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CONTROL SYSTEM, OBSERVER, AND CONTROL 
METHOD FOR A SPEED-SENSORLESS 

INDUCTION MOTOR DRIVE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to an induction motor 
drive Without a speed sensor and/or a rotational position 
sensor, and more particularly, to an observer for vector 
controlling an induction motor drive. 

[0003] 2. Description of the Related Art 

[0004] A typical vector control system for a direct ?eld 
oriented induction motor drive Without a speed sensor and/or 
rotational position sensor is shoWn in FIG. 1. 

[0005] In the system Without a speed sensor, only a stator 
voltage 206 and a stator current 207 are detected by sensors 
108 and 109. 

[0006] Vector control for an induction motor 100 in this 
?gure is performed based on the torque of the induction 
motor 100, Which is independently applied, and the mag 
netic ?ux fed by an inverter 101. 

[0007] With the vector control in the system shoWn in this 
?gure, a speed regulator 107 generates a torque current 
reference 202 under PI control (proportional action and 
integral action control) from a an estimated speed reference 
200 being an instruction of the speed of the motor, and an 
estimated speed 211 from a ?ux and speed observer 110 as 
a feedback, and outputs the generated torque current refer 
ence 202 to a current regulator 106. The current regulator 
106 outputs a current that is regulated under the PI control 
from the torque current reference 202 being an instruction to 
the torque and a ?ux current reference 201 being an instruc 
tion to the magnetic ?ux. Then, a vector rotator 104 trans 
forms this current value into a relative value in a coordinate 
system (d-q coordinate system) that rotates in synchroniZa 
tion With a synthesiZed current vector, and applies the 
transformed value to the inverter 101 as a primary voltage 
command 205. The ?ux current reference 201 applied to the 
current regulator 106 can be set to a constant value over a 
Wide operation range While the torque current reference 202 
is generated by a PI loop according to the estimated speed 
211. 

[0008] The voltage and the current values applied from the 
inverter 101 to the induction motor 100 are detected as the 
detected voltage 206 and the detected current 207 by the 
sensors 108 and 109. After the detected voltage 206 and the 
detected current 207 are transformed into values represented 
by a tWo-phase coordinate system by 3-2 phase transformers 
102 and 103, they are input to the ?ux and speed observer 
110 as space vector values vs 208 and is 209. 

[0009] The ?ux and speed observer 110 obtains an 
observed rotor ?ux 210 from the stator voltage vs 208 and 
the stator current is 209, outputs the obtained ?ux 210 to 
vector rotators 104 and 105, estimates a rotor speed, and 
outputs the estimated speed 211 to the speed regulator 107. 

[0010] The vector rotator 104 vector-rotates a ?ux com 
mand 203 and a torque command 204 in the orientation of 
the rotor ?ux based on the observed rotor ?ux 210, and 
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outputs the vector-rotated commands to the inverter 101 as 
the primary voltage instruction 205. 

[0011] Additionally, the vector is 209 is vector-rotated by 
the vector rotator 105 in the orientation of the rotor ?ux 
based on the observed ?ux 210 from the ?ux and speed 
observer 110 in order to obtain a ?ux current 212 and a 
torque current 213, Which are used as feedback signals by 
the current regulator 106. 

[0012] An MRAS (Model Reference Adaptive System) 
based on a ?ux and speed observer Was initially proposed by 
Ref. 1. 

[0013] Ref. 1: H. Kubota et al. “DSP-based speed 
adaptive ?ux observer of induction motor”, IEEE 
Trans. Industry Applicat., vol. 2, no. 2 pp. 343-348, 
1993. 

[0014] According to Ref. 1, a stator current and a rotor ?ux 
are used as an independent set of variables in order to 
explain an induction motor. Accordingly, an equation for an 
induction motor, Which is demonstrated by Ref. 1, can be 
reWritten to an equation using a stator ?ux and a rotor ?ux 
as state variables. Since the process of this reWrite is a 
standard linear transformation, it is omitted here. 

[0015] A classical representation of an induction machine 
in a stator oriented reference coordinate system (ot-B) using 
a state space notation is as folloWs. 

RSLmgI ] (a, (1) 

[0018] are space vectors associated With a stator ?ux, a 
rotor ?ux, a stator current, and a stator voltage respectively. 

[0019] Other symbols are as folloWs. 

