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Preface

1.1 Table of revisions

	Issue
	Date
	Description & Reason
for the Modification
	Affected Sections

	1.0
	22/Feb/01
	Creation of document by EADS Airbus (F)
	-

	1.1
	27/Feb/01
	Comments and suggestions

incorporated by EADS Airbus (D)
	All

	1.2
	04/Mar/01
	Changes made by IAI
	All

	1.3
	05/Mar/01
	Layout optimization by EADS Airbus (D)
	All

	2.0
	05/Mar/01
	Additional features incorporated by IAI based
	All

	2.1
	06/Mar/01
	Update at EADS Airbus (D),

intermediate branched issue
	All

	2.2
	11/Mar/01
	Additional features incorporated by IAI,

based on issue 2.0
	All

	2.3
	14/Mar/01
	Update by EADS Airbus (D)
	All

	2.4
	17/Apr/01
	Update by EADS Airbus (D) due to 4. User Meeting
	All

	2.5
	23/Apr/01
	Update by EADS Airbus (D) due to modeling results:
	

	
	
	Flight phase description altered
	4.2.1

	
	
	Speed and altitude electro-magnetic held toggle-switches instead of push/release buttons to ensure continuous command update, if desired
	4.2.2

	
	
	Alt-Control-Status undefined also in PARK phase
	4.3.1/2

	
	
	PARK and M_CRS introduced in table
	4.3.3

	
	
	ALT & SPD command only in automatic
	4.3.5

	3.0
	23/May/01
	Proofreading and corrections by IAI
	All

	3.5
	12/Nov/01
	Update after conceptual design and formalization
	All


1.2 Table of references and applicable documents/standards

	Reference
	Title and editorial information
	Author or Editor
	Year

	ASD
	ASDE V1.0 Specification, Issue 1.1, File: d1-13_ASDEspec_1-1.doc
	SafeAir consortium
	2001

	URD
	User Needs & Requirements Definitions, Issue 3.1,

File: D1-1_usr_3-1.doc
	SafeAir consortium
	2000


1.3 Table of terms and definitions

	Term
	Definition

	.
	.

	.
	.


Table of abbreviations

	Abbreviation
	Full description

	A/C
	Aircraft

	AcomS
	Airborne Communication Sub-System

	ACQ
	Acquisition

	ACD
	Altitude Command Display

	ACS
	Altitude Control System

	ADU
	Air Data Unit

	ALT
	Altitude

	AMD
	Altitude Measured Display

	ASDE
	Avionic System Development Environment

	AUTO
	Automatic operating mode

	FCD
	Flight Control Display

	FCMC
	Flight Control and Management Computer

	FCP
	Flight Command Panel

	FCS
	Flight Control Sub-System

	GcomS
	Ground Communication Sub-System

	GCC
	Ground Control sub-system Computer

	GCS
	Ground Control Sub-System

	GSS
	Ground Side Stick

	GPS
	Global Positioning System

	IRS
	Inertial Reference System

	LD
	Landing

	MANU
	Manual Operating Mode

	M-CRS
	Mid-Course

	OP-Mode
	Operation Mode

	RCV
	Receiver

	SCD
	Speed Command Display

	
	Speed Measured Display

	SPD
	Speed

	T-OFF
	Take-Off

	UAV
	Un-manned Air-Vehicle


Introduction

The purpose of this case study is to demonstrate the applicability of the SafeAir methodology. The objective of the case study requirements is not to define a full operational system but only to be able to demonstrate a realistic example to be supported by the SafeAir tool set and methodology. The complexity of the system is sufficient to demonstrate the adequacy between the Avionics System Development Environment (ASDE) of SafeAir and the industrial needs. This case study will be used to promote SafeAir methodology and tools and to train the future ASDE users.  
2 System description

2.1 Altitude Control System definition

The Altitude Control System of an Un-manned Air-Vehicle (ACS-UAV system) is defined as all the hardware and software necessary to control the given 2-dimensional Un-manned Air-vehicle (UAV) using the given ground- and airborne-communication sub-systems.  The ACS-UAV system consists of a Ground Control Sub-system (GCS), and a Flight Control Sub-System (FCS) on board of the UAV.  A ground operator uses the GCS to control the UAV. Fig.  1 includes the schema that gives a general overview of the UAV system.
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Fig.  1
System overview

2.2 UAV system general architecture

Fig.  2 describes the general architecture of the UAV System which is composed of the following main components:

1. The Ground section which includes mainly:

· The GCS  - the Flight Command Panel (FCP), The Flight Control Display (FCD)  , the Ground Side Stick (GSS) and the GCS computer (GCC).

