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1
NURSING SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims all benefits accruing under 35
US.C. §119 from Taiwanese Patent Application No.
097103671, filed on Jan. 31, 2008 in the Intellectual Property
Office Ministry of Economic Affairs, Republic of China, the
disclosure of which is incorporated by reference herein.

FIELD OF THE INVENTION

The present invention relates to a nursing system, and more
particularly to an autonomous system having nursing capa-
bility.

BACKGROUND OF THE INVENTION

There is an autonomous personal service robot disclosed in
U.S. Pat. No. 7,228,203 for mainly monitoring the condition
of surrounding environment, such as smoke, heat and CO,
content, and addressing the functions of medicine supply,
blood pressure measurement, and connection with refrigera-
tor and stereo system. However, the robot is weak in moni-
toring a person to be nursed, making it infeasible to get hold
of timely physical complaint of the person to be nursed.

Besides, there is also a medical tele-robotic system dis-
closed in U.S. Pat. No. 7,218,992, in which the system con-
tains a robotic arm, and communication interfaces, e.g. a
monitor, a webcam, etc., enabling to remotely remind a per-
son to be nursed to take medicine. It mainly lies in that the
robotic system has an arm capable of grabbing an object for a
remote person to be nursed. Although the robotic system
provides an arm to grab, it still mainly counts on remote
control instead of self-positioning and navigation.

Moreover, there are relevant literatures as follows:

[1] B. Graf, M. Hans, J. Kubacki and R. D. Schraft “Robotic
home assistant Care-O-Robot,” in Proc. of the second joint
EABS/BMES conference, Houston, USA, 2002, pp. 2343-
2344; and

[2] Z. Dehuai, X. Cunxi and L. Xuemei “Design and imple-
mentation of internet based health care robot system,” in
Proc. of the 2005 IEEE Engineering in Medicine and Biol-
ogy 27th Annual Conference, Shanghai, China, 2005, pp.
577-580.

With emphasis on the features of autonomous patrol, escort
or care of'a person to be nursed, the robots in the literatures [1]
and [2] lacks of emergency processing feature. If a person to
be nursed incurs an accident and there’s no way that the
robots are aware of that, no relevant countermeasure can be
taken at all.

SUMMARY OF THE INVENTION

To solve the aforementioned problem, the object of the
present invention is to provide a nursing system for helping a
person to be nursed (e.g. the aged, child or patient) so as to
immediately inform relevant person (e.g. relative or nursing
staff) in case of an emergency (e.g. inadvertent fall) happen-
ing to the person to be nursed.

The present invention provides a nursing system, including
anursing apparatus having an on-board computer for control-
ling the nursing apparatus; a camera and a head motion
mechanism in which the camera mounted on the head motion
mechanism and controlled by the computer rotates in multi-
angular directions for capturing image signals and forward-
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ing them to the computer; a moving platform controlled by
the computer for moving the nursing apparatus; a ZigBee
module for receiving a signal from a wireless sensor network
(WSN) and transmitting it to the computer; a laser scanner for
detecting any blockade around the nursing system and trans-
mitting data to the computer; an input/output (I/O) device
connected with the computer for a user to communicate with
the nursing apparatus; a body pose recognition system carried
on the person to be nursed for determining if the person to be
nursed falls down in accordance with a body pose determined
by a triaxial accelerometer and generating a determination
result signal; and the WSN receiving the determination result
signal from the body pose recognition module and transfer-
ring it to the nursing apparatus.

The present invention combines the nursing system, wire-
less sensor nodes deployed in an environment and the pose
recognition module carried on a person to be nursed to make
the nursing system instantaneously detect the situation of the
person to be nursed and actively navigate to approach the
person to be nursed so as to keep track of the face thereof,
transmit real-time images to a relative or nursing staff, and
enable the person to be nursed to receive more timely rescue.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view showing blocks constituting the
RoLA system;

FIG. 2 is diagrams showing results of dynamic acceleration
and static acceleration after a wavelet transform;

FIG. 3 is a waveform diagram showing the signal magni-
tude vectors when a testee is stumbling during walking;

FIG. 4 is a schematic view dividing navigation tasks into
three types of behaviors;

FIG. 5 is a flow diagram showing the algorithm for detect-
ing and tracing a human face;

FIG. 6 is a relationship diagram in association with world
coordinates of robot, camera coordinates and an image coor-
dinate plane;

FIG. 7 is a design diagram showing an image transmission
structure; and

FIG. 8 is a state flow diagram showing the nursing system.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Hardware structure—A nursing system of a preferred
embodiment is built under an environment of a ZigBee WSN
and includes a robot of living aid (RoL.A) 100, a ZigBee WSN
200 and a body pose recognition module 300.

