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(57) Abstract: Provided are a motor rotation angle measurement device and method. The motor rotation angle measurement device 
may comprise: a signal conditioning circuit, configured to receive a three-phase output voltage of a motor and separately generate 
a first square-wave signal, a second square-wave signal and a third square-wave signal; and a processor, configured to generate a 
six-multiplying frequency pulse whenever jumping of any one of the first square-wave signal, the second square-wave signal and the 
third square-wave signal is detected in a rotation period of a motor, generate compensation pulses between the current six-multiplying
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frequency pulse and a next six-multiplying frequency pulse based on a time interval between the current six-multiplying frequency 
pulse and a previous six-multiplying frequency pulse and a preset compensation subdivision coefficient k, and accumulate the number 
of the compensation pulses, wherein the number of the compensation pulses is related to the rotation angle of the motor. The motor 
rotation angle measurement device of the present application can improve the precision, reliability and stability of the rotation angle 
measurement of the motor and reduce the cost.
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FIELD

[0001] The present disclosure relates to an electric machine rotation angle measurement 

device and method, and in particular to a non-contact type device and method capable of 

accurately measuring the electric machine rotation angle.

BACKGROUND

[0002] Currently, it is necessary to measure the rotation angle of the synchronous electric 

machine (generator and motor), in many engineering fields, to make a better observation 

about the modal state during the operation of the synchronous electric machine, control the 

operation process and the state of the electric machine, improve the efficiency of the electric 

machine unit, and prolong the life of the electric machine unit.

[0003] The method for measuring the rotation angle of the synchronous electric machine is 

categorized into: contact type and non-contact type.

[0004] The contact type method for measuring the rotation angle of the synchronous 

electric machine mainly includes: transferring the rotation of the electric machine to the 

measurement device via various mechanisms or structures (for example, a spindle coupling), 

to measure the rotation angle of the electric machine and acquire a current rotated angle of 

the electric machine relatives to a zero degree reference point. The rotation angle 

measurement device used in the method includes absolute position type photoelectric rotary 

encoders, resolvers, and potentiometers.
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[0005] The contact type measurement method not only increases the measurement cost of 

the synchronous electric machine rotation angle, but also reduces the reliability of the system, 

which brings various inconvenience to the installation and maintenance.

[0006] There are two main non-contact type methods for measuring the rotation angle of 

the synchronous electric machine.

[0007] The first method involves using a magnetic rotation angle sensor to perform the 

measuring. A magnet may be installed on the rotation component, and the rotated angle of 

the magnet may be sensed using a special Hall sensing chip, thereby measuring the rotation 

angle of the synchronous electric machine. However, a stronger electromagnetic interference 

may be generated during the operation of the synchronous electric machine, which may 

affect the Hall sensing chip, and result in heavy burred measurement data.

[0008] The second method involves measuring the rotation angle of the synchronous 

electric machine, using a proximity switch or a like sensor by installing a tooth profile disc 

on the rotation component of the electric machine or using multiple mechanical structural 

feature detection points (such as bolts) on the circumference of the rotation component of the 

synchronous electric machine. The advantage of the second method is that a special 

synchronous electric machine rotation measurement device is not required, resulting in lower 

cost and easier application. But the measurement method has low resolution, the output 

precision and the update speed of the measurement result are limited to the tooth profile disc 

or the amount of the feature detection points on the circumference of the rotation component 

of the synchronous electric machine. At the same time, if the synchronous electric machine 

runs at a lower speed, the update response speed of the rotation angle measurement result is 

slow, and the measurement result has a large phase difference.

-2-



SUMMARY 

5

10

15

20

[0009] In order to solve the problems of low accuracy, poor reliability and high cost 

occurring in the electric machine rotation angle measurement process as described above, the 

present disclosure provides an electric machine rotation angle measurement device and 

method.

[0010] The summary of the present disclosure is provided to introduce a selection of 

concept which will be described in detail in the following detailed description.

[0011] An electric machine rotation angle measurement device is provided according to an 

aspect of the concept for the present disclosure, which includes: a signal conditioning circuit, 

configured to receive three-phase output voltages UA, UB and UC of the electric machine, 

and generate a first square wave signal corresponding to UA-UB, a second square wave 

signal corresponding to UB-UC, and a third square wave signal corresponding to UC-UA 

respectively; and a processor, configured to generate a six-fold frequency pulse whenever a 

jump of any square wave signal among the first square wave signal, the second square wave 

signal, and the third square wave signal is detected during a rotational period of the electric 

machine, generate compensating pulses between the current six-fold frequency pulse and the 

next six-fold frequency pulse based on the time interval between the current six-fold 

frequency pulse and the previous six-fold frequency pulse and the preset compensating 

subdivision coefficient k, and cumulate the number of the compensating pulses, where the 

number of the compensating pulses is related to the rotation angle of the electric machine.

[0012] An electric machine rotation angle measurement method is provided according to 

another aspect of the concept for the present disclosure, which includes: generating a six-fold
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frequency pulse whenever a jump of any square wave signal among the first square wave 

signal, the second square wave signal, and the third square wave signal is detected during a 

rotational period of the electric machine, generating compensating pulses between the 

current six-fold frequency pulse and the next six-fold frequency pulse based on the time 

interval between the present six-fold frequency pulse and the previous six-fold frequency 

pulse and the preset compensating subdivision coefficient k, and cumulating the number of 

the compensating pulses, where the number of the compensating pulses is related to the 

rotation angle of the electric machine, the first square wave signal corresponds to a 

difference UA-UB between the UA and UB among three-phase output voltages UA, UB and 

UC of the electric machine, the second square wave signal corresponds to a difference 

UB-UC between the UB and UC among three-phase output voltages UA, UB and UC of the 

electric machine, and the third square wave signal corresponds to a difference UC-UA 

between the UC and UA among three-phase output voltages UA, UB and UC of the electric 

machine.

[0013] A computer-readable storage medium is provided according to another aspect of the 

concept for the present disclosure, the computer-readable storage medium stores a program, 

and the program executes the electric machine rotation angle measurement method 

above-mentioned.

[0014] A computer system is provided according to another aspect of the concept for the 

present disclosure, the computer system includes a readable storage medium storing a 

computer program, and the computer program executes the electric machine rotation angle 

measurement method above-mentioned.

[0015] Mechanisms or structures are not required to transfer rotation of the electric 
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machine to the electric machine rotation angle measurement device according to the present 

disclosure. The jitter and impact generated by the low-speed operation of the electric 

machine do not affect the measuring effect and the measuring life according to the present 

disclosure. A special modem is not required by the electric machine rotation angle 

measurement device, so that the cost may be reduced.