· The Ground communication Sub-system (GcomS)

2. The UAV which includes:

· The FCS – the on-board computer and sensors. 

· Air vehicle components: the platform, the engine, and the actuators.

· The Airborne communication Sub-system (AcomS)

The ACS-UAV System, which is part of the above UAV System, consists of the GCS and FCS solely.
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Fig.  2
System block diagram
Ground Control Sub-System (GCS)
The GCS includes the following components:

1. The Flight Command Panel (FCP) serves the operator as the main command input device.

2. The Flight Control Display  (FCD) serves as the main display of the data for the operator.

3. The Ground Side Stick (GSS) serves the operator to command the pitch angle   to the UAV.
4. The  GCS computer (GCC) comprises the software and hardware, which is required to handle all interfaces between the FCP, the FCD, the GSS and  the UAV  via the communication subsystem. In addition it controls the operation of the GCS itself and performs the required computations.

2.3 Communication Sub-System

The GcomS and the AcomS transmit and receive blocks of data between the UAV and the GCS in a periodic manner and with a rate of 10Hz.

2.4 Air Vehicle Components

The UAV is composed from the following components:

1. The UAV throttle actuator - The throttle actuator determines the position of the UAV engine throttle. The Throttle dynamics will be described by a first order filter with a bandwidth of TBD and with rate limit of TBD. The range of the throttle actuator shall be 0 to 1.

2. The UAV elevator actuators - The elevation actuator determines the position of the UAV control surfaces. The Throttle dynamics will be described by a first order filter with a bandwidth of 60 rad/sec and with rate limit of 60 deg/sec. The range of the elevator actuator shall be +/- 20 deg.  

3. The UAV platform dynamics - The 2 dimensional UAV platform receives the elevator and throttle actuator positions and maneuvers accordingly. The UAV aerodynamic characteristics shall be simulated using linear longitudinal model at the flight control design point.  (The details of the model are defined in appendix A. The UAV state vector: altitude, speed, pitch angle and pitch rate will be calculated while simulating the UAV dynamic equations. 

4. The UAV engine - The engine shall be defined as a first order transfer function between the throttle actuator command and the thrust of the UAV.

2.5 Flight Control Sub-System (FCS)

The Flight Control Sub-System (FCS) is composed from the following components:

1. The Flight Control and Management Computer (FCMC) - The FCMC comprises the software and hardware, that is required to handle the UAV according to the calculated control laws. The FCMC is also responsible for the data transmission between the UAV and the GCS via the communication subsystem. In addition it controls the operation of the UAV itself and performs the required computations.

2. The Sensors - The sensors are measurement units for the UAV altitude above earth (GPS), speed relative to air (Air Data Unit, ADU) and pitch rate and pitch angle (IRS). The sensors shall be modeled as a first order filter with bandwidth of 100 rad/sec.

3 Operational Concept

3.1 Operational scenario

The emplacement of the UAV system includes hardware deployment, Air-vehicle assembly on the runway, and power-up the GCS and the UAV.  At the end of this phase, the UAV system is in the Parking phase (PARK) and the UAV is powered and ready on the runway for take off. Technicians do all those activities, before the ground operator takes the control on the UAV.

The ground operator controls the UAV from the ground via the GCS. The ground operator commands the UAV to enter the Take-OFF phase by sending the Take-OFF (T-OFF) command to the UAV. The UAV takes-off automatically from the runway. 

After taking–off, the operator switches the UAV to the Mid-Course (M-CRS) phase: it can go up, down or cruise according to the commands given by the operator. During the M-CRS flight phase, the operator can introduce 2 Operation Modes (OP-Mode): Manual operation mode (Manu) and automatic operation mode (Auto). In the Manu OP-Mode, the operator commands directly the UAV pitch angle using the GSS. In the Auto OP-Mode, the operator sends altitude and/or speed commands to the UAV from the ground through the GCS Flight Command Panel (FCP). The ACS-UAV controls the UAV flight according to the ground commands or according to pre-programmed take-off, landing and cruise plans.