The composition and operation details of each mechanism
in the preferred embodiment are thoroughly described as
follows.

Firstly, as shown in the left side of FIG. 1, the RoL A 100 is
constructed on the moving platform 106 with dual indepen-
dently driving wheels and controls two motor speeds of the
moving mechanism 106 to make the robot move on a plane.
An additional passive free caster is located behind the moving
platform 106 to address a tri-wheel design that enables the
RoLA 100 to smoothly and stably move in an indoor envi-
ronment.

A motor-driven pan-tilt mechanism 102 located at the head
of the RoLLA 100 has a webcam 101 thereon and can control
the webcam 101 to tilt up and down and pan left to right so as
to realize the function face-tracking control. There is a laser
scanner 107 disposed at a front bottom end for detecting any
blockade ahead so as to dodge. An on-board computer 104 of
the robot adopts an industrial single board computer featuring
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advantages of being small in size and low in power consump-
tion, making it ideal for the application of moving robot. A
ZigBee module 105 on the RoLLA 100 serves as a receiving
end of the ZigBee WSN 200 in an environment. A touch
screen 103 is provided to the front side of the RolLA 100 to
easily interact with people.

Next, as to the aspect of the body pose recognition module
300, the embodiment uses the ZigBee WSN 200 as a trans-
mission medium, thereby providing body pose information of
aperson to be nursed 301. The body pose recognition module
contains a ZigBee RF chip, a microcontroller and a triaxial
accelerometer. Acceleration of human body can be measured
through the triaxial accelerometer of the module to further
determine the body pose of the person to be nursed 301.

As to the aspect of the ZigBee WSN 200, it is composed of
multiple ZigBee sensor nodes N1~N5 in the environment and
forms a sensor network structure together with the body pose
recognition module 300 carried by the person to be nursed
301. As shown in the right side of FIG. 1, in the Zig Bee WSN
200 information of the body pose recognition module 300 can
be transmitted to the ZigBee module 105 of the RoLLA 100 by
relaying through nodes N1~N5 for analysis of each data.

Detection method—The body pose recognition module
300 is disposed on a waist portion of a body, and the accel-
eration value of this position represents a state of the center of
gravity of the entire body. A right direction, top direction and
rear direction of the body are defined to be X axis, Y axis and
Z. axis respectively. The triaxial accelerometer can measure a
dynamic acceleration of the body and the acceleration of
gravity arising from the gravitational force, however, the pose
while a person falls down is relevant to the dynamic accel-
eration generated by human body only. Therefore, an accel-
eration signal shall be preprocessed so as to separate the
dynamic acceleration from the static acceleration and detect a
stumbling pose with the dynamic acceleration signal.

Signal preprocessing—The exercise frequency of ahuman
body is usually less than 20 Hz. In the embodiment, an
adopted sampling frequency is 128 Hz. After collecting data
in every two seconds, the embodiment processes a pose algo-
rithm, i.e. a processing for every 256 data. A wavelet trans-
form is used to calculate the static acceleration. As there are
only 256 data acquired, 8-layer Haar wavelet transform can
be performed. Only the layer with the lowest frequency,
which represents a wavelet coefficient in a range of 0~0.25
Hz, is taken here. The coefficient is recovered to that in the
time domain, which represents a DC component within the
two seconds. The dynamic acceleration is obtained by sub-
tracting the static acceleration signal from the original accel-
eration signal. FIG. 2 illustrates the results of dynamic and
static accelerations obtained after the wavelet transform.

Stumbling determination—In view of the generated
dynamic acceleration far greater than those arising from other
movements of body, if the dynamic acceleration upon stum-
bling is quantified by a signal magnitude vector (SMV) in
accordance with actually measured data, a stumbling pose
very likely happens when SMV>3.24.

— 2 2
SMV=0,_gmamic +:_dpmamic tz_dsnamic 1
where a,, a,, a, in the above equation are the dynamic accel-

eration values (unit: g) in the X, Y, Z direction respectively.
Based on the actually measured data, FIG. 3 is a waveform
diagram recording states while a testee stumbles 10 times
during walking, in which 10 conspicuous pulses occur when
stumbling. As a result, the condition, SMV>3.24, is used
determine if a stumbling condition happens.

