

electromotive-force laser vibrometer," in Conference on Lasers and Electro-

Optics, 2007, p. JThD50. 

[47] J. Sheldakova, A. Kudryashov, V. Samarkin, and V. Zavalova, "Shack-

Hartmann wavefront sensor versus Fizeau interferometer while optical surfaces 

testing," in Advanced Optoelectronics and Lasers, 2008. CAOL 2008. 4th 

International Conference on, 2008, pp. 152-154. 

[48] M. Kajima and K. Minoshima, "Calibration of linear encoders with sub-

nanometer uncertainty using an optical-zooming laser interferometer," 

Precision Engineering, vol. 38, pp. 769-774, 2014. 

[49] K. Ohtani and M. Baba, "Shape recognition by network configuration of 

ultrasonic sensor array and CCD image sensors," in Circuits and Systems, 2004. 

MWSCAS'04. The 2004 47th Midwest Symposium on, 2004, pp. II-509-II-512 

vol. 2. 



© C
OPYRIG

HT U
PM

105 

 

[50] J. Park, Y. Je, H. Lee, and W. Moon, "Design of an ultrasonic sensor for 

measuring distance and detecting obstacles," Ultrasonics, vol. 50, pp. 340-346, 

2010. 

[51] M. Tavangari Barzi and M. Khanjani, "An ultrasonic device to measure surface 

displacements of water and floating bodies," Ocean Engineering, vol. 38, pp. 

419-425, 2011. 

[52] B. Elahifar, A. Esmaeili, R. K. Fruhwirth, and G. Thonhauser, "Accuracy of 

ultrasonic sensor in caliper log," in Instrumentation and Measurement 

Technology Conference (I2MTC), 2012 IEEE International, 2012, pp. 449-453. 

[53] S. D. Min, J. K. Kim, H. S. Shin, Y. H. Yun, C. K. Lee, and J.-H. Lee, 

"Noncontact respiration rate measurement system using an ultrasonic proximity 

sensor," Sensors Journal, IEEE, vol. 10, pp. 1732-1739, 2010. 

[54] I. Khalaji, R. V. Patel, and M. D. Naish, "Systematic design of an ultrasonic 

horn profile for high displacement amplification," in Biomedical Robotics and 

Biomechatronics (BioRob), 2012 4th IEEE RAS & EMBS International 

Conference on, 2012, pp. 913-918. 

[55] N. Ekekwe, R. Etienne-Cummings, and P. Kazanzides, "A wide speed range 

and high precision position and velocity measurements chip with serial 

peripheral interface," Integration, the VLSI Journal, vol. 41, pp. 297-305, 2008. 

[56] C. Prelle, F. Lamarque, and P. Revel, "Reflective optical sensor for long-range 

and high-resolution displacements," Sensors and Actuators A: Physical, vol. 

127, pp. 139-146, 2006. 

[57] P. J. Swornowski, "A new concept of continuous measurement and error 

correction in Coordinate Measuring Technique using a PC," Measurement, vol. 

50, pp. 99-105, 2014. 

[58] X. Lu, W. Li, and Y. Lin, "Development of wide range displacement sensors 

based on polarized light detecting technology," Optica Applicata, vol. 41, pp. 

97-108, 2011. 



© C
OPYRIG

HT U
PM

106 

 

[59] K. Thurner, P.-F. Braun, and K. Karrai, "Fabry-Pérot interferometry for long 

range displacement sensing," Review of Scientific Instruments, vol. 84, p. 

095005, 2013. 

[60] W. Li, X. Lu, and Y. Lin, "Novel absolute displacement sensor with wide range 

based on Malus law," Sensors, vol. 9, pp. 10411-10422, 2009. 

[61] W. Shen, X. Wu, H. Meng, G. Zhang, and X. Huang, "Long distance fiber-optic 

displacement sensor based on fiber collimator," Review of Scientific 

Instruments, vol. 81, p. 123104, 2010. 