[0016] On the other hand, the electromagnetic interference generated by the operation of 

the electric machine does not affect the electric machine rotation angle measurement device 

according to the present disclosure, so that it has stronger anti-interfere performance and 

higher accuracy.

[0017] In the present disclosure, the DA (digital to analog converter) may be utilized to 

calculate the voltage corresponding to the rotation angle of the electric machine, and directly 

output the voltage corresponding to the rotation angle of the electric machine to the 

subsequent measurement and control system for the corresponding application of 

engineering. A special SSI interface and device is not required, which leads to lower cost and 

fast response speed.

[0018] In the present disclosure, the compensating pulses may be generated based on the 

compensating subdivision coefficient k, and the rotation angle of the electric machine may 

be calculated based on the number of the compensating pulses, the compensating subdivision 

coefficient k and the number of pole pairs of the electric machine. The accuracy of the 

electric machine rotation angle, measured according to the present disclosure, is higher than 

the measurement accuracy achieved by installing a tooth profile disc on the electric machine 

or using multiple mechanical structural feature detection points on the circumference of the 

rotation component of the electric machine. Furthermore, the utility of the compensating 
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pulse may implement the subdivision for the rotation angle of the electric machine, between 

adjacent six-fold frequency pulses, which reduces the error in the measurement, increase the 

accuracy and timeliness of the measurement, and no large phase difference exists with real 

ration angle. Furthermore, when the rotation speed of the electric machine is less than a 

preset value, the technology scheme of the present disclosure does not generate the 

compensating pulse, instead, the six-fold frequency pulse is taken as the compensating pulse, 

which increases the flexibility of the electric machine rotation angle measurement device and 

saves the resource consumption.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] Embodiments of the present disclosure are described below in detail with reference 

to the drawings.

[0020] Figure 1 is a schematic diagram showing a connection of an electric machine 

rotation angle measurement device according to an exemplary embodiment of the present 

disclosure.

[0021] Figure 2 is a block diagram showing an electric machine rotation angle 

measurement device according to an exemplary embodiment of the present disclosure.

[0022] Figure 3 is a circuit diagram showing a signal conditioning circuit of the electric 

machine rotation angle measurement device according to an exemplary embodiment of the 

present disclosure.

[0023] Figure 4 is a circuit diagram showing a sensor interface circuit of the electric 

machine rotation angle measurement device according to an exemplary embodiment of the
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[0024] Figure 5 shows a Field-Programmable Gate Array (FPGA) 500 of an exemplary 

embodiment of a processor 200 according to an exemplary embodiment of the present 

disclosure.

[0025] Figure 6 is an explanatory view of the DA 204 connected with the FPGA 500 

shown in Figure 5 according to an exemplary embodiment of the present disclosure.

[0026] Figure 7 is a diagram showing a six-fold frequency pulse generated by the 

processor according to an exemplary embodiment of the present disclosure.

[0027] Figure 8 is a diagram showing a compensating pulse generated by the processor 

according to an exemplary embodiment of the present disclosure.

[0028] Figure 9 is a flowchart showing an electric machine rotation angle measurement 

method according to an exemplary embodiment of the present disclosure.

[0029] Figure 10 is a flowchart showing a method for generating the compensating pulse 

according to an exemplary embodiment of the present disclosure.

[0030] Throughout the drawings and the detailed description, the same reference numerals 

depict the same elements. The drawings may not be shown to scale. And the relative size, 

proportion and description of the elements in the drawings may be exaggerated for clarity, 

illustration, and convenience.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0031] The following detailed description is provided to assist the reader in acquiring a 

comprehensive understanding of the methods, and/or systems described herein. However,
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various variations, modifications and equivalents to the method and system described herein 

may be apparent to those skilled in the art. For example, an order of operations described 

herein is merely exemplary and is not limited to the order described herein. Except those 

operations occurring in a particular order, any modifications to the order described herein 

may be apparent after understanding the disclosure of the present application. In addition, 

the descriptions of well-known features may be omitted for greater clarity and conciseness.

[0032] Figure 1 is a schematic diagram showing the connection of the electric machine 

rotation angle measurement device according to an exemplary embodiment of the present 

disclosure.

[0033] Referring to Figure 1, UA, UB and UC, which are three-phase voltages of the 

electric machine, are input to the electric machine rotation angle measurement device 

according to the exemplary embodiment of the present disclosure. In addition, a zero degree 

reference point (not shown) is provided on the electric machine, which indicates a starting 

point of a rotation period of the electric machine. When the zero degree reference point 

comes close to a sensor s provided on the outside of the electric machine rotation angle 

measurement device, the sensor s generates a zero degree reference point reset signal Zrst. In 

an exemplary embodiment, the sensor s may be a proximity switch or a sensor with similar 

functionality to the proximity switch.

[0034] According to the exemplary embodiment of the present disclosure, the electric 

machine rotation angle measurement device may output the rotation angle of the electric 

machine and/or the voltage corresponding to the rotation angle of the electric machine, based 

on the voltage signal (namely, the three-phase voltages UA, UB and UC of the electric 

machine) of a set of windings of the electric machine (for example, a generator or a motor) 
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[0035] Figure 2 is a block diagram showing an electric machine rotation angle 

measurement device 200 according to an exemplary embodiment of the present disclosure.

[0036] Referring to Figure 2, the electric machine rotation angle measurement device 200 

may include a signal conditioning circuit 201, a processor 202, a calculation module 203, a 

digital to analog converter (DA) 204, a dial switch 205 and a sensor interface circuit 206.

[0037] The signal conditioning circuit 201 is configured to receive three-phase output 

voltages UA, UB and UC of the electric machine, and generate a first square wave signal 

corresponding to UA-UB, a second square wave signal corresponding to UB-UC, and a third 

square wave signal corresponding to UC-UA respectively. Specifically, the voltage sampling 

circuit of the signal conditioning circuit 201 performs voltage division and sampling on the 

received three-phase voltages UA, UB and UC of the generator. The high frequency noise is 

filtered through a capacitance filtering network to acquire Ua, Ub and Uc. Ua-Ub, Ub-Uc 

and Uc-Ua operations is performed through a square wave generation circuit to generate 

square waves SAB, SBC and SCA. Finally, the level of the square waves is matched to a 

voltage range acceptable for the processor 202 through a level matching circuit, and the 

matched square wave signals Sab, She and Sea are transmitted to the processor 202. The 

square wave signals Sab, She and Sea may be also be referred to as the first square wave 

signal, the second square wave signal, and the third square wave signal input to the processor 

202, which correspond to the UA-UB, UB-UC and UC-UA respectively.

