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The Generation of the PWM Waveform by the Software for Microprocessor Control
— The Application of the Sigma Delta Modulation —
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Abstract: Embedded mechatronic systems adopt H-bridge driver circuits with Pulse Width Modulator for actuator control,
since there are many design constraints such as power consumption, size, cost, and so on. Microprocessors without PWM
generating modules are still used as embedded controllers. In such cases additional electronic circuits are needed for gen-
erating PWM waveform. Thus, in order to generate a PWM waveform at low speed sampling without additional electronic
circuits, this paper proposes the methodology based on a sigma-delta modulator followed by a low-pass filter with an
output gate. The proposed method increases the number of the quantization steps of equivalent output voltage, comparing

the conventional method based on a triangle waveform. In order to evaluate the proposed method, simple proportional
feedback control systems are considered. Simulation results show that the plant output controlled by the proposed PWM
waveform is more stable than that controlled by the conventional one at low sampling rate. The effectiveness of an output
gate is also made clear. Therefor the proposed method can be used to control the embedded mechatronic systems.
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Fig. 1 PWM waveform generation based on triangular wave
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Fig. 2 The schematic diagram of sigma-delta modulator
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Fig. 3 Sigma-delta modulator input
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Fig. 4 Sigma-delta modulator output
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Fig. 5 Filtered output of sigma-delta modulator
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Fig. 6 Filtered output by using conventional method
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Fig. 7 Sigma-delta modulator output for 0 Fig. 9 Sigma-delta modulator output with a low-pass filter for 10
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Fig. 12 Sigma-delta modulator output with a low-pass filter for -8
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Fig. 13 Step response by using proposed method
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Fig. 14 Motor comannd by using proposed method
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Fig. 15 Step response by using conventional method
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Fig. 16 Motor comannd by using conventional method
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Fig. 17 Step response by using proposed method(7';0.5(ms))
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Fig. 19 Introduction of an output gate

5. HAT5—rDEA

T, YTV ERTS I E RS, B
NSOV ANRDIRE) = 2V ¥ — %A T 2720, K195
FTEIu =274 VY DODHHIBHTIT —F 2T
3. A= ASwhlo L FiZ 74 Ly B hENn
0D EZRBOVHIEING, 74—y ZHIEAIZRICE W
<, HEEE FHEOREDOHIMERS/NE K o7l
HIZZoMATr— AT 2, K21 L OK231Z
ZOBMEZ1.0ICKREL, 05msiBEIcHi A7 — 2B
SAED 7 V7R, EREREEZZNENRT. ¥
7o, RROKRUVR22ICH T = Z2H0R0WEED T~
TIE, ERFIEE 2hZnd, H#H%O M
DAV D & FIHIF — b 5ERITH B Z L bbbl

6. ¥ W

AHFFETIEZ, PWMIEZY 7 b7 27k O ET 2T
HBELT, =274 VI ROEHTy—2MA 2y
TRTNYERMBICE B2 FERERE L, 61T, Hl
74— Ny ZHIHRICBIL T, RETFEEZANEE A
T RERFHEZ M L7z, 2 OFER, REFIRIERTFE L
DREEER CHIEEMBETH D, FHUITHRRER 2 Lovboo 7k,

7. # O

RGNS R 244E B B S N7 B SE B A v S 22 e
EAEMIEE 'DCE—¥ DE T 2L X —ilHl T B3
L%, DB X > Tirbiz:,

2530

[1] H. H Asada, “Introduction to Robotics -2.12-Lecture
notes”, MIT OCW, http://ocw.mit.edu/courses/mechanical-
engineering/2-12-introduction-to-robotics-fall-2005/,
Capter2, 2005

2] BAR L EFUBFEORX S P =7 2AND)EH -~
DCE—% DA I 7 X —lflIFEOHRE”, TIK264F
B RS EE RN X v & — PSR HE R
HEH, p.56,2014

[3] W 1, LH WEE, N G ORI &
3 —EE - A-X Ei—, BROBE PSS, 44-11,
pp-197-202, 1961

[4] E. C. Lfeachor and B. W. Jervis, Digital Signal Processing
A Practical Approach Second Edition, Pearson Education
Limited, pp.78-103, 2002

[5S] W. Zhu, "FPGA Logic Devices for Precision Control An
Application to Large Friction Actuators with Payloads”,
IEEE Control Systems, 34-3, pp.54-75, 2014

Response

Response

Response

0.2

7 I EERamRan
| —— ]| Linear amplifier

i ,,,,,ngma delta lﬁodulation ]
0.1 o
Oigﬁffff.u.‘u..u‘.u.
0 0.1 0.2 0.3
Time s

Fig. 20 Ramp response without an output gate
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Fig. 21 Ramp response with an output gate
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Fig. 22 Sinusoidal response without an output gate
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Fig. 23 Sinusoidal response with an output gate






