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ABSTRACT 

In this study, Kinect Xbox360 sensor has been used to recognize and track a previously 

identified human target, and Arduino Mega is used to control servoing of the cart. The 

trolley cart has been modified to became a suitable platform for Kinect attach and laptop 

on cart for practicality and simplicity. Human recognition and tracking algorithm has 

been developed using C# .NET visual studio. Using the target recognition algorithm, the 

target is recognized after the Kinect interfacing with the target has been interrupted by 

any blockage and the cart keeps following the target in time.  . 

Keywords: Microsoft Kinect, C# .NET, robot cart, image recognition, Arduino 

Mega, Human follower 
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CHAPTER 1  

INTRODUCTION 

1.1 Introduction 

Shopping carts have been used to carry the merchandises by the customers every day. 

Normally, they push them around with both hands from the back of the cart. If the 

customer has to walk with a child or cane, handling the cart  with  only one hand is not 

an easy work. If the customer has more than one child to hold, pushing the cart is a 

hassle. Moreover, using the cart brings an extra work if the customers have to keep 

track of the cart while they are looking around for goods to buy. People might get help 

from their friends or family to push the cart and follow them behind. However, after 

loading up in the grocery, they might get tired of pushing the cart up and down the 

aisles if it takes for hours. In order to make a better scenario and assist the elder, 

pregnant woman and disabled, developing an autonomous cart that follows an 

individual person will get the job done easily. 

Being an autonomous cart, controllers like sensors or switches are not needed to carry 

with the owner. The robot cart is supposed to track and identify the person by using 

computer-vision algorithm written for this thesis. According to the algorithm, the cart 

owner is not mandatory to wear specific color of dress to be excluded from other 

people. As a result, the robot cart is useful not only for individual use in grocery 

shopping, but also for places where people wear uniform. 

Basically, the trolley cart is redesigned by attaching a Kinect 3D camera, motors, 

encoders, sonar sensors, motor driver, Arduino Mega controller, a powerful battery and 

adding some frames to be able to carry laptop computer. The 3D camera sends in-depth 

data of person to the computer  to recognize and track the person in front of the camera. 

The robot cart has designed to ensure the safety of user and be reliable enough to keep 

tracking despite other persons are crossing in between the camera and user. 

1.2 Statement of the Problem 

In order to follow the assigned person real time, the robot cart has to generally perform 

three tasks:  

(1) Recognizing – identifying the target 

(2)  Tracking –  chasing the target within the range of camera by knowing its 

distance and position 

(3) Servoing – controlling the motor speed and steering of the wheel to follow the 

target over time. 

In recognizing process, firstly, the robot cart has to detect the target via camera. Then, 

extract features of target from the environment build knowledge database of the 

identified target. Then, it has to perform pattern recognition to check whether the 

assigned target is. However, extracting visual information accurately is not a simple 

task. Recognizing deformable human bodies is more challenging than rigid objects and 
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have less accuracy. One of the approach to solve this problem is to capture the essence 

of human and develop the database of known human. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.1 Pattern recognition system  

1.3 Objectives of the Study 

The main objective of the thesis is to construct the real time human-following algorithm 

for robot cart via Microsoft Kinect Sensor. 

1.4 Scope and limitation of the Study 

 The robot cart will be nonholonomic robot with 3 DOF (2 translation: X and Y, 

and rotation) on 2D plane. 

 Kinect sensor will be used as RGB Camera and 3D depth sensor. 

 The autonomous robot will be tested in the flat plane indoor. 

 The robot cart will follow continuously through the same path as the target. 

 If there is an obstacle or people passes between the cart and target, the cart will 

pause in its current and wait until the obstacle is gone in between the camera. 

After that it will continue following the target. 

 The adjustment for parameters (if necessary) during the recognition process is 

done manually by an operator. 

 Kinect frame rate is very high (30 fps) so handling this huge amount of data 

needs lot of memory and very good processor, it’s better to have GPU for that.  

 Only one person will be followed at a time. 

 The range to follow the user is between 2 to 3.5 m distance from camera. 

 Robot follows user in forward direction. 

 Can turn left and right if the user turns 90 degree to left and right but cannot 

follow when the user turns for narrower angles towards the cart which is less 

than 2 m distance. 
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CHAPTER 2 

LITERATURE REVIEW 

In this chapter, the current knowledge in field of human detection and the controllers 

and sensors used for robot cart are discussed. 

2.1 Vision-based human detection 

Vision-based object tracking is one of many techniques devised for tracking objects. It 

belongs to the class of passive object tracking techniques that rely on measuring natural 

signals, such as light and sound. Another class of tracking techniques is active object 

tracking, which involves placing devices on the target object or in the environment that 

transmit or receive appropriate signal, respectively. 

Active object tracking techniques include: 

1. Mechanical trackers: those are based on the kinematical structure, which consist 

of links interconnected with sensorized joints. 

2. Ultrasonic trackers: those use the transmission and sensing of ultrasonic wave. 

3. Magnetic trackers: those are non-contact devices that use the magnetic field to 

real-time position. 

4. Hybrid trackers: those use more than one of the position measurement 

technologies to track object more accurately. 

A light-emitting device and made the robot detect the device by using a camera. In this 

application, the followed human must carry that device, and their robot is not able to 

detect the human if that device is occluded. Other designers combined kinds of sensors. 

The combination of camera and ultrasonic emitter-receiver proved the effectiveness, but 

the followed human also has to carry the ultrasonic emitter. 

The use of such sensors simplifies further processing. However, active trackers are 

cumbersome and mainly suitable for well-controlled environment. Therefore, passive 

tracker are preferable (but more difficult to devise) than active ones. 

Carrying of extra-equipment is not agreeable in the living. How can a following robot 

interact naturally with human? Computer vision researchers have been trying to achieve 

results comparable to active object tracking by using passive tracking techniques for a 

long time in an effort to produce widely applicable tracking systems, free of intrusive 

devices, able to function in uncontrolled (indoor or outdoor) environments. 

Some of recent advanced-robots demonstrated that vision-based interfaces using one or 

more cameras to capture images and interpret those images to visual features can be 

used to recognize human and locate their position. 

Vision based human detection and classifications are really challenging due to a number 

of problems: 
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 In an in-engineered environment, interested objects and background are usually 

promiscuous. 

 People appear in highly cluttered backgrounds and have a lot of different 

appearances, due to poses, clothing, occlusions and illumination conditions. 

 Human body is flexible. 

Different algorithms have been proposed. Recent literatures show that there are two 

main trends of vision-based human detection: Motion-based approaches and shape-

based approaches. 

2.2 Kinect Sensor 

Kinect for Xbox 360, used as add-on for gaming console, is a motion sensor launched 

by Microsoft. Kinect provides the natural user interface (NUI) so that the users can 

interact intuitively, without requiring the controllers. Kinect sensor includes RGB 

camera, IR Emitter, IR Depth Sensor, multi-array microphone and 3-axis accelerometer. 

“One of the innovative feature of Kinect sensor is the advanced skeleton tracking 

capabilities which offers new possibilities in the area of human recognition, accurate 

measurement of skeleton joints, natural user interface (NUI) and human activity 

analysis.” 

Figure 2.1 Kinect Sensor components 

2.3 Software Libraries and open-source alternatives 

Microsoft release official SDK for Kinect, whereas there are other open-source 

framework: OpenNI, and OpenKinect which focus libfreenect sofware., Apple bought 

PrimeSense, consequently, OpenNI website, 3D sensing framework source, was shut 

down on 23 April, 2013. So OpenKinect and Microsoft Kinect SDK are still available. 
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2.3.1 Comparison of Microsoft SDK and OpenKinect 

Table 2.1 Comparison of Kinect SDK and OpenKinect 

 Microsoft SDK OpenKinect 

Programming language 

C++, C#, or Visual Basic 

by using Microsoft Visual 

Studio  

Python, C, C++, C#, Java, 

Lisp and more. Visual Studio 

not required. 

Operating systems 
Windows 7, Windows 8, 

Windows 8.1 
Linux, OS X and Windows 

License 

Only for academic, 

research purposes. No 

commercial applications 

are permitted. 

open for commercial usage 

Documentation and 

support 

well documented and 

provides a support forum 

a mailing list, twitter and irc. 

but no official forum 

Device calibration Not required Calibration at it’s website 

2.3.2 Specifications of Kinect Sensor 

Table 2.2 Specifications of Kinect sensor 

Feature Specifications 

Viewing angle 43° vertical by 57° horizontal field of 

view 

Motor tilt ±27° vertical 

Frame rate for depth and color stream 30 frames per second (FPS) 

Resolvable Depth 0.8 m to 4.0 m 

Color stream 640 x 480 x 24 bpp 4:3 RGB at 30 fps 

640 x 480 x 16 bpp 4:3 YUV at 15 fps 

Depth stream 320 x 240x 16 bpp, 13 bit depth 



6 

 

Audio capture 4 microphone array returning 48 Hz audio 

Data Path USB 2.0 

Latency about 90 ms with processing 

Active players tracked 2 

Skeleton joints per player 20 

Environment indoor 

Programming Language C#,  Visual Basic, any .NET language 

including C++ 

Accelerometer 2G/4G/8G accelerometer configured for 

the 2G range, with a 1° accuracy upper 

limit. 

