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Introduction
Nowadays, Microwave circuits play an 
important role in wireless system and 
three- port power divider is one of the main 
components in microwave circuit. The three-
port power divider is widely used in feeding 
the networks of antenna array, such a corporate 
or parallel feeding network. The corporate 
feed is a device that splits power between n 
outputs ports with certain distribution while 
maintaining the equal path lengths from input 
to output ports. The three-port power dividers 
are usually being used for the implementation 
with n-way power splitters. By using the high-
isolation power divider, the bandwidth that is 
primarily limited by the match of the radiating 
elements can be reduced.

The Wilkinson Power Divider was first 
introduced in 1960 when Ernest J. Wilkinson 
[1] described that separated one signal into 
n signals of equal phase and amplitude. 
Wilkinson Power Divider has been introduced 
in purpose to split the power of the input 
equally between two output ports, ideally 
without loss. Wilkinson Power Divider can 
also be used as a power combiner. Other 
properties of the Wilkinson power divider 
is that all ports are matched, the two output 
terminals are isolated from one another, and 
that it is reciprocal.

The hybrid with arbitrary amplitude difference 
of the output signals was presented by Parad 
and Moynihan [2] in 1965. A perfect three-
port hybrid property was again achieved 

Broadband 3 leveled Wilkinson power divider for X band 
application 
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Abstract
In this paper, a 3 leveled Broadband Wilkinson power divider is proposed. This power divider has 
superior performance in the X-band (8~12 GHz) and is smaller in size as compared to traditional 
power dividers. The simulation and experimental results show good insertion loss which is 
approximately-3 dB, good return loss that is less than -12 dB for the input port over the entire 
X-band and less than -16 dB for the other two ports. The power is divided equally between the 
output two ports and the isolation between the output ports is better than -11dB.
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at one frequency. A class of equal-power 
dividers with isolation and matching at any 
number of frequencies has been presented by 
Cohn [3] in 1968. Further, in 1971 Ekinge 
[4] described three-port hybrids where each 
section is composed of two coupled lossless 
transmission lines of electrical length Φ and an 
intermediate isolation resistor. Usually, three-
port networks cannot be matched without 
being lossy [10]. The solution to this, in the 
Wilkinson Power Divider, is to add a resistor 
between the two outputs with the function to 
absorb energy if there is a mismatch between 
the outputs.

Recently, most of the Wilkinson Power 
Divider designs have achieved better isolation 
with different type of material and different 
topology used that resulting in different 
performance. In [4] described the Wilkinson 
Power Divider is designed by using GaAS 
substrate with Ka-Band Planar topology give 
better performance of the isolation. Tones of 
studies have been reported such as in [4-11] to 
indicate the different Wilkinson Power Divider 
designs. The result dimension and discussion 
of proposed Wilkinson power divider will be 
presented in follow section 

 

L1
L2L3

W1W2W3 R1R2R3

Fig. 1. Structure of proposed power divider

Design Method
The proposed Wilkinson Power Divider had 
been studied through the simulation by using 
Agilent (ADS) software. From the simulation 
result, the performance of the proposed 3 
leveled Wilkinson Power Divider can be 
identified and analyzed. The first Wilkinson 
power divider was constructed by hand with 
copper tape and single-sided copper clad RT 
Duroid Rogers 4003 board.

Figure 1 shows the structure of the proposed 
Wilkinson power divider. This power divider 
is based on three leveled Wilkinson power 
divider. The amount of width for proposed 
power divider is illustrated in Table. I, and 
value of the line length of each level of power 
divider is presented in table. II. The length 
of the tapered transmission line is less than 
quarter wavelength of the center frequency of 
the 10GHz. 

Table I. The amount of width for proposed power 
divider

Line widthLine 
impedance

1.3510[mm]57.485 ΏW1

0.9168[mm]70.71 ΏW2

0.5803[mm]86.98 ΏW3

Table II. The amount of length for proposed power 
divider

Line lengthεeff

4.4993[mm]2.7785L1

4.5798[mm]2.6817L2

4.6623[mm]2.5877L3



877INTERNATIONAL JOURNAL OF ELECTRONICS, MECHANICAL AND MECHATRONICS ENGINEERING Vol.5 Num.1 - 2015 (875-879)

M. Fathalizadeh, Pejman Mohammadi

Table III. The value of isolation resistance

Value of ResistanceReference 
ResistanceResistance

400 Ώ8 ΏR1

211.46 Ώ4.2292 ΏR2

107.18 Ώ2.1436 ΏR3

Simulation and Measurement Results
The designed power divider has been simulated 
using full-wave electromagnetic simulator 
software. Rogers RT4003 with a thickness of 
0.8 mm, and a relative permittivity of 3.55 is 
used in this design. The performance of the 
designed circuit is shown in Figure 3. The 
simulation results show good insertion loss 
which is approximately 3 dB, good return loss 
that is less than 11 dB for the input port over 
the entire X- band and less than 16 dB for the 
other two ports. The power is divided equally 
between the output two ports and the isolation 
between the output ports is better than 11 dB. 
The measured results are shown in Figure 4. 
A good agreement with the simulated results 
is assumed. The measured results show good 
insertion loss which is approximately 3:6 dB, 
good return loss that is less than 11 dB for the 
input port over the entire X band and less than 
15 dB for the other two ports. 

Fig. 2. Simulated Transient parameter of proposed 
power divider

Fig. 3. Simulated return loss parameter of proposed 
power divider

Photograph of proposed 3 leveled Wilkinson 
power divider is shown in Fig. 6.

Fig. 4. Measured return loss parameter of proposed 
power divider

Fig. 5. Measured transient parameter of proposed 
power divider
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Fig. 6. Photograph of fabricated Wilkinson power 
divider

Conclusion
A three leveled Wilkinson power divider has 
been proposed for X-band applications. The 
designed power divider is compact and easy 
to fabricate. Quality better performance is 
obtained without using stubs and with only 
one isolation resistor. Good power dividing, 
matching, and isolations over the entire X-band 
spectrum range are obtained as demonstrated 
by simulation and experimental results. 
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1 Introductıon
In recent years, Unmanned Aerial Vehicles (UAV) 
has formed an important part of military and space 
technology research. These vehicles offer a chance 
to complete tasks without putting human life at 
risk. Compared to manned systems, these vehicles 
have huge advantages such as having no human 
casualty risks in military areas where the threat 
is intense and the performance of the vehicle not 
depending on human weakness. Therefore, many 
countries have research & development work in this 
area. The UAV definition on NATO sources is as 
follows: Vehicles, which have external operators, 
are remote controlled or have a motorized boost 
force to steer themselves autonomously, can attach 
or detach guns or other useful loads to their main 
bodies, can return and land after missions or self 
destruct at target as a weapon.

Easy VTOL on all terrains (VTOL, vertical take-
off and landing) and the maneuverability are 
the reasons for us to prefer quadrotors as UAVs. 
With these 2 features they can be used indoor 
and outdoor and achieve a great advantage on 
spying and investigation missions. However 
maneuverability makes it harder to control these 
vehicles [1].  

Quadrotor has a huge advantage to classical UAVs 
since it performs vertical take-off and landing 
(VTOL) with high maneuverability, which is 
why it has been worked on by many researchers 
in recent years. Thanks to VTOL ability, it can 
be used in rugged and limited terrain without the 
need of long runways for take-off and landing. 
Furthermore, quadrotor has a simpler mechanical 
structure compared to other VTOL unmanned 
aerial vehicles, but despite their advantages 

Color-Based Object Trackıng For Unmanned Aerıal Vehıcles
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Abstract
Quadrotor has a huge advantage to classical unmanned aerial vehicles (UAV) since it performs 
vertical take-off and landing (VTOL) with high maneuverability, which is why it has been worked 
on by many researchers in recent years. Thanks to VTOL ability, it can be used in rugged and 
limited terrain without the need of long runways for take-off and landing. In this study, the structure 
and dynamics of UAVs will be examined and a software will be developed to control a Quadrotor. 
With this control station, the UAV will be remote controlled, the autonomous missions will be 
tracked and the vehicles status when it is airborne or out of sight will be monitored. Thus the UAV 
technology developed for military intentions will be able to be used in the search and rescue field.
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these vehicles have an unstable structure and a 
highly nonlinear and interrelated dynamics. For 
this reason, controlling a Quadrotor brings along 
its difficulties. In this study, the structure and 
dynamics of unmanned aerial vehicles will be 
examined and a ground control station software 
will be developed to control a quadrotor.

