US 20140016835A1

a9y United States

a2 Patent Application Publication (o) Pub. No.: US 2014/0016835 A1

SONG et al. (43) Pub. Date: Jan. 16, 2014
(54) HUMAN IDENTIFICATION SYSTEM BY (30) Foreign Application Priority Data
FUSION OF FACE RECOGNITION AND
SPEAKER RECOGNITION, METHOD AND Jul. 13,2012 (TW) e 101125278

(71

(72)

(73)

1)

(22)

SERVICE ROBOT THEREOF

Applicant: NATIONAL CHIAO TUNG
UNIVERSITY, Hsinchu City (TW)

Inventors: KAI-TAI SONG, Hsinchu City (TW);
SHUO-CHENG CHIEN, Hualien
County (TW); CHAO-YU LIN, Taipei
City (TW); YI-WEN CHEN, Taoyuan
County (TW); SIN-HORNG CHEN,
Hsinchu City (TW); CHEN-YU
CHIANG, Hsinchu County (TW);
YI-CHIAO WU, New Taipei City (TW)

Assignee: NATIONAL CHIAO TUNG
UNIVERSITY, HSINCHU CITY (TW)

Appl. No.: 13/675,590

Filed: Nov. 13, 2012

N

Publication Classification

(51) Int.CL
GOGK 9/00 (2006.01)
GIOL 17/00 (2006.01)
(52) US.CL
CPC oo GO6K 9/00221 (2013.01); G10L 17/00
(2013.01)
LU G 382/118
(57) ABSTRACT

The present invention discloses a human identification sys-
tem by fusion of face recognition and speaker recognition, a
method and a service robot thereof. The system fuses results
of the face recognition and the speaker recognition, and fur-
ther uses confidence index to estimate the confidence level of
the two recognition results. If only one of the confidence
indices of the two recognition results reaches the threshold,
then only this result is used as the output. If both confidence
indices of the two recognition results reach the threshold, then
the two recognition results are fused to output as a final result.
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HUMAN IDENTIFICATION SYSTEM BY
FUSION OF FACE RECOGNITION AND
SPEAKER RECOGNITION, METHOD AND
SERVICE ROBOT THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Taiwan Patent
Application No. 101125278, filed on Jul. 13, 2012, in the
Taiwan Intellectual Property Office the disclosure of which is
incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to a human identifica-
tion system, in particular to the human identification system
that integrates face recognition and speaker recognition and
calculates the confidence level of the two to enhance the
robustness of the system.

BACKGROUND OF THE INVENTION

[0003] As science and technology advance, we have
increasingly higher demand on the quality of life, so that
various products facilitating our life are developed and intro-
duced constantly. Wherein, the demand for service robots
increases year by year and the service robots can help us
working in difficult environments, act as a robot for health-
care and medical treatment, or a mobile household robot for
recreation and family affairs service. Human identification
technology is the key technology of the service robot. On the
other hand, the human identification technology is also used
extensively in security systems.

[0004] However, the conventional human identification
system still has many drawbacks remained to be overcome.
For example, a human identification system as disclosed in
U.S. Pat. No. 6,567,775 uses all images and sounds in a video
for face recognition and speaker recognition and finally per-
forms a fusion calculation. Although this method adopts both
face recognition and speaker recognition at the same time to
improve the recognition accuracy, the system uses the video
as input, so that instantaneousness can not be achieved. In
addition, this system has no evaluation on the confidence
level of the face recognition and the speaker recognition, and
misjudgments will occur easily in complicated environments.
[0005] Further, a human identification system as disclosed
in U.S. Pat. Application No. 2005/0027530 uses a hidden
Markov model (HMM) to fuse face recognition and speaker
recognition. Although this system also integrates face recog-
nition and speaker recognition and uses a special mechanism
to improve the recognition accuracy, yet the system still has
no evaluation on the confidence level of the face recognition
and the speaker recognition, so that the system cannot func-
tion if any one of the recognitions is not operated normally.

[0006] Inaddition, most conventional human identification
systems can only be applied at a fixed location, and they
require a predetermined working environment, so that a too-
large error will not occur during the recognition. However, if
the working environment changes such as in an application of
a service robot, the service robot is not set at a fixed location,
but it moves around instead. Therefore, the working environ-
ment including the conditions of light and noise will be
changed, and the conventional human identification systems
may have misjudgments or failures on identifications.
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[0007] Therefore, it is a main subject for the present inven-
tion to provide a human identification system not only fea-
turing instantaneousness, but also improving the human rec-
ognition accuracy in a complicated varying environment.

SUMMARY OF THE INVENTION

[0008] In view of the shortcomings of the prior art, it is a
primary objective of the present invention to provide a human
identification system by fusion of face recognition and
speaker recognition to overcome the problem of the conven-
tional human identification systems having misjudgments
easily in a poor working environment.