The UAV recovers automatically by runway landing, after getting the LanDing (LD) command by the operator. Technicians will power off the UAV after his stop on the Runway. 

Fig 4 summarizes the operator capabilities during the different flight phases and operational modes.

Through all flight phases, the UAV parameters are displayed on the GCS Flight Control Display (FCD).


	Flight Phase
	Op-Mode
	Altitude Command Capability
	Speed Command Capability
	Pitch Command Capability

	Take Off
	X
	X
	X
	X

	Mid-Course
	Manuel
	X
	X
	+

	
	Automatic
	+
	+
	X

	Landing
	X
	X
	X
	X


Fig.  3
UAV system Operator capabilities (+)

3.2 Operating the Flight Command Panel (FCP)

The FCP comprises several modules that are described in the following paragraphs:

3.2.1 The Flight-Phase selection module

The Flight Phase selection module consists of a selector switch that enables the operator to determine the UAV phase, taking it from parking to Take-off, Mid-course and Landing. The selector switch will be planned to turn clockwise (only) through the appropriate flight-phases: PARK, T-OFF, M-CRS and LD, respectively. To select one of these phases, the operator must turn the corresponding selector starting at PARK step by step to finally Landing (LD). In the T-OFF and LD phases, the UAV is controlled automatically by preloaded appropriate flight plans. After activating T-OFF or LD, the operator can not stop the automatic procedure. The operator can move from T_OFF to the next flight phases, even before the take-off procedure ends. In that case, the UAV will finish its take-off automatic procedure and then will continue immediately to the last received flight phase. If the last received phase is PARK, the UAV will enter immediately into the automatic landing procedure, and then will go into PARK.

3.2.2 The Operational MODE (OP-Mode) selection module

The OP-Mode selection module consists of a selector switch that enables the operator to determine the UAV operation mode: either automatic or manual, by turning the selector switch respectively. This OP-Mode switch has only effect during the mid-course flight-phase. The OP-Mode is transmitted to the UAV periodically every 100 msecond as long as it is in mid-course phase (between take-off and landing).

The operator can manage the UAV in two operational modes:

· Manual (MANU) operational mode  in which the operator commands directly the UAV pitch angle with the GSS. During the manual mode the GSS transmits pitch angle commands at the range of  + 40 to –10 degrees to the UAV. Leaving the GSS will bring the stick to the “zero” pitch command (straight and level flight path). During the MANU operational mode the engine throttle will be commanded to 80%.
· Automatic (AUTO) operational mode in which the UAV keeps its current altitude and velocity (the values measured and identified upon entrance to this mode) unless the operator issues update altitude and/or speed commands from the ground through the GCS Flight Command Panel (FCP).

3.2.3 The SPD and ALT command modules

These modules are in effect only when the UAV operates in automatic operating mode, in which case they enable the operator to control manually the speed and the altitude of the UAV. The SPD and ALT command modules consist, each, of a value selection counter, a push bottom and a warning led.  In order to issue a new speed or altitude command the operator first selects the required value(s) (speed and/or altitude set-input) with the speed or altitude counters, and then pushes the corresponding push bottom (SPD or ALT). The GCC reads the required commands only once, after the push bottom is pressed. After releasing the push bottom, the operator may change the commands (by changing the counters). The GCC reads the new commands only when the operator will press the push bottom again. 

The GCC transfers the commands to the UAV periodically according to the definition of the communication interface. The initial values of the altitude and speed command will be the minimum allowed command values.

Threshold warnings  

If the altitude command (ALT_CMD) is less than 300ft or greater than 10,000ft, the altitude command will not be sent to the UAV and the warning led on the ALT command module will be lit in red.

If the speed command (SPD_CMD) is less than 50 Kts or greater than 200 Kts, the speed command will not be sent to the UAV and the warning led on the SPD command module will be lit in red.

If the total UAV flight time (measured from the moment the GCC sends the Take-OFF command) exceeds 30 minutes – a landing warning led will be lit in red, indicating the operator to land the UAV. 

3.3 Flight Control Display (FCD)

The FCD consists of 4 displays: the Altitude display, the Speed display, the flight phase display and the operational mode display. All the information that is displayed on the FCD is received from the UAV thus reflecting the UAV’s data or is based on the information status received from the UAV.