1.1 Related Work
The study by Nicoud and Zefferey analysis 
the wing, propeller and motor characteristics 
and propose a methodology to optimiz motor/
gear/propeller system, the  [2]. The study by 
Mejias et al. Addresses the task in which UAV is 
performing an inspection on a set of power lines 
and an emergency situation occurs requiring UAV 
to avoid the lines and then find a safe landing 
area [3]. The study by Zingg et al. presents an 
approach for wall collision avoidance using a 
depth map based on optical flow from on board 
camera images. An omnidirectional fisheye 
camera is used as a primary sensor, while IMU 
data is needed for compensating rotational effects 
of the optical flow [4]. Tournier et al.present the 
vision-based estimation and control of a quadrotor 
vehicle using a single camera relative to a novel 
target that incorporates the use of moire patterns. 
A target contains markers to determine its relative 
orientation and locate two sets of orthogonal moire 
patterns at two different frequencies [5]. 

2. Drone Structure
Quadrotor is an air vehicle with 4 motors. 2 of 
these motors rotate clockwise, while the other 2 
rotate counter-clockwise in order to balance the 
torque created by the impellers. It is possible to 
maneuver in the space by the rotation of the motors 
on different speed settings. The impeller helixes of 
the neighboring motors must be different, so that 
the neighboring impellers can rotate in opposite 
directions to create a perpendicular force against 
gravity.

Figure 1: Rotation direction of the motors

Although these air vehicles seem to have 6 axis 
sensors (6 Degreed of Freedom), they have 4. 
The reson for this is, the advance on the y axis 
while rotating around the x axis and the advance 
on the x axis while rotating on the y axis are not 
independent from each other. In this case, the 
movements are rotation around x, y, z axis and 
ascension on the z axis.

Drones are unmanned vehicles which can be 
autonomously or remote controlled. There are 
different models for land, air and sea. UAVs can be 
designed to accomplish various tasks. Quadrotor 
is an example of small UAVs, these vehicles are 
mostly used for air photography.

2.1 Fixed-Wing vs Rotary Wing
UAVs generally come in 2 forms: Fixed-Wing 
and Rotary Wing. The Fixed-Wings can travel 
much more distance and make much more speed. 
However, these kinds of vehicles require a rather 
long track for take-off and landing. Rotary Wing 
UAVs, on the other hand, can vertically take-off and 
land and have a higher level of maneuverability. 
Therefore a drone must be chosen according to the 
task at hand.

One of the most important features of the Rotary 
Wing vehicles is they can stay remain stable. 
Thus, the target could be approached easily and 
photographs could be taken. These vehicles can 
maintain their audio and video recording peripheral 
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devices or sensors running even after landing and 
killing the engines. This process is called perch-
and-stare [6]. While carrying a cargo with these 
vehicles, the cargo can be easily delivered to the 
desired place. Such things are impossible with 
Fixed-Wings.

The popularity of these kinds of vehicles has 
encouraged new developments on various fields 
such as battery, wireless communication and 
solid state equipment. These low-budget UAVs 
have become a part of many military and civilian 
practices. Low-budget UAVs have begun to be 
used on various fields such as data gathering, 
natural event tracking and surveillance for security. 
Working on the design of UAVs, researchers are 
constantly in the search for solutions to problems 
such as the weight of the flight platforms and the 
energy usage of the components.

2.2 Drone Features
The features that should be taken into consideration 
while choosing a drone are as follows: Weight, 
durability, distance, altitude, wing load and motor 
type.

2.2.1 Weight
UAVs have a broad scale of weight. Vehicles that 
weigh 400 grams exist as well as RQ-4 Global 
Hawk, which weighs 10 tons.

2.2.2 Durability and Distance
It is important to categorize UAVs in durability 
and distance as well as according to various tasks. 
While calculating drone distance, recharge and 
bunkering frequency are taken into consideration. 
Most drones require landing to recharge or 
bunkering which affects operation time. Bigger 
drones such a Global Hawk can bunker without 
landing, however even this affects operation time. 
While having a lesser level of durability, the AR 
drone can stay airborne for approx. 20 minutes. 
This duration is enough for short-distance tasks. 
Vehicles with higher durability levels can stay 
airborne for more than 24 hours and can travel 
approx. 22.000 kilometers.

2.2.3 Altitude
The reason this feature is important for military 
drone choices is because the vehicle would be hard 
to sight while on a high altitude. This prevents 
the vehicle from being noticed and destroyed. 
Furthermore altitude is vital for photography - the 
higher the vehicle is the bigger the photo of the 
land. Vehicles with low altitudes such as the AR 
drone can go up to a height of 100 meters. Drones 
with higher altitude ability such as Darkstar and 
Predator B can go up to a height of 45.000 ft.

2.2.4 Wing Load
Wing load is defined as the vehicle weight/wing 
area ratio. With this ratio, how much weight the 
UAV could carry and the velocity it needs to carry 
its load are calculated. The higher the velocity 
of the UAV, the more drag on the wing unit area. 
This way, small UAVs can carry weights almost 
as much as their own in high velocity. However, 
overweight constrains the take-off and landing in 
high velocity and reduces maneuverability [7]. 

2.2.5 Motor Type
Unmanned aerial vehicles can also be categorized 
according to their motor types. The weight of 
the vehicle is determined by the motor type - the 
bigger the vehicle the more force it requires for 
take-off. Small UAVs use mostly electric motors, 
whereas industrial vehicles use piston motors. 
Furthermore, motor types affect distance and 
durability of the drones.

2.3 Drone Choice
By taking a look at the aforementioned features, 
the drone for this study should be lightweight, 
should be able to stay airborne for 20 minutes to 
be able to travel the required distance, should be 
able to go up to a height of 20 meters, should be 
able to do VTOL and should have cameras for 
video recording. When these features are taken 
into considertain, the drone to be used is the AR 
Drone by the Parrot Company.

2.3.1 AR.Drone
The Parrot AR Drone is a micro UAV developed 
for the video gaming industry. Released on 2010, 
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the drone is used both on military and civilian 
tasks. The drone is also used for academic tasks 
since it is lightweight, low-cost and maneuverable. 
Top 3 reasons for this drone to be preferred for 
this study are: Tenacity, possibility to modify and 
being low-cost compared to its peers. AR Drone 
is the first 4 impeller helicopter to be remote 
controlled with various mobile devices or devices 
with a Wi-Fi interface. There are sensors, front 
and bottom camera and an ultrasonic-type height 
meter on top of the drone. This drone is operated 
with the commands sent from a Wi-Fi connection
.

Figure 2: AR.Drone 2.0

AR Drone is a vehicle developed by Parrot SA. 
It has an interior casing improved with Expanded 
Polypropylene (EPP) in order to protect the 
impellers. This makes it a durable, lightweight 
and recyclable piece. The impellers are operated 
by 4 brushless motors (28500 RPM and 14,5W). 
The vehicle has a 1500mAh Li-po battery, which 
enables the vehicle an approx. 10 minutes of flight 
time.

The AR Drone is equipped with a computer with 
a 1GHz 32bit ARM Cortex A8 processor and 
1GB DDR2 Ram. This computer uses the Linux 
operating system. It is possible to include new 
improvements to the system such as changes to 
the software and new hardware like GPS sensor 
thanks to the USB connections on the device. 
The AR Drone hosts 6 axis inertial sensors (6-
DOF, degrees of freedom), thus the control of 
the vehicle is maintained by pitch, yaw and 
roll. The measurement system consists of 3 axis 
accelerometer, 2 axis roll and pitch gyrometer 
and 1 axis yaw gyrometer. As an accelerometer, a 
BMA150 developed by Bosh Sensortech is used.

This air vehicle is made of carbon fiber and strong 
PA66 plastic. With the help of MEMS (Micro-
Electro-Mechanical System) and video rendering, 
heuristic piloting of a remote controlled object 
is made possible. By video transmission to all 
devices with a Wi-Fi interface and using image 
processing software, the device is operated as 
desired. The impellers of this vehicle are custom 
made and the vehicle has a carbon fiber tube body.

Figure 2: Parts of AR.Drone 2.0

2.3.2 Motor
AR.Drone uses brushless engines that are 
controlled by a microcontroller to power the 
rotors. Drone can detect whether all four engines 
are working and if any have stopped. Here is 
intended to prevent repeated shocks to the engine 
if the propeller encounters and obstruction while 
rotating [8].

The motor has a power of 15 Watts, completes 
28,000 RPM when hovering and corresponds to 
3,300 RPM on the propeller. The motors’ ranges 
begin at 10,350 RPM and goes up to 41,400 RPM. 
The motor is attached to its electronic controller 
which has been specially designed for AR.Drone 
2.0. An 8-bit low power microcontroller and a 10-
bit ADC control the speed of the motor [8].