2.4 Kinect SDK 

Kinect SDK version 1.8, supported by Microsoft, has been used in this thesis for 

providing the tools, software library and APIs, to access the features of Kinect. 

Software library interaction with the application and the Kinect is shown in figure. 

 

 

Figure 2.2 Kinect and Software interaction with application 
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Figure 2.3 SDK Architecture 

The system includes the following: 

1. Kinect Hardware 

2. Kinect drivers for Kinect, which is included as part of SDK 

3. Video and audio components: Kinect NUI for color, depth image, skeleton 

tracking and audio. 

4. 4DirectX Media Object for localization of audio source and beamforming of 

microphone array. 

5. The speech, audio and media APIs for Windows 7 standard, which also works 

well with Windows 8. 

 

2.5 Kinect sensor set up 

Kinect setup and operation conditions expressed by Microsoft are the followings: 

1. Kinect must be mounted on stable surface and avoid placing Kinect on a 

vibrating surface. 

2. Avoid placing Kinect in direct sunlight. 

3. Operating temperature ranges from 41 to 95 degrees Fahrenheit 

4. Kinect tilting must be controlled by software, not manual. 
Before connecting Kinect to computer, the following software must be installed. 

1. Kinect for windows SDK 

2. Kinect for windows Developer Toolkit 

 

2.6 Natural User Interface 

 The NUI is the core of Kinect API. Audio data stream, color and depth image 

data streams can be accessed through API. Moreover, Kinect runtime implements 

software pipeline which is able to recognize and track the human body. Depth 

information of human body is converted into skeleton joints in the runtime. Therefore, it 

is eligible to track the people in front of the camera. 
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2.6.1 Getting frames 

There are two different approaches to obtain video data.  

1. Event approach which event handler can be used 

2. Polling for new frame  

Event approach has been used in this thesis. 

2.6.2 Depth Stream 

 Depth data stream is made up of pixels which represents the distance (in 

millimeters) from the camera plane to the nearest object. Motion of a person can be 

track or remove background objects by the use of depth data in the application. Depth 

data stream merges depth data and player segmentation data. 

2.6.3 Infrared Stream 

 Invisible Infrared light (IR) is generated from depth sensor to acquire the 

distance between the sensors and object. It can sense up to six people if they are in field 

of view, but only two people will be sensed in details. 

 

Figure 2.4 Kinect tracking people in field of view 
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2.6.4 Depth Space Range 

 There are two depth ranges for the depth sensor. Range of depth sensors is 

illustrated in figure. Kinect for Xbox 360 is applicable for only default range, whereas 

Kinect for Windows is applicable for both default and near range. 

 

 

Figure 2.5 Sensing depth value 

 

 

 

Figure 2.6 Modes of distance from sensor  
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2.6.5 Skeleton Space 

The runtime process the captured depth image into skeleton data for each frame. The 

skeleton data contains 3D position data for human skeletons for maximum two people 

in the sensor range. The position of skeleton and it’s joints are expressed in right-

handed (x, y, z) coordinates system which places the Kinect in origin.  

2.6.6 Tracking Skeletons 

The ability to find skeleton along with accurate and fast recognition system is the 

advantage of using Kinect SDK, since machine learning has been given instructions to 

recognize the skeleton. To render a skeleton, user needs to stand in front of sensor, 

assuring that the whole body is visible to Kinect sensor, no specific poses or calibration 

actions are necessary to be recognized as a user. When the user is found in the sensor 

range, the NUI library raise an event to generate the corresponding skeleton. Though 

two people skeletons can be tracked, only one selected skeleton will be displayed in 

canvas. 

 

 

Figure 2.7 Skeleton space 
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CHAPTER 3 

METHODOLOGY  

3.1  System Design Overview 

This thesis focuses on a trolley cart to follow a specific user by the use of camera. So, 

ordinary trolley cart will be used to be modernized by the following steps. Kinect sensor 

will be attached to the handle of trolley cart to capture the image and calculate the 

distance of target. Personal computer will be connected with the Kinect sensor to 

perform image processing in order to recognize the target and work as main processing 

unit. Two DC motors will be used to drive 2 wheels of the cart. Steering of the cart will 

be controlled by differential drive wheel system. 

Arduino microcontroller will control the motion of the cart. It will be the buffer between 

motor driver and main processing unit through RS232 serial communication. Range 

sensors reading will give input to the program and stops the motors if there are any 

obstacles within the range of 45 cm. It will send pulse width modulation (PWM) signal 

to the motor driver. Encoder will be installed as the feedback control of motor speed. 

The prototype is implemented as shown in figure: 

1. Kinect 3D Camera 

2. Computer: Intel® Core™ i5-2410M CPU 97.5GB Hard Disk, 4GB RAM, serial 

communication COM3, installed Windows 7 Ultimate Service Pack 1 

3. Arduino Mega 2560 R3: ATmega2560  

 256 KB of which 8 KB used by boot loader Flash Memory 

 4KB EEPROM 

 Maximum of 16Mz clock speed 

 15 PWM pins out of 54 programmable I/O 

4. 2 DC Motors for differential drive wheel: 12V, 150 rpm, 15W, 32 kg-cm 

5. 2 Encoders for each motor : 12 counts per rear shaft revolution 

6. Pololu Dual VNH5019 Motor Driver 

7. Modified trolley cart: Maximum Net Load 25 kg 

8. Ultrasonic Ranging Module HC - SR04: 2cm to 4 m  

9. Wheel: diameter 15.24 cm 

3.2 Overall algorithm  

  This thesis mainly contains three parts: Recognition, Tracking and Servoing. 

1. Recognition 

As the Kinect is on, the user nearest to the sensor in the limited range will be recognized 

as the target and write the skeleton data into data base array. 

2. Tracking 

X, Y, Z coordinate of user will be displayed. Real time assessment, whether the sensed 

user is target, will be processed. Dead reckoning of the mobile cart will be performed 

and the target will be tracked according to the coordinates of target. 
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3. Servoing 

After the tracking state, motor operating starts to follow the target user. The cart stops 

moving forward when the obstacles are detected by sonic sensors or non-target user is 

blocked on the way between Kinect sensor and the target user, then keep following 

when the obstacles are removed. 

 

 

  

Computer 

Image Processing Program 

Kinect 

Speed control 

Dual motor driver 

Motor 1 

Motor 2 Encoder 2 

Encoder 1 

Serial 

Comm 

PWM 

Output 

P Control Program 

Arduino Mega 

Range 

sensor  

Frame 

grabber 

Serial 

Comm 

Figure 3.1 General overview of the prototype 

 

3.3  Software Implementation 
The main processing unit is developed in Visual C# .NET.  For the robot vision and 

image processing, software development kit (SDK) and libraries supported by Microsoft 

for skeleton tracker feature will be integrated to Visual Studio.  

3.3.1  Process of the cart 
1. Setup Kinect according to the target user height and make sure the full body is 

rendered. 

2. Start the application.  

3. The user’s X, Y, Z coordinates will be displayed. X refers to the distance of user in 

meter. The user is supposed to walk backward from 2 m to 3.5 m distance. After 

that, the user has to walk forward from 3.5 m to 2 m distance. The joint distance 

measurement of user is saved in array. 

4. “Image Ready!” text will be displayed as soon as the data is saved and that user is 

recognized as the target. 
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Figure 3.2 Overview of image processing algorithm 
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5. To start roaming the cart, target has to walk within the range of 2 to 3 m 

distance. 

6. If there is other people walking along with target afterwards, the target keep 

tracking and following the specific target as long as the target is in the view 

range. 

7. If there is a blockage between the camera and target, the cart will wait till the 

blockage left the view range, then keep operating eventually. 

3.4 Image Processing Algorithm 

General image processing is shown in block diagram. The details of each block will be 

explained details. 

3.4.1 Recognition 

Data Acquisition 

After the program starts, Kinect sensor reads the X, Y, Z coordinates of the assigned 

dots of the human body in 3D space. 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

Figure 3.3 Block diagram of Recognition algorithm 
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Skeleton Feature Extraction 

Assign player index: Firstly, Kinect assigns player index from 0 to 6. But skeletal 

feature is limited to only two persons according to Kinect API.  

Render skeleton: Kinect doesn't return a skeleton automatically, raw depth data that it 

has detected by depth sensor. Kinect NUI recognize the human anatomy so that the API 

identifies the different body segments. In order to render a skeleton, the lines are drawn 

between the joint nodes of human body. Player index[0] has assigned to enable the 

feature of skeletal tracking capability. 

Image quality: To make sure the whole skeleton is rendered in the frame, the feedback 

of image quality has printed out to move the player according to the location in the 

frame. If any of  skeleton edges  has been clipped in the frame, the message to move up 

or down, and left or right according to the part of skeleton required to appear. 