Indoor positioning design—In the embodiment, the WSN
200 deployed with the ZigBee sensor nodes N1~N5 is used to
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design a set of indoor positioning system which can locate
any object or personnel having a ZigBee module 105 in the
deployed environment. The nodes N1~N35 in the environment
are used to receive the received signal strength (RSS) sent by
the ZigBee module 105 on a target object to provide an actual
position information of the object. While establishing the
positioning system, two steps are classified: (1) creating a
position database, and (2) estimating position, as described
below.

(1) creating a position database—First create enough ref-
erence points in the working environment and collect a cer-
tain quantity of signal strength on those reference points to
generate the position database with those collected samples;
before using RSS as spatial characteristic, usually first create
the position database; record the average value of the RSS
samples collected on each reference point with respect to
each ZigBee sensor node so that each datum recorded in the
position database is expressed by (xi, i, ss’i, ss%i, . . . , 58™)
where x, and y, represent the position of the ith reference point
in the environment, ss'i, ss%, . . ., ss™i represent the average
signal strength of each ZigBee sensor node received at (x;,,
V,,), in which n is the number of the ZigBee sensor nodes
deployed in the environment; and distinguish the position of
each reference point with these signal strengths.

(2) estimating position—use the signal strength on an
unknown position in the working environment received
through the ZigBee module 105 equipped on the RoLLA 100 to
compare with records in the position database so as to esti-
mate the actual position of the RoLLA 100 in the environment.
The determination algorithm used in the embodiment is
called Nearest Neighbor Algorithm (NNA) and Nearest
Neighbor Average Algorithm (NNAA). The NNA directly
compares the obtained RSS value with data in the position
database to choose a nearest position as the position where the
current user is located. Such method employs a database
created by the ZigBee nodes deployed in the environment to
determine the positioning accuracy. Consequently, the
deployment of the ZigBee nodes N1~N5 needs to be carefully
chosen.

Navigation Behavior of Robot

Design of navigation behavior—The navigation design of
RoLA 100 adopts a behavior-based structure which classifies
navigation tasks into three types of behaviors to process,
namely dodging blockade, tracing target and walking along a
wall, as shown in FIG. 4.

The three types of behaviors target at making the RoLLA
dodge a blockade ahead, adjusting the moving course of
RoLA to make it approach a target object, and making the
RoLA to move along the boundary of the environment and
maintain a fixed distance away from a closer side of the
boundary. The three behavior designs are completed by using
three respective fuzzy behavior controllers capable of effec-
tively reducing computation overhead and accelerating pro-
cessing speed. The sensed information of the laser scanner
101, the position of the target object and the robot location
transmitted by the odometer established by an encoder and
the ZigBee positioning system are inputted to the fuzzy
behavior controllers in the on-board computer 104, and the
fuzzy behavior controllers will output the corrected values of
the rotation speed of the two wheels to the moving platform
106. Therefore, the RoLLA 100 will move forward with an
initial linear speed first. If the three fuzzy behavior controllers
output no signal at all, the Ro[LA 100 will continue moving
forward without changing the course. Otherwise, if the three
fuzzy behavior controllers output signals, the corrected val-
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ues of the two wheels of the moving platform 106 are calcu-
lated by a behavior fusion method to achieve the navigation
behavior of the RoLA 100.

Behavior fusion—Speaking of the RoLA 100, how to
select an adequate behavior in response to environmental
change is an essential subject to be solved in navigation
design. The positional estimation of the odometer, the envi-
ronmental information of the laser scanner 101 and the ori-
entation of the target object are inputted to the Ro[LA 100, and
the final rotation speeds of the two wheels of the moving
platform 106 are calculated by the behavior fusion method to
achieve the navigation behavior function.

Human face detection and tracking system—To know the
condition of a person to be nursed 301 at home, the embodi-
ment discloses a human face detection and tracking system
using the camera 101 disposed on the RoLLA 100 to capture
image and detect the position of a human face on a screen, and
possesses a pan-tilt mechanism 102 capable of moving up and
down as well as left and right, so as to stably move the camera
101 and keep track of still and moving faces of the person to
be nursed 301. Therefore, the RoLA 100 can infallibly get
hold of the situation of the person to be nursed 301. In the end,
the images are transmitted through wireless networks, allow-
ing the remote user 400 (a relative or medical staft) to also
catch sight of the situation of the person to be nursed 301
(please refer to FIG. 1).

Face detection algorithm—To smoothly keep track of a
human face, the face position needs to be correctly detected
first in the image. The embodiment employs a real-time face
detection method based on skin color detection and utilizes an
adaptive skin color search method to achieve stable tracking
of human face.