[0038] Figure 3 is a circuit diagram of the signal conditioning circuit 201 of the electric 

machine rotation angle measurement device 200 according to an exemplary embodiment of 

the present disclosure.
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[0039] Referring to Figure 3, the signal conditioning circuit 201 may include a voltage 

sampling circuit 101, a filtering network 102, a square wave generation circuit 103 and a 

level matching circuit 104.

[0040] The voltage sampling circuit 101 includes six resistors RI, R2, R3, R4, R5 and R6. 

For each phase among the three-phase output voltages UA, UB and UC of the electric 

machine, two resistors are used to perform voltage division and sampling. Specifically, UA is 

divided and sampled by resistors RI and R4 connected in series, UB is divided and sampled 

by resistors R2 and R5 connected in series, and UC is divided and sampled by resistors R3 

and R6 connected in series. According to the exemplary embodiment of the present 

disclosure, the resistances of resistors RI, R2 and R3 are equal, the resistances of resistors 

R4, R5 and R6 are equal, and the resistances of RI and R4 satisfy UAxRl/R4 <=±15v. In 

addition, RI and R4 with different resistances may be flexibly selected for generators with 

different output voltage levels. The filtering network 102 includes capacitors Cal, Cbl, Cel, 

Cl, C2 and C3. The capacitors Cal, Cbl and Cel form a star filtering network, and 

capacitors Cl, C2 and C3 form a triangle filtering network. Therefore, the filtering network 

102 may effectively filter the inter-phase interferences and the inter-line interferences, and 

provides pure voltage signals for operational amplifiers U2B, U2C and U2D of the 

subsequent stage, namely, a sinusoidal wave voltage signal Ua corresponding to the A phase 

voltage UA, a sinusoidal wave voltage signal Ub corresponding to the B phase voltage UB, 

and a sinusoidal wave voltage signal Uc corresponding to the C phase voltage UC. The 

capacitances of capacitors Cal, Cbl and Cel are equal, the capacitances of capacitors Cl, 

C2 and C3 are equal, and the capacitance of Cal may be three times the capacitance of Cl. 

The square wave generation circuit 103 includes three operational amplifiers U2B, U2C and

U2D. Specifically, the negative input terminal of the operational amplifier U2B receives Ub, 
- 10-
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and the positive input terminal of the operational amplifier U2B receives Ua. The operational 

amplifier U2B outputs square wave signal SAB (namely, Ua-Ub) corresponding to UA-UB. 

The negative input terminal of the operational amplifier U2C receives Uc, and the positive 

input terminal of the operational amplifier U2C receives Ub. The operational amplifier U2C 

outputs square wave signal SBC (namely, Ub-Uc) corresponding to UB-UC. The negative 

input terminal of the operational amplifier U2D receives Ua, and the positive input terminal 

of the operational amplifier U2D receives Uc. The operational amplifier U2D outputs square 

wave signal SC A (namely, Uc-Ua) corresponding to UC-UA. The level matching circuit 104 

includes three resistors R7, R8 and R9, and three Zener diodes DI, D2 and D3. The resistor 

R7, which is connected in serial with the Zener diode DI, receives the square wave signal 

SAB output by the operational amplifier U2B, and matches the level of the received square 

wave signal SAB to the first square wave signal Sab within a voltage range acceptable for 

processor 202. The resistor R8, which is connected in serial with the Zener diode D2, 

receives the square wave signal SBC output by the operational amplifier U2C, and matches 

the level of the received square wave signal SBC to the second square wave signal She 

within a voltage range acceptable for processor 202. The resistor R9, which is connected in 

serial with the Zener diode D3, receives the square wave signal SC A output by the 

operational amplifier U2D, and matches the level of the received square wave signal SCA to 

the third square wave signal Sea within a voltage range acceptable for processor 202. The 

resistances of resistors R7, R8 and R9 are equal. The resistance of the resistor R7 satisfying: 

(±15V /R7) less than the current sinking capability of the Zener diode DI, which can 

effectively guarantee that the voltage of the signal Sab input to the IO port of the processor 

202 is limited to a secure range between -0.7V and 5V Similarly, the voltages of the signal

She and Sea input to the IO port of the processor 202 are limited to a secure range between 
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-0.7V and 5V. Here, -0.7V to 5V is merely exemplary, and voltages of the signals Sab, Sbc, 

and Sea may be limited to other appropriate ranges by configuring the resistors R7, R8 and 

R9 and Zener diodes DI, D2 and D3 with various values according to the working 

requirement of the processor 202.

[0041] Further referring to Figure 3, the signal conditioning circuit 201 execute following 

operations. Firstly, the voltages UA, UB and UC output by a set of windings of the electric 

machine are provided to the voltage sampling circuit 101, so that the high voltage is reduced 

to within ±15V. The attenuated voltage signals pass through the filtering network 102, so that 

inter-phase and inter-line high frequency interference noises of the voltage signals are 

filtered, to acquire the three-phase sinusoidal wave signals Ua, Ub and Uc. The square wave 

generation circuit 103 performs Ua-Ub operation on Ua, Ub and Uc signals to acquire a 

synchronous square wave signal SAB at the intersection of the waveforms ofUaandUb, 

Similarly, square wave signal SBC can be acquired by Ub-Uc and square wave signal SCA 

can be acquired by Uc-Ua. Here, SAB, SBC and SCA are different from each other by 120 

degrees in phase, and the operational amplifiers perform operation and comparison to output 

signals SAB, SBC and SCA with the values close to ±15V. Subsequently, they are processed 

by the level matching circuit 104 to acquire the signals Sab, Sbc and Sea ranging from -0.7V 

to 5 V which can be input directly to the processor 202.

[0042] Referring back to Figure 2, the sensor interface circuit 206 is configured to receive 

the zero degree reference point reset signal Zrst from sensor s (Figure 1), and adjust the zero 

degree reference point reset signal Zrst to a voltage signal Srst meeting the operation 

requirement for processor 202.

[0043] Figure 4 is a circuit diagram of the sensor interface circuit 206 of the electric 
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machine rotation angle measurement device 200 according to an exemplary embodiment of 

the present disclosure.

[0044] Referring to Figure 1 and Figure 4, the zero degree reference point reset signal Zrst 

generated by the sensor s may be input to an input terminal P+ of the sensor interface circuit 

206, the input terminal P- of the sensor interface circuit 206 may be grounded. The zero 

degree reference point reset signal Zrst input to the sensor interface circuit 206 passes 

through the optical coupling isolation U6 and then signal Srst is generated. The signal Srst is 

provided to the processor 202. The sensor interface circuit 206 can filter the noise in the zero 

degree reference point reset signal Zrst on one hand, and adjust the zero degree reference 

point reset signal Zrst to the voltage signal Srst meeting the operation requirement for 

processor 202 on the other hand.