Body part parameters measurement: Measure the distance of player to the camera by 

enabling depth sensor. As the depth changes, the joint distance value, that is the 

measurement between two specific joints of body, also varies corresponding with the 

distance. To write the measurement of joint distance of the whole body to memory, it is 

necessary to save these various value along with each of depth data. For example, if the 

player’s height is 180 cm at 1.5 m depth, the reading of height value by Kinect will not 

be the same at 1.9 m depth. Thus, the various value of height must be saved for the 

range of distance. 

 

Figure 3.4 20 Points of a skeleton 
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There are 20 joints available in the skeleton, to draw line and read the absolute distance 

in between each two adjacent joints, it will take 19 absolute joint distance values. In 

addition, the height of the player will also be considered as part of body parameters.  

As the range of distance is identified from 1.5 to 3.3, where the player’s image can be 

fully rendered, there will be 19 sets of body part parameter to write in the database. 

Therefore, two dimensional 20 x 19 matrix of body part parameters will be stored in 

database. 

Derivations of the joint distances are discussed below: 

Distance between two points in a line 

Figure 3.5 Two points in a line 

Consider   = 2 and    = 9 

The distance, d =    –    = 7                 

Distance between two points in 2D space 

Figure 3.6 Line of two points in 2D space 

(     )  (   ) 
(     )  (   )                                                                                 

Drawing right-angled triangle by adding horizontal and vertical line to the original line, 

Figure 3.7 Lines added to apply Pythagoras’ Theorem 

By Pythagoras’ Theorem, 
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For x- coordinate, 

(         ) 

For y-coordinate,  

(         ) 

Substituting a and b equations,   

    (      )
   (      )

  

    √(      )   (      )    

Distance between two points in 3D space 

Including z coordinate, 

    √(      )   (      )   (      )  

For joint distances in 3D space, 

d= joint distances 

x1 = joint1 position of x plane 

y1 = joint1 position of y plane 

z1 = joint1 position of z plane 

x2 = joint2 position of x plane 

y2 = joint2 position of y plane 

z2 = joint2 position of z plane 

Measuring body height of human 

Kinect sensor provides (x, y, z) coordinates and 20 joints of skeleton. Normally, the 

body height is the measured distance from head to floor. The measurement is correct 

only if the user is stand straight and still. The result will be inaccurate if the user is 

bending their waist or knee.  

On the other hand, the height is the summation of the length between body segments: 

head, shoulder center, spine, hip center, along with left or right leg parameters: knee, 

ankle, and foot. For more accurate user height, the side of the sum of greater value is 

chosen among the length of left and right leg. 
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Figure 3.8 Example of the length of body segments used for measuring body 

height 

Get average body part parameters: To obtain more reliable source of database, the 

parameters of player will be measured twice, walking towards and backwards the 

camera in the same range. After writing the values of measured parameters to the 

corresponding arrays, the average of parameters will be obtained.  

 

Figure 3.9 States of calculating average value of body part parameters 

After acquiring the set of array of average parameters, the text “Data Ready!” will be 

displayed in the window. 

Walk from 2 to 3.3 

m depth from 

sensor 

Walk from 3.3 to 2 

m depth from 

sensor 

Write in Array 1 

Write in Array 2 

Calculate average 

of two arrays 
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Target Detection 

 In this state, Kinect will read the depth data, Z value of 3D plane, of the player. 

Afterwards, the recent value will be compared with the same depth data set of average 

body parameters. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.10 Block diagram of Target detection 

For example, if the depth data is 2m, body height of the current player will be compared 

with the body height at 2m in database and check if the value is within the maximum 

and minimum range of database. For the range database, 6 is added to get maximum and 

Read from 

database 

Maximum 

value 
Minimum 

value 
Compare with 

input from current 

player 

In range? 0 1 False  True  

Sum of In range 

results > 16 

Target 

detected 
Target 

blocked 

True  

+6  -6  

False  
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subtracted to get minimum range to tolerate the variation of skeletal data due to 

instability of camera. 

If it is true the “in range” value of the specific body part parameter will be set as 1, 

otherwise the value will be 0. The procedure will continue comparing for 20 parameter 

set. After all the “in range” values will be sum. If the summation is greater than 16, it 

will recognize the current player as the target player. In other words, up to four body 

part measurements are allowed to vary for the same player for precision. 

If the user is recognized, the text “Target detected” will be appeared on screen, else 

“Target blocked” will be appeared, assuming that another player has blocked the view 

of camera to the target user. 

3.4.2 Tracking 

Track person 

If the target is already detected, it has to keep tracking the same player index. As the 

application has already chosen the index number of target player, the skeleton frames of 

the same player will keep displaying in 30 frames per second. That allows the player to 

walk together with other players. If in the state of “Target blocked”, the program has to 

wait till the blockage player has left the screen to track the target. 

Dead reckoning 

After recognizing the player, it is necessary to update the players position in (X, Z) 

coordinates, which is essential for navigation of the cart. To be precise, the player’s 

headjoint 

position will be displayed in the user interface. The point (X=0, Y=0, Z=0) locates at 

the IR sensors origin of Kinect,  X value increases to the sensors left and Z value 

increases to the direction where Kinect is facing. Unit of X, Y, Z distance is in meter. 

According to the X and Z coordinate of the player’s head joint, the control data for 

motor drive will be send via RS-232 Serial Comm Port to Arduino. The conditions for 

motor control has shown in the following block diagram. 
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Figure 3.11 Conditions of motor control 

3.4.3 Servoing 

Serial Communication 

The states of motor control will be sent to Arduino Microcontroller through RS-232 

Serial Communication Port over time.  

Hardware Design of the Cart 

The cart dimension is (45 x 60 x 50) cm and weight 8 kg originally. The trolley cart has 

modified to mount ultrasonic sensors, Kinect and laptop computer on the go. In order to 

reduce the unnecessary weight of the cart, the frames added are made of PVC, except 

the supporting pole for the Kinect, which is made of steel in order to keep the Kinect 

stable. Two 6 inches wheels are mounted with separate 12V DC motors at the back of 

the cart on each side and a caster wheel is mounted at the front.  

 

Target Detected? 

3.5 > Z >2.0 

X < -0.2 0.2 > X > -0.2 X > 0.2 

Turn Left Go straight Turn Right 

Halt the motor 

True  

True  

False  

False  
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3.5 Algorithm for motor control  

The block diagram for software is shown in Figure. The software contains the main 

program for hardware and software in Arduino Mega 2560 R3. Interrupt for serial 

comm port is used to receive control data from Visual Studio image processing 

program. The control algorithm uses a software timer interrupt to generate the sampling 

rate of PI control algorithm. The sampling rate is 1ms in this application. The output of 

PI control algorithm is the input of PWM generation that controls the input voltage to 

the motor. 

 

 

 

 

 

 

 

 

 

Figure 3.13 Motor control algorithm 

Arduino Program 

for motor control 

Ultrasonic range sensors Serial Communication 

Speed Feedback 
PWM 

Generation 

P Control Algorithm 

Figure 3.12 Cart Architecture  
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3.5.1 Trajectory Control 

As two motors control each wheels separately, differential steered drive system has 

used. For each motor drive, the wheels maintain the constant velocity of 0.6 ms
-1

 if they 

are signaled to operate. P control is integrated for feedback control of maintain the 

constant speed. 

1. To drive the cart straight forward, to wheels have to move with the same 

velocity. (       ) 
2. To turn left, the left wheel has to remain zero velocity and the right wheel has to 

keep moving. 

 (      )  
 (      ) 

3. To turn right, the right wheel has to remain zero velocity and the left wheel has 

to keep moving.  

(      ) 
(      ) 

  = constant velocity of 0.6 ms
-1 

 

 

Figure 3.14 Nonholonomic mobile robot 

l = distance between two wheels 

(x,y) = robot’s location coordinate 

  = angular velocity 
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3.5.2 P Control Algorithm 

The output of P controller, equal to the control input to the plant, in the time-domain is 

as follows: 
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CHAPTER 4 

EXPERIMENTAL AND ANALYTICAL RESULT 

The experiment is performed in two periods: static and dynamic experiment. Static 

experiment is to test the accuracy of the outputs of image processing algorithm. 

Dynamic experiment is to test the working ability of the cart by chasing the walking 

player with different background. 

4.1 Static experiment 

4.1.1 Accuracy of image recognition 

The results have recoded when the cart is jacked on 2 blocks of boxes to test accuracy 

of image processing algorithm. The readings of Kinect is more precise as the camera is 

stable. It recognize the player in time and real time as soon as the blockage non-player 

has removed from the field of view. 

