
  
Abstract—This paper focuses on a critical component of the 

situational awareness (SA), the control of autonomous vertical flight 

for tactical unmanned aerial vehicle (TUAV). With the SA strategy, 

we proposed a two stage flight control procedure using two 

autonomous control subsystems to address the dynamics variation 

and performance requirement difference in initial and final stages of 

flight trajectory for a nontrivial nonlinear eight-rotor helicopter 

model. This control strategy for chosen model of mini-TUAV has 

been verified by simulation of hovering maneuvers using software 

package Simulink and demonstrated good performance for fast 

stabilization of engines in hovering, consequently, fast SA with 

economy in energy of batteries can be asserted during search-and-

rescue operations. 

 

Keywords—Flight control, eight-rotor helicopter, situational 

awareness, tactical unmanned aerial vehicle 

I. INTRODUCTION 

ITUATION awareness has been formally defined as “the 

perception of elements in the environment within a 

volume of time and space, the comprehension of their 

meaning, and the projection of their status in the near future” 

[1]. As the term implies, situation awareness refers to 

awareness of the situation. Grammatically, situational 

awareness (SA) refers to awareness that only happens 

sometimes in certain situations. 

SA has been recognized as a critical, yet often elusive, 

foundation for successful decision-making across a broad 

range of complex and dynamic systems, including emergency 

response and military command and control operations [2]. 
The term SA have become commonplace for the doctrine 

and tactics, and techniques in the U.S. Army [3]. SA is defined 
as “the ability to maintain a constant, clear mental picture of 

relevant information and the tactical situation including 

friendly and threat situations as well as terrain”. SA allows 

leaders to avoid surprise, make rapid decisions, and choose 

when and where to conduct engagements, and achieve 

decisive outcomes. 
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The tactical unmanned aerial vehicle (TUAV) is one of the 

key tools to gather the information to build SA for all leaders. 

The TUAV is the ground maneuver commander's primary day 

and night system. The TUAV provides the commander with a 

number of capabilities including: 

� Enhanced SA. 

� Target acquisition. 

� Battle damage assessment. 

� Enhanced battle management capabilities (friendly 

situation and battlefield visualization). 

The combination of these benefits contributes to the 

commander's dominant SA allowing him to shape the 

battlefield to ensure mission success and to maneuver to points 

of positional advantage with speed and precision to conduct 

decisive operations. Some conditions for conducting aerial 

reconnaissance with TUAVs are as follows. 

� Time is limited or information is required quickly. 

� Detailed reconnaissance is not required. 

� Extended duration surveillance is not required. 

� Target is at extended range. 

� Threat conditions are known; also the risk to ground 

assets is high. 

� Verification of a target is needed. 

� Terrain restricts approach by ground units. 

A mini-TUAV offers many advantages, including low cost, 

the ability to fly within a narrow space and the unique 

hovering and vertical take-off and landing (VTOL) flying 

characteristics. 

The current state of TUAVs throughout the world is 

outlined [4]. A novel design of a multiple rotary wing platform 

which provide for greater SA in the urban terrain is then 

presented. 

Autonomous vertical flight is a challenging but important 

task for TUAVs to achieve high level of autonomy under 

adverse conditions. The fundamental requirement for vertical 

flight is the knowledge of the height above the ground, and a 

properly designed controller to govern the process. 

In [5], a three stage flight control procedure using three 
autonomous control subsystems for a nontrivial nonlinear 

helicopter model on the basis of equations of vertical motion 

for the center of mass of helicopter was proposed. The 

proposed control strategy has been verified by simulation of 

hovering maneuvers using software package Simulink and 

demonstrated good performance for fast SA. 
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This paper concentrates on issues related to the area of [5], 
but demonstrates another field for application of these ideas, 

i.e., research technique using control system modeling and 

simulation on the basis of equations of motion for the center of 

mass of unmanned eight-rotor helicopter for fast SA. 

In this paper our research results in the study of vertical 

flight (take-off and hovering cases) control of unmanned 

eight-rotor helicopter which make such SA task scenario as 

"go-search-find-return" possible are presented. 