2.3.3 Battery
AR.Drone 2.0 uses a charged of 1500mAh, 11.1V 
Li-Po battery to fly. Battery’s charge is determined 
when at 12.5 and low at 9V full (100% if battery 
is full, 0% if battery is low). Drone monitors the 
voltage of the battery and displays it to user as a 
percentage so that flight decisions can be made 
accordingly. When drone detects low battery 
voltage, it first sends a warning message to the 
user, then automatically lands. If the voltage 
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reaches a critical level, the whole system is shut 
down to prevent any unexpected behavior [8].

2.3.4 Sensor
AR.Drone 2.0 has many motion sensors which 
are located below the centrall hull. First version 
of AR.Drone features a 6-DOF, MEMs-based, 
miniaturized inertial measurement unit that 
provides the software with pitch, roll and yaw 
measurements. Inertial measurements are used 
for automatic pitch, roll and yaw stabilization 
and assisted tilting control. Ultrasound telemeter 
provides with altitude measure for automatic 
altitude stabilization and assisted vertical speed 
control. Camera aiming towards the ground 
provides with ground speed measure for automatic 
hovering and trimming [8]. Measurement unit 
contains 3-axis accelerometer, a 2-axis roll and 
pitch gyrometer and a single yaw gyrometer [9]. 
AR.Drone has 2 cameras and a main board which 
holds two processors. One of these processors is 
used to gather data from I/Os. The other one is 
used to run all the algorithms that drone needs to 
maintain flight stability and process images [10]. 

2.3.5 Main Board
The main board includes a 1GHz ARM Cortex A8 
central CPU with 8GHz video DSP, which runs 
Linux operating system. It includes 1Gb 200MHz 
DDR2 RAM and has a Wi-Fi chipset from Atheros 
and USB port for direct flashing. Main board is 
equipped with a pressure sensor and vertical on 
board camera operating at 60 FPS. The pressure 
sensor and vertical camera are used in combination 
with the feedback from the navigation board to 
provide absolute stability [10].

2.3.6 Camera
There are 2 cameras on AR.Drone, the frontal 
camera is a CMOS sensor with a 90 degrees 
angle lens. AR.Drone automatically encodes and 
streams the incoming images to the host device. 
AR.Drone 1.0 uses QCIF as bottom camera image 
resolution and QVGA as frontal camera image 
resolution. Video stream frame rate is set to 15 
FPS. AR.Drone 2.0 uses 640x360 or 1280x720 
image resolutions for both cameras, the video 
stream frame rate can be adjusted between 15 and 
30 FPS [8].

2.3.7 Embedded Software
AR.Drone is based on Linux kernel, the operating 
system simultaneously manages threads pertaining 
to: Wi-Fi communications, video data sampling, 
video compression for wireless transmission, 
image processing, sensors acquisition, state 
estimation and closed-loop control [10].

3. Communication With Drone
The software which is developed on this study, 
based on application programming interface (API). 
The AR.Drone has an open source API that is used 
as a research standard for developing applications. 
API includes a software development kit (SDK) 
which has been written in C and runs on Linux, 
iOS and Android platforms.

Figure 3: Layered architecture of AR.Drone

3.1 AT Command Protocol
AT command protocol is used to control the 
AR.Drone 2 over wifi. To be able to send AT 
commands to the AR.Drone 2 you have to connect 
to the drone. AT commands are encoded as 8-bit 
ASCII characters with a carriage return “<CR>” as 
a newline delimeter. All AT commands start with 
“AT” followed by a command name, sequence 
number and optionally a list of comma-separate 
arguments for the command.
•	 AT*REF (input) - Takeoff/Landing/

Emergency Stop command
•	 AT*PCMD (flag, roll, pitch, gaz, yaw) - Move the 

drone
•	 AT*FTRIM - Sets the reference for the horizontal 
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plane (The drone must be on the ground)
•	 AT*CONFIG (key, value) - Configuration of drone

3.2 AR.Drone Autonomy
Ardrone_autonomy is a ROS driver for AR.Drone 
Quadrotor. This driver is based on official 
AR.Drone SDK. Information received from the 
drone is published to the ardrone/navdata topic. 
Message contains the following information [11]:
•	 header: ROS message header
•	 batteryPercent: The remaining charge of 

drone battery
•	 state: Drone’s current state
1. Inited
2. Landed
3. Flying
4. Hovering
5. Test
6. Taking off
7. Landing
•	 rotX: Rotation about X axis (Left/right tilt in 

degrees)
•	 rotY: Rotation about Y axis (Forward/

backward tilt in degrees)
•	 rotZ: Rotation about Z axis
•	 magX, magY, magZ: Magnetomter readings
•	 pressure: Pressure sensed by Drone’s 

barometer
•	 temp: Temperature sensed by Drone’s sensor
•	 wind_speed: Estimated wind speed
•	 wind_angle: Estimated wind angle
•	 altd: Estimated altitude (mm)
•	 vx, vy, vz: Linear velocity (mm/s) 

3.2.1 Terminal Control with AR.Drone 
Autonomy
After installing AR.Drone drivers successfully, 
following commands are used to control AR.Drone 
through Linux OS terminal [12].
Commands for basic movements:
•	 Takeoff
rostopic pub -1 /ardrone/takeoff std_msgs/Empty
•	 Land
rostopic pub -1 /ardrone/land std_msgs/Empty
•	 Switch Camera
rosservice call /ardrone/togglecam
•	 Forward

rostopic pub -r 10 /cmd_vel geometry_msgs/Twist  
‘{linear:  {x: 1.0, y: 0.0, z: 0.0}, angular: {x: 0.0,y: 
0.0,z: 0.0}}’
•	 Backward
rostopic pub -r 10 /cmd_vel geometry_msgs/Twist  
‘{linear:  {x: -1.0, y: 0.0, z: 0.0}, angular: {x: 
0.0,y: 0.0,z: 0.0}}’
•	 Left
rostopic pub -r 10 /cmd_vel geometry_msgs/Twist  
‘{linear:  {x: 0.0, y: 1.0, z: 0.0}, angular: {x: 0.0,y: 
0.0,z: 0.0}}’
•	 Right
rostopic pub -r 10 /cmd_vel geometry_msgs/Twist  
‘{linear:  {x: 0.0, y: -1.0, z: 0.0}, angular: {x: 
0.0,y: 0.0,z: 0.0}}’
•	 Up
rostopic pub -r 10 /cmd_vel geometry_msgs/Twist  
‘{linear:  {x: 0.0, y: 0.0, z: 1.0}, angular: {x: 0.0,y: 
0.0,z: 0.0}}’

•	 Down
rostopic pub -r 10 /cmd_vel geometry_msgs/Twist  
‘{linear:  {x: 0.0, y: 0.0, z: -1.0}, angular: {x: 
0.0,y: 0.0,z: 0.0}}’
•	 Clockwise Rotation
rostopic pub -r 10 /cmd_vel geometry_msgs/Twist  
‘{linear:  {x: 0.0, y: 0.0, z: 0.0}, angular: {x: 0.0,y: 
0.0,z: -1.0}}’
•	 Counterclockwise Rotation
rostopic pub -r 10 /cmd_vel geometry_msgs/Twist  
‘{linear:  {x: 0.0, y: 0.0, z: 0.0}, angular: {x: 0.0,y: 
0.0,z: 1.0}}’
•	 Stop
rostopic pub -r 10 /cmd_vel geometry_msgs/Twist  
‘{linear:  {x: 0.0, y: 0.0, z: 0.0}, angular: {x: 0.0,y: 
0.0,z: 0.0}}’
•	 Camera
rosrun image_view image_view image:=/ardrone/
image_raw
•	 Front Camera
rosrun image_view image_view image:=/ardrone/
front/image_raw
•	 Bottom Camera
rosrun image_view image_view image:=/ardrone/
bottom/image_raw
•	 Height Sensor
rostopic echo /sonar_height
•	 Navigation Info
rostopic echo /ardrone/navdata
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4 Software
In this study, a script is developed to control 
AR.Drone with a keyboard and autonomous 
control with color detection and tracking. When 
script runs drone takes off and both camera images 
are also checked. If there is no object to track on 
both camera images, then drone starts to look 
for the object to be followed by turning around 
itself. If desired, this autonomous operation can 
be terminated, and user can control drone via 
keyboard.

4.1 Color-Based Object Tracking Software
Object detection and tracking is the most important 
and challenging fundamental task of computer 
vision. Tracking objects based on color is one of 
the quickest methods for tracking an object. The 
speed of this technique makes it very useful for 
applications. RGB (Red, Green, Blue) color space 
is a kind of color spaces which uses red, green 
and blue to elaborate color model. HSV (Hue, 
Saturation, Value) is color model that describes 
colors in terms of their shade (saturation). Hue of 
a color refers to which pure color it resembles, it is 
described by a number that specifies the position 
of the corresponding pure color on the color wheel 
as a fraction between 0 and 1. Value 0 refers to red, 
1/6 refers to yellow, 1/3 refers to green. Saturation 
of color describes how white the color is. A pure 
red is fully saturated with a saturation of 1, tints 
of red have saturations less than 1 and white has 
a saturation of 0. Value of a color describes how 
dark the color is, a value of 0 is black [13]. The 

most common color space is RGB but it is flawed 
for color tracking because changes in color that 
look small to the eye effect all three channels 
significantly. HSV is more useful color space for 
tracking.