Table 4.1 Matched parts of players 

 Target player Target player with 

back-pack 

Non-target player 

Maximum matched 

parts 

20 16 13 

Minimum matched 

parts 

16 12 

 

10 

 

 

Figure 4.1 Target detected at distance 2.6 m to Kinect with 20 out of 20 matched 

parts 

Kinect skeleton keeps recognizing although the player wears the dress of which the 

colors of back and front are different. It is not an issue if the player is facing the camera 

or not. But, the readings of body joint measurements are inaccurate if the player wears 

baggy shirts, very loose jersy, long skirts or longyi or sari. 
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Figure 4.2 Target blocked at 2.6 m distance to Kinect with 13 out of 20 matched 

parts 

For continuously recognizing the target user depends on the range of database, which is 

already discussed in figure 3.8. If the range is too wide, the algorithm will recognize 

others users as target which is poor recognition. If the range is too narrow, the target 

user will not be identified according to the number of matched body parts. The 

comparison of the body height of 155 cm, 157 cm and 160 cm human are shown in the 

table. N is the value of the range that adds and subtract to the original value of body 

joints among total of 20 joints. The minimum matched joints of the skeletons are 

decided if it is the identified target. 

 

 N 
Matched joints of 155 cm 

player (target) 

Matched joints of 157 

cm human (non-target) 

Matched joints of 160 

cm human(non-target) 

0 5 2 1 

1 6 3 4 

2 11 6 5 

3 13 9 11 

4 15 9 11 

5 17 13 11 

6 18 10 9 

Table 4.2 Different deviation values and matched body parts 

 

4.1.2 Data Saving process 

The player needs to follow as instructed on screen, from 2 to 3.5m, 3.5 to 2m distance to 

Kinect. If the player started walking from 3.5 to 2m, the database will not be reliable 

enough to recognize the player. 
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Figure 4.3  Instruction for datasaving 

4.1.3  Tilt angle calibration 

As Kinect sensor has 57° horizontal by 43° vertical field of view, it is mandatory to 

position and set the tilt angle of the Kinect so that the whole body will be rendered 

without being obstructed by the platform. After practically observing the field of view 

for 2.0 to 3.5 meter by using the RGB color camera, the tilt angle has chosen to be -10 

degree. 

4.1.4 Skeleton stability 

Kinect renders full body skeleton of player on screen real time though there are non-

players around and the place is being crowded. 

However, the skeleton starts deforming when there are structures with many poles, and 

reflective planes like mirrors, glass and metallic objects. For the poles, Kinect starts 

misreading those as deformed skeleton. For the reflective planes, the reflective image of 

player in the mirror confuses the camera when the algorithm has to decide if it is the 

player to follow after a blockage. As a result of the deformed skeleton, the reading of 

matched part is unstable and the motor drive control end up with jittering and shaking 

the cart; that has effect on the stability of the camera. 

When the skeleton starts deforming, player has to walk closer up to 1.5 m distance and 

let the skeleton appears again, but data saving process is not needed. The picture shows 

the skeleton deforms when the player walks next to the glass walls. 

4.2 Dynamic experiment 

The motorspeed is set at 0.6 ms
-1

. Driving the cart at the faster speed causes shaking the 

camera which ends up the image instable. On the other hand, slowing down the cart less 

than 0.6 ms
-1

 ends up with not being able to follow the player autonomously as the 

Instruction for 

data saving 
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walking speed is supposed to be 0.7 ms
-1

 while shopping around and picking up the 

things. 

Figure 4.4 The skeleton deformation 

4.2.1 Obstacle detection 

In static states, the obstacles are detected once there is blockage within the range of 50 

cm. But in dynamic states, the range has reduced to 40cm according to the delay time 

and the velocity of the cart. The LED indicator is on when there is obstacle detected by 

ultrasonic sensor. 

Figure 4.5 Obstacle detection by ultrasonic sensor and LED indicator 

4.3 Tracking and identifying human 

After the player was identified (the one wearing green and white shirt), the robot started 

following the player. After the player is found, the robot started tracking the player by 
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using the X and Z coordinates of the target obtained from Kinect as described in chapter 

3. This can be seen in the figure below: 

 

Figure 4.6  Target identification process 

When the person is being recognized for data saving process, he or she should not raise 

their hands more than 30 degree. Else, it leads to data inaccuracy. 

 

Figure 4.7 Interrupted by human blockage 

 

Figure 4.8 Remains following target after blockage 

The cart is developed to track only the previously identified target and ignore any other 

people recognized in the field of view of Kinect as described in detail in chapter 3. 

From figure, it can be seen as the robot is tracking only the target if anybody else comes 

into the field of view of Kinect, the Kinect will not recognize the new human and will 

track the target. 
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4.4 Performance of Application 

As Kinect Sensor sends input of 30 FPS input to C# application, the time duration of 

output signal per frame has been measured by oscilloscope. The alternative LOW and 

HIGH digital output signal has been sent after each cycle of skeleton frame grabbing via 

serial comm port to create square wave output. According to the measurement, it takes 

33 ms to give data output for each frame in C# program. 

 

Figure 4.9 Measurement of time duration per frame output 
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CHAPTER 5 

CONCLUSION AND FUTURE WORK 

In this chapter, conclusion and recommended future works are expected. 

5.1 Conclusions 

The aim of the current study was to develop a robot cart by recognizing, tracking and 

servoing for a previously identified player using Microsoft Kinect. This dissertation has 

investigated and evaluated in detail the practicality of using Microsoft Kinect in real life 

scenarios for human Identification, recognition,  and tracking at indoor environments 

where no direct sunlight exposure to interrupt the Kinect Infrared sensor. User 

identification algorithm based on the joint distances of body parts was developed, 

analysed and implemented successfully on a robot cart followed by a detailed evaluation 

for real life scenarios. The recent studies  suggests Microsoft Kinect is the most reliable 

sensor for human recognition and Identification usable on a mobile robot for indoor 

environments at significantly lower cost when compared with other range sensing 

devices. 

In conclusion, after the identification and tracking algorithms were developed  

implemented on a robot cart, which showed quite pleasing results, it is safe to 

assume that the main aim and primary objectives of this study has been successfully 

achieved. 

However, a number of important limitations need to be considered as follows. Firstly, 

the Microsoft Kinect uses infrared for range sensing thus making it dependable only 

indoors where there is no direct sunlight. Secondly, Kinect sensors misread when 

reflective planes are pole structures are around. Finally, Image accuracy depends on the 

stability of Kinect sensor. 

5.2 Future Works 

In this thesis, the robot cart follows the target player successfully. However, there are 

the modifications that can enhance the robot cart. 

 Camera stabilizer can be implemented for the skeleton rendering accuracy.  

 Pick and place machine can be mounted to assist short persons when they need 

to pick up the things from tall racks. 

 Instead of recognizing only one person, the algorithm can be improved to 

identify and recognize two persons at a time, that will increase the practicality of 

algorithm. 

 Rather than identifying with the whole body rendered skeleton, only upper body 

joints will be measured and recognize with facing recognition. It can save the 

space between the cart and the player.  
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APPENDIX 

SOURCE CODE FOR ARDUINO 

 

#include "DualVNH5019MotorShield.h" 

 

DualVNH5019MotorShield md; 

 

#define trigPin1 50 

#define echoPin1 51 

#define LED 24 

 

long duration, distance, UltraSensor; 

long range = 90; 

char letter = '0'; 

int array[4]; 

int output; 

 

int hits1 = 0; 

int hits2 = 0; 

signed int pwm1 = 150; 

signed int pwm2 = 170; 

float set = 0.75; 

float temp1; 

float temp2; 

float output1; 

float output2; 

float wheel_radius = 0.075; //15 cm 

volatile unsigned int current_time; 

long time_interval = 1000; //how often do you want to know velocity 

(milliseconds) 

float velocity1, velocity2; //this is the velocity in length units / 

time_interval 

 

 

void setup() { 

  Serial.begin(9600); 

  attachInterrupt(2, count1, CHANGE); 

  attachInterrupt(3, count2, CHANGE); 

  //pinMode(21, INPUT_PULLUP); 

  current_time = millis(); 

  pinMode(trigPin1, OUTPUT); 

  pinMode(echoPin1, INPUT); 

  pinMode(LED, OUTPUT); 
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  md.init(); 

 

} 

 

  void SonarSensor(int trigPin,int echoPin) 

{ 

digitalWrite(trigPin, LOW); 

delayMicroseconds(2); 

digitalWrite(trigPin, HIGH); 

delayMicroseconds(10); 

digitalWrite(trigPin, LOW); 

duration = pulseIn(echoPin, HIGH); 

distance = (duration/2) / 29.1; 

} 

 

void mStop() 

{ 

  md.setM1Speed(0); 

  md.setM2Speed(0); 

} 

 

void mBoth() 

{ 

    if ( millis() >= current_time + time_interval) 

  { 

    velocity1 = (hits1*(wheel_radius * 261.8))/time_interval;//the constant is 

2*pi*1000/24 = 523.5988 

    velocity2 = (hits2*(wheel_radius * 261.8))/time_interval;  

    Serial.print("velocity1: "); 

    Serial.print(velocity1); 

    Serial.print(" , velocity2: "); 

    Serial.println(velocity2); 

//    Serial.print("hits1: "); 

//    Serial.print(hits1); 

//    Serial.print(" , hits2: "); 