3.3.1 ALTITUDE  display

The altitude display consists of an Altitude Command Display and an Altitude Measured Display. Both display the appropriate values that are sent by the UAV to the GCS via the communication sub-system. The display background is calculated according to the data and status (flight phase and mode of operation) received from the UAV. 

Altitude Command Display (ACD). Only during the Automatic operation mode in the Mid-course flight phase, altitude commands may be sent by the operator, thus only during this period, the altitude commands, as received by the UAV and sent to the GCS, will be displayed on the ACD. This altitude commands will be compared to the commands sent by the GCC. If the commands are the same, the background of the altitude command value appearing on the ACD will be green. If the commands are not the same – the background of the altitude command value appearing on the ACD will be red. If the operator sends no altitude command after transferring to the Mid-Course flight phase and while being in the Automatic operation mode, the altitude command calculated by the control loops would be sent by the UAV as the altitude command, and displayed on the ACD with a green background.

During the Manual operation mode in the Mid-course flight mode, and during the other flight phases (PARK, T_OFF and LD), the measured altitude will be sent as the altitude command from the UAV to the GCS. In such cases, the background of the altitude command value appearing on the ACD will be amber.

Altitude Measured Display (AMD).  The UAV altitude above earth is measured continuously by the sensor (GPS) on board. This measured altitude is compared to the commanded altitude (as received from the UAV), and according to the altitude error, the background color of the AMD is defined. The measured altitude value data is displayed with a colored background, according to the following rules (in general, green indicates normal situation, and red indicates dangerous situation):

1. if                                   |ALT_error| (1000 ft
then the “measured altitude” is displayed in RED
2. Otherwise, if       100 ft< |ALT_error| (1000 ft

then the “measured altitude” is displayed in AMBER
3. Otherwise, if                 |ALT_error| (100 ft
then the “measured altitude” is displayed in GREEN
 Where:  ALT_error =  commanded altitude – measured altitude 

Figures 4 and 5 define the corresponding altitude error and AMD background colors. 

The AMD colored background display is defined through all the flight phases.

	|ALT_error|
	measured altitude background display

	More than 1000 ft
	RED

	Between 100 ft and 1000 ft
	AMBER

	Less than 100 ft
	GREEN


Fig. 4
Table of altitude errors definition 
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Fig.  5
AMD colors definition
3.3.2 SPEED display

The speed display consists of a Speed Command Display and a Speed Measured Display. Both display the appropriate values that are sent by the UAV to the GCS via the communication sub-system. The display background is calculated according to the data and status (flight phase and mode of operation) received from the UAV. 

Speed Command Display (SPD). Only during the Automatic operation mode in the Mid-course flight phase, speed commands may be sent by the operator, thus only during this period, the speed commands, as received by the UAV and sent to the GCS, will be displayed on the SCD. This speed commands will be compared to the commands sent by the GCC. If the commands are the same, the background of the speed command value appearing on the SCD will be green. If the commands are not the same – the background of the speed command value appearing on the SCD will be red. If the operator sends no speed command after transferring to the Mid-Course flight phase and while being in the Automatic operation mode, the speed command calculated by the control loops would be sent by the UAV as the speed command, and displayed on the SCD with a green background.

During the Manual operation mode in the Mid-course flight mode, and during the other flight phases (PARK, T_OFF and LD), the measured speed will be sent as the speed command from the UAV to the GCS. In such cases, the background of the speed command value appearing on the SCD will be amber.

Speed Measured Display (SMD).  The UAV true air speed is measured continuously by the sensor (ADU) on board. This measured speed is compared to the commanded speed (as received from the UAV), and according to the speed error, the background of the SMD is defined. The measured speed value data is displayed with a colored background, according to the following rules (in general, green indicates normal situation and red indicates dangerous situation):

1. if                                   |SPD_error| (10 kts
then the “measured speed” background is RED
2. Otherwise, if       2 kts <|SPD_error| (10 kts 

then the “measured speed” background is AMBER
3. Otherwise, if                |SPD_error| ( 2 kts
then the “measured speed” is displayed in GREEN
 Where:  SPD_error = commanded speed – measured speed 

Table 6 and figure 7 define the corresponding speed error and SMD background colors. 

The SMD colored background display is defined through all the flight phases.