L _ 1 _ L, 

Sg _ 0' LS LS-L,—L,2n 

_ 1 _ L, 

I” _ U L, _ Air-L?” 

l —0' _ Lm 

1*“ _ 0-1," _ LS-L,—L,2n 

l O O —l O O 1-l J=l M l O l l O O O 

[0020] Rs, RI: Stator and rotor resistance; 

[0021] Ls, LI, Lm: Stator, rotor, and mutual inductance; 

[0022] o=1—Lm2/(Ls~LI): Total leakage coef?cient; 

[0023] our: Angular rotor speed. 
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[0024] Furthermore, according to Ref. 1, observed ?uX 
values are represented as follows. Note that observation and 
an observed value referred to in this speci?cation represent 
observation and an observed value in modern control theory, 
and indicate the estimation of a state variable value from an 
output and its estimated value. In the folloWing equation, 
observed values are marked With “A”. 

[0025] An output feedback gain K in the equation (2) is 
used to modify the dynamic characteristics of an estimation 
error and its determination. 

[0026] The speed is evaluated With the folloWing equation. 

[0028] According to Ref. 1, the feedback gain K in the 
observer equation (2) is used along With a constant of 
proportionality k in order to obtain four eigenvalues hobs of 
the ?uX observer represented by the equation (2), Which are 
proportional to an eigenvalue )Lmot of the corresponding 
rnotor represented by the equation 

[0029] The equation (4) is proved in the folloWing docu 
rnent. 

[0030] Ref. 2: Y. Kinpara and M. Koyarna, “Speed 
Sensorless Vector Control Method of Induction Motor 
Including A LoW Speed Region,” The Journal “D” of 
the Institute of Electrical Engineers of Japan, vol. 
120-D, no.2, pp. 223-229, 2000. 

[0031] With a selection method for a feedback gain K, 
Which is proposed by Ref. 2, several unstable operation 
conditions are imposed on the induction motor. Especially, 
When a stator frequency approaches “0”, an observer does 
not converge, leading to inability of the operations of the 
motor drive. 

[0032] An unstable region on a torque-speed plane of the 
induction motor drive depends on the value of the constant 
of proportionality k in the equation This unstable area 
converges to a single line corresponding to the primary 
frequency that is exactly “0” When the constant k converges 
to “0”. Accordingly, the dynamic characteristics resultant 
from the ?uX observer becorne unacceptably sloW for a very 
small value of k. Therefore, this selection method for the 
feedback gain K is not a good solution. 
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[0033] Ref. 2 proposes a method based on a Riccati 
equation as a selection method for the output feedback gain 
K in the equation (2), Which stabiliZes the drive. 

[0034] With this method, if G, Q, and R are de?ned as 
folloWs 

[0035] the output feedback gain K is obtained With the 
folloWing equation. 

[0036] Where P is a sole positive de?nite solution that 
satis?es the folloWing equation. 

[0037] With the method using the Riccati equation, the 
stability of the ?uX and speed observer is improved, but one 
arbitrary pararneter (61) that is not directly related to the 
stability of a global operation must be selected to obtain the 
output feedback gain. If this parameter is unsuitably 
selected, the observer can possibly be made unstable or an 
unacceptably large delay can possibly be caused. In either 
case, a resultant operation cannot run at a very loW prirnary 
frequency. 

SUMMARY OF THE INVENTION 

[0038] The present invention Was developed to overcome 
the above described problems, and aims at providing a 
control system, an observer, and a control method for an 
induction motor drive Without a speed sensor or a position 
sensor, the operations of Which are stable for global opera 
tion frequencies. 

[0039] The present invention assumes a device or a 
method perforrning vector control for an induction motor 
that does not comprise at least either a speed sensor or a 
position sensor. 

[0040] The control system according to the present inven 
tion comprises an observer unit and a control unit. 

[0041] The observer unit determines a feedback gain K by 
using an estimation error of a stator current, and obtains and 
outputs at least either of an observed rnagnetic ?uX and an 
estimated speed based on the feedback gain K. 

[0042] The control unit controls the induction motor based 
on the output of the observer unit. 

[0043] With this system, only the restriction on the deter 
rnination of the feedback gain K is, for example, an equation 



US 2003/0015988 A1 

[0044] That is, the feedback gain K Which satis?es a 
condition based on a different factor can be determined With 
almost no restrictions. 

[0045] Furthermore, the observer unit can be con?gured to 
determine the feedback gain K the magnitude of Which is 
Within a predetermined range, if the rotation speed of the 
induction motor is equal to or higher than a preset speed. 