The contribution of the paper is twofold: to develop new 

schemes appropriate for SA enhancement using TUAVs by 

hybrid control of vertical flight of autonomous eight-rotor 

helicopters in real-time search-and-rescue operations, and to 

present the results of hovering maneuvers for chosen model of 

the eight-rotor helicopter for fast SA in simulation form using 

the MATLAB/Simulink environment. 

II.   EIGHT-ROTOR TUAV MODEL 

In [6], an original configuration of a multirotor helicopter 

composed of eight rotors was proposed. Four rotors, also 

called main rotors, are used to stabilize the attitude of the 

helicopter, while the four extra rotors (lateral rotors) are used 

to perform the lateral movements of the helicopter. In order to 

avoid the yaw drift due to the reactive torques, the main rotors 

are such that the right and left rotors rotate clockwise while 

the front and rear rotors rotate counterclockwise. Similarly the 

external lateral motors located on the same axis rotate in 

opposite directions to avoid interacting with the roll and pitch 

displacements. 

In practice, this eight-rotor helicopter is able to perform 

vertical take-off and landing, hovering and translational flight. 

The main advantage of the proposed eight-rotor helicopter 

with respect to a four-rotor helicopter is that the attitude 

dynamics is decoupled from the translational dynamics. 

Indeed, four-rotor rotorcrafts must tilt in order to move 

forward. This implies that the rotational and translational 

movements are coupled. 

If the eight-rotor helicopter [6] assumed to move at low 

speed, the translational dynamic become 
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where 

zyx ,,  are coordinates of center of mass in the earth-frame; 

ψθφ ,,  are roll, pitch and yaw angles; 

g  is the gravity constant; 

m  is the mass of the helicopter; 

zyx uuu ,,  are the control inputs. 

For simplicity and obvious reasons for the translational 

dynamics, we choose the angle α  between the main rotor axis 

and the lateral rotor axis so as 090=α . 

The inputs in (1)-(3) are defined as 

75 ffux −=                                                                           (4) 

68 ffu y −=                                                                           (5) 

12111094321 ffffffffu z +++++++=                           (6) 

where )8,...,1( =if i  is the thrust force of rotor i . 

There exist additional forces 
9f  to 

12f acting on each one 

of the four main rotors. These forces are due to the airflow 

generated by the lateral rotors. Considering identical lateral 

motors, forces
9f  to 

12f can be expressed as follows 

81271161059 ,,, bffbffbffbff ====                                   (7) 

Introducing (7) in (6), we obtain 

)( 87654321 ffffbffffu z +++++++=                          (8) 

We notice that the thrust forces of each rotor i  can be 

expressed in the form [7] 

,2iTi Kf ω=                                                                           (9) 

where 

iω  is the angular speed of rotor )8,...,1( =ii , 

.10 25 NsK T

−=  

It is now seen that the angular speed 
iω  of rotor i  

simplifies to: 

1060
2 imm

i

nn
i ≈= πω                                                               (10) 

where )(rpmn
im

 is the number of revolutions per minute of 

rotor i . 

Combining (9) and (10), we have 

T

i
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f
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i
10≈                                                                   (11) 

As the aerodynamic friction torque and the gyroscopic 

torque are neglected in this model at low speed, then the 

rotational dynamic of the eight-rotor rotorcraft is given by [6] 

τηηηη =×++ ɺɺɺɺɺɺ JWWWJJW                                        (12) 

where 

,),,( 321

Tττττ =  

,43211 ffff −+−=τ ,)( 422 xc buffl +−=τ ,)( 313 yc buffl +−=τ  (13) 

,),,( Tφθψη =  
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cl  is the distance from the centre of mass to any internal rotor, 

J  is the inertia matrix. 

The equations (4), (5), (8) and (13) then can be represented 

in matrix form as 
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Note that exists an orientation of body frame in which the 

inertia matrix in (12) simplifies to: 

),,( zyx IIIdiagJ =                                                           (15) 

For simplicity we consider the matrix J  in (15) as unit 

matrix, i.e. 

