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ABSTRACT

This thesis proposes a neural fuzzy network controller (NFNC) for the speed tracking control of linear micro-stepping motors. Linear

micro-stepping deriver system has to suffer from nonlinear friction, unknown payload, parameter variation, and high-frequency

dynamics in their dynamics. These effects will induce mechanical instability and vibration under low speed motion. In this thesis, an

intelligent controller which combines the neural network with the fuzzy logic is developed to overcome these external disturbances.

Back-propagation training algorithms are derived to on-line adjust all network parameters. In the hardware, the linear

micro-stepping driver system includes a personal computer, a DMC-18x2 driver card, an E-DC driver and a linear hybrid stepping

motor. Moreover, a control program is developed for the linear micro-stepping driver system to complete a high-precision speed

control using Borland C++ software. Finally, Experiments on a practical linear micro-stepping driver system via the proposed

control scheme and a PID controller to compare and verify the excellence of the proposed NFNC methodology.

Keywords : Linear stepping motor Driver Neural fuzzy network

Table of Contents

封面內頁

簽名頁

授權書 iii

中文摘要 iv

ABSTRACT v

致謝 vi

目錄 vii

圖目錄 ix

表目錄 xii

第一章 緒論 1

1.1 研就動機 1

1.2 研究目的 3

1.3 文獻回顧 4

1.4 內容大綱 7

第二章 線性微步進馬達驅動系統 9

2.1線性微步進馬達驅動系統架構 9

2.2步進馬達的種類 13

2.3線性微步進馬達的架構 17

2.4微步進馬達速度控制 18

第三章 線性微步進馬達數學模型 20

3.1 步進馬達的驅動方式 20

3.2微步進馬達的驅動原理和數學模型 26

3.3 軸座標轉換 31

3.4 微步進馬達驅動電路 34

第四章 類神經模糊網路控制系統 41

4.1 類神經模糊網路系統介紹 41

4.2 類神經模糊控制系統設計 44

4.3 電流迴路控制器設計 46

4.4 倒傳遞訓練法則推導 47

4.4.1 倒傳遞類神經網路架構 48



4.4.2 倒傳遞類神經網路的推導 48

第五章 實驗與結果 54

第六章 結論與未來發展 65

參考文獻 66

圖目錄

圖2. 1 線性步進馬達硬體架構方塊圖 9

圖2. 2 DMC-18X2軸控卡 10

圖2. 3 E-DC驅動器 11

圖2. 4 空氣軸承型線性馬達 11

圖2. 5 線性步進馬達實體架構圖 12

圖2. 6 PM式步進馬達之結構 15

圖2. 7 VR式步進馬達之結構 15

圖2. 8 線性步進馬達構造示意圖 17

圖3. 1 ㄧ步激磁電壓示意圖 21

圖3. 2 ㄧ步激磁馬達相對應位置 22

圖3. 3 全步進驅動方式 22

圖3. 4 半步進驅動方式 23

圖3. 5 單極性步進馬達驅動電路 24

圖3. 6 雙極性步進馬達驅動電路 25

圖3. 7 微步進控制兩相電流圖 26

圖3. 8 固定座標軸與同步座標軸之合成圖 33

圖3. 9 馬達定位時的保持力與 的關係圖 34

圖3. 10驅動IC-L6203內部等效電路 36

圖3. 11驅動IC-L6203實際外觀 36

圖3. 12驅動IC-L6203實際腳位排列 38

圖3. 13驅動IC-L6203 A相驅動電路 39

圖3. 14驅動IC-L6203 B相驅動電路 40

圖4. 1 類神經模糊系統結構圖 42

圖4. 2 微步進驅動控制系統 45

圖4. 3 電流迴路模糊控制系統 46

圖4. 4 倒傳遞網路架構圖 48

圖5. 1 速度控制閉迴路方塊圖 54

圖5. 2 整體架構圖 54

圖5. 3 控制線性馬達人機介面 55

圖5. 4 PID控制器：一階參考模型之步階響應圖 56

圖5. 5 PID控制器：一階參考模型之弦波響應圖 57

圖5. 6 PID控制器：一階參考模型之方波響應圖 57

圖5. 7 PID控制器：二階參考模型之步階響應圖 58

圖5. 8 PID控制器：二階參考模型之弦波響應圖 59

圖5. 9 PID控制器：二階參考模型之方波響應圖 59

圖5. 10NFN控制器：一階參考模型之步階響應圖 61

圖5. 11NFN控制器：一階參考模型之弦波響應圖 61

圖5. 12NFN控制器：一階參考模型之方波響應圖 62

圖5. 13NFN控制器：二階參考模型之步階響應圖 63

圖5. 14NFN控制器：二階參考模型之弦波響應圖 63

圖5. 15NFN控制器：二階參考模型之方波響應圖 64

表目錄

表2. 1 線性步進馬達之規格參數表 13

表3. 1 L6203輸入腳位功能表 37



表3. 2 L6203腳位說明 37

表3. 3 L6203馬達驅動IC規格參數表 37

REFERENCES

[1] A.M. Harb and A.A. Zaher, “Nonlinear control of permanent magnet stepper motors,”Communications in Nonlinear Science and

