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Abstract Since speed is not observable from the terminals of IM at ultra-low speed and

zero stator frequency, the classic speed estimation techniques based on motor model cannot

estimate the rotor speed. The paper introduces a high frequency signal injection method

(HFSIM) which takes the rotor flux position information as reference model and the current

model of rotor flux as adjustable model. Then, a model reference adaptive system (MRAS)

speed estimation scheme based on the principle of phase locked loop (PLL) is presented. The

simulation results have verified its effectiveness.
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ṽsd =
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Lr(Rr + jωhLr)

)

ĩsd
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e 1 )�q��M����QSy�ZH
Fig. 1 Principle of rotor flux orientation with high frequency injection methode dm − qm sP%$}��(�x�r-Tx�r`>}��
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Fig. 2 Block diagram of rotor flux position orientationd 2 U6eÆ�PRo{x�_H PI v���4sP%$}�e qm ���e .�� dm ���e .��
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�θr , θ̂r �'l3/Æ�PR
T:sÆ�PR
�
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=
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=
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v̇ = Av −W .jJeÆL:s ω̂m 9B�y9 v eJH�0)�:ECge�#�7�ω̂m %6��

ω̂m =

∫ t

0

φ1(v, t, τ)dτ + φ2(v, t) + ω̂m(0) (18)^ ω̂m(0) = 0; φ1(v) T φ2(v) lB�y9JH�M5 (17) T5 (18) 
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Fig. 4 Equivalent feedback system of MRASM Popov?sxFk3t��r3/v��:E}a��sxe℄�
p�_be
#v:eNpJH(o9/,p.��?_be�
#v:n� Popov j�,i5�A���EWe9-�Cepx(o P O9-�Cpx(o Q 4
�re Lyaponov(o�FDM

PA+ATP = −Qgp�_beNpJH(o H(s) = (sI − A)−1 9/,p.e�jJ,�!� ert��U��?_be�
#v:�'n� Popov j�,i5�o

∫ t1

0

vTWdt > −γ2
0 , t1 > 0 (19)5��γ2

0 l�?p=H�lXKJ Popov j�,i5A���?_beL�:se�:Eg��5 (17) T5
(18) [�,i5 (19), 
`��>}


∫ t1

0

(vαψrβ − vβψrα)(ωm −
∫ t

0

φ1dτ − φ2)dt > −γ2
0 (20),i5 (20) 3=����eU-,i5 I1 O I2

I1 ,

∫ t1

0

(vαψrβ − vβψrα)(−φ2)dt > −γ2
1 (21)

I2 ,

∫ t1

0

(vαψrβ − vβψrα)(ωm −
∫ t

0

φ1dτ)dt > −γ2
2 (22)���x7"reU-,i5 I1 T I2 DM�g,i5 (20) 8��DM�
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1 = 0,�,i5 I1 &
`n��AS�φ2(v, t) 3=�l


φ2(v, t) = k2(vβψrα − vαψrβ), k2 > 0 (23)d/f,i5 I2, j-,i5e�
3=_H�r	u>}5
`

∫ t1

0

ḟ(t)f(t)dt =
1

2
[f2(t1) − f2(0)] > −1

2
f2(0) (24)�E_

{

ḟ(t) = k1(vαψrβ − vβψrα), k1 > 0

f(t) = ωm −
∫ t1
0 φ1dτ

(25)g0),i5 (24) 3=�x,i5 (22) DM�M5 (25) 3=
`B�y9JH φ1(v, t) ��

φ1(v, t) = −ḟ(t) = k1(vβψrα − vαψrβ) (26)� vα = ψrα− ψ̂rα, vβ = ψrβ− ψ̂rβ �'[�5 (23)T5 (26), 
`B�y9JH��


{

φ1 = k1(ψrβψ̂rα − ψrαψ̂rβ)

φ2 = k2(ψrβψ̂rα − ψrαψ̂rβ)
(27)
5 (14) [�5 (27) 
`












φ1 =
k1

|ψr|
(sin θreψ̂rα − cos θreψ̂rβ) = k′1(sin θreψ̂rα − cos θreψ̂rβ)

φ2 =
k2

|ψr|
(sin θreψ̂rα − cos θreψ̂rβ) = k′2(sin θreψ̂rα − cos θreψ̂rβ)

(28)�5 (28) [�5 (18) &3=
`eQ Popov ?sxFkeÆL:s�:Eg

ω̂m = k′1

∫ t

0

(sin θreψ̂rα − cos θreψ̂rβ)dt+ k′2(sin θreψ̂rα − cos θreψ̂rβ) (29)5��k′1 l PI v��ej�}H�k′1 = k1/|ψr|; k′2 l�L}H�k′2 = k2/|ψr|.MQÆ�PRe,�=H�Y�Æ�PR�v{WHF!X�^o�AS�PI v��e�LTj�}He�"�HSxv&3=
`RKe{W:s#}�
4 �m�GV�{lX4r��ÆL�:seN�#��r�MX9X�k.4�Æ��d 5 U6�e
Matlab/Simulink [#��!�k�rh)JX SI unit b� 2 k�He&Erh��3H�% 1.A��&Erh=�xÆL	{�ox��hl 60Hz, �:sÆLT.xÆL��m:sL�e��y9�k�E�d 6 U6�M�k�E3=-I�:serhÆLRKn1�.xÆL���y9esW,e 0.1% =|�& 1 'Gsi4I

Table 1 Parameters of induction motor

Pn(VA) Vn(V) Fn(Hz) Rs(Ω) Ls(H) Rr(Ω) Lr(H) Lm(H) J(Kg.m2)

3*746 220 60 0.435 0.002 0.816 0.002 0.06931 0.089
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Fig. 5 Speed estimation simulation scheme of MRAS based on PHL

(a) ;tM�U/yM���
(Comparative results between estimated

speed and real speed)

(b) ;tM�f
�z:
(Relative error of estimated speed)e 6 	y�N
~-g�l��

Fig. 6 Simulation curves during starting-up process under rated speed�U�r{h=�leÆL	{�L�/xv%xl 30, ox��h (1Hz) 	{�:sL�T.xL���m:sL�e��y9�k�E�d 7 U6�M�k�E3=-I�:seL�R;n?Q`.xeÆL�sW,��y9e 1.5% =|�dU�rh=x��h 50Hz sx_!�e 1s ,5Ate�r- (8&9r`v��;(e/xr-), j,xN(�e7>�L��}a�r{hMQ�r~{_!�!TM"
f{rh��_!���k�E�d 8 U6�M�k�E3=-I�:seÆLRKn1�.xÆLe!X�{WHFeL�:se��y9e 5% =|�
(a) ;tM�U/yM���

(Comparative results between estimated

speed and real speed)

(b) ;tM�f
�z:
(Relative error of estimated speed)e 7 �mg�N
~IG�l��

Fig. 7 Simulation curves during starting-up process under low speed
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(a) ;tM�U/yM���
(Comparative results between estimated

speed and real speed)

(b) ;tM�f
�z:
(Relative error of estimated speed)e 8 f 0.1s -6�Buf�s.�s~i�~a��
~g�l��

Fig. 8 Simulation curves during motoring, braking and backward starting-up process
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