In this study, a red-colored object is used to be 
detected and tracked by drone. 2 different cameras 
on drone can be used for detection. 

Firstly, we capture video feed from device and 
convert it to HSV color space to detect red-colored 
test object. After get the components in this color 
range, draw a minimum-area bounding rectangle 
on HSV frame.

4.2 Control Software
Drone will takeoff, land or emergency stop with 
publishing these messages:
ardrone/takeoff 
ardrone/land 
ardrone/reset
After takeoff, drone is controlled by publishing 
geometry_msgs::Twist to cmd_vel topic:
•	 -linear.x: Move backward
•	 +linear.x: Move forward
•	 -linear.y: Move right
•	 +linear.y: Move left
•	 -linear.z: Move down
•	 +linear.z: Move up
•	 -angular.z: Turn left
•	 +angular.z: Turn right

Figure 4: RGB to HSV
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Figure 6: Grid lines on video feed

We receive images from the camera as shown 
in the figure above and divide them into 9 parts 
with grid lines. We repeat this process for both 
camera images which are received from drone. 
The location of rectangle of red-colored object 
on the screen which is detected in video feed, is 
identified. After identifying the location, script 
checks which part of screen, rectangle is on. With 
this part number, script decides the movement of 
drone. There are 2 cameras on drone, by using 

front camera video feed drone moves vertically 
(forward, left, right) and horizontally (up, down). 
By using bottom camera video feed, drone moves 
vertically (forward, backward, left, right).

Figure 7: Part numbers of video feed

If the rectangle around the detected object which is 
drawn on HSV color space, is on part 2, software 
commands the drone to move up, if the rectangle 
is on part 8, software commands the drone to 
move down, if the rectangle is on part 4, software 
commands the drone to move left and if rectangle 

Figure 5: Control panel
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is on part 6, then software commands the drone to 
move right. For bigger objects which can occupy 
almost same area as one part of video feed images, 
script calculates the area of rectangle by using 
length of sides, if the area of rectangle in 1 part 
is greater than the half of the rectangle area then 
software commands the drone to move to keep the 
rectangle in the middle of the screen which means 
part 5. 

Figure 8: Directions by using front camera

On bottom camera video feed the same process 
is repeated to keep the rectangle in part 5 but 
this time if greater area is on part 2,  software 
commands the drone to move forward, on part 8 
software commands the drone to move  backward, 
on part 4 software commands the drone to move 
left and on part 6 software commands the drone to 
move right. 

Figure 9: Directions by using bottom camera

Conclusion
The system which is developed in this study, 
performs the autonomous functions of target 
detection and tracking using the AR.Drone. 
AR.Drone is the most suitable aerial vehicle to 
implement this systems. A few challenges were 
encountered when implementing this system. 
Drone’s components slightly damaged towards 
the end of testing which caused drone to move 
unpredictable at times. The system is successfully 
implemented, AR.Drone is capable of performing 
color detection and tracking during flight. 
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Introductıon 
In recent years, most of the construction 
industry focused on the use of CPM/Bar chart 
to schedule and plan construction projects, and 
the usage of LSM or LOB mainly focused on 
the linear or repetitive process construction. 
However, it has not gained popularity because 
of the commercial use of software programs 
for CPM/Bar charts, and it was believed that 
LOB or LSM are not suitable for nonlinear or 
non-repetitive projects with large amount of 
activities. Beside of this, civil engineers focus 

to minimize the duration of projects like CPM 
does, rather than focusing on the productivity 
and resource constraints that LSM or LOB 
does.

Locations based scheduling is a deviation of 
line of balance and linear scheduling method, 
it uses location break down structure to 
schedule the activities in a combined CPM 
and linear scheduling, and shows the activities 
in a flow line graph. 

Location Based Scheduling In The Form Of Flow Line and Its 
Comparison to Cpm/Bar Chart Scheduling 

Alireza Rezaei1 

Abstract
Time Management is a process of planning, scheduling and control over the amount of time spent 
in specific activities, especially to increase effectiveness, efficiency, or productivity. Bar charts and 
network diagrams like Critical Path Method (CPM) are used for medium to large size projects, 
while the line of balance technique is used for big linear projects and repetitive actions. Location 
based scheduling is a deviation of line of balance technique, which is graphical line showing the 
movement of crew’s productivity and continuity of two dimensional coordinate system using the 
location and time. A modified method has been evolved which uses Location Based Scheduling 
(LBS) in the form of flow line scheduling, which is a combination of CPM and Linear Scheduling 
Method (LSM) which can be used for planning and scheduling of small, medium and big projects.
This study uses the modified LBS method for a case study of 3 floor villa which represents as a 
small project. Both scheduling tools, CPM/Bar chart and LBS, were used to schedule the villa and 
a comparison between the two methods with their limitations and advantages will be discussed. 
The results of the LBS scheduling through the case study showed that the LBS scheduling can 
work on small projects, can be easily planned, and it gave some advantageous results than the 
traditional CPM/Bar chart scheduling method.

Keywords: Time Management, Line of Balance, Location Based Scheduling, Linear Scheduling 
Method.

1 Eastern Mediterranean University, Famagusta, Nortjh Cyprus, alireza.rezaei@emu.edu.tr
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In Finland in late 1980’s, a group of researchers 
started to modify the LBS tool in Helsinki 
University. They modified a software tool 
called Dyna project through their research 
studies in 2003. After some years the software 
became commercial and started to be used 
in construction companies named as VICO 
office [1].

The main scope of this study is to use the 
Location Based Scheduling in the scheduling 
of small, non-repetitive, and nonlinear 
construction project, and to compare the 
results with the traditional use of CPM/Bar 
charts.  A 3 floor steel structure villa with a 
swimming pool was used as a case study in 
this research.

The other objective is to conduct a 
questionnaire survey on the use of both LBS 
and CPM/Bar charts and to discuss the results 
of the respondents.

LITERATURE REVIEW
Many authors have discussed theory of Line 
of Balance and CPM with their comparison to 
each other. It can be seen from the literature 
review that different types of scheduling are 
used for different project type, nature and 
size, which they vary depending on how they 
analyze and how their logical representations 
are shown. There are different kinds and 
varieties of scheduling tools like [2];
• Network diagram scheduling (CPM)
• Bar/Gantt chart.
• Linear Scheduling method (LOB)
Since construction projects differ in nature, 
size, and type, bar charts are used for small 
projects and small amount of activities, CPM 
is used for medium to large size projects 
with large amount of activities, while linear 
scheduling method is used for repetitive or 
linear continuous activities that have small 

amount of activities with large quantities [3]. 

Bar Chart (Gantt Chart) was introduced 
originally by Henry L. Gantt in 1917 [3]. 
Bar charts have faced many changes 
and modifications to date. It is the most 
commonly used technique among others, 
because of its easy usage and understanding 
[3,4]. A bar chart represents time scaled 
activities in a horizontal bar graphic way 
of tasks, these tasks represent project 
information activities. Bar charts are 
simple, universal, understandable, and easy 
to be produced [5]. Bar charts are easy to 
use, good presenting project duration, and 
more information can be loaded from it like 
man hours, and cash flow diagram [3]. Bar 
charts’ most disadvantageous characteristic 
is the lack of linkage representations of 
longest path and float calculation, which 
CPM has [4]. Bar charts are not still perfect 
in linear scheduling with the evolvement 
of other scheduling tools like CPM, which 
may cause inappropriate and missing 
information in linear or repetitive projects 
[5].

Network diagrams can be defined as the 
linkage or logical representation of activities; 
it could be arrow or node diagrams. The arrow 
diagrams were popular between 1960s and 
1970s, then after this time of era the node 
diagrams became choice for network diagrams 
[3]. One of the most commonly used network 
diagrams is the Critical Path Method (CPM) 
[4,6,7,8,9]. Planners in construction normally 
use both CPM and bar charts to schedule 
their projects [10], and they are used widely 
in construction industry [6,10,11,12,13,14]. 
They represent the task in an arrow diagram 
by linking the activities in a shape of map into 
work break down structure (WBS), with each 
task related to each other in a logical order and 
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dependency [4]. Network diagrams, unlike bar 
charts, show logical representations, which 
gives relationship between activities, and 
from these logical activities, a critical path is 
calculated which can predict the completion 
date of the project, and they are good to 
represent large or complicated construction 
projects [3]. Despite CPM has been proven the 
powerful scheduling and control tool, but one 
of the most disadvantageous characteristics 
in CPM is that they are not suitable to be 
used or manipulate in linear scheduling 
(like highways, pipe lines and tunnels), and 
repetitive projects (high rise buildings, and 
multi housing unit complex) [5,6,8,15,14], 
because of different production rate, and there 
is no indication of production rate in CPM [5], 
and do not show interrelationships between 
activities for high rise buildings [8].

