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Introduction 
•The objective of this paper is to explore a new improved architectural design for the 
UAV or drone.  Such aircraft, flown without pilots, have been in use for more than a 
decade. The UAV is primarily used for reconnaissance and surveillance, taking real-
time pictures, and sending the images back to the military command/control center. 

•With the proposed level of automation, this new UAV only needs a mission 
commander to provide high-level direction.  The UAV can fly safely at all times and is 
completely guided by advance computer software based on the multiple target and 
multisensor information fusion technology.   

•The most important component on-board the UAV is the master controller with 
GPS receiver.  It guides the UAV based on the GPS system, from start-of-flight to end-
of-flight at required destination and return to earth phase.   

•The master controller with the help from the GPS system is constantly 
communicating with the following embedded advanced computer software 
modules:  

•Multisensor and target acquisition module 

•Extended Kalman Tracker module 

•Multisensor Correlation Module 

•Multisensor Information Fusion  

•Traffic Alert and Collision Avoidance Module 



• The multisensor target acquisition module employs a 
GPS receiver and advanced sensors such as APG radar, 
CNI and EW sensor, to keep track of own-ship and 
targets of interest.   

• The multisensor module provides sensor information 
to the Extended Kalman Tracker module.  

• The sensor information is then used to communicate 
with the traffic collision module and the master control 
module, so the unmanned aerial vehicle can fly safely 
without a pilot in the loop. 

 

Multisensor Target Acquisition Module 



Multisensor Target Acquisition Module 
(continued) 



Navigation equations 

• GPS is the space based navigation satellite system, 
which provides location, and time information at any 
given time.   

• From anywhere on earth, there is an unobstructed line 
of sight to four or more GPS satellites. 

• The system provides critical capabilities to military, 
civil, and commercial users around the world.   

• It is maintained by the United States government and is 
freely accessible to anyone with a GPS receiver 



Navigation equations (continued) 

• Below is a visual example of the GPS constellation in 
motion with the Earth rotating.  Notice how the 
number of satellites in view from any given point on 
the Earth's surface, in this example at 45°N, changes 
with time. 



Navigation equations (continued) 

http://upload.wikimedia.org/wikipedia/commons/9/9c/ConstellationGPS.gif


The Extended Kalman Tracker Model 



The Extended Kalman Tracker Model 
(continued) 

• where:  
• U = Noise Vector 
• φk = Transition Matrix 
• Q = Noise Covariance Matrix 
• R = Measurement Noise Matrix 
• Xk = State Vector at time k 
• Pk = State Covariance Matrix at time k 
• H = Jacobian Matrix 
• G = Gating Matrix 
• K = Kalman Gain Matrix 
• Z = Measurement vector 

 



The Extended Kalman Tracker Model 
(continued) 

• The Extended Kalman Tracker is one of the 
most widely used trackers.  Track accuracy is 
very good. 

• However, as equations C, D, and E indicate, 
matrix inversion is required in every 
calculation for each sensor update.  

• Matrix inversion is intensive processing and 
will slow down total track processing and 
degrade track accuracy. 



Multisensor Correlation Module 

•The Multisensor Correlation Module is responsible for 
correlating all target of interest. 

•It takes input from the Extended Kalman Tracker, and 
outputs the results of the correlated targets of interest 
to the Multisensor Information Fusion Probability 
Module. 

 

 

 



Multisensor Correlation Module 
(continued) 

• Decision rules for the multisensor correlation module 
are: 

(1)          If                             0.95  <=  R(X,Y)  <=1.0, 

                then X and Y are most likely correlated 

  

(2)         If                             0.0 <=  R(X<Y)   <=0.95, 

               then X and Y are most likely NOT correlated. 

 

• The boundary condition, 0.95, is selected based on 
the feature vector element’s precision. 