[0045] Referring back to Figure 2, during a rotation period of the electric machine, the 

processor 202 may generate a six-fold frequency pulse whenever a jump of any square wave 

signal among the first square wave signal, the second square wave signal, and the third 

square wave signal is detected, generate compensating pulses between the current six-fold 

frequency pulse and the next six-fold frequency pulse based on the time interval between the 

current six-fold frequency pulse and the previous six-fold frequency pulse and a preset 

compensating subdivision coefficient k, and accumulate the number of the compensating 

pulses. Here, the compensating subdivision coefficient k may be preset to an appropriate 

value according to the accuracy required by the electric machine rotation angle measurement. 

In addition, the processor 202 may respond to the signal Srst (namely, responding to the zero 

degree reference point reset signal), and clear the number of the compensating pulses. Since 

the zero degree reference point reset signal indicates the starting point of a rotation period of 
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the electric machine, clearing the number of the compensating pulses at this time represents 

starting the measurement of the rotation angle of the electric machine in a new rotation 

period.

[0046] The dial switch 205, which may be connected with the processor 202, is configured 

to adjust the preset compensating subdivision coefficient k. Specifically, the dial switch 205 

adjust the preset compensating subdivision coefficient k by changing the value of the dial 

switch. If the value of the dial switch 205 is dm, the compensating subdivision coefficient k 

equals to 2dm. The dial switch 205 will be described later in detail with reference to Figure 5.

[0047] The processor 202 may be implemented by various methods of hardware or 

software, for example, the processor 202 may be a Field—Programmable Gate Array (FPGA) 

500 shown in Figure 5.

[0048] Referring to Figure 5, the FPGA 500, which is an example of the processor 200, 

receives the signals Sab, She, Sea and Srst as input signals, and outputs the number of the 

compensating pulses based on the dm set by the dial switch 205. The number of the 

compensating pulses is related to the rotation angle of the electric machine.

[0049] In Figure 5, as an example, the value dm of the dial switch 205 may be a 4-bit 

binary number dmO to dm3. One end of the dial switch 205 is connected with a ground 

voltage, and each bit of the other end is connected with the supply voltage VCC through a 

corresponding pull-up resistor. Taking the bit dmO as an example, dm0=l is provided to the 

interface 1024 of the FPGA 500 when the switch corresponding the bit dmO is opened, and 

dm0=0 is provided to the interface 1024 of the FPGA 500 when the switch corresponding 

the bit dmO is closed. Similarly, the bits from dml to dm3 are set. Therefore, the dial switch 

205 provides dmO to dm3 (namely, dm) with different values to FPGA 500 by controlling the 
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switch of each bit. However, it is merely exemplary. The value dm of the dial switch 205 is 

not limited to the 4-bit binary number dmO to dm3, but may be set to any number of bits 

according to requirements of the practical application and structure or performances of 

FPGA500.

[0050] Referring back to Figure 2, the calculation module 203 may receive the number of 

the compensating pulses from the processor 202. Whenever the number of the compensating 

pulses is updated, the calculation module 203 calculates the rotation angle of the electric 

machine based on the updated accumulated number of the compensating pulses, the preset 

compensating subdivision coefficient k and the number of pole pairs of the electric machine. 

Specifically, the calculation module 203 may calculate the rotation angle 0 of the electric 

machine according to the following equation 1:

[0051] 0 = 360°x---- - ---- , (1)
Px6xk

[0052] Here, n is the updated accumulated number of the compensating pulses, P is the 

number of pole pairs of the electric machine.

[0053] The calculation module 203 may be any hardware and/or software module with 

calculation function according to the exemplary embodiment of the present disclosure.

[0054] Referring back to Figure 2, the DA 204 receives the number of the compensating 

pulses from processor 202, and acquires the voltage value Vout corresponding to the number 

of the compensating pulses according to following equation:

[0055] Vout= (n/ 2m ) xVref (2)

[0056] Here, n is the updated accumulated number of the compensating pulses, m is a 

quantization bit number (for example, m may be 12 bits, namely, m=12) when the number of 
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the compensating pulses is converted to the voltage value by the DA 204, Vref is a reference 

voltage (for example, Vref may be 10V) for the digital to analog converter. The m in 

equation 2 is related to the performances of the DA 204, namely, m may have a quantization 

bit number corresponding to the performances of the DA 204.

[0057] Figure 6 is an explanatory view of the DA 204 connected with the FPGA 500 

shown in Figure 5 according to an exemplary embodiment of the present disclosure.

[0058] Referring to Figure 6, the interfaces DB0 to DB11, CS, WR, LDAC and

CLR of the DA 204 receive the outputs from the corresponding interfaces of the FPGA 

500. The interface REFout of the DA 204 receives the internal reference voltage Vref. The 

DA 204 outputs the voltage corresponding to the number of the compensating pulses through 

the output interface Vout, based on the reference voltage Vref and the signals received from 

the FPGA 500. As shown in Figure 6, the output interface Vout is connected in series with 

resistor R, capacitor C and Zener diode D connected in parallel with each other, so that the 

voltage limiting and filtering for voltage Vout output from output interface Vout and the 

protection function for the DA 204 are implemented.

[0059] Although the exemplary embodiment shown in Figure 2 shows that the electric 

machine rotation angle measurement device 200 may include both the calculation module 

203 and the DA 204, the concepts of the present disclosure are not limited thereto. The 

electric machine rotation angle measurement device 200 according to the concepts of the 

present disclosure may include at least one of the calculation module 203 and the DA 204, 

according to the requirements for real engineering applications.

[0060] In an exemplary embodiment, when the electric machine rotation angle 

measurement device 200 includes only the DA 204, the electric machine rotation angle 
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measurement device 200 may output only the voltage Vout related to the rotation angle of the 

electric machine from the DA 204. In an exemplary embodiment, the output voltage Vout 

may be input to a measurement and control system (not shown) provided on the outside of 

the electric machine rotation angle measurement device 200. The measurement and control 

system, on the demand of engineering applications, may calculate the rotation angle 0 of the 

electric machine based on the voltage Vout output from the DA 204 and the following 

equation set (3):

[0061] n = 2m x (Vout/Vref)

[0062] θ = 360°χ---- - ---- (3)
Px6xk

[0063] Here, the parameters in equation set (3) have the same meaning as the parameters 

in the equation 1 and equation 2 above-mentioned.

[0064] The operations of the processor 202 are described below in further detail with 

reference to Figure 7 and Figure 8.

[0065] Figure 7 is a diagram showing a six-fold frequency pulse pulse_6 generated by the 

processor 202 of the exemplary embodiment of the present disclosure. Figure 8 is a diagram 

showing a compensating pulse generated by the processor 202 of the exemplary embodiment 

of the present disclosure.