Line of Balance (LOB) was originated 
in 1940’s by the Good year company [7]. 
LOB was introduced in the planning and 
controlling of the manufacturing industrial 
process. Then in 1942 it was developed in 
US navy to control and program repetitive 
process projects [7,16]. Later it was 
developed in UK for repetitive housing 
projects by National building agency [16].
 
LOB is a graphical method of diagonal lines 
with slopes representing the productivity of 
resource or activity, plotted on X-Y graph, the 
X (horizontal axis) represents time, while Y 
(vertical axis) represents location or quantities 
[4,6,7], or opposite depending on which 
type of project you are dealing with, like for 
buildings Y axis represents the location, and 
for highway projects X axis represents the 
location or stations [6].

Line of Balance (LOB) is a deviation of Linear 
Scheduling Method (LSM) [4,5,7,17,18,19], 

same as other LSM scheduling like Vertical 
Production Method (VPM), Time Versus 
Distance, and others [4,7,19]. The difference 
between linear scheduling method and line 
of balance is that, LOB is used to record or 
schedule the cumulative repetitive events of 
the work done, while LSM plans the recorded 
progress on multiple activities that are moving 
continuously linear along the length of the 
project. The LSM origin is not clear and 
it may have different deviations according 
to countries. But they have same logic that 
they depend on the resource orientation and 
productivity [20]. The main advantage of LOB 
is that it calculates productivity along with 
time in an easy graphical representation [7]. 
Repetitive activity process allows construction 
to continue in a continuous repetitive manner, 
which allows cost and time to be efficient by 
balancing the resource crews [5]. LOB has 
the ability to balance activity operations in a 
way that each activity is being continuously 
achieved in different location though project 
[9]. For repetitive construction process 
projects, LOB can lead a crucial important 
schedule and planning by reducing time, 
cost overruns, and clashes [15]. Seppänen & 
Aalto [1] stated in their research that LOB has 
low risk schedule for contractors, since their 
subcontractors are forced continuously to be 
kept on site, and at the same time their crews 
have low risk to interfere with each other 
and minimize the clash or resource. Mendes, 
Fernando, & Heineck [14] stated that LOB 
can balance the resource in continuous work 
over construction locations, crews will work 
with periodic productivity and no wastes will 
be introduced in the schedule.

Beside its advantageous features, LOB 
development is quite slow and its acceptance 
through construction industry is low [6]. The 
most disadvantageous principle that LOB or 
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LSM has is the lack of critical path [6,11]. The 
critical path determines the smallest duration 
of the project, and determines which activity 
will lengthen the project time if they are 
delayed [6]. LOB is complicated especially for 
projects which have large number of activities 
that are related to each other or bounded to 
be linked with time dependency. Such a time 
dependency like in highway projects prime 
coat should be followed by base course, which 
is more related to dependency than production 
or resource [5]. Plotting LOB must be carefully 
evaluated, otherwise if too many activities 
are plotted in the schedule, the diagram will 
be a jungle of tilted lines, and they may also 
cross each other. Another major difficulty in 
plotting LOB is for the activities that have 
same productivity and may overlapping each 
other; it will not be easy to separate them 
unless they are drawn with different color. 
The scale of the lines should be appropriate 
so that it will be better understandable, and 
information can be readable easily [5,18]. 
Mendes, Fernando & Heineck [14] and Lutz 
& Hijazi [7] described that the unpopularity 
of LOB in the construction industry was 
mainly due to popularity of CPM commercial 
software that made hard for LOB beat CPM in 
the construction industry. Seppänen & Aalto 
[1] and Lutz & Hijazi [7] also stated about 
the usage of LOB, despite of its strong tool 
but it did not gain popularity in the worldwide 
construction industry mainly due to lack of 
using easy software to implement them.

Between 1989 and 2003, Helsinki University 
in Finland started to develop the location 
based scheduling as an academic research. 
The new research improved scheduling skills 
and used software to design a planning and 
control tool.  LBS is a combination of Linear 
scheduling and CPM, the schedule was 
represented a graphical method called the 

flow line, the same basic of line used in the 
LOB [21]. The concept of the planning is to 
use location breakdown instead of working 
breakdown structure, and the activities can be 
either continuous work or discontinuous work 
[21].

The objective of this study is to use LSB which 
is a deviation of LOB with some modification 
for a small villa project, to see if it is an 
appropriate scheduling method to be used in 
small, nonlinear, and non-repetitive projects. 

Methodology Of Lbs Wıth A Case Study 
This section presents the basic theory and 
method of planning and scheduling by Location 
Based Scheduling, and its comparison to 
CPM/bar chart. To compare both methods, a 
case study of a 3 floor villa has been taken 
as an example. The case study of a 3 floor 
villa has been planned and scheduled by both 
methods CPM/Bar chart and LBS. 

Planning Principle by LBS
Planning principle by LBS looks basically 
like the traditional CPM based planning. The 
general idea is:
•	 The plan must ensure that the project 

objectives can be achieved within the 
time, resource and quality framework that 
is applicable to the project.

- The plan serves as a map of the project 
showing the intended path from start to 
target.              

- The plan serves as a basis for analysis and 
decisions choice of production methods, 
materials and equipment and other 
resources.

- The plan serves as a communication 
instrument that delivers production in race 
build up, what to do at each particular 
time, what resources to be used, and in 
what order the work to be performed.
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All these planning requirements are the same 
regardless of the selected planning method, 
but the way to meeting the requirements are 
different.

Both LBS and CPM based have the same basic 
planning elements and activities, resources and 
linkages between activities. LBS also uses the 
time analysis (network analysis) that the CPM 
methodology uses it in the calculation of the 
critical path and activities free and total slack. 
But these typical CPM concepts lose their 
function in the LBS method, and instead, LBS 
introduces concepts of locality critical latitude 
zone, location based activity bonds, resource 
flow and other specific planning concepts.

The fundamental difference between the 
traditional CPM method and LBS is that the 
CPM method is based on the activities and 
their logical linkages to each other, while LBS 
method is increasingly based on resources 
and their “flow” through the project. The 
CPM method activities are considered distinct 
elements which can be linked and analyzed in 
a logical network. The CPM method focuses 
on activities as categorized method as an 
“activity based planning method”.

LBS as compared to the CPM is a “resource 
oriented planning approach” where resources 
flow through the project is a key part of 
planning. An efficient flow means resources 
of the individual activities flowing smoothly 
to the project’s various parts, or various 
project sites. Thus one geographical location 
of the project activities, is achieved an 
identification of where and when activities 
will take place, and it becomes possible to 
record LBS method typical as a “time / place 
diagram”, or “flowline” diagram, which is 
LBS method graph. In flowline chart, the 
vertical axis location divided into project 

physical locations, and the horizontal axis 
indicates the project timing. The activities and 
their conduct described in this way as oblique 
slopes, indicates the labor productivity of 
activities carried out, and the distance between 
activity bars show the distance between 
activities respectively the time and space 
called “flexibility zones”.

Case Study “A 3 Floor Steel Structure Villa 
with a Swimming Pool”
A 3 floor steel structure villa in North Cyprus 
is taken as a case study (Figure 1).

Figure 1: 3D CAD BIM model of a 3 floor steel 
structure villa [22]

The villa area is about 240 meter square 
with a swimming pool of 30 meter square, 
with structures consisting of both reinforced 
concrete and steel.

This case study has been chosen due to 
following reasons:
1) The structure has been modeled and drawn 

by Revit, which is a 3D BIM modeling 
tool. 

2) The case study is real and has been 
constructed, and it was easy to find some 
missing data, like rebar quantities, and 
stairs.

3) It is a small building structure, which can 
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satisfy one of the main objectives of the 
thesis.