[0009] To achieve the foregoing objective, the present
invention provides ahuman identification system by fusion of
face recognition and speaker recognition, comprising a face
recognition module, a speaker recognition module, a confi-
dence index calculating module and a processing module.
The face recognition module is provided for capturing an
image, and executing face detection of the image to generate
a face image, and then executing face recognition of the face
image to obtain a plurality of face recognition scores corre-
sponding to a plurality of predetermined members respec-
tively. The speaker recognition module is provided for cap-
turing sound data, and detecting a voice in the sound data to
generate voice data, and then executing speaker recognition
of the voice data to obtain a plurality of speaker recognition
scores corresponding to the plurality of members respec-
tively. The confidence index calculating module is provided
for calculating a confidence level of the face recognition and
aconfidence level of the speaker recognition to produce a face
recognition confidence index and a speaker recognition con-
fidence index. The processing module is provided for gener-
ating a human identification result according to the plurality
of face recognition scores, the face recognition confidence
index, the plurality of speaker recognition scores and the
speaker recognition confidence index.

[0010] To achieve the foregoing objective, the present
invention further provides a human identification method by
fusion of face recognition and speaker recognition, and the
method comprises the steps of using a face recognition mod-
ule to capture an image and execute face detection of the
image to generate a face image, and then execute face recog-
nition of the face image to obtain a plurality of face recogni-
tion scores of a plurality of predetermined members; using a
speaker recognition module to capture sound data and detect
a voice in the sound data to generate voice data, and then
execute speaker recognition of the voice data to obtain a
plurality of speaker recognition scores corresponding to the
plurality of members respectively; using a confidence index
calculating module to calculate a confidence level of the face
recognition and a confidence level of the speaker recognition
to generate a face recognition confidence index and a speaker
recognition confidence index; and using a processing module
to generate a human identification result according to the
plurality of face recognition scores, the face recognition con-
fidence index, the plurality of speaker recognition scores and
the speaker recognition confidence index.

[0011] Preferably, the processing module generates the
human identification result according to the plurality of face
recognition score, if the face recognition confidence index
exceeds a predetermined threshold and the speaker recogni-
tion confidence index does not exceed the predetermined
threshold.
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[0012] Preferably, the processing module generates the
human identification result according to the plurality of
speaker recognition scores, if the speaker recognition confi-
dence index exceeds the predetermined threshold and the face
recognition confidence index does not exceed the predeter-
mined threshold.

[0013] Preferably, the processing module determines that
the human identification result is unidentifiable, if none of the
face recognition confidence index and the speaker recogni-
tion confidence index exceed the predetermined threshold.
[0014] Preferably, the processing module performs a fusion
calculation to generate the human identification result
according to the plurality of face recognition scores, the face
recognition confidence index, the plurality of speaker recog-
nition scores and the speaker recognition confidence index, if
both of the face recognition confidence index and the speaker
recognition confidence index exceed the predetermined
threshold.

[0015] Preferably, the fusion calculation generates a final
face recognition score by multiplying the face recognition
score of each of the members by the face recognition confi-
dence index through the processing module, generates a final
speaker recognition score by multiplying the speaker recog-
nition score of each of the members by the speaker recogni-
tion confidence index, adds the final face recognition score
and the corresponding final speaker recognition score to gen-
erate a human recognition score corresponding to each of the
members, and generates the human identification result
according to the human recognition score.

[0016] Preferably, the confidence index calculating module
calculates the face recognition confidence index according to
a brightness factor and a recognition score difference factor.
[0017] Preferably, the brightness factor satisfies the equa-
tion:

(Gavg)i‘.’ % < Tlow
Cl= (1 _ Gavg)l’ GME > Th:'gh

v high.
1, T < Go¢ < T8,

wherein, C1 is the brightness factor, T"¢" {5 a maximum
threshold of a normal brightness of a gray scale value of the
image after being normalized to a range of 0~1, T is a
minimum threshold of a normal brightness of a gray scale
value of the image after being normalized to a range of 0~1,
and G**€ is a average value of the gray scale values of the
image after being normalized to a range of 0~1.

[0018] Preferably, the recognition score difference factor
satisfies the equation:

(ylst _yendy p yle _ybd o
= Lyl —y» =17,

and the face recognition confidence index satisfies the equa-
tion:

C=C1xC2

wherein, C2 is the recognition score difference factor, T is the
difference threshold between the highest score and the second
highest score of the plurality of face recognition scores, Y'**
is the highest score of the plurality of face recognition scores,
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Y2 is the second highest score of the plurality of face rec-
ognition scores, and C is the face recognition confidence
index.

[0019] Preferably, the confidence index calculating module
calculates the speaker recognition confidence index accord-
ing to a confidence index curve, and the confidence index
curve satisfies the equation:

Y=FR)-(1-Fgx);

wherein, Fx(x) is a cumulative distribution function of a rec-
ognition accuracy score obtained from a prior training, F-(x)
is a cumulative distribution function of a recognition error
score obtained from a prior training, the x-axis of a confi-
dence index curve represents the speaker recognition score
after being normalized to 0~1, and the y-axis of the confi-
dence index curve represents the speaker recognition confi-
dence index after being normalized to 0~1.

[0020] To achieve the foregoing objective, the present
invention further provides a service robot. The robot com-
prises a power supply and a human identification system by
fusion of face recognition and speaker recognition. The ser-
vice robot can use the human identification system by fusion
of face recognition and speaker recognition to identify a
user’s identity to determine a user’s access authority, and the
human identification system by fusion of face recognition and
speaker recognition is as described above.