[0066] Referring to Figure 7, the three-phase voltage UA, UB and UC output from the 

electric machine are processed by the signal conditioning circuit 201 to generate the first 

square wave signal to the third square wave signal Sab, She and Sea. The processor 202 

detects the jump of any square wave signal among the first square wave signal Sab, the
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second square wave signal Sbc and the third square wave signal Sea, and generates a six-fold 

frequency pulse pulse_6 whenever a jump is detected. Specifically, the processor 202 may 

sample the input first square signal Sab, perform an exclusive OR of the current sampling 

value with the previous sampling value, and acquire the rising and falling edge pulses of the 

first square wave signal Sab. Similarly, the same processes are performed on the second 

square wave signal Sbc and the third square wave signal Sea. Then the three-way edge signal 

pulses of the first square wave signal Sab, the second square wave signal Sbc and the third 

square wave signal Sea are combined to acquire the six-fold frequency pulse pulse_6 

synchronized with the voltage output by the electric machine.

[0067] The six-fold frequency pulse (pulse_6) of the electric machine can be acquired 

through the operations of the processor 202 above-mentioned, based on a rotation period of 

the electric machine and a basic principle that the number of the voltage cycles of the 

three-phase winding ports of the electric machine is equal to the number of pole pairs of the 

electric machine. The pulse is synchronized with the rotation of the electric machine, the

3 60°
rotated angle of the electric machine between two six-fold frequency pulses is ------ (P is

Px6

the number of pole pairs of the electric machine). Hypothetically, the number of the six-fold 

frequency pulses accumulated by the processor 202 is n0 during a rotation period of the 

electric machine, the rotated angle Θ of the electric machine relative to the zero degree 

reference point is Θ = 360° x n° .
Px6

[0068] However, the ration angle acquired by accumulating only the number of the 

six-fold frequency pulses is not precise enough. A subdivision pulse is generated between 

adjacent six-fold frequency pulses for further improvement of the precision and response 

performance for measuring the electric machine rotation angle, as shown in Figure 8.
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[0069] Referring to Figure 8, the currently generated six-fold frequency pulse pulse_6 may 

be referred to as the current six-fold frequency pulse N, the previous six-fold frequency 

pulse pulse_6 of the current six-fold frequency pulse N may be referred to as previous 

six-fold frequency pulse N-l, the subsequent six-fold frequency pulse pulse_6 of the current 

six-fold frequency pulse N may be referred to as next six-fold frequency pulse N+l.

[0070] During a rotation period, the time interval At between the current six-fold 

frequency pulse N and the previous six-fold frequency pulse N-l may be calculated by the 

processor 202, and the time interval At is divided by the compensating subdivision 

coefficient k to acquire a specific interval At/k. Then, the processor 202 may sequentially 

generate k-1 compensating pulses (pulse_k) at the specific time interval At/k, after the 

current six-fold frequency pulse N, sequentially accumulate the number of the compensating 

pulses, and then, output the number of the compensating pulses to at least one of the 

calculation module 203 and the DA 204 to calculate the electric machine rotation angle 

and/or the voltage value corresponding to the number of the compensating pulses. In other 

words, the processor 202 may generate k-1 compensating pulses between the current six-fold 

frequency pulse and the next six-fold frequency pulse based on the time interval between the 

current six-fold frequency pulse and the previous six-fold frequency pulse and the 

compensating subdivision coefficient k, and update the accumulated number of the 

compensating pulses whenever a compensating pulse is generated. After the processor 202 

generates k-1 compensating pulses, it waits for the arrival of the next six-fold frequency 

pulse N+l. When the processor 202 detects the arrival of the next six-fold frequency pulse 

N+l, it takes the next six-fold frequency pulse N+l also as a compensating pulse, and 

accumulates the number of the compensating pulses.
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[0071] In addition, when the processor 202 detects the next six-fold frequency pulse N+l, 

the processor 202 records the moment when the next six-fold frequency pulse N+l arrives to 

calculate the time interval between the next six-fold frequency pulse N+l and the current 

six-fold frequency pulse N, so as to generate k-1 compensating pulses between the next 

six-fold frequency pulse N+l and the subsequent six-fold frequency pulse N+2.

[0072] According to the exemplary embodiment of the present disclosure, the generation 

of the compensating pulse between the current six-fold frequency pulse and the next six-fold 

frequency pulse is based on the time interval between the current six-fold frequency pulse 

and the previous six-fold frequency pulse. Therefore, the processor 202 records the moment 

when each six-fold frequency pulse is generated and the time interval between six-fold 

frequency pulses. And the last time interval recorded during the previous cycle period of the 

electric machine may be used for the generation of the initial compensating pulse of the next 

cycle period.

[0073] In general, whenever a jump of any square wave signal among a first square signal, 

a second square wave signal, and a third square wave signal is detected by the processor 202 

during a rotation period of the electric machine, a six-fold frequency pulse is generated, a 

compensating pulse is generated between the current six-fold frequency pulse and the next 

six-fold frequency pulse based on the time interval between the current six-fold frequency 

pulse and the previous six-fold frequency pulse and the preset compensating subdivision 

coefficient k. and the number of the compensating pulses is accumulated. The processor 

acquires the specific interval by dividing the time interval between the current six-fold 

frequency pulse and the previous six-fold frequency pulse by the preset compensating 

subdivision coefficient k. Before the next six-fold frequency pulse is detected, the processor 
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202 generates compensating pulses at the specific interval, and accumulates the number of 

the compensating pulse until k-1 compensating pulses are generated. When the next six-fold 

frequency pulse is detected, the next six-fold frequency pulse is taken as a compensating 

pulse, and the number of the compensating pulses is accumulated.

[0074] During the initial phase of the electric machine rotation, since the rotating speed of 

the electric machine is slower, it may not be necessary to generate the compensating pulse, 

and the desired rotation angle of the electric machine can be obtained by simply 

accumulating the six-fold frequency pulses. In an exemplary embodiment, a preset value 

may be set in advance according the technical requirement and engineering practice for 

rotation angle measurement. When the rotation speed of the electric machine is less than the 

preset value, the processor 202 does not generate any compensating pulse, and takes the 

six-fold frequency pulse as the compensating pulse. This may be done by adjusting the value 

of the dial switch to 0. In this case, the flexibility of the electric machine rotation angle 

measurement device may be increased and the resource consumption may be saved.

[0075] The rotation angle of the electric machine changes from 0 to 360 degrees during a 

rotation period of the electric machine, so the measurement of the rotation angle of the 

electric machine by the processor 202 is performed for each rotational period. When the zero 

degree reference point reset signal (for example, a rising edge) corresponding to the starting 

point of a rotation period of the electric machine is detected by the processor 202, the 

processor 202 clears and resets the number of the compensating pulses to restart the 

calculation of the number of the compensating pulses during the next new rotation period.