Identification of Location/Floors – 
Workspaces (The Project Location 
Structure)
Identification of project floors or workspaces 
is not a mandatory part of the traditional 
CPM/Bar chart activity planning, but is a key 
element in LBS method. In LBS plan appears 
project hierarchical localities (e.g. building - 
floor - zones - room), and each activity has 
an efficiency in the schedule planned from a 
location. Each location is connected to other 
location in an order; each activity in a location 
has linkages between different activities. 
This implies a great difference in comparison 
to the traditional CPM scheduling, which 
exclusively handles the logical interconnection 
locational. Since the case study is 3 floor villa 
with a swimming pool, the structure of the 
building is divided into four location floors, 
Basement, Ground Floor (G.F), First Floor 
(F.F), and Second Floor (S.F). Figure 2 shows 
a hierarchical locating quality structure that 
is divided into floors of a 3 floor villa project 
that is taken from Revit 3D CAD and then 
exported to Vico Office. 

Figure 2: Hierarchical location of 3 floor villa using 
Vico LBS manger software.

After location is defined in the Vico office LBS 
management, the Vico schedule planner will 
automatically upload the locations in the flow 
line view of the vertical axis. The project’s 

physical parts and geographical areas, and 
the work to be performed are divided into 
different locations. The project floors are 
organized in a hierarchy structure, called 
the Location Breakdown Structure (LBS). 
This hierarchical structure is same as Work 
Breakdown Structure (WBS) that is used for 
the structuring of the project in traditional 
CPM/Bar charts or activity-based planning.
 
Managing the Takeoff Item and Quantity 
Unit Cost
LBS defines the task as a group of activities 
within a specific location, the activities are 
driven LBS management tool, can easily 
identify the quantity of materials used in the 
building by identifying them according to 
their location, and where exactly this amount 
of material is used.

After quantities have been taken off from 
the model, the LBS management tool has the 
ability to plan the cost which is called cost 
planner. The tool consists of components, 
source quantity, markup value, unit cost, gross 
total, net total, add on, and others can be added 
if required by the planner (Figure 3).

Figure 3: Concrete component with subcomponent SP 
RW; Vico cost planner

Managing Tasks for Schedule Planner
After components have been prepared in the 
LBS Management tool, the tasks should be 
defined and derived in the manage tasks tool 
in cost planner. The tasks are the activities 
of the structure which will be scheduled and 
planned according to their logic and location. 
After tasks have been defined, they can be 
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easily managed by dropping the components 
of the cost planner. For example after defining 
the pouring of plain concrete activity in the 
task manager, the quantity of this task would 
be taken from the cost planner of quantity 
source, then productivity will be defined for 
that task to calculate the duration of task it 
will take to accomplish the work (Figure 4).

The duration of the tasks can be calculated 
through the productivity of resource and 
their size by multiplying them to quantities. 
Equation 1 and equation 2 show how the crew 
hour and man hour are calculated [21]. 

For example to find how much hour is 
needed to finish “Tiling” work for the 3 floor 
steel structure villa, with a quantity of 687 
meter square, the quantity is multiplied by a 
consumption rate of 0.13 man hour/MS, to 
find man hour then divided by the crew size, 
which one crew is used, the crew consist of 2 
tilers, 1 unskilled worker (UW), and one helper 
(HP). Consumption rates or productivity has 

been assumed for the resources, some of them 
assumed by experience others were taken from 
research done by Kazaz & Ulubeyli [23] in 
the analysis of construction labors in Turkey. 

Locations with Dependency (Logical 
Representation)
LBS method uses dependency links or 
linkages as CPM method. The logical 
constraint specifies the order of activities, or 
how activities relate to each other. A logical 
binding specifies, for example, an activity 
must start when another is completed. With 
LBS method location based dependency 
developed the use of the logical linkages 
according to locations which activities are 
included. The four logical activity links also 
used in the CPM method which are: Finish - 
Start (FS), Finish - Finish (FF), Start - Start 
(SS) and Start - Finish (SF). In the case study, 
FS logic activities are assigned to all tasks, 
because the succeeding task cannot start until 
the predecessor task finishes. 

LBS method uses all the traditional logical 
activity linkages, but adds additional 
constraints related to activities locations. 

Figure 4: Managing tasks with consumption rate; Vico task manager

Manhours=Quantity per location(unit)×consumption rate(manhour) Eq.1

    Crew hour=Manhour Eq.2   
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There are five different types or levels of 
location based logic activities, which CPM 
does not support them. These layers interact 
with CPM logic which forms a powerful 
location based logic or layered logic [24].

Scheduling Visualization 
Since the study objective is to perform a 
comparison between LBS and CPM/Bar 
charts, 4 types of scheduling have been 
prepared. One of them is the traditional 
CPM/Bar charts schedule and the other two 
are Continuous LBS and Discontinuous 
LBS. the discontinuous LBS schedule has 
been transferred from traditional CPM/Bar 
charts into LBS without continuity force of 
the resources or crews, while the continuous 
LBS forces the crews to be continuous while 
performing their jobs, and it is also transferred 
to CPM/Bar charts.

LBS shows the scheduling visualization 
through flow line concept, which is a 
graphical representation that shows the work 
and movement of resources through locations 
[21].

In flow line view of scheduling, the vertical 
axis represents the location, zones, or units, 
while the horizontal view represents the 
duration, which could be days, weeks, or 
months (Figure 5). 
 
The flow line view can show more 
characteristics about the visual aspect, like 
steeper slope line reflects to high productivity, 
while a flatter slope line reflects to a low 
productivity. 

The main objective of line of balance in 
location based scheduling is to schedule a 
balanced resource by using suitable crew size 
and number of resources [25].

Production Flow
Construction projects typically consist of 
repetitive activities of the same resources in 
various locations of the project. A work or 
production flow is defined in the LBS context 
as activities and resources through movement 
of the project and its locations. 

LBS has the ability to schedule projects in 
continuous flow, which forces the crew to 
work in a continuity way without interruption. 

Figure 5: Flow line View; Vico schedule planner
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The continuous production defines the work of 
a task continuously from location to location 
[21]. 

Defining Risk Levels and Monte Carlo 
Simulation
Vico schedule planner has the ability to add 
risk categories with their levels, and assess 
them in Monte Carlo risk simulation which 
can mitigate the location based scheduling. 
There are five categories of risk that can be 
used in LBS:
1) Starting risk: the risk or likelihood that 

task will begin on time.
2) Duration risk: risk or variability of a 

duration linked to individual location.
3) Resource beginning risk: risk or variability 

tied to getting resource to mobilize when 
needed to begin in a task.

4) Resource come back delay: delay 
associated with a crew’s return if it forced 
to demobilize.

5) Production factor risk: risk or variability 
to production factor (i.e. skill level of 
crews).

The risk levels were entered for every task, 
some tasks are more risky than others, some 
may have no risk at all, which depends on 
the contractor, subcontractor, or the crews 
themselves. The risks are entered according to 
logic of the work of crews, by experience of 
the planner, or by entering history agendas of 
the construction company. In this case study, 
the risk levels were entered theoretically and 
based on practical experience. For example 
the risk entry level for excavation can be 
different than the plain concrete. It can be seen 
that the risk category of starting the project in 
excavation is low, while for plain concrete 
is high. This is because of the experience 
that sometimes the mixer of concrete can be 
delayed. 

After risks have been defined, a Monte Carlo 
risk simulation was done. The Monte Carlo 
risk simulation is a tool used to model and 
identify the problem in the schedule. The 
results from the simulation can alert the 
planner to make proactive decisions. The 
process is like a throw dice or probability 
calculation to access each of the different 
5 risk categories that has been defined in 
the task of the 3 floor villa steel building. A 
Monte Carlo risk simulation was done to both 
continuous flow and discontinuous flow, with 
the same risk levels defined in both type of 
production flow. 

Optimization of LBS Task
The process of continuous flow of scheduling 
in LBS is different than the CPM. It extends the 
project duration and consumes float. Buffers 
are used to absorb delay as mentioned before. 
The continuous flow produces time spaces 
between tasks as an example for the 3 floor 
steel structure building. This time spaces can 
be optimized by changing the flow line slopes 
and make them parallel to the predecessor 
tasks, which will result in shortening the 
project duration. The slope of the flow line 
can be optimized by either changing the crew 
productivity or adding resource number. 
This method of controlling flow line can 
also be useful in the construction stage of the 
project while the resources can be controlled 
according to their daily, weekly or monthly 
work, unlike CPM it updates the schedule 
during the construction of the project. 

Results and Dıscussıons
The comparison is huge between the two 
scheduling plans. The two scheduling plans 
CPM/Bar charts and LBS can be compared in 
two categories; one as a general and another 
one as results. Table 1 shows the general 
comparison between CPM/Bar charts and LBS:
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A case study has been used to collect the data 
and results. One of the objectives is to see 
that can LBS schedule a small 3 floor villa, 
and is it possible to make it continuous flow. 
Table 2 shows the results of CPM/Bar charts 
discontinuous and continuous flow.