//    Serial.println(hits2); 

    hits1 = 0; 

    hits2 = 0; 

    current_time = millis(); 

  } 

  output1 = 0.8 

  *(velocity2 - velocity1);  

  temp1 = (output1 / 150 * 400); 
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  pwm1 += (int)temp1; 

 

  output2 =  0.2*(set - velocity2); 

  temp2 = (output2 / 150 * 400);  

  pwm2 += (int)temp2; 

  md.setM1Speed(pwm1); 

  md.setM2Speed(pwm2); 

} 

 

void mLeft() 

{ 

  md.setM1Speed(pwm1); 

  md.setM2Speed(0); 

} 

 

void mRight() 

{ 

  md.setM1Speed(0); 

  md.setM2Speed(pwm2); 

} 

 

void loop() { 

  SonarSensor(trigPin1, echoPin1); 

  output = distance; 

//Serial.println(output); 

 

if( output < range) 

{ 

  digitalWrite(LED, HIGH); 

  mStop(); 

  } 

 

else 

{ 

  digitalWrite(LED, LOW); 

  if(Serial.available() > 0)  

  letter = Serial.read(); 

  if(letter == '0')  

  mStop(); 

  else if(letter == 'L') 

  mLeft(); 

  else if(letter == 'R') 

  mRight(); 
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  else 

  mBoth(); 

  } 

 

} 

 

 

  void count1() 

  { 

   hits1++; 

  } 

   

  void count2() 

  { 

   hits2++; 

  } 
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SOURCE CODE FOR IMAGE PROCESSING 

 

using System; 

using System.Collections.Generic; 

using System.Linq; 

using System.Text; 

using System.Windows; 

using System.Windows.Controls; 

using System.Windows.Data; 

using System.Windows.Documents; 

using System.Windows.Input; 

using System.Windows.Media; 

using System.Windows.Media.Imaging; 

using System.Windows.Navigation; 

using System.Windows.Shapes; 

 

using Microsoft.Kinect; 

using System.IO.Ports; 

using System.Threading; 

 

 

 

namespace KinectHeadTracker 

{ 

    /// <summary> 

    /// Interaction logic for MainWindow.xaml 

    /// </summary> 

    public partial class MainWindow : Window 

    { 

        KinectSensor myKinect; 

        int arrayCheck; 

        int ArrFlag = 0; 

        int avgFlag = 0; 

        int saveFlag = 0; 

        int[,] Arr1 = new int[20, 16]; 

        int[,] Arr2 = new int[20, 16]; 

        int[,] avg = new int[20, 16]; 

        int[] body = new int[20]; 

        int min = 20; 

        //int count = 0; 

        //bool motorDrive = false; 

         

        public MainWindow() 

        { 

            InitializeComponent(); 

        } 

       

 

        private void Window_Loaded(object sender, RoutedEventArgs e) 

        { 
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            // Check to see if a Kinect is available 

            if (KinectSensor.KinectSensors.Count == 0) 

            { 

                MessageBox.Show("No Kinects detected", "Head Position Viewer"); 

                Application.Current.Shutdown(); 

                return; 

            } 

 

            // Get the first Kinect on the computer 

            myKinect = KinectSensor.KinectSensors[0]; 

 

            // Start the Kinect running and select the skeleton stream 

            try 

            { 

                myKinect.SkeletonStream.Enable(); 

                myKinect.Start(); 

            } 

            catch 

            { 

                MessageBox.Show("Kinect initialise failed", "Head Position Viewer"); 

                Application.Current.Shutdown(); 

            } 

 

            // connect a handler to the event that fires when new frames are available 

 

            myKinect.SkeletonFrameReady += new 

EventHandler<SkeletonFrameReadyEventArgs>(myKinect_SkeletonFrameReady); 

 

        } 

 

        Brush skeletonBrush = new SolidColorBrush(Colors.Red); 

 

        void addLine(Joint j1, Joint j2) 

        { 

            Line boneLine = new Line(); 

            boneLine.Stroke = skeletonBrush; 

            boneLine.StrokeThickness = 5; 

 

            ColorImagePoint j1P = myKinect.MapSkeletonPointToColor(j1.Position, 

ColorImageFormat.RgbResolution640x480Fps30); 

            boneLine.X1 = j1P.X; 

            boneLine.Y1 = j1P.Y; 

 

            ColorImagePoint j2P = myKinect.MapSkeletonPointToColor(j2.Position, 

ColorImageFormat.RgbResolution640x480Fps30); 

            boneLine.X2 = j2P.X; 

            boneLine.Y2 = j2P.Y; 

 

            skeletonCanvas.Children.Add(boneLine); 

        } 
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        void drawSkeletons(Skeleton skeleton) 

        {             

            // Spine 

            addLine(skeleton.Joints[JointType.Head], 

skeleton.Joints[JointType.ShoulderCenter]); 

            addLine(skeleton.Joints[JointType.ShoulderCenter], 

skeleton.Joints[JointType.Spine]); 

 

            // Left leg 

            addLine(skeleton.Joints[JointType.Spine], 

skeleton.Joints[JointType.HipCenter]); 

            addLine(skeleton.Joints[JointType.HipCenter], 

skeleton.Joints[JointType.HipLeft]); 

            addLine(skeleton.Joints[JointType.HipLeft], 

skeleton.Joints[JointType.KneeLeft]); 

            addLine(skeleton.Joints[JointType.KneeLeft], 

skeleton.Joints[JointType.AnkleLeft]); 

            addLine(skeleton.Joints[JointType.AnkleLeft], 

skeleton.Joints[JointType.FootLeft]); 

 

            // Right leg 

            addLine(skeleton.Joints[JointType.HipCenter], 

skeleton.Joints[JointType.HipRight]); 

            addLine(skeleton.Joints[JointType.HipRight], 

skeleton.Joints[JointType.KneeRight]); 

            addLine(skeleton.Joints[JointType.KneeRight], 

skeleton.Joints[JointType.AnkleRight]); 

            addLine(skeleton.Joints[JointType.AnkleRight], 

skeleton.Joints[JointType.FootRight]); 

 

            // Left arm 

            addLine(skeleton.Joints[JointType.ShoulderCenter], 

skeleton.Joints[JointType.ShoulderLeft]); 

            addLine(skeleton.Joints[JointType.ShoulderLeft], 

skeleton.Joints[JointType.ElbowLeft]); 

            addLine(skeleton.Joints[JointType.ElbowLeft], 

skeleton.Joints[JointType.WristLeft]); 

            addLine(skeleton.Joints[JointType.WristLeft], 

skeleton.Joints[JointType.HandLeft]); 

 

            // Right arm 

            addLine(skeleton.Joints[JointType.ShoulderCenter], 

skeleton.Joints[JointType.ShoulderRight]); 

            addLine(skeleton.Joints[JointType.ShoulderRight], 

skeleton.Joints[JointType.ElbowRight]); 

            addLine(skeleton.Joints[JointType.ElbowRight], 

skeleton.Joints[JointType.WristRight]); 

            addLine(skeleton.Joints[JointType.WristRight], 

skeleton.Joints[JointType.HandRight]);             
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        } 

 

        void myKinect_SkeletonFrameReady(object sender, 

SkeletonFrameReadyEventArgs e) 

        { 

            #region declareString 

            string message = "No Skeleton Data"; 

            string qualityMessage = ""; 

            string userHeight = ""; 

            string userSpine = ""; 

            string userWaist = ""; 

            string userHipRight = ""; 

            string userHipLeft = ""; 

            string userKneeRight = ""; 

            string userKneeLeft = ""; 

            string userAnkleRight = ""; 

            string userAnkleLeft = ""; 

            string userFootRight = ""; 

            string userFootLeft = ""; 

            string userShoulderRight = ""; 

            string userShoulderLeft = ""; 

            string userElbowRight = ""; 

            string userElbowLeft = ""; 

            string userWristRight = ""; 

            string userWristLeft = ""; 

            string userHandRight = ""; 

            string userHandLeft = ""; 

            string userHead = "";             

            string matrixString = ""; 

            string ready = "Walk from Z:2.0 to 3.5"; 

            testLoop.Text = ready; 

            string minValue = ""; 

            string targetPrint = ""; 

            targetData.Text = ""; 

            summary.Text = ""; 

            #endregion 

 

            //Draw Skeleton  

            skeletonCanvas.Children.Clear(); 

            Skeleton skeleton = FindSkeleton(e); 

            if (skeleton != null) 

            { 

                skeletonCanvas.Children.Clear(); 

                Brush brush = new SolidColorBrush(Colors.Red); 

                drawSkeletons(skeleton); 

                Joint headJoint = skeleton.Joints[JointType.Head]; 

                SkeletonPoint headPosition = headJoint.Position; 

                Joint hipCenter = skeleton.Joints[JointType.HipCenter]; 

                if (headJoint.TrackingState != JointTrackingState.NotTracked) 

                { 
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                    if (headJoint.TrackingState == JointTrackingState.Inferred) 

                    { 

                        message = message + "I"; 