	SPD_error
	measured speed background display

	More than 10 kts
	RED

	Between 2 and 10 kts
	AMBER

	Less than 2 kts
	GREEN


Fig.  6
Table of speed error definition  
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Fig.  7   SMD colors definition

3.3.3 Flight Phase display

The FCD displays the Flight Phase of the UAV system, as received from the UAV. The Flight Phase display can have 4 values (Fig. 8): PARK, T-OFF, M-CRS and LD. 

	Value
	Condition

	PARK
	The UAV engine off, altitude zero, speed zero.

	T-OFF
	The UAV is taking off

	M-CRS
	The UAV is in mid-course (going up, down or cruising)

	LD
	The UAV is landing


Fig.  8
Table of the values on the flight PHASE display

3.3.4 Operation mode display

The FCD displays the Operation Mode of the UAV system, as received from the UAV. The Operation Mode display can have 3 values (Fig. 9): MAN, AUTO and NONE. 

	Value
	Condition

	MAN
	The UAV is in manual operation mode. The operator uses the GSS.

	AUTO
	The UAV is in automatic operation mode. The operator uses the FCP.

	NONE
	The UAV is not in MID-COURSE flight-phase and has no OP-mode


Fig.  9
Table of the values on the operation Mode display
4 Performance Requirements
4.1 Real-time performance

The maximum duration between a command set on the FCP and the corresponding values displayed on the FCD is two seconds.

The displayed values on the FCD must be refreshed every 120 milliseconds.

4.2 UAV performance

The UAV cannot reach an altitude greater than 10,000 ft or less than 0 ft. altitude resolution will be 100 ft. The UAV cannot reach a speed greater than 200 kts.


4.3 Flight control performance requirements

4.3.1 Introduction

The general overview of the control laws of the FCS is illustrated on Fig. 10.

The control algorithm computes the elevator and throttle actuators position commands using the following inputs:

· Operator commands: Altitude command, speed command, pitch command flight phase command and operational mode command.

· Sensor measurements: Altitude, speed, and pitch angle and pitch rate.

The control algorithms are split to the following control loops:

· The airspeed and pitch control loops, which compute the elevator position command.

· The altitude loop, which computes the engine throttle actuator position command.
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Fig.  10
Flight Control System (FCS)
4.3.2 Accuracy requirements

· Airspeed Hold accuracy - Indicated airspeed shall be maintained within ±5Kts or ±2%, whichever is greater, of the commanded airspeed.

· Altitude Hold accuracy - The altitude shall be maintained within ±20 Feet of the commaded altitude.

4.3.3 Flying qualities requirements

The control laws shall be designed with a single flight condition of 1 Kft / 1.2 Vstall.

The flight control system shall satisfy the following requirements:

Stability Specifications 
Phase Margin (P.M.)
>= 45 deg
Gain Margin (G.M.)
>= 6 dB
Flying Qualities Specifications
Short Period Damping
> 0.35

Short Period Natural Frequency
> 1 rad/sec
Phygoide Damping
> 0.04

Dutch Roll Damping
> 0.19
Dutch Roll Natural Frequency
> 1 rad/sec

Maximum Roll Mode Time Constant
1.4 sec
4.3.4 Take-off (T-OFF) phase description

The T-OFF phase can be initiated only when the UAV system has the following initial conditions:

· The UAV is on ground: zero altitude is displayed on the FCD
· The UAV is not moving: zero airspeed is displayed on the FCD
· The engine is off

· The flight phase selector switch is in the PARK position.

The operator initiates the T-OFF phase by turning the flight-phase selector on the FCP. Upon receiving the T-OFF command, the UAV system shall perform automatically the following activities: 

1. The engine shall be turned on

2. The throttle shall be commanded to maximum, and the pitch loop command shall be zero

3. When the airspeed reaches 90 kts the pitch command shall be changed to 10 deg

4. When the altitude reaches 1000 feet the altitude loop shall be commanded to 3000 feet and airspeed loop to 120 kts. The throttle and pitch commands of the take off function shall be disconnected. 

5. The UAV continues to keep the 3000 feet altitude and 120 kts until the operator moves the flight phase switch to M-CRS or LD positions.