As a summary from Table 2, the cost of the 
project using both scheduling tools LBS 

and CPM/Bar charts has a small difference 
about 726TL. For the duration of the project, 
CPM/Bar charts has more advantageous than 
the LBS method, this is because the critical 
path shortens the time, but at the same time 
the project to finish on time is risky. Adding 
buffer will decrease the risk and lengthens 
the project duration, the buffer gives the 
continuous flow of LBS ability to optimize the 
flow lines, this will result into shortening time 

Table 1: General summary

General characteristics CPM/Bar charts LBS

Visualization of the schedule

Bar charts are easy to read and most 
of the engineers can communicate 
with it, but if so many activities are 
entered it will be hard to follow. 

Flow line view has a better visual 
especially when it is colored, but it 
is not suitable to use for so many 
discrete activities in different 
locations.

Location
CPM/Bar charts use WBS, which is 
not suitable for linear or repetitive 
process.

LBS uses location break down 
structure, which means it will be 
easier to show tasks within locations.

Time representation WBS is represented in horizontal axis 
as duration.

Locations can be represented either 
vertical or horizontal axis as a time.

Buffer CPM uses float. LBS uses float and buffer.

Production rate
CPM/Bar charts can use the 
productivity to estimate duration but 
they do not depend on it.

LBS uses the production rate to 
identify the flow of resources, 
and the line is drawn according to 
productivity rate.

Risk levels CPM uses PERT for durations.

Uncertainty and risk probability is 
used on the resource time work and 
their production, rather than the time 
itself.

Optimization 
Optimization of task in CPM/Bar 
charts can only be done by changing 
the duration, or logics in CPM.

Optimization can be done by 
changing productivity of resources 
without increasing risk.

Table 2: Results summary

Results CPM/Bar charts LBS Discontinuous LBS Continuous
Duration with risk without 
buffer

Start 10/01/2013 End 
18/02/2014

Start 10/1/2013 End 
18/02/2014

Start 10/01/2013 End 
07/05/2014

Duration with low risk and 
buffer

Start 10/1/2013

End 28/03/2014

Start 10/1/2013

End 28/03/2014

Start 10/01/2013 Finish 
19/05/2014

Duration with low risk 
optimized 

Start10/01/2013

Finish17/04/2014
Total cost without buffer 353,759 TL 353,759 TL 354,485TL
Total cost with buffer 356,432TL 356,432TL 354,485TL
Total cost with optimization 354,485TL
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of the whole project, so when risk and buffer 
are considered in the scheduling, the LBS has 
more advantageous feature of time shortening 
than the CPM/Bar charts .

Conclusıon
Construction industry is growing widely; 
mega, linear, strategic and high rise building 
projects are constructed. With these kinds 
of projects, construction companies seek an 
effective, control and achievable planning and 
scheduling tool to plan their projects. Although 
the popular used scheduling tools, like CPM/
Bar charts are used widely in construction 
industry, whether it was big, medium, or 
small sized construction projects, but at 
the same time most authors of construction 
management field criticized that CPM/
Bar charts while used or applied on linear, 
repetitive projects. The linear scheduling tools 
and their deviations like LOB, VPM, LBS, and 
others give beneficial results in representing 
productivity of resource, project progress, 
location correspondent and optimization 
of the schedule. However, most of studies 
of LSM or LOB focused on the linear and 
repetitive projects rather than small projects, 
this is because it was believed that the LOB 
and LSM do not provide any beneficial results 
like CPM/Bar charts do to those projects 
which do not have a continuous, linear, or 
repetitive process of activities.

The trial of LBS which is a deviation of 
linear scheduling and LOB method on a small 
construction projects have shown that LBS 
brings benefits for construction management 
planning and scheduling of construction 
projects.

Construction management highlights four main 
areas where there are significant advantages 
over the previously used scheduling based on 

CPM scheduling and Bar charts:
First, LBS improved an overview over the 
project schedule via the flow-line diagram. It 
is possible to schedule a better understanding 
to the timing versus location. It also provides 
a better basis for communication with 
subcontractors and other parties involved in 
the project.

Second, LBS supports planning a continuous 
working flow of resources at work, at the same 
time avoiding duplication of work in the same 
location and unused work spaces.

Third, LBS can be improved by adding risk 
levels to each activity, and optimization of 
them can be easily done while buffers are 
added to minimize the risk.

Fourth, with the use of BIM, the LBS can 
integrate a better view of 5D BIM. This 
is because LBS deals with location rather 
than activities, and it makes easier for BIM 
integration of a 4D CAD integration.
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1. Introduction
Local Area Networks (LAN), covering 
large areas that are not usually workstations, 
personal computers, printers and devices such 
as servers, data networks are connecting. LAN 
computer users, shared access to devices and 
applications, share files between connected 
users and provide many amenities such as 
communication between users [1].

Local area networks in a small area of the visual 
process and the resulting speed advantage with 
the simplest routing protocols and separated 
from the wide area network [2].

Multiple computers in a network also cause 
conflicts to send data to work. Because longer 
able to transmit data to multiple devices 
simultaneously [2]. Two methods are used 
to avoid this situation: CSMA (Carrier Sense 

Multiple Access / Collision Detection) and 
the token passing. CSMA (Carrier Sense 
Multiple Access / Collision Detection) 
cables are checked before being sent to the 
technical package. If there is no other traffic 
of a communication, to allow communication. 
Two computers is called the conflict of trying 
to use more than one cable, and also in such a 
case two traffic lost [2,3]. The Token Passing 
this access method uses a framework called 
the network continuously circulating coins. 
The Token Passing this access method uses a 
framework called the network continuously 
circulating coins. After completing the data 
transmission computer passes the token frame 
to the other computers on the network [1.2].

Data transmission methods are divided into 
three groups: single transmission (unicast), 
multiple transmission (multicast) and broadcast 
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[4]. Single with a single destination address data 
transmission, multiple data transmission will 
also be sent to multiple destination addresses. 
The broadcast is transmitted to all nodes in the 
network data. All of these transmissions are 
sent in a single package.

2. Network Structures, Topology and 
Components

There are four basic LAN topologies. 
These are: Bus Topology: all computers 
on the network on a shared bus topology 
cable (sometimes referred to as the spine) 
is optional. Ring Topology: Ring topology 
connects computers to each other in a circular 
shape. Each computer is connected to other 
computers that are neighbors and data can 
move in only one direction around the circle. 
Star Topology: Star topology all devices in 
the central device (switch or hub may be) is 
optional. This device receives signals from 
a computer on the network, and sends it 
to the computer should go. Tree topology: 
Tree topology has branched form of the bus 
topology. It comprises branched subnet node.

The basic LAN technology and architecture 
are as follows;

Ethernet: Ethernet and the varieties, Fast 
Ethernet, Gigabit Ethernet CSMA / CD 
(Carrier Sense Multiple Access / Collision 
Detection) access method that is based on 
the most widely used network architecture. 
Today, 10Mbps, 100Mbps, 1000Mbps speed 
in running varieties have been developed. 
They are classified according to the type of 
cable products based on Ethernet technology 
supported [5].

10BASE2: thin coaxial cable
10BASE5: thick coaxial cable

10BASE-T: UTP(Unshielded twisted-pair),
STP(Shielded twisted-pair)
10BASE-F: optical fiber cable

Token Ring Token ring, physically adjacent 
nodes that each node is connected to two nodes 
interconnected annular. Token ring network to 
establish the MAI or the MSAU (Multistation 
Access Unit) and the so-called devices with 
multiple Token Ring port for connecting the 
ends of the system used. MAU device to be 
connected to a computer must be on 4.16 or 
100 Mbps Token Ring NICs. These devices 
are connected to the adapter cable to MAU 
[2,5].

Token ring, one data transfer, the coin used for 
the other two types of frame transmission. Data 
frame, frame transfer information from one 
node to another; The coin frame node wanting 
to give the ring frame is a special frame that 
allows to grant it short [2,5].

Ring architecture is used in more industrial 
applications. The most important reason is the 
absence of conflict and the way a node is to 
seize the guarantee within a certain time frame 
[2,3,5].

ATM (Asynchronous Transfer Mode): 
Asynchronous Transfer Mode (ATM) is 
a packet switching technology, operating 
according to the foundation. ATMs provide 
communication with remote offices, ATMs or 
used to create a backbone. The most important 
feature of a few; transfer the cell (cell) called 
small size and fixed length used data packets, 
voice, video and supports different types of 
classes of service needed by applications such 
as pictures, is again present the quality of 
service required by these applications [4].
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For the ATM networks (User-to-Network 
Interface) and NNI (network-to -Network 
Interface) called the two types of connection 
interfaces are defined. UNI. of the ATM port 
of the device is used to connect the ATM 
network, the ATM cloud favors the NNI to be 
the key device used to connect to each other [5]. 