[0046] With this con?guration, a stable operation can be 
realized even at an operating frequency in the vicinity of 
(‘017' 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0047] FIG. 1 shoWs a typical system of a direct ?eld 
oriented induction motor drive Without a speed sensor and/or 
rotational position sensor; 

[0048] FIG. 2 exempli?es an output error block according 
to a preferred embodiment of the present invention; 

[0049] FIG. 3 shoWs a system of a direct ?eld-oriented 
induction motor drive Without a speed sensor or a rotational 

position sensor according to the preferred embodiment; 

[0050] FIG. 4 exempli?es the con?guration of a ?ux and 
speed observer; and 

[0051] FIG. 5 exempli?es the simplest con?guration of a 
stabiliZing gain calculator. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0052] Preferred embodiments according to the present 
invention Will be explained beloW With reference to the 
draWings. 

[0053] The present invention adopts several results estab 
lished so far in non-linear control theory. In consequence, a 
feedback gain K that ensures the stability of a ?ux and speed 
observer under every possible operating condition can be 
obtained Without much degrading the dynamic characteris 
tics of the observer. 

[0054] Since the feedback gain K is obtained as a very 
simple function of almost no motor parameters and operat 
ing speed, its realiZation and implementation can be made 
With signi?cant ease. Furthermore, unlike the methods pro 
posed so far, a feedback gain the value of Which does not 
become in?nite can be derived even if the primary frequency 
approaches “0”, according to the present invention (singular 
condition). 
[0055] If an error of an angular rotor speed is set as Auur= 
(fur-our, an estimation error ei=is—iS of an estimated stator 
output current becomes as folloWs from the equations (1) 
and (2): 

[0056] Where s is a Laplace operator. 

[0057] FIG. 2 exempli?es an output error block satisfying 
the equation 
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[0058] As exempli?ed in FIG. 2, a stator current estima 
tion error system can be recogniZed as an interconnection of 
a non-linear feedback transfer function and a linear transfer 
function. 

[0059] If the folloWing tWo conditions are satis?ed in this 
?gure, the ?ux and speed observer is stabiliZed. 

[0060] Condition 1: A non-linear feedback 20 shoWn in 
FIG. 2 satis?es the Popov’s inequality that is Well knoWn as 
a stability determination method for a non-linear control 
system. Namely, a constant y Which is not dependent on a 
time t exists, and the folloWing inequality is satis?ed for 
every t1>tO. 

[0061] Condition 2: A linear transfer function GI(s) of a 
linear steady-state block 10 shoWn in FIG. 2 is stable, and 
a phase angle betWeen an input and an output falls Within a 
range of rat/2. 

[0062] Since mechanical constituent elements have rela 
tively sloW dynamic characteristics as for Condition 1, it 
becomes easy to implement un1=ei, \(n1=(i)IJ([)I in FIG. 2, if an 
actual speed is assumed to be nearly constant. 

[0063] The folloWing equation can be derived from the 
above provided equations (3) and 

ML». = "g 441%,? (7) 

[0064] It is evident that the equation (7) satis?es Popov’s 
inequality (6), since the equation (7) includes the feedback 
gain K. Hence, FIG. 2 satis?es Condition 1. 

[0065] Next, the linear transfer function GI(s) in the equa 
tion (5) is considered as for Condition 2. 

[0066] Suppose that there is no feedback gain K (K=0). In 
this case, although the transfer function GI(s) becomes 
stable, the phase displacement betWeen an input and an 
output is outside the stable range of rat/2 for suf?ciently loW 
frequencies, Which makes the observer unstable. 

[0067] Accordingly, for the stability of the system shoWn 
in FIG. 2, it is necessary to determine a gain matrix K such 
that the Popov’s stability condition is satis?ed, and the 
Whole of a dynamic matrix (A+KC) of the ?ux observer 
itself remains stable. 

[0068] The transfer function GI(s) in the equation (5) can 
be veri?ed to change its sign based on a primary frequency. 
This re?ects on the phase as folloWs 

[0069] This equation means that the only Way to achieve 
the stability When the primary frequency is a small positive 
or negative value is to ensure the folloWing equation. 
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[0070] This equation (9) is satis?ed Whenever the feed 
back gain K that satis?es the following equation (10) is 
suitably selected. 

lim LG,(jw) : oo (10) 
(1H0 

[0071] As far as the equation (10) is satis?ed, any feed 
back gain K in the form represented by the equation (2) is 
acceptable, and the ?ux and speed observer is globally 
stabiliZed. 