During the take off automatic procedure, the operator can change the flight phase command to M_CRS, than to LD and than (even) to PARK. In such a case, the UAV, after reaching 1000 ft (during activity 4), will enter the appropriate flight phase. For example: if the last command is PARK, the UAV will enter automatically from T_OFF to LD and than to PARK and skip M_CRS at all. 

4.3.5 Landing (LD) phase description

The operator initiates the LD phase by turning the flight-phase selector on the FCP. Upon receiving the LD phase command, the UAV system shall perform automatically the following activities: 

· The FCS shall be commanded to altitude hold of  zero and airspeed of  70 Kts

· When the altitude reaches zero the engine shall be turned off (zero throttle)

· The UAV will roll on the runway for 60 seconds maximum, until it stops.

The operator must turn the flight phase selector switch to the PARK position after completing the landing procedure.

4.3.6 Engine control

During the T_OFF flight phase the engine throttle command is set to 100%. During the Manual operation mode in the M_CRS flight phase, the engine throttle command is set to 80%. 

5 Operational Scenarios

Fig 11 describes an operational scenario for the system (scenario number 1)
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Fig.  11
Case Scenario: number 1

Appendix A: Aerodynamic model

This appendix presents a short interface description of the platform dynamics and the control laws models of the SAFE AIR CASE STUDY (ACS-UAV).

5.1 UAV platform dynamic model

5.1.1 Model file name 

ModelBuild  model name: uav_platform_4.mdl  

5.1.2 External input signals

	name
	type
	units
	range
	purpose

	elev_com
	real
	degrees
	-20 to +20 
	Commanding the elevator actuator

	eng_on
	bool
	
	
	Operating the engines

	Thot_com
	real
	
	0  to 1
	Commanding the throttle actuator


5.1.3 External output signals

	name
	type
	units
	range
	purpose

	x
	real
	meters
	0 – 500,000
	Horizontal flight coordinate

	Vc
	real
	m/sec
	0 - 150
	Horizontal speed

	alt
	real
	meters
	0 t0 15000
	Altitude 

	Vz
	real
	m/sec
	-30 - 30
	Vertical speed

	teta
	real
	degrees
	20 to +20
	Pitch angle

	Fz
	real
	kgf
	0 - 200
	Lift force

	throt
	real
	
	0 to 1
	Throttle position

	
	
	
	
	

	
	
	
	
	


5.2 Pitch control model

5.2.1 Model file name  

ModelBuild  model name: cl_pitch_1

5.2.2 External input signals

	name
	type
	units
	range
	purpose

	Pitch_cmd_upl
	real
	degrees
	-5 to +20 
	Pitch Stick command 

	speed_com
	real
	m/sec 
	0 to 100
	Speed command 

	teta0
	bool
	
	
	1 = activating  zero pitch command

	teta10 
	bool
	
	
	1 = activating  10 deg  pitch command

	STATE_vec       

(state_speed)
	Real 
	m/sec
	0 - 100
	UAV velocity

	sticks
	bool
	
	
	1 Manuel stick command mode

	
	
	
	
	

	
	
	
	
	


5.2.3 External output signals

	name
	type
	units
	range
	purpose

	ElLEV_cmd
	real
	degrees
	-20 to +20 
	Commanding the elevator actuator

	
	
	
	
	


Altitude control model

5.2.4 Model file name  

ModelBuild  model name: cl_alt_1

5.2.5 External input signals

	name
	type
	units
	range
	purpose

	alt_com
	real
	meters 
	0 to 15000
	altitude command 

	throt_max
	bool
	
	
	1 = activating  zero pitch command

	sticks
	bool
	
	
	1  = Manuel stick command mode

	STATE_vec

(state_alt)
	Real 
	meter
	0 -15000
	Uav  altitude


5.2.6 External output signals

	name
	type
	units
	range
	purpose

	THROT_cmd
	real
	
	0 to 1 
	Commanding the throttle actuator

	
	
	
	
	


5.3 Integrated Control Model 

The integrated model combines the 3 models: 

· The UAV platform dynamic model

· The pitch control model

· The altitude control model

5.3.1 Model file name  

Simulink file name: fca_uav _run.mdl  

5.3.2 External signals

Signals are the same as those in the separated models. Input signals generation means and output screens, are added to enable self contained simulations runs.

5.4 UAV coordinates definition


Fig.  12
UAV coordinates definition
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