FIG. 5 is a flow chart diagram illustrating the human face
detection and tracking algorithm, which includes steps of
using a webcam 101 to capture image, starting the face detec-
tion algorithm in addition to transmitting real-time images,
using skin color detection to ascertain a possible face posi-
tion, and defining an adaptive skin color window in the region
of interest (ROI) which is a region for compiling statistics of
threshold for skin color distribution. In the present invention,
YCrCb colors are used. Color histograms are shown on the
top side of FIG. 5. First calculate an average brightness inside
the window and obtain the top and bottom thresholds of a 3D
YCrCb color distribution in accordance with the average
brightness, and then define top and bottom margins for
screening to just leave most intermediate color ranges of
typical skin color for the time being serving as the skin color
division basis for the next time.

As aresult of real-time update of color ranges for skin color
division, the face detection system possesses the characteris-
tics against variation of light source. Under the condition
when light source is brighter or darker, the system can still
divide the region of face color to detect the correct position of
the face. Such adaptive skin color search method can more
stably keep track of the color blocks of human face, enabling
to make face detection and tracking even more stable. After
successfully recognizing the positions of human face blocks,
the tracking control rule can then be used. The motor of the
pan-tilt mechanism 102 is controlled through a motion con-
troller of the RoLLA 100 to rotate the camera 101 and make the
camera 101 constantly face to the position of human face.

Face tracking control method—FIG. 6 is a relationship
diagram among world coordinates of robot, camera coordi-
nates and an image coordinate plane. To design a controller to
control the movement of the camera 101, first drive a new
model with respect to the moving control of robot on the
image plane according to FIG. 6, and build the dynamic
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relationship between robot and target object. For sake of
controlling this system, the system model is converted to
drive a dynamic error-state model. Consequently, the original
vision tracking control problem is converted into a problem of
stability. If all errors can be converged to zero, the vision
tracking control problem can thus be solved so that the ori-
entation of the camera can be stably controlled to maintain the
target object at the center of the image plane.

The present invention employs a tracking control design
such that the system possesses robust characteristic against
the parametric uncertainties. The controller is realized on the
RoLA 100 to achieve the function of stably moving and
keeping track of the face of a person. Based on the aforemen-
tioned face detection and tracking method, the face detection
and tracking system can keep track of the face position of a
person and maintain the face position at the central portion of
the screen, thereby keeping track of the face on a real-time
basis and achieving expected functionality.

Short message notice and video transmission—If the per-
son to be nursed 301 incurs an emergency, the RoLLA 100 shall
be able to inform a relative or medical staff within a shortest
period of time. The best way is to send a short message with
a mobile phone and use a wireless network (WiFi or 3G
network) to transmit video frames to the mobile phone of a
family member. No matter where the family member is, the
message can be received instantaneously as long as the signal
can reach the mobile phone. When the person to be nursed
falls down, the robot will immediately detect the occurrence
of the abnormal condition and send a short message to the
family of the person to be nursed 301 via a communication
network, enabling the family to be aware of the situation and
perform a contingency processing and making the person to
be nursed 301 accessible by rescue assistance.

Moreover, to make remote family member more clearly
understand the situation of the person to be nursed 301, the
present invention further provides a transmission device that
can transmit images captured by a camera to a remote end. As
long as a networking environment (e.g. WiFi or 3G) is avail-
able, a remote family member can use a mobile phone, per-
sonal computer, PDA or smart phone to monitor the condition
at home on a real-time basis. Furthermore, together with the
above-mentioned face tracking function, the images of the
person to be nursed can be instantly monitored to promptly
get hold of the condition of the health of the person to be
nursed 301.

FIG. 7 shows a structural design of image transmission, in
which the transmitting end acquires images through the USB
webcam 101 and employs JPEG compression to transmit the
images out through a TCP socket port via a WiFi/3G network,
and the receiving end also employs a TCP socket port to
receive data from the network and displays the JPEG pictures
on the screen.