ATM cells for transmission network should be 
established in advance about a virtual circuit 
between two nodes. The creation of a virtual 
circuit SVC (Switched Virtual Circuit), other 
PVC (Permanent Virtual Circuit) There are 
two different methods called. SVC switched, 
PVC provides a permanent virtual circuit 
environment. Dial-up connection as a method 
reminiscent of the SVC, is reminiscent of PVC 
leased line applications [5].

FDDI (Fiber Distributed Data Interface) is 
used in networks that require high speed. At 
100 Mbps token -passing have access technical 
and enables communication over fiber-optic 
cable.. Token passing technique is used as an 
access method.

2.1 Network Connections
Cable types used in computer networks; 
coaxial cable, twisted pair cable, and fiber 
optic cable.

Coaxial cable: signals at low power is 
concentrated in environments where 
electromagnetic pollution is a cable has been 
developed to transmit. Used in voice and video 
transmission [5]. 

Twisted pair cable: The most commonly used 
type of network cable into each twisted pair 
are similar in structure to the cable cord. There 
are two types; coated (Shielded Twisted Pair-
STP) wire pairs are wrapped around the cable 
is coated with metal armor such as in coaxial 

cable. Uncoated (Unshielded Twisted-Pair 
UTP) is in the form of intertwined couples 
and has a plastic protection on the outside. 
Wire pairs of intertwined be taken to avoid 
the signal degradation that may occur from 
both the external environment and measure 
themselves [5].

Fiber Optic Cable: According to the fiber 
and copper cables due to low signal loss 
over long distances at higher speeds and 
more data transfer is possible. This distance 
can be up to 2 kilometers from the use of 
repeaters. Copper UTP cable is limited by the 
distance of 100m. Fiber optic cables to pass 
through which electricity is not affected by 
electromagnetic fields. Is not conductive, the 
insulation requirements of places and a small 
electric current used in the environment may 
cause an explosion. Fiber optic cable, data loss 
is minimal and it is much more difficult to play 
than the other cable data is safe for this reason. 
LED light to send signals (Ligth Emitting 
Diode) is called using multi-mode fiber type 
and is the most common type. Lasers use light, 
single-mode fiber is not very common because 
of the high data transfer value Although access 
to expensive equipment [5].

2.2 Network Components
Basic network components, hubs, repeaters, 
switches and routers are.

Hub: Hub is a physical layer device. In 
electrical communication takes place. Self 
incoming packet, depending on its message 
to all devices, there is no choice and decision-
making [5].

Repeater: Basically it works like a hub, but 
transmits its signal from strengthening [5].
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Switch: The second layer (data link) device. 
According to the MAC address from the 
packet transmits the destination address [5].

Router: The third layer of the OSI reference 
model (network layer) works. Parts of the 
LAN provides communication with each of 
the incoming packets based on IP address 
passes the target address. While transmission 
also uses a number of routing protocols [5].

3. WAN Realizations

Designed network topology is shown in 
Figure 1. This topology consists of five main 
parts. On the map, there are 4 Layer2 switch, 4 
layer3 switch, 7 router , 22 pc, 2 HTTP, 2 NTP 
, 1 TFTP, 1 DNS server and 1 cloud .

Figure .1 Designed Network Topology

2 pieces are our building. These are the 'left the 
building' and 'right building' routers (Figure 
1 on the left and right sides of the router) 
connected with a serial cable 'frame relay' 
cloud and its related 'data center' is located 
in the router. Accordingly routers subnets are 
10.30.0 / 24, 10.1.1.0/30.

Figure .2 VLAN Configuration

Routers on the right and left building is used 
as the routing protocol EIGRP. DC, static 
routing between ISP and INT were used. 
Because the ISP router internal network needs 
don’t know. Routers and switches between flat 
cables, switches, and layer 3 switches between 
a crossover cable is used. Computers straight 
into the layer 3 switch, and the switch is 
connected to the cable. ‘Data Center’ network 
connected to the router are also engaged in the 
distribution router. It has a switch connected 
to the router. Left and right building 3 VLAN 
(Virtual Local Area Network) is formed. This 
allows computers connected to the same switch 
are not influenced by each other broadcast 
traffic.

These vlan1 is vlan30 and vlan40. WB computers 
172.17.40.90/24 and 172.17.30.90/24 subnet 
and vlan30, vlan40 belongs EB computers 
172.17.35.90/24 and 172.17.45.90/24 subnet 
and vlan35, vlan45 belongs, finally IP phones 
172.17.10.0 and 172.17.15.0/24, vlab10, 
vlan15 belongs. It depends on the frame relay 
cloud to communicate the generated virtual 
WAN. A subinterface is created for each 
VLAN and taken to their dot1q encapsulations. 
Computers connected to the VLAN IPs via 
DHCP pool gets. Access-list using any device 
will be unable to WB in VLAN40 subnets, 
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routers, and of course be able to access the 
admin PCs. EB VLAN35 subnets will be 
unable to any device, subject to the router 
and able to access the admin PCs. It can be 
accessed on other subnets. I completed the 
rules. Now, under the rules I set my network 
can communicate with each other. Figure 3 
shows IP phone information.

Figure .3 IP Phone Information

Figure 4 shows the routing of the router 
interfaces.

Figure .4 Router Interface Information

4. Simulation
Network simulation, Cisco System Inc. 
Developed by 'Packet Tracer network 
simulation 6.1' program was conducted.

I am sending an ICMP message VLAN30 
admin PC to VLAN35 admin PC. So I put a 
ping. Is NAT works and I’ll check on him, is 
also trying ACL and I’ll describe it in check.

Figure .5 ICMP output from VLAN40 admin PC

For example one can see in Figure 6 IP field 
computer via DHCP.

Figure .6 From the DHCP server, dynamic IP obtain 
on computer

Figure 5 is prepared ICMP packet, SW_WB_2 
layer 3 switches can also be seen in Figure 7 
delivered.

Figure .7 ICMP, clients who reach layer3 SW

Figure 8 due to the spanning tree model, we 
observed that packet reaches the root switch.
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Figure .8 ICMP reach the root switch

IP address of the packet, CME_WB router 
then checked in, and GW router is routed 
through the EIGRP routing done on the router's 
configuration. This figure 9 is also observed.

Figure .9 ICMP reach the CME_WB router

Figure 10 shows the packet sent to the GW 
router.

Figure .10 ICMP reach the gateway router

We can see in figure 10 packets reaching the 
frame relay configuration works.

Figure .11 ICMP reach the data center router

Figure .12 ICMP, don’t pass through on  VLAN35 router

As seen in the pictures, pack before going 
VLAN gateway that is defined, there is going 
to come out of the network gateway. Then the 
frame-relay switch goes, there goes the data 
center router. In this way we can see that the 
NAT structure works. Inbound or outbound 
doing the checks. Then, turning back frame-
relay switches, there goes the other network 
gateway router, and can not go from here. 
In this way, we can see that the ACL works. 
Because Admins could only access their 
network. And finally, frame-relay structure, 
we can see that the routers forwarding the 
package communicates works.

5. Conclusion
In this study, Routers, switches, hubs, IP 
telephony, frame-relay and the necessary 
servers, including a wide area network was 
carried out and local area networks. During 
the realization of this network topology Packet 
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Tracer software were used, and the actual 
router, switch programming, and programming 
is made of identical devices. VLANs are 
defined, these VLANs are configured with the 
necessary equipment. Defined DHCP pool for 
PCs, and it was observed that receive IPs to 
PCs. Defined VoIP IP phones, routers DHCP 
pool has been created through CEM, and TFTP 
server have been identified. IP phone was 
observed to obtain an IP, and they can call each 
other was seen. EIGRP static and rip routing 
protocols on routers have been identified. 
On frame-relay swim, and on routers, the 
required network configuration made has been 
observed that communicate with each other. 
NTP server, master and client data center and 
is defined in the Internet network. DNS servers 
are defined and distributed to PCs via DHCP 
pools. Defined HTTP server, and access was 
observed. Netwok Local Area and Wide Area 
Network has been working literally. NAT 
is defined. Internal network and external 
network control is provided. In other words, 
the task is to make a simple firewall. Access 
lists are defined. Which will be accessible to 
the network access to which is determined. 
And which devices will have access to which 
devices have been identified. Trunk structure 
and spanning tree structure has been defined 
and observed that work. Finally, CCNA and 
CCNP level has been reached in this study. 
Everything that can be done in Cisco’s 
education, has been applied to this system. 
Imaginary an extensive network is designed. 
ISPs have been identified. In a large network 
and must be on a local network basis apparatus 
and protocols are used.

Both static and dynamic IP configurations were 
simulated simultaneously. Simulation results 
show that the network can reach the target 
with the source of trouble in any package.
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