[0076] Therefore, the accumulation for the number of the compensating pulses by 

the processor 202 occurs in a cycle period, that is, the accumulation for the number of the 
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compensating pulses starts from the moment when the zero degree reference point reset 

signal of the current cycle period is received. It lasts until the next zero degree reference 

point reset signal is received by the processor 202, which indicates the end of the current 

cycle period. Then the number of the compensating pulses is cleared to re-generate and 

accumulate the number of the compensating pulses during the next cycle period.

[0077] In addition, during a cycle period, whenever a compensating pulse is generated by 

the processor 202 (or a six-fold frequency pulse is detected), the number of the 

compensating pulses is updated. Accordingly, the electric machine rotation angle 

corresponding to the updated number of the compensating pulses is calculated by the 

calculation module 203. Alternatively, the voltage value corresponding to the updated 

number of the compensating pulses is acquired by the DA 204.

[0078] In an example, the electric machine shown in Figure 1 is a wind turbine generator. 

Further, the wind turbine is a direct-driven wind turbine, and the calculated electric machine 

rotation angle is the rotation angle of the wheel.

[0079] Figure 9 is a flowchart of an electric machine rotation angle measurement method 

according to an exemplary embodiment of the present disclosure.

[0080] Reference is made to Figure 9. In step 902, a six-fold frequency pulse is generated, 

whenever a jump of any square wave signal among the first square wave signal, the second 

square wave signal, and the third square wave signal is detected, during a rotational period of 

the electric machine. Compensating pulses are generated between the current six-fold 

frequency pulse and the next six-fold frequency pulse based on the time interval of the 

current six-fold frequency pulse and the previous six-fold frequency pulse and the preset 

compensating subdivision coefficient k, and the number of the compensating pulses is
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accumulated. The first square wave signal corresponds to a difference UA-UB between UA 

and UB among three-phase output voltages UA, UB and UC of the electric machine, the 

second square wave signal corresponds to a difference UB-UC between UB and UC among 

three-phase output voltages UA, UB and UC of the electric machine, and the third square 

wave signal corresponds to a difference UC-UA between UC and UA among three-phase 

output voltages UA, UB and UC of the electric machine. In addition, the first square wave 

signal, the second square wave signal, and the third square wave signal may be generated 

according to the operations of the signal conditioning circuit 201 described in Figure 3, and 

the detailed description will be omitted herein for clarity and conciseness.

[0081] The method for generating the compensating pulses in step 902 will be described 

later in further detail in connection with Figures 10.

[0082] In step 904, whenever the number of the compensating pulses is updated, it may 

output the number of the compensating pulses directly, and\or calculate the rotation angle of 

the electric machine, and\or calculate the voltage value, according to the requirement of 

engineering application.

[0083] In step 904, the step for calculating the rotation angle of the electric machine may 

include: whenever the number of the compensating pulses is updated, calculating the rotation 

angle of the electric machine based on the updated accumulated number of the compensating 

pulses, the preset compensating subdivision coefficient k and the number of pole pairs of the 

electric machine.

[0084] Specifically, the rotation angle 0 of the electric machine is calculated according to 

an equation 0 = 360°x---- - ---- , where n is the updated accumulated number of theH Px6xk F

compensating pulses, and P is the number of pole pairs of the electric machine.
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[0085] In step 904, the corresponding voltage value may be calculated. The step for 

calculating the corresponding voltage value may include: transmitting the accumulated 

number of the compensating pulses to a digital to analog converter so that the digital to 

analog converter acquires the voltage value Vout corresponding to the number of the 

compensating pulses according to the equation Vout=(n/2m )xVref, where, n is the updated 

accumulated number of the compensating pulses, m is the quantization bit number when the 

number of the compensating pulses is converted to the voltage value by the digital to analog 

converter, and Vref is a reference voltage for the digital to analog converter.

[0086] The method for generating the compensating pulses in step 902 is described below 

in detail.

[0087] In step 902, measuring the rotation angle of the electric machine may include two 

main stages:

[0088] The first stage is an initial stage of the power-on rotation of the electric machine. At 

this stage, the electric machine rotates in a lower speed and is unsteadily, and it is not 

necessary to measure the precise rotation angle of the electric machine. Therefore, the value 

dm of the dial switch may be set to 0 when the rotation speed of the electric machine is less 

than a preset value. Thus, the compensating coefficient k=2dm=2°=l, that is, no compensating 

pulse is generated, and instead, the six-fold frequency pulses are taken as the compensating 

pulses. At this stage, the time interval At between adjacent successive six-fold frequency 

pulses may be recoded so that it can be used when compensation pulses need to be generated 

at a later stage.

[0089] In the second stage, the rotation speed tends to be steady after the electric machine 

rotates for a period of time. The precise rotation angle of the electric machine is to be
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measured at this stage. The value dm of the dial switch may be preset to the appropriate 

value according to the required accuracy. And, the preset compensating coefficient k=2dm can 

be calculated.

[0090] Taking a rotational period of the electric machine as an example, the measurement 

of the rotation angle of the electric machine in the second stage above-mentioned may 

include two cases.

[0091] For the first case, the number n of the compensating pulses is initialized (namely, n 

is cleared to zero: n=0) at the beginning of a rotational period of the electric machine, 

namely, when the electric machine rotates to the zero degree reference point (the zero degree 

reset signal is triggered, for example, a rising edge of the zero degree reset signal is detected). 

Then, k-1 compensating pulses are generated one by one based on At acquired in the 

previous rotational period. And, the number n of the compensating pulses is accumulated.

[0092] For the second case, k-1 compensating pulses are generated between any current 

six-fold frequency pulse and the next six-fold frequency pulse during a rotational period of 

the electric machine. And the number n is accumulated.

[0093] Figure 10 is a flowchart of the method for generating the compensating pulses 

according to an exemplary embodiment of the present disclosure. In Figure 10, for the 

convenience of description, only an example of the method for generating the compensating 

pulses between the current six-fold frequency pulse and the next six-fold frequency pulse in 

the second cases above-mentioned is shown.

[0094] In step 1010, it is detected whether a jump occurs in any of the Sab, She and Sea.

[0095] When no jump is detected in step 1010, namely, the next six-fold frequency pulse is 

not detected, the specific interval At/k may be acquired by dividing the time interval At
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between the current six-fold frequency pulse and the previous six-fold frequency pulse by 

the preset compensating subdivision coefficient k, and a compensating pulse is generated at 

the time interval ofAt/k, in step 1011.

[0096] In step 1012, the number n of the compensating pulses is accumulated.