[0021] In summation, the human identification system by
fusion of face recognition and speaker recognition, the
method and the service robot thereof have one or more of the
following advantages:

(1) The present invention can use instant information for
human identification, and thus featuring instantaneousness.
(2) The present invention integrates face recognition and
speaker recognition to improve the recognition accuracy
effectively.

(3) The present invention can evaluate the confidence level of
the face recognition and the speaker recognition to provide
accurate identifications in complicated environments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG.1 is a block diagram of a human identification
system by fusion of face recognition and speaker recognition
in accordance with the present invention;

[0023] FIG. 2 is a block diagram of a human identification
system by fusion of face recognition and speaker recognition
in accordance with a first embodiment of the present inven-
tion;

[0024] FIG. 3 is a flow chart of the operation of a human
identification system by fusion of face recognition and
speaker recognition in accordance with the first embodiment
of the present invention;

[0025] FIG. 4 is a statistical diagram of experiment results
of a fusion identification obtained by a human identification
system by fusion of face recognition and speaker recognition
in accordance with the present invention;

[0026] FIG. 5 is a schematic view of the calculation of a
speaker recognition confidence index obtained by a human
identification system by fusion of face recognition and
speaker recognition in accordance with the present invention;
and

[0027] FIG. 6 is a flow chart of a human identification
method by fusion of face recognition and speaker recognition
in accordance with the present invention.
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DESCRIPTION OF THE EMBODIMENTS

[0028] The technical characteristics of the present inven-
tion will become apparent with the detailed description of the
preferred embodiments accompanied with the illustration of
related drawings as follows. It is noteworthy that same numer-
als are used for representing the same respective elements in
the drawings, and the drawings are provided for the purpose
of illustrating the invention, but not intended for limiting the
scope of the invention.

[0029] With reference to FIG. 1 for a block diagram of a
human identification system by fusion of face recognition and
speaker recognition in accordance with the present invention,
the human identification system 1 comprises a speaker rec-
ognition module 13, a face recognition module 14, a confi-
dence index calculating module 15 and a processing module
16.

[0030] The speaker recognition module 13 captures sound
data, and executes voice detection 131 to collect a voice in the
sound data to generate voice data 1311. Now, the speaker
recognition module 13 further uses a voice sample of a plu-
rality of predetermined members stored in a database (not
shown in the figure) to execute speaker recognition 132 of the
voice data 1311 to generate a speaker recognition score 1321
of each corresponding member.

[0031] Similarly, the face recognition module 14 captures
an image and executes face detection 141 of the image to
generate a face image 1411. Now, the face recognition mod-
ule 14 further uses a face sample of a plurality of predeter-
mined members stored in a database (not shown in the figure)
to execute face recognition 142 of the face image 1411 to
generate a face recognition score 1421 of each corresponding
member.

[0032] The confidence index calculating module 15 calcu-
lates the confidence level of the face recognition 142 and the
speaker recognition 132 to generate a face recognition confi-
dence index 152 and a speaker recognition confidence index
151 according to the environment and other factors of the face
recognition 142 and the speaker recognition 132. The pro-
cessing module 16 generates a human identification result
161 according to the speaker recognition score 1321 of each
member, the speaker recognition confidence index 151, the
face recognition score 1421 of each member and the face
recognition confidence index 152.

[0033] The external environment has severe influence on
the confidence level of the face recognition 142 and the
speaker recognition 132. For example, the brightness of the
environment affects the accuracy of face recognition 142, so
that when the confidence index calculating module 15 detects
a too-dark environment, a lower face recognition confidence
index 152 will be generated. If the face recognition confi-
dence index 152 is lower than a predetermined threshold, the
processing module 16 will not adopt the recognition result of
the face recognition module 14.

[0034] Similarly, if the environment is too noisy, the con-
fidence level of the speaker recognition 132 will be dropped,
so that when the confidence index calculating module 15
detects a too-noisy environment, a lower speaker recognition
confidence index 151 will be generated. If the speaker recog-
nition confidence index 151 is lower than a predetermined
threshold, the processing module 16 will not adopt the rec-
ognition result of the speaker recognition module 13.

[0035] Ifboth of the face recognition confidence index 152
and the speaker recognition confidence index 151 exceed a
predetermined threshold, the face recognition 142 and the
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speaker recognition 132 will have a specific confidence level.
Now, the processing module 16 can adopt both of the recog-
nition result of the speaker recognition module 13 and the
recognition result of the face recognition module 14 for the
fusion calculation to generate a human identification result
161.

[0036] It is noteworthy that although the conventional
human identification system has integrated the speaker rec-
ognition and the face recognition and used both recognition
results for the fusion calculation to improve the recognition
accuracy, yet the conventional human identification system
cannot determine the confidence level of the speaker recog-
nition and the face recognition, so that when one of the
speaker recognition and the face recognition is in a poor
working environment or both recognitions are situated in a
poor working environment, the recognition accuracy of the
recognition result cannot be improved effectively.