[62] K. Santhosh and B. Roy, "A smart displacement measuring technique using 

linear variable displacement transducer," Procedia Technology, vol. 4, pp. 854-

861, 2012. 

[63] M. Ruzzene, S. Jeong, T. Michaels, J. Michaels, and B. Mi, "Simulation and 

measurement of ultrasonic waves in elastic plates using laser vibrometry," in 

AIP Conference Proceedings, 2005, p. 172. 

[64] M. Reyniers, E. Vrindts, K. Dumont, and J. De Baerdemaeker, "Precision 

farming through variable fertilizer application by automated detailed tracking 

of in-season crop properties," 2002, pp. 36-46. 

[65] G. Vass, "The Principles of Level Measurement RF capacitance, conductance, 

hydrostatic tank gauging, radar, and ultrasonics are the leading sensor 

technologies in liquid level tank measurement and control operations," Sensors, 

vol. 17, pp. 55-64, 2000. 

[66] S. C. Mathews, K. Thattai, and P. K. Ramanathan, "Design and Development 

of a Simple and Efficient Low Cost Embedded Liquid Level Measurement 

System," 2013. 

[67] S. Khan, K. K. Htike, M. ALI, Z. AHM, M. R. ISLAM, O. O. KHALIFA, et 

al., "Capacitive Transducer Circuits for Liquid Level Measurement," IJCSES, 

vol. 2, p. 196, 2008. 

[68] F.-M. Yu, B.-K. Hong, W.-P. Lin, C.-H. Chao, and K.-W. Jwo, "Non-invasive 

liquid level detection with dielectric capacitive method," in Consumer 



© C
OPYRIG

HT U
PM

107 

 

Electronics (ISCE), 2013 IEEE 17th International Symposium on, 2013, pp. 

117-118. 

[69] V. Bande, D. Pitica, and I. Ciascai, "Multi-Capacitor sensor algorithm for water 

level measurement," in Electronics Technology (ISSE), 2012 35th International 

Spring Seminar on, 2012, pp. 286-291. 

[70] K. Chetpattananondh, T. Tapoanoi, P. Phukpattaranont, and N. Jindapetch, "A 

self-calibration water level measurement using an interdigital capacitive 

sensor," Sensors and Actuators A: Physical, vol. 209, pp. 175-182, 2014. 

[71] W. Yin, A. J. Peyton, G. Zysko, and R. Denno, "Simultaneous noncontact 

measurement of water level and conductivity," Instrumentation and 

Measurement, IEEE Transactions on, vol. 57, pp. 2665-2669, 2008. 

[72] Y. Tan, W. Yin, and A. Peyton, "Non-contact measurement of water surface 

level from phase values of inductive measurements," in Instrumentation and 

Measurement Technology Conference (I2MTC), 2012 IEEE International, 

2012, pp. 1621-1624. 

[73] M. Iwahashi and S. Udomsiri, "Water level detection from video with FIR 

filtering," in Computer Communications and Networks, 2007. ICCCN 2007. 

Proceedings of 16th International Conference on, 2007, pp. 826-831. 

[74] J.-d. KIM, Y.-j. HAN, and H.-s. HAHN, "Image-based Water Level 

Measurement Method under Stained Ruler," 测试科学与仪器, vol. 1, 2010. 

[75] J. Kim, Y. Han, and H. Hahn, "Embedded implementation of image-based 

water-level measurement system," IET computer vision, vol. 5, pp. 125-133, 

2011. 

[76] T.-H. Wang, M.-C. Lu, C.-C. Hsu, C.-C. Chen, and J.-D. Tan, "Liquid-level 

measurement using a single digital camera," Measurement, vol. 42, pp. 604-

610, 2009. 

[77] M. Lorenz, L. Mengibar-Pozo, and M. Izquierdo-Gil, "High resolution 

simultaneous dual liquid level measurement system with CMOS camera and 

FPGA hardware processor," Sensors and Actuators A: Physical, vol. 201, pp. 