),1,1,1(diagJ =                                                                    (16) 

where .1 2kgmIII zyx ===  

Substituting (16) into (12), we obtain 

τηηηη =×++ ɺɺɺɺɺɺ WWWW                                                (17) 

If we apply the properties of vector product to (17), we 

obtain 

τηη =+ ɺɺɺɺ WW                                                                     (18) 

From (18), we have 

ητη ɺɺɺɺ WWW 11 −− −=                                                           (19) 
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We can regroup the three dynamics in (19) as: 

321 sincossec τψθτψθτθφθθψ ++++= tgtgtg ɺɺɺɺ       (20) 

ψτψτθφθ cossincos 21 +−−= ɺɺɺ                                          (21) 

θψτθψτθφθθφ secsinseccossec 21 +++= tgɺɺɺɺ       (22) 

From (1)-(3), (20)-(22) we can see that the attitude vector 
Tzyx ),,(  for given model of eight-rotor TUAV can be 

computed. 

The numerical values for parameters of (1)-(3), (20)-(22) 

for a case of small elevation above sea level are given by [8]: 

,64.0=b ,2.1 kgm = ,25.0 mlc = 2/81.9 smg = . 

III. CONTROL SYSTEM 

It is possible to consider the thrusts 
1f  and 2f  in (8) as 

equal constants, and to consider the thrust 
7f  in (4), (8) as 

fixed constant, and to consider the thrusts 
865 ,, fff  in (4), (5), 

(8) as identical zero, and to equalize thrust 
3f  to thrust 4f  in 

(8). Hence, we have 

consttftf == )()( 21
                                                            (23) 

)()( 43 tftf =                                                                         (24) 

0)()()( 865 === tftftf                                                         (25) 

consttf =)(7                                                                         (26) 

Hence, from (13), (23) and (24), we find 

01 =τ                                                                                   (27) 

Combining (4), (13) and (23)-(25), we can write 

z
cc

c u
l

f
lb
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)2(
2 712 −

−
+=τ                                       (28) 

Then, from (5), (13) and (23)-(25), it follows that 

z
cc

c u
l

f
bl

fl
22

2 713 −+=τ                                                (29) 

Combining (4)-(5) and (25)-(26), we have 

7fu x −=                                                                             (30) 

0=yu                                                                                 (31) 

With selection of (30)-(31), a complex control problem is 

now turned into a control problem with using only one 

collective thrust 
zu  as control input for controlling the 

coordinate z  of altitude with respect to reference input 0z . 

The control system configuration to regulate the input 

variable 
zu  is thus designed, to have the next structure (see 

Fig. 1) 

))(( 2

0

1 zztzztKuz ɺɺɺɺ −−−=                                                (32) 

where 
21,tt  are constants to be determined. 

It is possible to consider the variable 
zu  as a “fast” function 

of time. Hence, assuming that 0≈zuɺ  , from (32), we find 

0

112 ztztztz =++ ɺɺɺ                                                         (33) 

The following coefficients of (33) are obtained from [9], for 
overshooting with value of %5≈σ  
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23
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9
221 ≈≈                                                               (34) 

where 
zd

t  is desired transition time of coordinate z . 

For a hovering flight, angles of roll, pitch, and yaw must be 

zeros. Therefore, it follows from (3) that 

gtcuz z −= )(ɺɺ                                                                        (35) 

where 

m
c

1
= .                                                                                 (36) 

Differentiating both sides of (35) with respect to time, we 

obtain 

)()( tuctz z
ɺɺɺɺ =                                                                      (37) 

Combining (32) and (37), we have 

)),()(()( 3 tzticKtz ɺɺɺɺɺ −=                                                  (38) 

where 

).())(()( 2

0

13 tzttzztti ɺ−−=                                               (39) 

Defining )()( tatz =ɺɺ  in (38), we obtain 

)()()( 3 tcKatcKita −=ɺ                                                       (40) 

The variable )(ta  in (40) can be described in a common 

way through next expression as indicated in [10] 

,))(()( )(

0

3

)(

0

tA

t

A edcKieata ∫ −+= τττ                        (41) 

where 

∫−=
t

cKdtA
0

)( τ .                                                                 (42) 

Let us consider the behavior of the considered control 

system (see Fig. 1) for the time t  of time interval 
zd

tt ≥  

during the hovering. 