FIG. 8 is a state flow diagram showing operation of the
nursing system. The figure explains an application scenario of
the nursing system. When the body pose recognition module
300 carried on the person to be nursed 301 detects that the
person to be nursed 301 falls down, a signal will be transmit-
ted to the on-board computer 104 of the Ro[LA 100 via the
ZigBee WSN 200 to inform of the occurrence of emergency.
Upon knowing that the person to be nursed 301 falls down, the
on-board computer 104 will first transmit a short message to
the mobile phone of the family immediately and then deter-
mine where the person to be nursed 301 is located through the
positioning system constructed by the ZigBee WSN 200. The
RoLA 100 can actively move beside the person to be nursed
301 by virtue of the self-moving behavior. At the moment, the
webcam 101 disposed on top of the RoLLA 100 automatically
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follows the face of the person to be nursed and the images are
transmitted out via a WiFi/3G network. A remote medical
staff can watch real-time images of the person to be nursed
301 through a PDA or smart phone to get hold of the latest and
most correct situation and render appropriate assistance to the
person to be nursed 301.

In sum, despite a robotic application depicted in the
embodiment, the present invention is not limited to this only.
The structure of the present invention can be also suitable for
other applications such as electronic pets. Although the
description of the present invention involves in indoor appli-
cations, it can be adapted to both indoor and outdoor appli-
cations, e.g. outdoor courtyard of a house, as long as it is
within the network coverage.

While the invention has been described in terms of what is
presently considered to be the most practical and preferred
embodiments, it is to be understood that the invention needs
not be limited to the disclosed embodiments. On the contrary,
it is intended to cover various modifications and similar
arrangements included within the spirit and scope of the
appended claims, which are to be accorded with the broadest
interpretation so as to encompass all such modifications and
similar structures.

What is claimed is:

1. A nursing system, comprising:

a nursing apparatus comprising an on-board computer for
controlling the nursing system; a head motion mecha-
nism controlled by the on-board computer; a camera
disposed on and driven by the head motion mechanism
to rotate in multi-angle directions for capturing and for-
warding images to the on-board computer; a moving
platform controlled by the on-board computer to move
the nursing apparatus; a ZigBee module for receiving
signals from a wireless sensor network and transmitting
the signals to the on-board computer; a laser scanner for
detecting if there is any blockade around the nursing
apparatus and transmitting information to the on-board
computer; and an I/O device connected with the on-
board computer for a user to communicate with the
nursing apparatus; and

abody pose recognition module attached to a person to be
nursed for detecting a body pose of the person by a
triaxial accelerometer so as to determine if there is an
emergency and to generate a determination result signal;

wherein:

the wireless sensor network is disposed as a positioning
system for determining a position of the person to be
nursed, receiving the determination result signal from
the body pose recognition module and transferring the
determination result signal to the nursing apparatus, via
the ZigBee module,

the positions of the person to be nursed and the nursing
apparatus are located according to a signal strength sent
through the wireless sensor network,

the on-board computer is provided with a navigation
behavior control function for controlling the moving
platform according to detected information of the laser
scanner, the positions of the person to be nursed and the
nursing apparatus so as to enable the nursing apparatus
to perform a plurality of specific moving behaviors, and

the on-board computer models the dynamic relationship
between the nursing apparatus and the person to be
nursed as a linear-time-varying system (LTV), and con-
verts the coordinates of the nursing apparatus and the
camera to derive a dynamic error-state model with ref-
erence to an image plane of the camera so that the image
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of the person to be nursed is maintained at the center of
the image plane of the camera.

2. The nursing system of claim 1, further comprising a
remote receiver for receiving signals issued by the nursing
apparatus, via an external network.

3. The nursing system of claim 2, wherein the external
network is a WiFi/3G network system.

4. The nursing system of claim 2, wherein the remote
receiver comprises one selected from a group consisting of a
mobile phone, a personal computer, a PDA and a smart phone.

5. The nursing system of claim 2, wherein the on-board
computer is further provided with an emergency message
transmission function for transmitting an emergency message
to the remote receiver equipped on a medical staff or a family
member, via the external network.

6. The nursing system of claim 5, wherein the nursing
person is one of a relative or a medical staff.

7. The nursing system of claim 1, wherein the on-board
computer is further provided with a human face tracing and
detecting function for using the camera to capture the image
and detect a position of a face of the person to be nursed in the
image and controlling the head motion mechanism to stably
move the camera so as to keep track of the face of the person
to be nursed.

8. The nursing system of claim 1, wherein the specific
moving behaviors comprise:

a blockade-dodging behavior for making the nursing appa-

ratus dodge a blockade ahead;

a target-tracing behavior for adjusting a forward-moving
direction of the nursing apparatus so that the nursing
apparatus moves toward the person to be nursed; and

a boundary-moving behavior for making the nursing appa-
ratus move forward along a boundary of an environment
by keeping a fixed distance away from a closer side of
the boundary.