                    } 

                } 

                message = string.Format("Head: X:{0:0.0} Y:{1:0.0} Z:{2:0.0}", 

                    headPosition.X, 

                    headPosition.Y, 

                    headPosition.Z); 

 

                if (skeleton.ClippedEdges == 0) 

                { 

                    qualityMessage = "Good Quality"; 

                } 

                else 

                { 

                    if ((skeleton.ClippedEdges & FrameEdges.Bottom) != 0) 

                        qualityMessage += "Move up "; 

                    if ((skeleton.ClippedEdges & FrameEdges.Top) != 0) 

                        qualityMessage += "Move down "; 

                    if ((skeleton.ClippedEdges & FrameEdges.Right) != 0) 

                        qualityMessage += "Move left "; 

                    if ((skeleton.ClippedEdges & FrameEdges.Left) != 0) 

                        qualityMessage += "Move right "; 

                } 

 

                for(int i = 0; i < 20; i++) 

                { 

                    body[i] = 0; 

                } 

 

                double measuredHeight = KinectMeasurementsTools.Height(skeleton); 

                int theHeight = Convert.ToInt32(measuredHeight * 100); 

                body[0] = theHeight; 

                userHeight = theHeight.ToString(); 

 

                double measuredSpine = 

KinectMeasurementsTools.Length(skeleton.Joints[JointType.ShoulderCenter], 

skeleton.Joints[JointType.Spine]); 

                int theSpine = Convert.ToInt32(measuredSpine * 100); 

                body[1] = theSpine; 

                userSpine = theSpine.ToString(); 

 

                double measuredWaist = 

KinectMeasurementsTools.Length(skeleton.Joints[JointType.Spine], 

skeleton.Joints[JointType.HipCenter]); 

                int theWaist = Convert.ToInt32(measuredWaist * 100); 

                body[2] = theWaist; 

                userWaist = measuredWaist.ToString(); 
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                double measuredHipRight = 

KinectMeasurementsTools.Length(skeleton.Joints[JointType.HipCenter], 

skeleton.Joints[JointType.HipRight]); 

                int theHipRight = Convert.ToInt32(measuredHipRight * 100); 

                body[3] = theHipRight; 

                userHipRight = measuredHipRight.ToString(); 

 

                double measuredHipLeft = 

KinectMeasurementsTools.Length(skeleton.Joints[JointType.HipCenter], 

skeleton.Joints[JointType.HipLeft]); 

                int theHipLeft = Convert.ToInt32(measuredHipLeft * 100); 

                body[4] = theHipLeft; 

                userHipLeft = measuredHipLeft.ToString(); 

 

                double measuredKneeRight = 

KinectMeasurementsTools.Length(skeleton.Joints[JointType.HipRight], 

skeleton.Joints[JointType.KneeRight]); 

                int theKneeRight = Convert.ToInt32(measuredKneeRight * 100); 

                body[5] = theKneeRight; 

                userKneeRight = measuredKneeRight.ToString(); 

 

                double measuredKneeLeft = 

KinectMeasurementsTools.Length(skeleton.Joints[JointType.HipLeft], 

skeleton.Joints[JointType.KneeLeft]); 

                int theKneeLeft = Convert.ToInt32(measuredKneeLeft * 100); 

                body[6] = theKneeLeft; 

                userKneeLeft = measuredKneeLeft.ToString(); 

 

                double measuredAnkleRight = 

KinectMeasurementsTools.Length(skeleton.Joints[JointType.KneeRight], 

skeleton.Joints[JointType.AnkleRight]); 

                int theAnkleRight = Convert.ToInt32(measuredAnkleRight * 100); 

                body[7] = theAnkleRight; 

                userAnkleRight = measuredAnkleRight.ToString(); 

 

                double measuredAnkleLeft = 

KinectMeasurementsTools.Length(skeleton.Joints[JointType.KneeLeft], 

skeleton.Joints[JointType.AnkleLeft]); 

                int theAnkleLeft = Convert.ToInt32(measuredAnkleLeft * 100); 

                body[8] = theAnkleLeft; 

                userAnkleLeft = measuredAnkleLeft.ToString(); 

 

                double measuredFootRight = 

KinectMeasurementsTools.Length(skeleton.Joints[JointType.AnkleRight], 

skeleton.Joints[JointType.FootRight]); 

                int theFootRight = Convert.ToInt32(measuredAnkleLeft * 100); 

                body[9] = theFootRight; 

                userFootRight = measuredFootRight.ToString(); 

 



44 

 

                double measuredFootLeft = 

KinectMeasurementsTools.Length(skeleton.Joints[JointType.AnkleLeft], 

skeleton.Joints[JointType.FootLeft]); 

                int theFootLeft = Convert.ToInt32(measuredFootLeft * 100); 

                body[10] = theFootLeft; 

                userFootLeft = measuredFootLeft.ToString(); 

 

                double measuredShoulderRight = 

KinectMeasurementsTools.Length(skeleton.Joints[JointType.ShoulderCenter], 

skeleton.Joints[JointType.ShoulderRight]); 

                int theShoulderRight = Convert.ToInt32(measuredShoulderRight * 100); 

                body[11] = theShoulderRight; 

                userShoulderRight = measuredShoulderRight.ToString(); 

 

                double measuredShoulderLeft = 

KinectMeasurementsTools.Length(skeleton.Joints[JointType.ShoulderCenter], 

skeleton.Joints[JointType.ShoulderLeft]); 

                int theShoulderLeft = Convert.ToInt32(measuredShoulderLeft * 100); 

                body[12] = theShoulderLeft; 

                userShoulderLeft = measuredShoulderLeft.ToString(); 

 

                double measuredElbowRight = 

KinectMeasurementsTools.Length(skeleton.Joints[JointType.ShoulderRight], 

skeleton.Joints[JointType.ElbowRight]); 

                int theElbowRight = Convert.ToInt32(measuredElbowRight * 100); 

                body[13] = theElbowRight; 

                userElbowRight = measuredElbowRight.ToString(); 

 

                double measuredElbowLeft = 

KinectMeasurementsTools.Length(skeleton.Joints[JointType.ShoulderLeft], 

skeleton.Joints[JointType.ElbowLeft]); 

                int theElbowLeft = Convert.ToInt32(measuredElbowLeft * 100); 

                body[14] = theElbowLeft; 

                userElbowLeft = measuredElbowLeft.ToString(); 

 

                double measuredWristRight = 

KinectMeasurementsTools.Length(skeleton.Joints[JointType.ElbowRight], 

skeleton.Joints[JointType.WristRight]); 

                int theWristRight = Convert.ToInt32(measuredWristRight * 100); 

                body[15] = theWristRight; 

                userWristRight = measuredWristRight.ToString(); 

 

                double measuredWristLeft = 

KinectMeasurementsTools.Length(skeleton.Joints[JointType.ElbowLeft], 

skeleton.Joints[JointType.WristLeft]); 

                int theWristLeft = Convert.ToInt32(measuredWristLeft * 100); 

                body[16] = theWristLeft; 

                userWristLeft = measuredWristLeft.ToString(); 
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                double measuredHandRight = 

KinectMeasurementsTools.Length(skeleton.Joints[JointType.WristRight], 

skeleton.Joints[JointType.HandRight]); 

                int theHandRight = Convert.ToInt32(measuredHandRight * 100); 

                body[17] = theHandRight; 

                userHandRight = measuredHandRight.ToString(); 

 

                double measuredHandLeft = 

KinectMeasurementsTools.Length(skeleton.Joints[JointType.WristLeft], 

skeleton.Joints[JointType.HandLeft]); 

                int theHandLeft = Convert.ToInt32(measuredHandLeft * 100); 

                body[18] = theHandLeft; 

                userHandLeft = measuredHandLeft.ToString(); 

 

                double measuredHead = 

KinectMeasurementsTools.Length(skeleton.Joints[JointType.ShoulderCenter], 

skeleton.Joints[JointType.Head]); 

                int theHead = Convert.ToInt32(measuredHead * 100); 

                body[19] = theHead; 

                userHead = measuredHead.ToString(); 

 

 

                //TargetSpine.Text = userWaist; 

 

                StatusTextBlock.Text = message; 

                QualityTextBlock.Text = qualityMessage;                 

 

 

                //DataIn 

                int zIntValue = Convert.ToInt32(headPosition.Z * 10);                 

                //zValue.Text = zIntValue.ToString(); 

                if (saveFlag == 0) 

                { 

                    if (ArrFlag == 0) 

                    { 

                        switch (zIntValue) 

                        { 

                            case 20: 

                                for (int i = 0, j = 0; i < 20; i++) 

                                { 

                                    Arr1[i, j] = body[i]; 

                                    ready = "Walk from Z:2.0 to 3.5"; 

                                    testLoop.Text = ready; 

                                } 

                                break; 

 

                            case 21: 

                                for (int i = 0, j = 1; i < 20; i++) 

                                { 

                                    Arr1[i, j] = body[i]; 
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                                } 

                                break; 

 

                            case 22: 

                                for (int i = 0, j = 2; i < 20; i++) 