468-476, 2013. 



© C
OPYRIG

HT U
PM

108 

 

[78] S. W. James, S. Khaliq, and R. P. Tatam, "A long period grating liquid level 

sensor," in Optical Fiber Sensors Conference Technical Digest, 2002. Ofs 2002, 

15th, 2002, pp. 127-130. 

[79] K.-R. Sohn and J.-H. Shim, "Liquid-level monitoring sensor systems using fiber 

Bragg grating embedded in cantilever," Sensors and Actuators A: Physical, vol. 

152, pp. 248-251, 2009. 

[80] Y. Xin and Z. Chao, "A new type optical fiber sensor for measuring liquid 

level," in Measurement, Information and Control (MIC), 2012 International 

Conference on, 2012, pp. 55-58. 

[81] X. Lin, L. Ren, Y. Xu, N. Chen, H. Ju, J. Liang, et al., "Low-cost multipoint 

liquid-level sensor with plastic optical fiber," 2014. 

[82] C. Mou, K. Zhou, Z. Yan, H. Fu, and L. Zhang, "Liquid level sensor based on 

an excessively tilted fibre grating," Optics Communications, vol. 305, pp. 271-

275, 2013. 

[83] D. Melchionni, A. Pesatori, and M. Norgia, "Liquid level measurement system 

based on a coherent optical sensor," in Instrumentation and Measurement 

Technology Conference (I2MTC) Proceedings, 2014 IEEE International, 2014, 

pp. 968-971. 

[84] M. Saraswati, E. Kuantama, and P. Mardjoko, "Design and Construction of 

Water Level Measurement System Accessible through SMS," in Computer 

Modeling and Simulation (EMS), 2012 Sixth UKSim/AMSS European 

Symposium on, 2012, pp. 48-53. 

[85] W. Wang and F. Li, "Large-range liquid level sensor based on an optical fibre 

extrinsic Fabry–Perot interferometer," Optics and Lasers in Engineering, vol. 

52, pp. 201-205, 2014. 

[86] I. Alejandre and M. Artés, "Method for the evaluation of optical encoders 

performance under vibration," Precision Engineering, vol. 31, pp. 114-121, 

2007. 



© C
OPYRIG

HT U
PM

109 

 

[87] F. Meli, R. Thalmann, and P. Blattner, "High precision pitch calibration of 

gratings using laser diffractometry," in Proc. 1st Int. Conf. on Precision 

Engineering and Nanotechnology (Bremen), 1999, pp. 252-5. 

[88] R. Pallas-Areny and J. G. Webster, Sensors and signal conditioning: Wiley, 

2001. 

[89] J. Billingsley, Essentials of mechatronics: John Wiley & Sons, 2006. 

[90] P. Briër, M. Steinbuch, and P. Jonker, "Low latency 2D position estimation with 

a line scan camera for visual servoing," in Advanced Concepts for Intelligent 

Vision Systems, 2007, pp. 37-47. 

[91] M. Christie, J.-M. Normand, and P. Olivier, "Occlusion-free camera control for 

multiple targets," in Proceedings of the ACM SIGGRAPH/Eurographics 

Symposium on Computer Animation, 2012, pp. 59-64. 

[92] T. Etzion and K. G. Paterson, "Near optimal single-track Gray codes," 

Information Theory, IEEE Transactions on, vol. 42, pp. 779-789, 1996. 

[93] C.-F. Kao and M.-H. Lu, "Optical encoder based on the fractional Talbot 

effect," Optics Communications, vol. 250, pp. 16-23, 2005. 

[94] R. Narayanaswamy and O. S. Wolfbeis, Optical sensors: industrial, 

environmental and diagnostic applications vol. 1: Springer Science & Business 

Media, 2004. 