[0037] For example, if the environment is very noisy, the
speaker recognition result has no reference value at all, so that
when the recognition result by fusion of speaker recognition
and face recognition is used, the recognition accuracy will
drop. On the other hand, the present invention provides a
mechanism for the confidence index, so that if the working
environment is poor, the confidence index will drop, and the
confidence index will not be adopted when it drops below a
predetermined threshold. Therefore, the present invention
can reduce the influence caused by the environment effec-
tively and can improve the robustness of the human identifi-
cation system.

[0038] The change of environment will be taken into con-
sideration for the application on service robots. Due to a
change of light, backlight, shadow or sound direction and
intensity caused by the movement of the robot, the recogni-
tion error will cause serious discrepancy or even adverse
effects for the service robot of the customized designs.
[0039] With reference to FIG. 2 for a block diagram of a
human identification system by fusion of face recognition and
speaker recognition in accordance with the first embodiment
of the present invention, the human identification system 2
comprises a microphone 21, a voice activity detector 28, a
speaker recognizer 23, a speaker recognition confidence
index calculator 25, a camera 22, a face detector 29, a face
recognizer 24, a face recognition confidence index calculator
27, and a processor 26. The human identification system 2
captures sound data by the microphone 21. The voice activity
detector (VAD) 28 receives the sound data and executes voice
detection 281 to collect voice data 2811 from the sound data.
The speaker recognizer 23 uses a voice sample of a plurality
of predetermined members stored in a database (not shown in
the figure) to execute speaker recognition 232 of the voice
data 2811 to generate a speaker recognition score 2321 of
each corresponding member. The speaker recognition confi-
dence index calculator 25 generates a speaker recognition
confidence index 252 according to obtains a confidence index
curve 251 obtained from a prior training.

[0040] Inthe calculation of the speaker recognition confi-
dence index, a large number of experiment results obtained
from the prior training are used to obtain a cumulative distri-
bution function of the recognition accuracy score and a cumu-
lative distribution function of the recognition error score, and
the two results are used for obtaining the confidence index
curve 251. The confidence index curve 251 can be calculated
by the following equation:

Y=Fp)-(1-F(x)
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[0041] Wherein, F4(x) is the cumulative distribution func-
tion of a recognition accuracy score obtained from a prior
training, F(x) is the cumulative distribution function of an
recognition error score obtained from a prior training, the
x-axis of a confidence index curve 251 represents the speaker
recognition score 2321 after being normalized to 0~1, and the
y-axis of the confidence index curve represents the speaker
recognition confidence index 252 after being normalized to
0~4. After the speaker recognition score 2321 of each mem-
ber is obtained, the speaker recognition confidence index
calculator 25 can generate the corresponding speaker recog-
nition confidence index 252 according to the confidence
index curve 251 to estimate the confidence level of the
speaker recognition 232.

[0042] Similarly, the human identification system 2 cap-
tures an image by the camera 22. The face detector 29
executes face detection 291 of the image to generate a face
image 2911. The face recognizer 24 further uses a face sample
of a plurality of predetermined members stored in a database
(not shown in the figure) to execute face recognition 242 of
the face image 2911 to generate a face recognition score 2421
of each corresponding member.

[0043] Wherein, the image is pre-processed to reduce the
difference of illumination, size and face rotating angle of the
image in the process of executing the face recognition 242, so
that a standard image form can be obtained after the adjust-
ment of normalization. As to the algorithm, the principal
component analysis (PCA) is used to minimize the data
dimensions of a face image in order to reduce the volume of
data to be calculated. Finally, a radial basis function (RBF)
neural network is used to recognize the face. The result out-
putted from the RBF neural network will be normalized to
0~1, which is the recognition score of the inputted image
corresponding to each member of the database. The greater
the similarity between the inputted image and each member
stored in the database, the higher is the score. The calculated
recognition score can be used for the confidence index calcu-
lation. The face recognition confidence index calculator 27
calculates a face recognition confidence index 272 according
10 a brightness factor 271 and a recognition score difference
factor 273.

[0044] The brightness factor 271 can be calculated by the
following equation:

(Ga\’g)l’ G < Tlow
Ccl=<(1- Gavg)Z’ G > Th:'gh

17 Tlow < G < Thigh

[0045] Wherein, C1 is the brightness factor 271, T"*#" is the
maximum threshold (such as 0.6) of a normal brightness of a
gray scale value of the image after being normalized to a
range of 0~1, T?" is the minimum threshold (such as 0.4) of
a normal brightness of a gray scale value of the image after
being normalized to a range of 0~1, and G**% is the average
value of the gray scale values of the image after being nor-
malized to a range of 0~1.
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[0046] The recognition score difference factor 273 can be
calculated by the following equation:

{ (YISI _ and)/T, ler _ Yan <T
C2=

Lyl _y»d o

[0047] Wherein, C2 is the recognition score difference fac-
tor 273, T is the difference threshold between the highest
score and the second highest score of the plurality of face
recognition scores 2421, Y is the highest score of the plu-
rality of face recognition scores 2421, and Y>"“ is the second
highest score of the plurality of face recognition scores 2421.
In other words, the greater the difference of the face recogni-
tion score 2421 of each member, the higher is the confidence
level of the face recognition 242. On the other hand, the
smaller the difference of the face recognition score 2421 of
each member, the lower is the confidence level of the face
recognition 242.