 



Multisensor Information Fusion 
Probability Model 

• This probability model is used to calculate the fused probability of 
all detected targets of interest.  Fused probability is defined as the 
probability of the target being in the multisensor environment.  For 
example, suppose there are two targets reported by three sensors, 
such as radar, communication navigation and identification (CNI), 
and electronic warfare (EW).  The multisensor information fusion 
probability model will calculate the probabilities for the two targets 
as : 
P( T1 / S1, S2, S3 ) = 0.3 
That is, the probability of target T1 is 0.3 in the three-sensor 

environment.  
  
P( T2 / S1, S2, S3 ) = 0.7 
That is, the probability of target T2 is 0.7 in the three-sensor 

environment. 

 



Multisensor Information Fusion 
Probability Model (continued) 



Multisensor Information Fusion 
 Probability Model (continued) 



Traffic Alert and Collision 
 Avoidance Module 

• The Traffic Avoidance Module is the new feature of this 
UAV avionics architecture.  It receives own-ship and 
target feature pattern vectors from the Multisensor 
Information Fusion Probability Model.  Here in this 
traffic voidance module, the critical target track 
information is used to estimate the exact location, 
speed, and track of targets.  With that information, 
looking ahead in time, possible collisions can be 
predicted.  This life and death collision information will 
output to the UAV Master Control Module and the 
Master controller can take immediate action to avoid 
the collision. 
 



Traffic Alert and Collision 
 Avoidance Module (continued) 

• The major function of the traffic avoidance 
module is to estimate the possible collision 
parameters, such as the location, time and speed 
that the collision may happen.  Here two new 
techniques are proposed; one is the analytical 
method from the theory of estimation; and the 
other is a geometrical method.  Each method has 
its own distinct merits, depends on what detailed 
information is available from the Extended 
Kalman Tracker module.  

 



• Analytical Method from the Theory of Estimation 
• The Traffic Avoidance Module receives more then thirty observation 

points in each frame (in general, one frame is 40 milliseconds) from 
the Extended Kalman tracker module.  It then applies the so-called 
“least squares” method to the observation points to obtain the 
algebraic functions for the targets.  Say, Y1(t) is own-ship and the 
target of interest is Y2(t).  Then solve the two algebraic equations: 
Y1(t) for the own-ship, and Y2(t) for the target of interest. 

• For the actual value of t, substitute the value of t of either Y1(t) or 
Y2(t) for the value of Y1 or Y2.  The point (y1, t) or point of (y2, t) is 
the possible location at which the own-ship and the target of 
interest will collide with each other.  After the location of collision is 
determined, the time and speed of collision can be solved by simple 
physics techniques. 
 

Traffic Alert and Collision 
 Avoidance Module (continued) 



Traffic Alert and Collision Avoidance Module  

Analytical method 

Y1(t) Y2(t) 

Ownship 
present position 

Target-of –interest 
present position 

Predicted collision 
at this time 



• This method applies a graphical solution 
technique to the heading and velocity vector for 
own-ship.  Say, for example, HD1 and V1 are the 
heading and velocity vectors for own-ship.  
Similarly, say, HD2 and V2 are the heading and 
velocity vectors for a target of interest.  Denote 
the length between the north-referenced point of 
HD1, and V1, by L1.  Similarly, denote the length 
between the north-referenced point of HD2, and 
V2, by L2. 

 

Traffic Alert and Collision Avoidance Module 

 Geometrical Method 



Traffic Alert and Collision Avoidance Module 

 Geometrical Method 

Ownship 
present position 

Target-of-interest 
present position 

V1 
V2 

HD1 

L1 

HD2 

L2 



• Following is a simulated solution for the determination of location at which two aircraft could collide with 
each other.  The estimation of the point of collision is essential for avoidance of the collision. 