[0072] The feedback gain K can be de?ned as folloWs 
from the equation 

[0073] There are four parameters (k1, . . . k4), Which can 
be arbitrarily set, for selecting the feedback gain K, and the 
only restriction on this selection is the equation (10). There 
fore, many options can be proposed for a global stabiliZation 
problem, and a suitable one can be selected from among the 
options, according to other conditions. 

[0074] This selection method for the feedback gain K can 
be simpli?ed, for example, by selecting the parameters as 
folloWs. 

k1=k4=0 (12) 

[0075] When it is veri?ed that the parameter k3 of the 
feedback gain K does not affect the restriction of the 
equation (10), only the gain parameter k2 is proved to affect 
the restriction of the equation (10). Therefore, the feedback 
gain K that alWays satis?es the equation (10) can be derived. 

[0076] Considering this fact, the parameter k2 results in 
the folloWing equation (13). 

[0077] From the above discussion, the folloWing simple 
equation for deriving the feedback gain K can be obtained. 

[0078] The feedback gain K that satis?es the equation (14) 
stabiliZes the observer at any speed or at any primary 
frequency in Which the ?ux and speed observer has one of 
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its poles at the origin (stability limit) except for the singular 
condition that the primary frequency, is exactly “0”. 

[0079] It is proved from the equation (13) that the param 
eter k2c of the feedback gain K linearly becomes large With 
an increase in the operating speed. HoWever, the operating 
frequency cannot be made very much loW for a suf?ciently 
high speed, due to the limitation of the slip of the induction 
machine. 

[0080] To address this problem, an upper limit is set for the 
value of the feedback gain K, Which is obtained from the 
equation (14), and the value is clipped to fall Within a 
particular range if it exceeds the range. For example, an 
operating speed approximately tWice (or three times) the 
rated slip mum of the motor in use, such as a nominal value, 
etc., is de?ned to be a maximum value, to Which clipping is 
made, for an angular rotor speed our, so that the upper limit 
can be set for the feedback gain K. In this Way, no adverse 
effect is exerted on the stability of the drive at an operating 
frequency in the vicinity of “0”. 

[0081] Whichever value the parameter k3 of the feedback 
gain K takes, the equation (10) is satis?ed. Therefore, the 
selection of the parameter k3 can be used to improve the 
dynamic characteristics or the stability margin of the ?ux 
and speed observer represented by the equation 

[0082] Any standard technique may be available as the 
selection of the parameter k3. For instance, the parameter k3 
can be obtained by lineariZing a system that is con?gured by 
the motor represented by the equation (1) and the observer 
represented by the equation (2) in the vicinity of an equi 
librium operating point, or by using many tools that can be 
obtained from the established linear control theory. 

[0083] Whichever value is selected for the parameter k3, 
the observer remains stable globally as far as the other 
parameters of the gain K, Which are obtained from the 
equations (12) and (13), are not changed. 

[0084] FIG. 3 shoWs the control system for a direct 
?eld-oriented induction motor drive Without a speed sensor 
and/or a rotational position sensor, according to this pre 
ferred embodiment. 

[0085] Comparing With the system con?guration shoWn in 
FIG. 1, a ?ux and speed observer 300 is arranged in the 
con?guration shoWn in FIG. 3 as a replacement of the ?ux 
and speed observer 100. In this ?gure, the same constituent 
elements as those of the conventional system shoWn in FIG. 
1 are denoted With the same reference numerals, and their 
operations are fundamentally the same as those explained 
With reference to FIG. 1. 

[0086] The globally stable ?ux and speed observer 300 
according to this preferred embodiment is used in a standard 
direct vector control mechanism. The ?ux and speed 
observer 300 obtains an observed rotor ?ux 301, Which is 
used by vector rotators 104 and 105 as a ?eld orientation, 
With the use of a voltage vector v5 208 and a current vector 
i5 209 that are transformed from a detected voltage 206 and 
a detected current 207, Which are measured by the sensors 
108 and 109, into a tWo-phase coordinate system by 3-2 
phase transformers 102 and 103, and outputs the obtained 
?ux to the vector rotators 104 and 105. The ?ux and speed 
observer 300 is con?gured as a single unit in the con?gu 
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ration shown in FIG. 3. However, the ?ux and speed 
observer 300 may be arranged separately as a ?ux observer 
and a speed observer. 

[0087] Additionally, the ?ux and speed observer 300 
obtains and outputs an estimated rotor speed 311 from the 
voltage vector vs 208 and the current vector is 209. The 
estimated rotor speed 311 is used as an external speed 
control loop 211 for a speed regulator 107. 