Hence, assuming that ,00 =a  ,)( 00 ztzz ∆≈−  ,05.0=∆  

,0)( ≈tzɺ  from (41)-(42), we find 

)1()( 3

cKteita −−=                                                            (43) 

where 

.)( 0

13 constztti ≈∆≈                                                             (44) 

Assume now that for the desired transition time for control 

of acceleration )(ta  lies in the zone of overshooting with 

value of %5≈σ , then, from (43)-(44), it follows that 

cK
t

zd

)ln(∆
−≈

ɺɺ

                                                                      (45) 

Therefore, using (36) and (45), and the ratio of coordinate-

to-acceleration transition times 

zd

zd

t

t
N

ɺɺ

=  and that 3)ln( −≈∆ , 

we obtain 

zd
t

Nm
K

3
≈                                                                            (46) 

IV. SIMULATION RESULTS 

Consider the control of eight-rotor TUAV model (1)-(3), 

(20)-(22) for the case of take-off and hovering maneuvers by 

hybrid constrained system of two control subsystems. 

The goal of the following simulations is twofold. First, we 

verify that these control subsystems are able to control the 

take-off and hovering trajectories. Second, we observed the 

effect of enhancing SA because the variety of such trajectory 

parameters as constant thrust forces of the first, second and 

seventh rotors, initial conditions, desired height positions, 

ratios of coordinate-to-acceleration transition times and 

desired transition times for control subsystems easily can be 

changed the possible take-off and hovering trajectories of 

eight-rotor TUAV. 

These trajectory parameters are chosen to be: 

,1,2.4 721 NfNff === ,0)0()0()0( mzyx ===

,10,2 0

2

0

1 mzmz == ,20,40 21 == NN .15,2
21

stst dd ==  

Simulation results of the offered block scheme with two 

control subsystems (see Fig. 1) are shown in Figs. 4-7. 

The constant number of revolutions per minute of rotors 1 

and 2 is equal to rpm6481 , and of rotor 7 is equal to 

rpm3163 . The behaviour of numbers of revolutions per 

minute of rotors 3 and 4 is shown in Fig. 2. 

Fig. 3 shows the height trajectory of flight control.We 

simulated the block diagrams of subsystems as parts of hybrid 

control system and take into account that the full take-off and 

hovering trajectories were separated into initial and final 

phases with boundary point in the first lag position. 
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Fig. 1 Block diagram of hybrid control system 

 

Fig. 2 Numbers of revolutions per minute of rotors 3 and 4. 
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Fig. 3 Height trajectory of eight-rotor TUAV 

 

 
Fig. 4 X-Y view of eight-rotor TUAV’s trajectory 
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Fig. 5 X-Z view of eight-rotor UAV’s trajectory 

 

 
 

Fig. 6 Y-Z view of eight-rotor TUAV’s trajectory 
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Fig. 7 3-D motion of eight-rotor TUAV 
 

V. CONCLUSION 

A new research technique is presented in this paper for 

enhanced SA in possible eight-rotor TUAV’s missions. 

The need for highly reliable and stable hovering for VTOL 

class TUAVs has increased morbidly for critical situations in 

real-time search-and-rescue operations for fast SA. 

For fast, stable and smooth hovering maneuvers, we 

proposed a two stage flight strategy, which separates the flight 

process into initial and final phases. The effectiveness of the 

proposed flight strategy has been verified in field of flight 

simulation tests for chosen model of eight-rotor TUAV using 

software package Simulink. 

From the applications viewpoint, we believe that this flight 

strategy furnish a powerful approach for enhancing SA in 

applications to unmanned multirotor helicopters and VTOL 

class autonomous vehicles. 

Future work will involve further validation of the 

performance of the proposed research technique and exploring 

other relevant and interesting multirotor TUAV’s missions. 
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