[0048] Therefore, the face recognition confidence index
272 can be calculated by the following equation:

C=C1xC2;

[0049] Wherein, C is the face recognition confidence index
272. After the face recognition score 2421 of each member is
obtained, the face recognition confidence index calculator 27
can generate the face recognition confidence index 272
according to a brightness factor 271 and a recognition score
difference factor 273 to estimate the confidence level of the
face recognition 242. Of course, the foregoing is provided as
an example for illustrating the present invention. The face
recognition confidence index calculator 27 and the speaker
recognition confidence index calculator 25 can determine the
face recognition confidence index 272 and the speaker rec-
ognition confidence index 252 according to other factors to
estimate the confidence level of the two.

[0050] The processor 26 compares the confidence index
with the threshold for the obtained face recognition confi-
dence index 272, the face recognition score 2421 of each
member, the speaker recognition confidence index 252, and
the speaker recognition score 2321 of each member, and the
results can be divided into the following three types:

(1) One of the confidence indexes exceeds the threshold.

(2) Both confidence indexes exceed the threshold.

(3) None of the confidence indexes exceed the threshold.
[0051] Ifonly one of the face recognition confidence index
272 and the speaker recognition confidence index 252 has a
confidence index exceeding the threshold, it shows thatone of
the working environments is poor, and its result has no refer-
ence value, so that the processor 26 only adopts the result
exceeding the threshold as the human identification result
261. If both confidence indexes are below the threshold, it
shows that both working environments are poor, and the
results have no reference value, so that the processor 26 will
determine that the identification is unidentifiable and output
no recognition result.

[0052] If both confidence indexes exceed the threshold, it
shows that both results have reference values, so that the
processor 26 will perform a fusion calculation to multiply the
face recognition score 2421 of each member by the face
recognition confidence index 272, multiply the speaker rec-
ognition score of each member 2321 by the speaker recogni-
tion confidence index 252, and add the two results. Each of
the members of each database has its own face recognition
score 2421 and speaker recognition score 2321, and these two
recognition scores are multiplied by the corresponding con-
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fidence indexes and then the products are added to obtain the
recognition score. If the final recognition score is obtained,
the highest score is selected as the final human identification
result 261. Table 1 provides an example of the fusion calcu-
lation.

TABLE 1
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speaker recognition in accordance with the present invention,
20 face images and more than 20 seconds of sound data taken
respectively from 9 persons are used as data of a training
database. Ten face images and ten records of sound exceeding
one second taken respectively from 9 persons are used as data

An Example of Fusion of Face Recognition and Speaker Recognition

Confidence
Index A A* B B* C C* D D*
Face 0.8 030 0240 045 0360 020 0.160 0.05 0.040
Recognition
Speaker 0.9 040 0360 0.50 0450 001 0.009 0.09 0.081
Recognition
Sum 0.600 0.810 0.169 0.121

[0053] InTable 1, the human identification system contains
data of four persons A, B, C, and D, and the confidence
indexes of the face recognition and the speaker recognition
are 0.8 and 0.9 respectively. The numeric values of A, B, C,
and D represent the scores of the face recognition and the
speaker recognition respectively. The numeric values of A*,
B*, C*, and D* represent numeric value of the confidence
index multiplied by the recognition result.

[0054] Both confidence indexes are high, and the score B
obtained from the fusion calculation is the highest score, so
the human identification result is B. In implementation, each
member in the database 1s recognized to generate a corre-
sponding recognition score.

[0055] With reference to FIG. 3 for a flow chart of the
operation of a human identification system by fusion of face
recognition and speaker recognition in accordance with the
first embodiment of the present invention, the flow chart is
provided for illustrating the human identification method by
fusion of recognitions of the present invention, and the
method comprises the following steps:

[0056] S31: The human identification system executes face
recognition and speaker recognition to obtain a face recogni-
tion result, a face recognition confidence index, a speaker
recognition result, and a speaker recognition confidence
index.

[0057] S32: The human identification system determines
whether the face recognition confidence index and the
speaker recognition confidence index exceed a predeter-
mined threshold. If only one of the confidence indexes
exceeds the predetermined threshold, go to Step S321; if both
confidence indexes exceed the predetermined threshold, go to
Step S322; and if none of confidence indexes exceed the
predetermined threshold, go to step S323.

[0058] S321: The human identification system selects the
recognition result with the confidence index exceeding the
predetermined threshold as a human identification result.
[0059] S322: The human identification system integrates
both recognition results to execute a fusion calculation, and
then process Step S3221.

[0060] S3221: The human identification system outputs a
fusion calculation result.

[0061] S323: The human identification system determines
that the identification is unidentifiable.

[0062] With reference to FIG. 4 for a statistical diagram of
experiment results of a fusion identification obtained by a
human identification system by fusion of face recognition and

of a testing database. The face images used for testing are
adjusted with different brightness, and the sound database
used for testing are mixed with noises of different intensities
to design 15 different environments for the experiments. In
FIG. 4, the recognition accuracy of the fusion recognition of
the present invention is improved effectively.