                                { 

                                    Arr1[i, j] = body[i]; 

                                } 

                                break; 

 

                            case 23: 

                                for (int i = 0, j = 3; i < 20; i++) 

                                { 

                                    Arr1[i, j] = body[i]; 

                                } 

                                break; 

 

                            case 24: 

                                for (int i = 0, j = 4; i < 20; i++) 

                                { 

                                    Arr1[i, j] = body[i]; 

                                } 

                                break; 

 

                            case 25: 

                                for (int i = 0, j = 5; i < 20; i++) 

                                { 

                                    Arr1[i, j] = body[i]; 

                                } 

                                break; 

 

                            case 26: 

                                for (int i = 0, j = 6; i < 20; i++) 

                                { 

                                    Arr1[i, j] = body[i]; 

                                } 

                                break; 

 

                            case 27: 

                                for (int i = 0, j = 7; i < 20; i++) 

                                { 

                                    Arr1[i, j] = body[i]; 

                                } 

                                break; 

 

                            case 28: 

                                for (int i = 0, j = 8; i < 20; i++) 

                                { 

                                    Arr1[i, j] = body[i]; 

                                } 
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                                break; 

 

                            case 29: 

                                for (int i = 0, j = 9; i < 20; i++) 

                                { 

                                    Arr1[i, j] = body[i]; 

                                } 

                                break; 

 

                            case 30: 

                                for (int i = 0, j = 10; i < 20; i++) 

                                { 

                                    Arr1[i, j] = body[i]; 

                                } 

                                break; 

 

                            case 31: 

                                for (int i = 0, j = 11; i < 20; i++) 

                                { 

                                    Arr1[i, j] = body[i]; 

                                } 

                                break; 

 

                            case 32: 

                                for (int i = 0, j = 12; i < 20; i++) 

                                { 

                                    Arr1[i, j] = body[i]; 

                                } 

                                break; 

 

                            case 33: 

                                for (int i = 0, j = 13; i < 20; i++) 

                                { 

                                    Arr1[i, j] = body[i]; 

                                } 

                                break; 

 

                            case 34: 

                                for (int i = 0, j = 14; i < 20; i++) 

                                { 

                                    Arr1[i, j] = body[i]; 

                                } 

                                break; 

 

                            case 35: 

                                for (int i = 0, j = 15; i < 20; i++) 

                                { 

                                    Arr1[i, j] = body[i]; 

                                    ArrFlag = 1; 

                                    ready = "Walk from Z:3.5 to 2.0"; 
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                                    testLoop.Text = ready; 

                                    goto Arr2In; 

                                } 

                                break;  

                                //ready = "Walk from Z:2.0 to 3.5"; 

                                //testLoop.Text = ready;                                                                     

                        } 

                         

                    } 

                     

                Arr2In: 

                     

                    if (ArrFlag == 1) 

                    { 

                        switch (zIntValue) 

                        {                             

                            case 35: 

                                for (int i = 0, j = 15; i < 20; i++) 

                                { 

                                    Arr2[i, j] = body[i]; 

                                    ready = "Walk from Z:3.5 to 2.0"; 

                                    testLoop.Text = ready; 

                                     

                                } 

                                break; 

 

                            case 34: 

                                for (int i = 0, j = 14; i < 20; i++) 

                                { 

                                    Arr2[i, j] = body[i]; 

                                    ready = "Walk from Z:3.5 to 2.0"; 

                                    testLoop.Text = ready; 

                                } 

                                break; 

 

                            case 33: 

                                for (int i = 0, j = 13; i < 20; i++) 

                                { 

                                    Arr2[i, j] = body[i]; 

                                    ready = "Walk from Z:3.5 to 2.0"; 

                                    testLoop.Text = ready; 

                                } 

                                break; 

 

                            case 32: 

                                for (int i = 0, j = 12; i < 20; i++) 

                                { 

                                    Arr2[i, j] = body[i]; 

                                    ready = "Walk from Z:3.5 to 2.0"; 

                                    testLoop.Text = ready; 
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                                } 

                                break; 

 

                            case 31: 

                                for (int i = 0, j = 11; i < 20; i++) 

                                { 

                                    Arr2[i, j] = body[i]; 

                                    ready = "Walk from Z:3.5 to 2.0"; 

                                    testLoop.Text = ready; 

                                } 

                                break; 

 

                            case 30: 

                                for (int i = 0, j = 10; i < 20; i++) 

                                { 

                                    Arr2[i, j] = body[i]; 

                                    ready = "Walk from Z:3.5 to 2.0"; 

                                    testLoop.Text = ready; 

                                } 

                                break; 

 

                            case 29: 

                                for (int i = 0, j = 9; i < 20; i++) 

                                { 

                                    Arr2[i, j] = body[i]; 

                                    ready = "Walk from Z:3.5 to 2.0"; 

                                    testLoop.Text = ready; 

                                } 

                                break; 

 

                            case 28: 

                                for (int i = 0, j = 8; i < 20; i++) 

                                { 

                                    Arr2[i, j] = body[i]; 

                                    ready = "Walk from Z:3.5 to 2.0"; 

                                    testLoop.Text = ready; 

                                } 

                                break; 

 

                            case 27: 

                                for (int i = 0, j = 7; i < 20; i++) 

                                { 

                                    Arr2[i, j] = body[i]; 

                                    ready = "Walk from Z:3.5 to 2.0"; 

                                    testLoop.Text = ready; 

                                } 

                                break; 

 

                            case 26: 

                                for (int i = 0, j = 6; i < 20; i++) 
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                                { 

                                    Arr2[i, j] = body[i]; 

                                    ready = "Walk from Z:3.5 to 2.0"; 

                                    testLoop.Text = ready; 

                                } 

                                break; 

 

                            case 25: 

                                for (int i = 0, j = 5; i < 20; i++) 

                                { 

                                    Arr2[i, j] = body[i]; 

                                    ready = "Walk from Z:3.5 to 2.0"; 

                                    testLoop.Text = ready; 

                                } 

                                break; 

 

                            case 24: 

                                for (int i = 0, j = 4; i < 20; i++) 

                                { 

                                    Arr2[i, j] = body[i]; 

                                    ready = "Walk from Z:3.5 to 2.0"; 

                                    testLoop.Text = ready; 

                                } 

                                break; 

 

                            case 23: 

                                for (int i = 0, j = 3; i < 20; i++) 

                                { 

                                    Arr2[i, j] = body[i]; 

                                    ready = "Walk from Z:3.5 to 2.0"; 

                                    testLoop.Text = ready; 

                                } 

                                break; 

 

                            case 22: 

                                for (int i = 0, j = 2; i < 20; i++) 

                                { 

                                    Arr2[i, j] = body[i]; 

                                    ready = "Walk from Z:3.5 to 2.0"; 

                                    testLoop.Text = ready; 

                                } 

                                break; 

 

                            case 21: 

                                for (int i = 0, j = 1; i < 20; i++) 

                                { 

                                    Arr2[i, j] = body[i]; 

                                    ready = "Walk from Z:3.5 to 2.0"; 

                                    testLoop.Text = ready; 

                                } 
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                                break; 

 

                            case 20: 

                                for (int i = 0, j = 0; i < 20; i++) 

                                { 

                                    Arr2[i, j] = body[i]; 

                                    ArrFlag = 2; 

                                    avgFlag = 1; 

                                    saveFlag = 1; 

                                    ready = "Walk from Z:3.5 to 2.0"; 

                                    testLoop.Text = ready; 

                                    goto avgArr; 

                                } 

                                break;                                 

                        } 

                    } 

                avgArr: 

                    if (avgFlag == 1) 

                    { 

                        for (int j = 0; j < 20; j++) 

                        { 

                            for (int i = 0; i < 16; i++) 

                            { 

                                avg[j, i] = Arr1[j, i] + Arr2[j, i]; 

                                avg[j, i] = avg[j, i] / 2; 

                            } 

                        } 

                        avgFlag = 2; 

                    } 

 

                }//half of if saveFlag 

                else if(saveFlag == 1) 

                { 

                    ready = "Data Ready!"; 

                    testLoop.Text = ready; 

                    int[] lState = new int[20]; // set if the value is wiith +/- 5 

                     

                    int a = 6; 

                    for (int i = 0; i < 20; i++) 

                    { 

                        lState[i] = 0; 

                    } 

                        #region checkIfMeasurementsEqual 

                        switch (zIntValue) 

                        { 

                            case 20: 

                                for (int i = 0, j = 0; i < 20; i++) 

                                { 

                                    if ((body[i] <= (avg[i, j] + a)) && (body[i] >= (avg[i, j] - a))) 

                                    { 
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                                        lState[i] = 1; 

                                    } 

                                    else 

                                    { 

                                        lState[i] = 0; 

                                    } 

                                } 

                                break; 

 

                            case 21: 

                                for (int i = 0, j = 1; i < 20; i++) 

                                { 

                                    if ((body[i] <= (avg[i, j] + a)) && (body[i] >= (avg[i, j] - a))) 