[0088] FIG. 4 exempli?es the con?guration of the ?ux 
and speed observer 300 shoWn in FIG. 3. 

[0089] In the con?guration shoWn in FIG. 4, the observed 
rotor ?ux 310 and the estimated rotor speed 311 are obtained 
from the voltage vector vs 208 and the current vector is 209 
based on the above provided equations (2) and (3), and 
output. 

[0090] In the ?ux and speed observer 300, an arithmetic 
operation unit 411 calculates the difference betWeen an input 
measured current vector is 209 and an observed value 327 
that the ?ux and speed observer 300 itself calculates, and 
outputs the calculated difference to multipliers 406 and 410 
as an estimation error ei 325 of the stator current. 

[0091] The multiplier 406 multiplies the estimation error 
ei 325 and the feedback gain K obtained by a stabiliZing gain 
calculator 400 to be described later, and outputs the result of 
the multiplication to an adder 404. 

[0092] Additionally, in the ?ux and speed observer 300, a 
motor estimator 401 obtains the values of the ?rst and the 
second terms in the equation (2) from the input voltage 
vector vs 208 and the estimated rotor speed 311 that the ?ux 
and speed observer 300 itself calculates. Then, the adder 404 
outputs the value obtained by adding the value of the third 
term Kei input from the multiplier 406 to the sum of the ?rst 
and the second terms in the equation (2) from the motor 
estimator 401. This value is integrated by an integrator 403. 

[0093] The output of the integrator 403 is input to multi 
pliers 402 and 405, and the motor estimator 401. The motor 
estimator 401 uses the output of the integrator 403 to obtain 
the ?rst term of the equation The multiplier 402 multi 
plies the output of the integrator 403 and a ?xed value matrix 
[Lsgl-Lmgl], Which is dependent on the characteristics of the 
motor, so as to obtain the observed value 327 of the stator 
current, Which is used by the arithmetic operation unit 411 
to obtain the estimation error ei 325 of the stator current. The 
multiplier 405 multiplies the output of the integrator 403 and 
a matrix [0(0 matrix) I] so as to generate an output value 
310. 

[0094] The multiplier 410 multiplies the estimation error 
ei 325 of the stator current, and the result of the multiplica 
tion, Which is output from the multiplier 409, of the observed 
rotor ?ux 310 transposed by a transposer 412 and a matrix 
J 323, and outputs the result of the multiplication to a 
multiplier 408. The multiplier 408 multiplies this value and 
an arbitrary positive gain km in the equation An inte 
grator 407 integrates this result to obtain the estimated rotor 
speed 311. 

[0095] The stabiliZing gain calculator 400 obtains the 
feedback gain K 326 for stabiliZation, Which satis?es the 
equation (10), from the estimated rotor speed 311 that the 
?ux and speed observer 300 itself calculates and ?xed 
parameters indicating the characteristics of the motor. 
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[0096] FIG. 5 exempli?es the simplest con?guration of 
the stabiliZing gain calculator 400 shoWn in FIG. 4. 

[0097] The stabiliZing gain calculator 400 having the 
con?guration shoWn in FIG. 5 sets the parameters k1, k3, 
and k4 to 0 among the four parameters k1 to k4 of the 
feedback gain K326, and obtains only the parameter k2 from 
the estimated rotor speed 311. 

[0098] Calculation of the parameter k2 is made based on 
the equation (13). If an input absolute value of the estimated 
rotor speed 311 is equal to or larger than a limiter value mum, 
a limiter 501 clips the estimated rotor speed 311 to the 
limiter value mum as represented by a graph of FIG. 5 to 
make the absolute value fall Within the limiter value range, 
and outputs the clipped estimated rotor speed 311, in con 
sideration of the case Where the equation (10) is not satis?ed 
due to the estimated rotor speed 311 used for the calculation, 
Which is too high or loW. 

[0099] Then, a multiplier 502 multiplies this output value 
504 and a ?xed value —Lr~Rs/RI 505, Which is dependent on 
the standard parameters of the induction motor 100, to 
obtain the parameter k2. An arithmetic operation unit 500 
calculates the stabiliZation feedback gain K 326 from the 
parameter k2 and the values 503 (all the values are 0) of k1, 
k3, and k4, and outputs the feedback gain K 326. 

[0100] As described above in detail, stable operations can 
be realiZed for global operating frequencies according to the 
present invention. 