[0063] With reference to FI1G. 5 for a schematic view of the
calculation of a speaker recognition confidence index
obtained by a human identification system by fusion of face
recognition and speaker recognition in accordance with the
present invention, the speaker recognition confidence index
calculation of the present invention similarly uses a prior
training to obtain a cumulative distribution function F4(x) of
the recognition accuracy score and a cumulative distribution
function F(x) of the recognition error score through a large
number of experiment results. The confidence index curve
251 can be expressed by the following equation:

y=FRb)-(1-Fgx);

In implementation, the x-axis of aconfidence index curve will
be normalized to 0~1 to represent the speaker recognition
score 2321, and the y-axis of the confidence index curve will
be normalized to 0~1 to represent the speaker recognition
confidence index 252.

[0064] FIG. 5 shows the curve corresponding to the func-
tion above. In aembodiment, three estimation methods can be
used to determine the score, and these estimation methods
include a universal background model (UBM) normalization,
a maximum value normalization and a geometric mean nor-
malization, wherein the UBM has taken the application envi-
ronment into consideration to build the model, so that it can
determine the location of noises effectively, so as to deter-
mine the score. The speaker recognition confidence index can
also be used for analyzing the difference of the recognition
scores. The greater the difference between the highest score
and the remaining scores, the higher is the confidence level.
[0065] Even though the concept of the human identification
method by fusion of face recognition and speaker recognition
of the present invention has been described in the section of
the human identification system by fusion of face recognition
and speaker recognition, yet the following flow chart is pro-
vided for illustrating the invention more clearly.

[0066] With reference to FIG. 6 for a flow chart of a human
identification method by fusion of face recognition and
speaker recognition in accordance with the present invention,
the method comprises the following steps:
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[0067] S61: Use a face recognition module to capture an
image and execute face detection of the image to generate a
face image, and then execute face recognition of the face
image to obtain a plurality of face recognition scores of a
plurality of predetermined members.

[0068] S62: Use a speaker recognition module to capture
sound data and detect a voice in the sound data to generate
voice data, and then execute speaker recognition of the voice
data to obtain a plurality of speaker recognition scores corre-
sponding to the plurality of members respectively.

[0069] S63: Use a confidence index calculating module to
calculate a confidence level of the face recognition and a
confidence level of the speaker recognition to generate a face
recognition confidence index and a speaker recognition con-
fidence index.

[0070] S64: Use a processing module to generate a human
identification result according to the plurality of face recog-
nition scores, the face recognition confidence index, the plu-
rality of speaker recognition scores and the speaker recogni-
tion confidence index.

[0071] The details and implementation method of the
human identification method by fusion of face recognition
and speaker recognition in accordance with the present inven-
tion have been described in the section of the human identi-
fication system by fusion of face recognition and speaker
recognition, and thus will not be repeated.

[0072] In summation of the description above, the present
invention can use instant information for human identifica-
tion, and thus featuring instantaneousness. The present inven-
tion integrates face recognition and speaker recognition to
improve the recognition accuracy effectively. The present
invention can evaluate the confidence level of the face recog-
nition and the speaker recognition to provide accurate iden-
tifications in complicated environments. Therefore, the
invention can achieve the identification effect and improve
the recognition accuracy and stability, and even can provide
an accurate recognition in a complicated environment to cope
with the changing environment of a service robot, or the
changing recognition conditions caused by its movements
(such as the change of distance, backlight, and shadow).
Obviously, the present invention breaks through the prior art
and achieves the expected effects, and complies with the
patent application, and thus is duly filed for patent applica-
tion.

[0073] Generally, embodiments of the present invention
employ various processes involving data stored in or trans-
ferred through one or more computers or data processing
devices. Embodiments of the present invention also relate to
apparatus and systems for performing these operations. The
apparatus may be specially constructed for the required pur-
poses, or it may be a general-purpose computer selectively
activated or reconfigured by a computer program and/or data
structure stored in the computer. The processes presented
herein are not inherently related to any particular computer or
other apparatus. In particular, various general-purpose
machines may be used with programs written in accordance
with the teachings herein, or it may be more convenient to
construct a more specialized apparatus to perform the
required method steps. A particular structure for a variety of
these machines will appear from the description given below.
[0074] In addition, embodiments of the present invention
relate to computer program code, computer readable media or
computer program products that include program instruc-
tions and/or data (including data structures) for performing
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various computer-implemented operations. Examples of
computer-readable media include, but are not limited to, mag-
netic media such as hard disks, floppy disks, and magnetic
tape; optical media such as CD-ROM disks; magneto-optical
media; semiconductor memory devices, and hardware
devices that are specially configured to store and perform
program instructions, such as read-only memory devices
(ROM) and random access memory (RAM). The data and
program instructions of this invention may also be embodied
on a carrier wave or other transport medium. Examples of
program instructions include both machine code, such as
produced by a compiler, and files containing higher level code
that may be executed by the computer using an interpreter.
[0075] While the invention has been described by means of
specific embodiments, numerous modifications and varia-
tions could be made thereto by those skilled in the art without
departing from the scope and spirit of the invention set forth
in the claims.