9. The nursing system of claim 1, wherein the body pose
recognition module is mounted to a waist portion of the
person to be nursed and utilizes a dynamic acceleration value
at the waist portion to represent a state of a center of gravity
of'the person to be nursed.

10. The nursing system of claim 9, wherein the body pose
recognition module measures the dynamic acceleration value
of the person to be nursed and acquires the dynamic accel-
eration value with a triaxial accelerometer to determine a
body pose of the person to be nursed.

11. The nursing system of claim 10, wherein an X-axis, a
Y-axis and a Z-axis are defined in a right direction, a top
direction and a rear direction of a body of the person to be
nursed respectively.

12. The nursing system of claim 1, wherein the camera
further comprises:

an image compression function for processing received
images; and

avideo transmission function for transmitting the received
images from the on-board computer to the remote
receiver, via the external network.

13. The nursing system of claim 1, wherein the person to be
nursed is one selected from a group consisting of an aged
person, a child or a patient.

14. A nursing system, comprising:

a nursing apparatus comprising an on-board computer for
controlling the nursing system; a camera disposed on a
head motion mechanism to rotate in multi-angle direc-
tions for capturing and forwarding an image; a ZigBee
module; a laser scanner disposed to detect if there is any
blockade around the nursing apparatus;
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abody pose recognition module attached to a person to be
nursed for detecting a body pose of the person so as to
determine if there is an emergency, and for communi-
cating with the Zigbee module of the nursing apparatus,
via a wireless sensor network; and

a remote receiver for receiving signals issued by the nurs-

ing apparatus, via an external network,

wherein the body pose recognition module is mounted to a

waist portion of the person to be nursed and utilizes a
dynamic acceleration value at the waist portion to rep-
resent a state of a center of gravity of the person to be
nursed, and

wherein the on-board computer models the dynamic rela-

tionship between the nursing apparatus and the person to
be nursed as a linear-time-varying system (LTV), and
converts the coordinates of the nursing apparatus and the
camera to derive a dynamic error-state model with ref-
erence to an image plane of the camera so that the image
of'the person to be nursed is maintained at the center of
the image plane of the camera.

15. The nursing system of claim 14, wherein the remote
receiver comprises one selected from a group consisting of a
mobile phone, a personal computer, a PDA and a smart phone,
and wherein the external network is a WiFi/3G network sys-
tem.

16. The nursing system of claim 14, wherein the on-board
computer is installed in the nursing apparatus to capture the
image and detect a position of a face of the person to be nursed
in the image, and to control the head motion mechanism to
move the camera so as to keep track of the face of the person
to be nursed.

17. The nursing system of claim 14, wherein the body pose
recognition module measures the dynamic acceleration value
of the person to be nursed and acquires the dynamic accel-
eration value with a triaxial accelerometer to determine a
body pose of the person to be nursed.

18. The nursing system of claim 16, wherein the on-board
computer installed in the nursing apparatus is further config-
ured to transmit an emergency message to the remote receiver
equipped on a medical staft or a family member, via the
external network.
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19. A nursing system, comprising:

anursing apparatus comprising a camera arranged to rotate
in multi-angle directions and capture images; a moving
platform; a ZigBee module arranged to communicate,
via a wireless sensor network; a laser scanner arranged
to detect if there is any blockade around the nursing
apparatus; and an on-board computer arranged to con-
trol the camera, the moving platform, the ZigBee mod-
ule and the laser scanner; and

a body pose recognition module attached to a person to be

nursed to detect a body pose of the person so as to
determine if there is an emergency,

wherein the wireless sensor network is disposed as a posi-

tioning system to determine a position of the personto be
nursed,

wherein positions of the person to be nursed and the nurs-

ing apparatus are located according to a signal strength
sent, via the wireless sensor network,
wherein the on-board computer is provided with a naviga-
tion behavior control function to control the moving
platform according to information from the laser scan-
ner, the positions of the person to be nursed and the
nursing apparatus so as to enable the nursing apparatus
to perform a plurality of specific moving behaviors, and

wherein the on-board computer models the dynamic rela-
tionship between the nursing apparatus and the person to
be nursed as a linear-time-varying system (LTV), and
converts the coordinates of the nursing apparatus and the
camera to derive a dynamic error-state model with ref-
erence to an image plane of the camera so that the image
of the person to be nursed is maintained at the center of
the image plane of the camera.

20. The nursing system of claim 19, further comprising a
remote receiver coupled to receive signals issued by the nurs-
ing apparatus, via an external network, wherein the remote
receiver is one of amobile phone, a personal computer, a PDA
and a smart phone.