– A. Taking a series of points from the Extended Kalman Tracker for own aircraft and target aircraft  and using “least 
square method”, we obtain an algebraic equation for the velocity vector  for own aircraft and the target aircraft as 
following: 

– Y = X    (equation for the velocity vector of own aircraft)----------(1) 

– Y = 16 – X (equation for the velocity vector of the target aircraft)---------(2) 

 

– B. To estimate the interception point between these two equations as the point of collision we set equation (1) equal 
to equation (2) as follows 

– X  =  16 – X    ------------------------------------------(3)    

– That is        2X   = 16 

– Finally          X   = 8 

 

– Now substituting X = 8 into equation (1) or equation (2) , we  have 

– Y = 16 – X 

– Y = 16 – 8 

– Y = 8 

 

– C. The required solution for the point of collision between these two aircrafts is P(8,8).  This is just a simulated 
solution to demonstrate our concept of collision avoidance of between two aircraft. 

Traffic Alert and Collision Avoidance Module 

Example 



Traffic Alert and Collision Avoidance Module 

Example 



Master Controller Module 

• The Master Controller module in this UAV avionics 
architecture acts like an intelligent human pilot guiding 
the UAV safely through its assigned mission.  The newly 
proposed UAV with Traffic Alert and Collision 
Avoidance Module is 100% controlled and guided by 
the computer software modules. 

• The Master Controller is the master of all modules 
onboard the UAV.  Equipped with GPS receiver, it 
receives from the GPS satellites.  It provides navigation 
information, such as target and own-ship location 
information from the satellite navigation system.  At 
the same time, the Master Controller is communicating 
and monitoring all other computer software modules.   
 



Master Controller Module 
(continued) 

• The software modules onboard the UAV are: 

– Multisensor and Target Acquisition Module 

– Multisensor and Multiple Target Tracker  

– Multisensor Correlation Module  

– Multisensor Information Fusion Probability 
Module  

– Traffic and Collision Avoidance Module  

 



Master Controller Module 
(continued) 

• The most important responsibility of the Master Controller is 
guiding the UAV navigating through the earth safely.  The Traffic 
alert and collision avoidance module provides target location 
information and target parameters such as heading, velocity vector, 
target feature vector, and time of possible collision to the Master 
Controller.  As soon as the collision target parameters reach the 
Master Controller, the warning signal is sent through the UAV.  
Immediately the Master Controller approves all actions to avoid the 
possible target collision.  Location and time at which the UAV and 
Target of interest will collide are calculated by the traffic alert and 
collision avoidance module.  The master controller takes immediate 
action before the collision occurs.  The new UAV is guided by the 
Master Controller, Traffic Alert and Collision Avoidance Module, 
other onboard computer software modules, and the GPS system.  It 
can fly freely anywhere on earth without a human pilot. 
 



Conclusions 
• The current proposed UAV is in the exploration phase.  The onboard master controller is 

100%  guided by advanced embedded computer software, and communicates with the 
advanced GPS System, that includes the 24 navigation satellites orbiting the earth with 
unobstructed view of at least 4 satellites, which will provide target location information to 
the UAV anywhere on earth and at anytime.  In addition, the newly proposed UAV is guided 
with a multisensor and multiple target tracker.  This tracker is the most advanced target 
tracker in the field.  It uses the Extended Kalman tracker that has been implemented on 
advanced fighter jets, and airborne surveillance aircraft.  Therefore, the authors firmly 
believed that the new UAV with traffic alert and collision avoidance module, will become a 
new standard architecture for UAVs. 

• Further in the future, this same multisensor information fusion technology with advanced 
GPS system could also be applied to guiding driverless automobiles.  Future automobiles 
could be on the road with improved safety due to computer guidance being more reliable 
than human drivers.  This is a very important next step considering the rapidly aging 
population of developed countries. 

• When nanotechnology is combined with multisensor information fusion technology and the 
advanced GPS system, this concept can be applied to development of future unmanned 
airborne vehicles (UAV).  The size of the future UAV will be smaller which will further reduce 
detection in the air and save on fuel.   
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