Numerical Simulation, vol. 9, pp. 443-458, 2004.�

[2] P. Crnoˇsija, B.Kuzmanovic?, and S.Ajdukovic?,“ Microcomputer implementation of optimal algorithms for closed-loop control of hy brid

stepper motor drives, ” IEEE Trans. Industr. Electr., vol. 47 (6),pp.1319-1325, 2000.�

[3] S. A. Schweid, E. Mcinroy, and R.M. Lofthus, “Closed loop low-velocity regulation of hybrid stepping motors amidst torque disturbances,”

IEEE Trans. Industr. Electr., vol. 42 (3), pp.316-324,1995.�

[4] M. Zribi and J. Chiasson, “Position control of a PM stepprt motor by exact linearization,” IEEE Trans.Autom. Control, vol. 36 (5), pp. 620

–625, 1991.�

[5] M. Bodson, J. Chiasson, R. T. Novotnak, and R. B. Rekowski, “High performance nonlinear feedback control of a permanent magnet stepper

motor,” IEEE Trans. Control Syst. Technol., vol. 1 (1), pp. 5–13, 1993.�

[6] T. Su, M. Ishida, and T. Hori, “ Suppression control method for torque vibration of three-phase HB_type stepping motor utilizing

feedforward control,“ IEEE Trans. Control Syst. Technol., vol. 49 (1), pp. 896-904, 2002.�

[7] A.M. Harb and A.A. Zaher, “Nonlinear control of permanent magnet stepper motors,” Comm.Nonlinear Science and Numerical

Simulation, vol. 9, pp. 443-458, 2004.�

[8] E. N. Sanchez, A. G. Loukianov, and R. A. Felix, “Dynamic triangular neural controller for stepper motor trajectory tracking,” IEEE Trans.

Syst., Man, Cybern.C, Appl. Rev., vol. 32, pp. 24–30, 2002.�

[9] W.D. Chen, K.L. Yung and K.W. Cheng, “ A learning scheme for low-speed precision tracking control of hybrid stepping motors, IEEE

Trans. Mechatr., vol. 11 (3), pp. 362-365, 2006.�

[10] F. Betin, D. Pinchon, and G.A. Capolino, “ Fuzzy logic applied to speed control of a stepping motor drive, IEEE Trans. Industr. Electr., vol.

47 (3), pp. 610-622, 2000.�

[11] C. F. Juang and C.H. Hsu, “Temperature control by chip-implemented adaptive recurrent fuzzy controller designed by evolutionary

algorithm,” IEEE Trans. Ci- rcuits System, vol.52(11),pp.2376-2384, 2005.�

[12] F.C. Sun, H.X. Li, and H.P. Liu, “ Neuro-fuzzy dynamic -inversion -based adaptive control for robotic manipulators-discrete time case,”

IEEE Trans. Industr. Electr., vol. 54 (3), pp. 1342-1351, 2007.�

[13] S. Vasilic and M. Kezunovic, “ Fuzzy ART neural network algorithm for classifying the power system faults,” IEEE Trans. Power Delivery,

vol. 20 (2),pp. 1306-1314, 2005.�

[14] S. Jingzhuo, X. Dianguo, and W. Zongpei, “A novel hybrid stepping motor fuzzy-neural position servo system,” in Proc. Conf. IEEE

IECON ’01, vol. 1, pp. 53–57, 2001.�

[15] W. Panhai, X. Dianguo, and S. Jingzhuo, “Hybrid stepping motor position servo system with on-line trained fuzzy neural network controller,

” in Proc. Conf. IEEE IECON, vol. 3, pp. 2137–2142,2002.�

[16] P. Melin and O. Castillo, “Intelligent control of a stepping motor drive using an adaptive neuro–fuzzy inference system,” Information

Sciences, vol. 170, pp. 133–151, 2005.�

[17] C.J. Chien, “A sampled-data iterative learning control using fuzzy network design,” Intern. J. of Control, vol. 73, pp. 902–913, 2000.�

[18] S. Vasilic and M. Kezunovic, “Fuzzy ART neural network algorithm for classifying the power system faults”, IEEE Trans. Power Delivery,

vol. 20 (2), 1306-1314, 2005.�

[19] G.L. McGinnity and G. Prasad, “Design for self-organizing fuzzy neural networks based on genetic algorithms,” IEEE Trans. Fuzzy

Systems vol. 14 (6), pp. 755-766, 2006.�

[20] J.H. Park, S.H. Huh, S.H. Kim, S.J. Seo, and G.T. Park, “Direct adaptive controller for nonaffine nonlinear systems using self-structuring

neural networks, “ IEEE Trans. Neural Network, vol.16 (2) ,pp. 414–422, 2005.�

[21] S. Wu, M.J. Er, and Y. Gao, “A fast approach for automatic generation of fuzzy rules by generalized dynamic fuzzy neural networks,”

IEEE Trans. Fuzzy System, vol. 9 (4), pp. 578–594, 2001.�

[22] C.F. Hsu, “Self-organizing adaptive fuzzy neural control for a class of nonlinear systems,” IEEE Trans. Neural Networks, vol.18 (4), pp.

1232-1241, 2007.�

[23] F.J. Lin, P.H. Shen, S.L. Yang, and P.H. Chou, “Recurrent radial basis function network-based fuzzyneural network control for permanentm

agnet linear synchronous motor servo drive,” IEEE Trans.Magnetics, vol. 42(11), pp. 3694-3705, 2006[24] A.Rubaai, M.J. Sitiriche, M.Gar uba,

and L.Burge, “ Implementation of artificial neural network-based tracking controller for high-performance stepper motor drives,” IEEE Trans.

Industr.Electr., vol. 54 (1), pp. 218-227, 2007.�

[25] A. Rubaai and R. Kotaru, “Adaptation learning control scheme for a high-performance permanent magnet stepper motor using online



random training of neural networks,” IEEE Trans. Ind. Appl., vol.37 (2), pp. 495-502, 2001.�

[26] S.M. Yang and E.L. Kuo, “ Damping a hybrid stepping motor with estimated position and velocity, “ IEEE Trans. Power Electr., vol. 18(3),

pp. 880-887, 2003.�

[27] S.M. Yang, F.C. Lin, and M.T. Chen, “ Micro-stepping control of a two-phase linear stepping motor with three-phase VSI inverter for

high-speed applications, “ IEEE Trans. Industry Applc. Vol. 40 (5), pp. 1257-1264, 2004.�

[28] T. Su, M. Ishida,and T. Hori, “Suppression control method for torque vibration of three-phase HB-type stepping motor utilizing feedforward

control,” IEEE Trans. Industr. Electr., vol. 49 (4), pp.896-904, 2002.�

[29] J.D Morales, R.C. Linares and O.H. Guevara, “Observer-based controller for position regulation of stepping motor,” IEEE Proc. Control

Theory Appl., vol. 152 (4), pp. 465-476, 2005[30] T.S. Hwang and J.K. Seok, “ Observer-based ripple force compensation for linear hybrid

stepping motor drives, IEEE Trans. Industr. Electr., vol. 54 (5), pp. 316-324, 2007.�

[31] 許溢适譯 (民 85)，〝線性驅動技術及其應用〞，文笙書局。�

[32] 葉明財譯 (民 84)，〝步進馬達活用技術〞，全華書局。�

[33] 陳連春譯 (民 76)，〝步進馬達的原理與活用要訣〞，建興書局。�

[34] 陳熹棣譯 (民 78)，〝步進馬達應用技術〞，全華書局。�

[35] 蔡凱宸 (民 95)，〝以DSP為控制架構之線性馬達驅動系統研製〞，大葉大學，機電自動化研究所，碩士論文。�

[36] 丁建銘 (民 96)，〝以DSP實現永磁式同步線性馬達速度估測和控制〞，大葉大學，機械工程研究所，碩士論文。�

[37] 吳尚輯 (民97)，〝以機械視覺為基礎之機械臂動態追蹤系統研究〞，大葉大學，機電自動化研究所，碩士論文。�

[38] 陳明忠 (民95)，〝降低微步進線性步進馬達之定位誤差研究〞，淡江大學，機械與機電工程學系。�

[39] 莊富強 (民95)，〝DSP-Based高性能步進馬達控制器之研製〞，雲林科技大學，電機工程系，碩士論文。