What is claimed is:

1. A human identification system by fusion of face recog-
nition and speaker recognition, comprising:

a face recognition module, arranged for capturing an
image, and executing face detection of the image to
generate a face image, and then executing face recogni-
tion of the face image to obtain a plurality of face rec-
ognition scores corresponding to a plurality of predeter-
mined members respectively;

a speaker recognition module, arranged for capturing
sound data, and detecting a voice in the sound data to
generate voice data, and then executing speaker recog-
nition of the voice data to obtain a plurality of speaker
recoguition scores corresponding to the plurality of
members respectively;

a confidence index calculating module, arranged for cal-
culating a confidence level of the face recognition and a
confidence level of the speaker recognition to produce a
face recognition confidence index and a speaker recog-
nition confidence index; and

a processing module, arranged for generating a human
identification result according to the plurality of face
recoguition scores, the face recognition confidence
index, the plurality of speaker recognition scores and the
speaker recognition confidence index.

2. The human identification system by fusion of face rec-
ognition and speaker recognition according to claim 1,
wherein the processing module generates the human identi-
fication result according to the plurality of face recognition
score, if the face recognition confidence index exceeds a
predetermined threshold and the speaker recognition confi-
dence index does not exceed the predetermined threshold.

3. The human identification system by fusion of face rec-
ognition and speaker recognition according to claim 2,
wherein the processing module generates the human identi-
fication result according to the plurality of speaker recogni-
tion scores, if the speaker recognition confidence index
exceeds the predetermined threshold and the face recognition
confidence index does not exceed the predetermined thresh-
old.

4. The human identification system by fusion of face rec-
ognition and speaker recognition according to claim 3,
wherein the processing module determines that the human
identification result is unidentifiable, if none of the face rec-
ognition confidence index and the speaker recognition confi-
dence index exceed the predetermined threshold.
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5. The human identification system by fusion of face rec-
ognition and speaker recognition according to claim 4,
wherein the processing module performs a fusion calculation
1o generate the human identification result according to the
plurality of face recognition scores, the face recognition con-
fidence index, the plurality of speaker recognition scores and
the speaker recognition confidence index, if both of the face
recognition confidence index and the speaker recognition
confidence index exceed the predetermined threshold.

6. The human identification system by fusion of face rec-
ognition and speaker recognition according to claim 5,
wherein the fusion calculation generates a final face recogni-
tion score by multiplying the face recognition score of each of
the members by the face recognition confidence index, which
is calculated by the confidence index calculating module
according to a brightness factor and a recognition score dif-
ference factor, through the processing module, generates a
final speaker recognition score by multiplying the speaker
recognition score of each of the members by the speaker
recognition confidence index, adds the final face recognition
score and the corresponding final speaker recognition score to
generate a human recognition score corresponding to each of
the members, and generates the human identification result
according to the human recognition score.

7. The human identification system by fusion of face rec-

ognition and speaker recognition according to claim 6,
wherein the brightness factor satisfies the equation:

(Gavg)l’ GO < Tlow
Cl=<(- Gavg)2’ G s Th:'gh

1’ Tlow < G < Thig"z

wherein, C1 is the brightness factor, T4 {5 a maximum
threshold of a normal brightness of a gray scale value of
the image after being normalized to a range of 0~1, T°*
is a minimum threshold of a normal brightness of a gray
scale value of the image after being normalized to a
range of 0~1, and G™* is a average value of the gray
scale values of the image after being normalized to a
range of 0~1.

8. The human identification system by fusion of face rec-
ognition and speaker recognition according to claim 7,
wherein the recognition score difference factor satisfies the
equation:

(Yl _yidy Tyl _yd T
2= 1yl _yd 5T

and the face recognition confidence index satisfies the
equation:

C=C1xC2;

wherein, C2 is the recognition score difference factor, T is
a difference threshold between the highest score and the
second highest score of the plurality of face recognition
scores, Y'*' is the highest score of the plurality of face
recognition is scores, Y>*¢ the second highest score of
the plurality of face recognition scores, and C is the face
recognition confidence index.
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9. The human identification system by fusion of face rec-
ognition and speaker recognition according to claim 8,
wherein the confidence index calculating module calculates
the speaker recognition confidence index according to a con-
fidence index curve, and the confidence index curve satisfies
the equation:

Yy=Fp)-(1-Fz(x));

wherein, Fy(x) is a cumulative distribution function of a
recognition accuracy score obtained from a prior train-
ing, Fz(x) is a cumulative distribution function of a
recognition error score obtained from a prior training,
the x-axis of a confidence index curve represents the
speaker recognition score after being normalized to 0~1,
and the y-axis of the confidence index curve represents
the speaker recognition confidence index after being
normalized to 0~1.
10. A human identification method by fusion of face rec-
ognition and speaker recognition, comprising the steps of:
using a face recognition module to capture an image and
execute face detection of the image to generate a face
image, and then execute face recognition of the face
image to obtain a plurality of face recognition scores of
a plurality of predetermined members;

using a speaker recognition module 1o capture sound data
and detect a voice in the sound data to generate voice
data, and then execute speaker recognition of the voice
data to obtain a plurality of speaker recognition scores
corresponding to the plurality of members respectively;

using a confidence index calculating module to calculate a

confidence level of the face recognitionanda confidence
level of the speaker recognition to generate a face rec-
ognition confidence index and a speaker recognition
confidence index; and

using a processing module to generate a human identifica-

tion result according to the plurality of face recognition
scores, the face recognition confidence index, the plu-
rality of speaker recognition scores and the speaker rec-
ognition confidence index.