[0101] Additionally, since the procedures proposed to 
evaluate the feedback gain of an MRAS-based ?ux and 
speed observer are used, it become possible to overcome 
problems that are associated With a regenerative operation at 
a loW speed even if a primary frequency approaches 0, 
Which makes a ?ux and speed observer causes an error With 
a conventional method. As a result, global stable operations 
of the drive can be achieved. 

[0102] Furthermore, a feedback gain the value of Which 
does not become-in?nite can be derived even if the primary 
frequency approaches “0”. 

[0103] Still further, a stabiliZation gain can be obtained by 
solving a simple algebraic equation. 

[0104] Still further, a feedback gain K is obtained as a very 
simple function of almost no motor parameters and operat 
ing speed. Therefore, the feedback gain K that ensures the 
stability of a ?ux and speed observer under every possible 
operating condition can be obtained Without much degrading 
the dynamic characteristics of the observer. Accordingly, it 
is very easy to industrially realiZe and implement the present 
invention. 

What is claimed is: 
1. Acontrol system vector-controlling an induction motor 

that does not comprise at least either a speed sensor or a 
position sensor, comprising: 

an observer unit determining a feedback gain K by using 
an estimation error of a stator current, and obtaining 
and outputting at least either of an observed ?ux and an 
estimated speed based on the feedback gain K; and 

a control unit controlling the induction motor based on an 
output of said observer unit. 
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2. The control system according to claim 1, wherein 7. Acontrol system vector-controlling an induction motor 
that does not comprise at least either a speed sensor or a 

said observer unit determines a value that satis?es . . . . 
position sensor, comprising: 

observer means for determining a feedback gain K by 
liné LGl(jw) = 00 using an estimation error of a stator current, and for 
we obtaining and outputting at least either of an observed 

?ux and an estimated speed based on the feedback gain 

as a feedback gain K for a transfer function G1 being a K’ and 
linear portion of a system of the estimation error of the control means for controlling the induction motor based 
stator current. on an output of said observer means. 

3. The control system according to claim 1, Wherein 8. An observer used to vector-control an induction motor 
that does not comprise at least either a speed sensor or a 

said observer unit determines the feedback gain K based position Sensor, Comprising: 
on an equation 

a feedback gain determining unit determining a feedback 
gain by using an estimation error of a stator current; and 

kzc = -Lr' Fr 'wr an outputting unit obtaining and outputting at least either 
k J of an observed ?ux and an estimated speed based on the 

K =[ 25 1 feedback gain. 
9. The observer according to claim 8, Wherein 

said feedback gain determining unit determines the feed 
Where LI is a rotor inductance, R5 is a stator resistance, RI haek gaih a Ihaghithde of Which is Withih alhedeter' 

is a rotor resistance, and (i)I is an angular rotor speed, thlhed rahge 1f 2} rotatloh Speed of the lhdhetloh motor 
and is equal to or higher than a preset value. 

10. An observer used to vector-control an induction motor 
that does not comprise at least either a speed sensor or a 

[0 A] [0 0] position sensor, comprising: 
_ i 0 ‘ = 0 0 ‘ 

feedback gain determining means for determining a feed 
back gain by using an estimation error of a stator 
current; and 

4. The control system according to claim 1, Wherein _ _ _ _ 
outputting means for obtaining and outputting at least 

Said Observer uhit _det_erththe_s the feedhaek gaih K _a either of an observed ?ux and an estimated speed based 
magnitude of Which is Within a predetermined range if on the feedback gain 
a_rotatlon Speed of the mductlon motor 15 equal to or 11. A method vector-controlling an induction motor that 
hlgher than a preset Value'_ _ _ does not comprise at least either a speed sensor or a position 

5. The control system according to claim 4, Wherein Sensor, Comprising; 

Said Pbserver uhit deterthihes the feedback gaih by determining a feedback gain by using an estimation error 
using a value of an angular rotor speed our, Which is of a Stator Current; and 
restricted to Within a predetermined range. 

6. The control system according to claim 1, Wherein Ohtalhlhg at least elther of ah Observed hhX and ah 
estimated speed based on the feedback gain. 

Sald Control umt Compnses 12. The method according to claim 11, Wherein 

a vector rotating unit performing vector rotation based 
_ _ the feedback gain a magnitude of Which is Within a 

on the output of said observer unit, and predetermined range if a rotation speed of the induction 
a current regulating unit outputting a current command motor 15 equal to or hlgher thah a Preset Value 

to the induction motor based on the output of said 
observer unit. * * * * * 