                                    { 

                                        lState[i] = 1; 

                                    } 

                                    else 

                                    { 

                                        lState[i] = 0; 

                                    } 

                                } 

                                break; 

 

                            case 22: 

                                for (int i = 0, j = 2; i < 20; i++) 

                                { 

                                    if ((body[i] <= (avg[i, j] + a)) && (body[i] >= (avg[i, j] - a))) 

                                    { 

                                        lState[i] = 1; 

                                    } 

                                    else 

                                    { 

                                        lState[i] = 0; 

                                    } 

                                } 

                                break; 

 

                            case 23: 

                                for (int i = 0, j = 3; i < 20; i++) 

                                { 

                                    if ((body[i] <= (avg[i, j] + a)) && (body[i] >= (avg[i, j] - a))) 

                                    { 

                                        lState[i] = 1; 

                                    } 

                                    else 

                                    { 

                                        lState[i] = 0; 

                                    } 

                                } 

                                break; 
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                            case 24: 

                                for (int i = 0, j = 4; i < 20; i++) 

                                { 

                                    if ((body[i] <= (avg[i, j] + a)) && (body[i] >= (avg[i, j] - a))) 

                                    { 

                                        lState[i] = 1; 

                                    } 

                                    else 

                                    { 

                                        lState[i] = 0; 

                                    } 

                                } 

                                break; 

 

                            case 25: 

                                for (int i = 0, j = 5; i < 20; i++) 

                                { 

                                    if ((body[i] <= (avg[i, j] + a)) && (body[i] >= (avg[i, j] - a))) 

                                    { 

                                        lState[i] = 1; 

                                    } 

                                    else 

                                    { 

                                        lState[i] = 0; 

                                    } 

                                } 

                                break; 

 

                            case 26: 

                                for (int i = 0, j = 6; i < 20; i++) 

                                { 

                                    if ((body[i] <= (avg[i, j] + a)) && (body[i] >= (avg[i, j] - a))) 

                                    { 

                                        lState[i] = 1; 

                                    } 

                                    else 

                                    { 

                                        lState[i] = 0; 

                                    } 

                                } 

                                break; 

 

                            case 27: 

                                for (int i = 0, j = 7; i < 20; i++) 

                                { 

                                    if ((body[i] <= (avg[i, j] + a)) && (body[i] >= (avg[i, j] - a))) 

                                    { 

                                        lState[i] = 1; 

                                    } 
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                                    else 

                                    { 

                                        lState[i] = 0; 

                                    } 

                                } 

                                break; 

 

                            case 28: 

                                for (int i = 0, j = 8; i < 20; i++) 

                                { 

                                    if ((body[i] <= (avg[i, j] + a)) && (body[i] >= (avg[i, j] - a))) 

                                    { 

                                        lState[i] = 1; 

                                    } 

                                    else 

                                    { 

                                        lState[i] = 0; 

                                    } 

                                } 

                                break; 

 

                            case 29: 

                                for (int i = 0, j = 9; i < 20; i++) 

                                { 

                                    if ((body[i] <= (avg[i, j] + a)) && (body[i] >= (avg[i, j] - a))) 

                                    { 

                                        lState[i] = 1; 

                                    } 

                                    else 

                                    { 

                                        lState[i] = 0; 

                                    } 

                                } 

                                break; 

 

                            case 30: 

                                for (int i = 0, j = 10; i < 20; i++) 

                                { 

                                    if ((body[i] <= (avg[i, j] + a)) && (body[i] >= (avg[i, j] - a))) 

                                    { 

                                        lState[i] = 1; 

                                    } 

                                    else 

                                    { 

                                        lState[i] = 0; 

                                    } 

                                } 

                                break; 

 

                            case 31: 
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                                for (int i = 0, j = 11; i < 20; i++) 

                                { 

                                    if ((body[i] <= (avg[i, j] + a)) && (body[i] >= (avg[i, j] - a))) 

                                    { 

                                        lState[i] = 1; 

                                    } 

                                    else 

                                    { 

                                        lState[i] = 0; 

                                    } 

                                } 

                                break; 

 

                            case 32: 

                                for (int i = 0, j = 12; i < 20; i++) 

                                { 

                                    if ((body[i] <= (avg[i, j] + a)) && (body[i] >= (avg[i, j] - a))) 

                                    { 

                                        lState[i] = 1; 

                                    } 

                                    else 

                                    { 

                                        lState[i] = 0; 

                                    } 

                                } 

                                break; 

 

                            case 33: 

                                for (int i = 0, j = 13; i < 20; i++) 

                                { 

                                    if ((body[i] <= (avg[i, j] + a)) && (body[i] >= (avg[i, j] - a))) 

                                    { 

                                        lState[i] = 1; 

                                    } 

                                    else 

                                    { 

                                        lState[i] = 0; 

                                    } 

                                } 

                                break; 

 

                            case 34: 

                                for (int i = 0, j = 14; i < 20; i++) 

                                { 

                                    if ((body[i] <= (avg[i, j] + a)) && (body[i] >= (avg[i, j] - a))) 

                                    { 

                                        lState[i] = 1; 

                                    } 

                                    else 

                                    { 
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                                        lState[i] = 0; 

                                    } 

                                } 

                                break; 

 

                            case 35: 

                                for (int i = 0, j = 14; i < 20; i++) 

                                { 

                                    if ((body[i] <= (avg[i, j] + a)) && (body[i] >= (avg[i, j] - a))) 

                                    { 

                                        lState[i] = 1; 

                                    } 

                                    else 

                                    { 

                                        lState[i] = 0; 

                                    } 

                                } 

                                break;                             

                        } 

                    #endregion 

 

                    int sum = 0; 

                    for (int i = 0; i < lState.Length; i++) 

                    { 

                        sum += lState[i]; 

                    }                 

                     

 

                    SerialPort myport = new SerialPort(); 

                    myport.BaudRate = 9600; 

                    myport.PortName = "COM3"; 

                    myport.Handshake = System.IO.Ports.Handshake.None; 

                    myport.Parity = Parity.None; 

                    myport.DataBits = 8; 

                    myport.StopBits = StopBits.One;                     

                    myport.Open(); 

                    if(sum >= 16) 

                    { 

                        //Target detected 

                        targetPrint = "Target detected"; 

                        targetData.Text = targetPrint; 

                        if ((headPosition.Z > 2.0) && (headPosition.Z < 3.5)) 

                        { 

                            if (headPosition.X < 0.9 & headPosition.X > 0.2) 

                                myport.Write("L"); 

                            else if (headPosition.X < -0.2 & headPosition.X > -0.9) 

                                myport.Write("R"); 

                            else 

                            myport.Write("2"); 

                        } 
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                        else  

                        { 

                            myport.Write("0"); 

                        } 

                             

                    } 

                    else 

                    { 

                        //Target blocked 

                        targetPrint = "Target blocked"; 

                        targetData.Text = targetPrint; 

                        myport.Write("0"); 

                          

                    } 

                    myport.Close();                 

                     

 

                } 

            } 

        }//end of if saveFlag 

 

        int CurrentTrackingId = 0; 

        Skeleton[] Skeletons = null; 

        Skeleton FindSkeleton(SkeletonFrameReadyEventArgs e) 

        { 

            Skeleton skeleton = null; 

 

            using (SkeletonFrame SFrame = e.OpenSkeletonFrame()) 

            { 

                if (SFrame == null) 

                { 

                    return null; 

                } 

 

                if (Skeletons == null) 

                { 

                    Skeletons = new Skeleton[SFrame.SkeletonArrayLength]; 

                } 

 

                SFrame.CopySkeletonDataTo(Skeletons); 

 

                if (CurrentTrackingId != 0) 

                { 

                    // We've been tracking someone; see if they're still here 

 

                    skeleton = 

                        (from s in Skeletons 

                            where s.TrackingState == SkeletonTrackingState.Tracked && 

                                s.Joints[JointType.Head].TrackingState == 

JointTrackingState.Tracked && 
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                                s.TrackingId == CurrentTrackingId 

                            select s).FirstOrDefault(); 

 

                    if (skeleton == null) 

                    { 

                        // Nope, they're gone; forget them 

 

                        CurrentTrackingId = 0; 

                        myKinect.SkeletonStream.AppChoosesSkeletons = false; 

                    } 

                } 

                else 

                { 

                    // Try to find someone new 

 

                    skeleton = 

                        (from s in Skeletons 

                            where s.TrackingState == SkeletonTrackingState.Tracked && 

                                s.Joints[JointType.Head].TrackingState == 

JointTrackingState.Tracked 

                            select s).FirstOrDefault(); 

 

                    if (skeleton != null) 

                    { 

                        // Found one; start tracking them 

 

                        CurrentTrackingId = skeleton.TrackingId; 

                        myKinect.SkeletonStream.AppChoosesSkeletons = true; 

                        myKinect.SkeletonStream.ChooseSkeletons(CurrentTrackingId);                                          

                    } 

                } 

            } 

            return skeleton; 

        }                    

    }                 

} 

 

 