[0097] In step 1014, it is determined whether the number of the compensating pulses 

generated between the current six-fold frequency pulse and the next six-fold frequency pulse 

is less than or equal to k-1. Here, n old is an intermediate variable for implementing the 

determination.

[0098] If it is determined, in the step 1014, that “the number of the compensating pulses is 

less than k-1”, namely “yes”, the number n of the compensating pulses accumulated in step 

1012 may be output directly, and\or the rotation angle of the electric machine may be 

calculated, and\or the voltage value may be calculated, based on the accumulated number n 

of the compensating pulses in step 1012, in step 904 (namely, step 904 shown in Figure 9). 

Then, it proceeds to step 1010, to continue to detect the jump. Compensating pulses continue 

to be generated if no jump is detected, until k-1 compensating pulses are generated. If the 

determination at step 1014 is “no”, namely, the number of the generated compensating 

pulses is greater than k-1, an error signal may be generated in step 1015.

[0099] When the jump is detected in step 1010, a six-fold frequency pulse is generated 

(namely, the next six-fold frequency pulse is detected) in step 1016. In step 1017, the next 

six-fold frequency pulse is taken as the compensating pulse. The number n of the 

compensating pulses is accumulated, and n_old=n is made. At is updated at the same time. In 

step 904, it may output the number of the compensating pulses directly, and\or calculate the 

rotation angle of the electric machine, and\or calculate the voltage value based on the 
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[0100] Figure 9 and Figure 10 merely show the method for measuring the rotation angle of 

the electric machine and the exemplary embodiment for generating the compensating pulses, 

but the concept of the present disclosure is not limited to the above-mentioned steps. For 

example, according to the exemplary embodiment of the present disclosure, the electric 

machine rotation angle measurement method may further include: ending the measurement 

for the rotation angle of the electric machine directly when the electric machine is powered 

off, or changing the compensating subdivision coefficient k by the dial switch 205 to 

continue measuring the rotation angle of the electric machine.

[0101] In an exemplary embodiment, the electric machine above-mentioned is a wind 

turbine generator. Further, the wind turbine is a direct-driven wind turbine. The electric 

machine rotation angle, acquire by the method shown in Figure 9, is the rotation angle of the 

wheel.

[0102] The electric machine rotation angle measurement method, according to the 

exemplary embodiment of the present disclosure, may be implemented as computer readable 

codes on a computer readable recording medium, or may be transmitted via a transmission 

medium. The computer readable recording medium is any data storage device that is able to 

store data, which may thereafter be read by the computer system. Examples of the computer 

readable recording medium may include but not limited to a read-only memory (ROM), a 

random access memory (RAM), a compact disk (CD)-ROM, a digital versatile disc (DVD), a 

magnetic tape, a floppy disc and an optical data storage device. The transmission medium 

may include carriers transmitted via the network or various communication channels. The 

computer readable recording medium may also be distributed over a computer system
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connected to the network so that the computer readable codes are stored and executed in a 

distributed fashion.

[0103] In addition, the electric machine rotation angle measurement method, according to 

the exemplary embodiment of the present disclosure, may be implemented by using the 

computer system. The computer system may include the readable medium above-mentioned.

[0104] According to the electric machine rotation angle measurement device and method 

of the exemplary embodiment of the present disclosure, mechanisms or structures are not 

required to transfer the rotation of the electric machine to the electric machine rotation angle 

measurement device as compared with the conventional contact and non-contact type 

electric machine rotation angle measuring methods. The jitter and impact generated by the 

low-speed operation of the electric machine do not affect the measurement effect and the 

measurement life according to the present disclosure. A special modem is not required by the 

electric machine rotation angle measurement device, so that the cost may be reduced.

[0105] On the other hand, the electromagnetic interference generated by the operation of 

the electric machine does not affect the electric machine rotation angle measurement device 

according to the present disclosure, so that it has stronger anti-interfere performance and 

higher accuracy.

[0106] In the present disclosure, the DA may be utilized to calculate the voltage 

corresponding to the rotation angle of the electric machine, and directly output the voltage 

corresponding to the rotation angle of the electric machine to the subsequent measurement 

and control system for the corresponding application of engineering. A special SSI interface 

and device is not required, the cost is low and response speed is fast.

[0107] In the present disclosure, the compensating pulses may be generated based on the 
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compensating subdivision coefficient k, and the rotation angle of the electric machine may 

be calculated based on the number of the compensating pulses, the compensating subdivision 

coefficient k and the number of pole pairs of the electric machine. The accuracy of the 

electric machine rotation angle measured according to the present disclosure is higher than 

the measurement accuracy achieved by installing a tooth profile disc on the electric machine 

or using multiple mechanical structural feature detection points on the circumference of the 

rotation component of the electric machine. In addition, the utility of the compensating pulse 

may implement the subdivision of the rotation angle of the electric machine 

between adjacent six-fold frequency pulses, which reduces the error in the measurement, 

increase the accuracy and timeliness of the measurement, and has no large phase difference 

with the real ration angle.

[0108] Therefore, the electric machine rotation angle measurement device according to the 

present disclosure can improve the precision, the reliability and the stability for measuring 

the rotation angle of the electric machine, and a special modem is not required to reduce the 

cost.

[0109] Operations for the modules of the electric machine rotation angle measurement 

device shown in Figure 1 to Figure 8, according to the exemplary embodiment of the concept 

of the present disclosure, and the electric machine rotation angle measurement method 

shown in Figure 9 and Figure 10 may be written as a program or a software. The program or 

the software may be written using any programming language, based on block diagrams and 

flowcharts shown in drawings and the corresponding description in the specification. In an 

example, the program or the software may include machine codes that can be directly 

executed by one or more processors or the computer, such as machine codes produced by a
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compiler. In another example, the program or the software may include higher level codes 

that can be executed by one or more processors or the computer using an interpreter. The 

program or the software may be recorded, stored or fixed on one or more non-transitory 

computer-readable storage media. In an example, the program, or the software, or one or 

5 more non-transitory computer-readable storage media may be distributed on the computer 

system.

[0110] Although the specific exemplary embodiments of the present disclosure are 

described above in detail, with reference from Figure 1 to Figure 10, various modifications 

may be made to the inventive without deviation from the spirit and scope of the concept of 

10 the present disclosure. Therefore, the scope of the present disclosure should be determined 

not only based on the exemplary embodiments described above, but also based on the claims 

and equivalents.
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1. An electric machine rotation angle measurement device, comprising:

a signal conditioning circuit, configured to receive three-phase output voltages UA, UB 

and UC of an electric machine, and generate a first square wave signal corresponding to 

UA-UB, a second square wave signal corresponding to UB-UC, and a third square wave 

signal corresponding to UC-UA respectively; and

a processor, configured to generate a six-fold frequency pulse whenever a jump of any 

one of the first square wave signal, the second square wave signal, and the third square wave 

signal is detected during a rotation period of the electric machine, generate compensating 

pulses between a current six-fold frequency pulse and a next six-fold frequency pulse based 

on a time interval between the current six-fold frequency pulse and a previous six-fold 

frequency pulse and a preset compensating subdivision coefficient k, and accumulate a 

number of the compensating pulses, wherein the number of the compensating pulses is related 

to a rotation angle of the electric machine.