[95] H. Golnabi, "Role of laser sensor systems in automation and flexible 

manufacturing," Robotics and Computer-Integrated Manufacturing, vol. 19, pp. 

201-210, 2003. 

[96] A.-K. Othman, K. Lee, H. Zen, W. W. Zainal, and M. Sabri, "Wireless sensor 

networks for swift bird farms monitoring," in Ultra Modern 

Telecommunications & Workshops, 2009. ICUMT'09. International 

Conference on, 2009, pp. 1-7. 



© C
OPYRIG

HT U
PM

110 

 

[97] G. Ofori-Dwumfuo and S. Salakpi, "WiFi and WiMAX Deployment at the 

Ghana Ministry of Food and Agriculture," Research Journal of Applied 

Sciences, vol. 3, 2011. 

[98] M. López, S. Martínez, J. M. Gómez, A. Herms, L. Tort, J. Bausells, et al., 

"Wireless monitoring of the pH, NH4+ and temperature in a fish farm," 

Procedia Chemistry, vol. 1, pp. 445-448, 2009. 

[99] M. Keshtgary and A. Deljoo, "An efficient wireless sensor network for 

precision agriculture," Canadian Journal on Multimedia and Wireless 

Networks, vol. 3, pp. 1-5, 2012. 

[100] A. Baggio, "Wireless sensor networks in precision agriculture," in ACM 

Workshop on Real-World Wireless Sensor Networks (REALWSN 2005), 

Stockholm, Sweden, 2005. 

[101] P. Gnip, S. Holy, K. Charvat, and S. Kafka, "Precision farming trough Internet 

and mobile communication," in Proceedings of the 6th International Conference 

on Precision Agriculture and Other Precision Resources Management, 2002. 

[102] T. Kalaivani, A. Allirani, and P. Priya, "A survey on Zigbee based wireless 

sensor networks in agriculture," in Trendz in Information Sciences and 

Computing (TISC), 2011 3rd International Conference on, 2011, pp. 85-89. 

[103] L. Li, X. Hu, and B. Zhang, "A Routing Algorithm for WiFi-Based Wireless 

Sensor Network and the Application in Automatic Meter Reading," 

Mathematical Problems in Engineering, vol. 2013, 2013. 

[104] W. S. Lee, T. F. Burks, and J. K. Schueller, "Silage yield monitoring system," 

ASABE Paper, 2002. 

[105] S. Safaric and K. Malaric, "ZigBee wireless standard," in Multimedia Signal 

Processing and Communications, 48th International Symposium ELMAR-

2006, Zadar, Croatia, 2006, pp. 259-262. 

[106] S. C. Ergen, "ZigBee/IEEE 802.15. 4 Summary," UC Berkeley, September, vol. 

10, 2004. 



© C
OPYRIG

HT U
PM

111 

 

[107] X. Ren, C. Fu, T. Wang, and S. Jia, "CAN bus network design based on 

bluetooth technology," in Electrical and Control Engineering (ICECE), 2010 

International Conference on, 2010, pp. 560-564. 

[108] J.-S. Lee, Y.-W. Su, and C.-C. Shen, "A comparative study of wireless 

protocols: Bluetooth, UWB, ZigBee, and Wi-Fi," in Industrial Electronics 

Society, 2007. IECON 2007. 33rd Annual Conference of the IEEE, 2007, pp. 

46-51. 

[109] Y. Dai, D. Comer, D. Comer, and C. Petrie, "Threshold voltage based CMOS 

voltage reference," in Circuits, Devices and Systems, IEE Proceedings-, 2004, 

pp. 58-62. 

[110] M. R. Mahadi, "Critical issues in precise machining of oversize moulds in 

polystyrene," University of Southern Queensland, 2011. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


	ROBUST POSITION ENCODING AND VELOCITY DEDUCTION FOR REAL TIME WATER LEVEL MONITORING
	ABSTRACT
	TABLE OF CONTENTS
	CHAPTERS
	REFERENCES