11. The human identification method by fusion of face
recognition and speaker recognition according to claim 10,
further comprising the step of: using the processing module to
generate the human identification result according to the plu-
rality of face recognition score, if the face recognition confi-
dence index exceeds a predetermined threshold and the
speaker recognition confidence index does not exceed the
predetermined threshold.

12. The human identification method by fusion of face
recognition and speaker recognition according to claim 11,
further comprising the step of: using the processing module to
generate the human identification result according to the plu-
rality of speaker recognition scores, if the speaker recognition
confidence index exceeds the predetermined threshold and
the face recognition confidence index does not exceed the
predetermined threshold.

13. The human identification method by fusion of face
recognition and speaker recognition according to claim 12,
further comprising the step of: using the processing module to
determine that the human identification result is unidentifi-
able, if none of the face recognition confidence index and the
speaker recognition confidence index exceed the predeter-
mined threshold.

14. The human identification method by fusion of face
recognition and speaker recognition according to claim 13,
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further comprising the step of: using the processing module to
perform a fusion calculation to generate the human identifi-
cation result according to the plurality of face recognition
scores, the face recognition confidence index, the plurality of
speaker recognition scores and the speaker recognition con-
fidence index, if both of the face recognition confidence index
and the speaker recognition confidence index exceed the pre-
determined threshold.

15. The human identification method by fusion of face
recognition and speaker recognition according to claim 14,
further comprising the step of generating a final face recog-
nition score by multiplying the face recognition score of each
of the members by the face recognition confidence index
through the processing module, generating a final speaker
recognition score by multiplying the speaker recognition
score of each of the members by the speaker recognition
confidence index, adding the final face recognition score and
the corresponding final speaker recognition score to generate
ahuman recognition score corresponding to each of the mem-
bers. and generating the human identification result accord-
ing to the human recognition score.

16. The human identification method by fusion of face
recognition and speaker recognition according to claim 15,
further comprising the step of: using the confidence index
calculating module to calculate the face recognition confi-
dence index according to a brightness factor and a recognition
score difference factor.

17. The human identification method by fusion of face
recognition and speaker recognition according to claim 16,
wherein the brightness factor satisfies the equation:

(Ga\’g)Z7 GO < Tlow
Ccl= (1 _ Gavg)l’ G Th:'gh

1, T < ™% < Thgh

wherein, C1 is the brightness factor, T#" is a maximum
threshold of a normal brightness of a gray scale value of
the image after being normalized to a range of 0~1, T*"
is a minimum threshold of a normal brightness of a gray
scale value of the image after being normalized to a
range of 0~1, and G™* is a average value of the gray
scale values of the image after being normalized to a
range of 0~1.

18. The human identification method by fusion of face
recognition and speaker recognition according to claim 17,
wherein the recognition score difference factor satisfies the
equation:

(Ylsr _ Yan)/ T, Yl:r _ Ylnd <T
C2=
Lys —y» s
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and the face recognition confidence index satisfies the
equation:

C=C1xC2;

wherein, C2 is the recognition score difference factor, T is
a difference threshold between the highest score and the
second highest score of the plurality of face recognition
scores, Y™ is the highest score of the plurality of face
recognition scores, Y2*¢ is the second highest score of
the plurality of face recognition scores, and C is the face
recognition confidence index.

19. The human identification method by fusion of face
recognition and speaker recognition according to claim 18,
wherein the confidence index calculating module calculates
the speaker recognition confidence index according to a con-
fidence index curve, and the confidence index curve satisfies
the equation:

YR -(1-Fg(x));

wherein, Fy(x) is a cumulative distribution function of a
recoguition accuracy score obtained from a prior train-
ing, Fx(x) is a cumulative distribution function of a
recoguition error score obtained from a prior training,
the x-axis of a confidence index curve represents the
speaker recognition score after being normalized to 0~1,
and the y-axis of the confidence index curve represents
the speaker recognition confidence index after being
normalized to 0~1.

20. A service robot, comprising a power supply and a
human identification system by fusion of face recognitionand
speaker recognition, and the service robot using the human
identification system by fusion of face recognition and
speaker recognition to identify a user’s identity to determine
a user’s access authority, wherein the human identification
system by fusion of face recognition and speaker recognition
comprising;

a face recognition module, arranged for capturing an
image, and executing face detection of the image to
generate a face image, and then executing face recogni-
tion of the face image to obtain a plurality of face rec-
ognition scores corresponding to a plurality of predeter-
mined members respectively;

a speaker recognition module, arranged for capturing
sound data, and detecting a voice in the sound data to
generate voice data, and then executing speaker recog-
nition of the voice data to obtain a plurality of speaker
recoguition scores corresponding to the plurality of
members respectively;

a confidence index calculating module, arranged for cal-
culating a confidence level of the face recognition and a
confidence level of the speaker recognition to produce a
face recognition confidence index and a speaker recog-
nition confidence index; and

a processing module, arranged for generating a human
identification result according to the plurality of face
recognition scores, the face recognition confidence
index, the plurality of speaker recognition scores and the
speaker recognition confidence index.
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