2. The electric machine rotation angle measurement device according to claim 1, further 

comprising:

a calculation module, configured to, whenever the number of the compensating pulses 

is updated, calculate the rotation angle of the electric machine, based on the updated 

accumulated number of the compensating pulses, the preset compensating subdivision 

coefficient k and a number of pole pairs of the electric machine.
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wherein:

the processor is configured to acquire a specific interval by dividing the time interval

between the current six-fold frequency pulse and the previous six-fold frequency pulse by the
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preset compensating subdivision coefficient k; and

the processor is configured to, before the next six-fold frequency pulse is detected,

generate the compensating pulses with the specific interval and accumulate the number of the

compensating pulses until k-1 compensating pulses are generated, and when the next six-fold

frequency pulse is detected, take the next six-fold frequency pulse as a compensating pulse,

and accumulate the number of the compensating pulses.

4. The electric machine rotation angle measurement device according to claim 1, further

comprising:

a dial switch, configured to adjust the preset compensating subdivision coefficient k, 

wherein, the dial switch is configured to adjust the preset compensating subdivision

coefficient k by changing a value of the dial switch,

wherein, if the value of the dial switch is dm, the preset compensating subdivision

coefficient k equals to 20111.

5. The electric machine rotation angle measurement device according to claim 2,

wherein, the calculation module is configured to calculate the rotation angle Θ of the electric

machine according to the following equation:

6 = 360°x---- - ---- ,
Px6xk
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wherein, n is the updated accumulated number of the compensating pulses, and P is the 

number of the pole pairs of the electric machine.

6. The electric machine rotation angle measurement device according to claim 1, 

wherein:

a zero degree reference point is provided on the electric machine,

the zero degree reference point indicates a starting point of a rotation period of the 

electric machine,

when the zero degree reference point comes close to a sensor provided on an outside of 

the electric machine rotation angle measurement device , the sensor generates a zero degree 

reference point reset signal,

the processor is configured to clear the number of the compensating pulses in responses 

to the zero degree reference point reset signal.

7. The electric machine rotation angle measurement device according to claim 6, further 

comprising:

a sensor interface, configured to receive the zero degree reference point reset signal 

from the sensor, and adjust the zero degree reference point reset signal to a voltage signal 

which meets operation requirement of the processor.

8. The electric machine rotation angle measurement device according to claim 1, 

wherein, the processor is configured to take the six-fold frequency pulse as the compensating 

pulse, without generating the compensating pulse, when a rotation speed of the electric 

machine is less than a preset value.
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9. The electric machine rotation angle measurement device according to claim 1, 

wherein, the electric machine is a wind turbine generator.

10. An electric machine rotation angle measurement method, comprising:

generating a six-fold frequency pulse whenever a jump of any one of a first square 

wave signal, a second square wave signal, and a third square wave signal is detected during a 

rotation period of an electric machine,

generating compensating pulses between a current six-fold frequency pulse and a next 

six-fold frequency pulse based on a time interval between the current six-fold frequency pulse 

and a previous six-fold frequency pulse and a preset compensating subdivision coefficient k, 

and

accumulating a number of the compensating pulses, the number of the compensating 

pulses being related to a rotation angle of the electric machine,

wherein, the first square wave signal corresponds to a difference UA-UB between UA 

and UB among three-phase output voltages UA, UB and UC of the electric machine, the 

second square wave signal corresponds to a difference UB-UC between UB and UC among 

the three-phase output voltages UA, UB and UC of the electric machine, and the third square 

wave signal corresponds to a difference UC-UA between UC and UA among the three-phase 

output voltages UA, UB and UC of the electric machine.

11. The electric machine rotation angle measurement method according to claim 10, 

further comprising:

whenever the number of the compensating pulses is updated, calculating the rotation 
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angle of the electric machine, based on the updated accumulated number of the compensating 

pulses, the preset compensating subdivision coefficient k and a number of pole pairs of the 

electric machine.

12. The electric machine rotation angle measurement method according to claim 10, 

wherein, generating compensating pulses between the current six-fold frequency pulse and the 

next six-fold frequency pulse and accumulating the number of the compensating pulse 

comprises:

acquiring a specific interval by dividing the time interval between the current six-fold 

frequency pulse and the previous six-fold frequency pulse by the preset compensating 

subdivision coefficient k;

generating the compensating pulses with the specific interval and accumulating the 

number of the compensating pulses until k-1 compensating pulses are generated, before the 

next six-fold frequency pulse is detected;

taking the next six-fold frequency pulse as a compensating pulse and accumulating the 

number of the compensating pulses, when the next six-fold frequency pulse is detected.

13. The electric machine rotation angle measurement method according to claim 10, 

further comprises:

receiving the preset compensating subdivision coefficient k adjusted by a dial switch, 

wherein if a value of the dial switch is dm, the preset compensating subdivision coefficient k 

equals to 2dm.

14. The electric machine rotation angle measurement method according to claim 11,
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wherein, calculating the rotation angle of the electric machine comprises:

calculating the rotation angle Θ of the electric machine according to the following

equation:

5
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20

wherein, n is the updated accumulated number of the compensating pulses, and P is the 

number of the pole pairs of the electric machine.

15. The electric machine rotation angle measurement method according to claim 10, 

wherein:

a zero degree reference point is provided on the electric machine, and the zero degree 

reference point indicates a starting point of a rotation period of the electric machine, and

the electric machine rotation angle measurement method further comprises:

clearing the number of the compensating pulses when the electric machine rotates to the 

zero degree reference point.

16. The electric machine rotation angle measurement method according to claim 10, 

further comprising:

taking the six-fold frequency pulse as the compensating pulse, without generating the 

compensating pulse, when a rotation speed of the electric machine is less than a preset value.

17. The electric machine rotation angle measurement method according to claim 10, 

wherein, the electric machine is a wind turbine generator.
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18. A computer-readable storage medium, wherein, the computer-readable storage 

medium stores a program, and the program executes the method according to any one of 

claims 10 to 17.

5 19. A computer system, wherein, the computer system comprises a readable storage

medium storing a computer program, and the computer program executes the method 

according to any one of claims 10 to 17.
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