RUSSIAN WAKE VORTEX ELIGHIT SAFETY: SYSTEM
NODAY ANDONORROW.




Integrated Wake Vortex Flight Safety System

AIR TRAFFIC SERVICES PLANNING MANUAL

ICAO Doc 9426, Part I, Chapter 3, Appendix A

Item 1.2. User interests and needs for wake vortex avoidance are
diverse. In general, the users can be divided into three main groups:
a) aerodromes;

0) aircraft; and

B) ATS.
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National Programmes for Wake Vortex Flight Safety
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WakeNet - Russia
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«Prediction-Sky»

WakeNet — USA
(FAA-NASA)

Wake Vortex Advisory
System
Wake VAS




Fundamental Research

Perfomance and Safety

Technologies

Prototype Development

WAVENC, AWIATOR, FLYSAFE, and other projects (TsAGlI)
Series of fundamental calculation and experimental projects on wake vortex physics

Wake Vortex Prediction Project
(Russia-Canada-Belgium)
Development of calculation approaches to wake vortex forecasting

RFFI (CCAS RAS, GosNITs TsAGI)
Development of methods for calculation
near wake

of

RFFI (CCAS RAS, GosNITsTsAGlI)
Development of calculation approaches to wake vortex
forecasting with in-ground effect

Wake Vortex Prediction Project
(Russia-Canada-Belgium)
Development of calculation methods for danger vortex areas and
evaluation of airport capacity increase

—|

Prediction-Sky (RAA “Spetstekhnika”)
Performance and safety evaluation of the integrated wake
vortex safety system for enroute flight

|

Prediction-Sky-V (RAA
“Spetstekhnika”)
Evaluation of efficiency and safety for the
integrated wake vortex safety system for
takeoff and landing

Wake Vortex Prediction Project
(Russia-Canada-Belgium)
Application package for operational simulation of wake vortex
behavior VFS-4

Flight Research Institute

Onboard system for detection of wake vortices

FLYSAFE (TsAGI)

T

Prediction-Sky (RAA “Spetstekhnika”)

The integrated wake vortex safety flight system on the basis of
the CNS/ATM technologies
| I
Prediction-Sky (RAA “Spetstekhnika”)

\

The integrated wake vortex safety flight

Creation of the experimental
database for far wake

Wake Vortex Prediction Project
(Russia-Canada-Belgium)
Creation of the calculation database for near wake

system on the basis of the CNS/ATM
technologies

/gﬂight simulator for wake vortex

RAA “Spetstekhnika”

encounter training
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INTEGRATED WAKE VORTEX SAFETY SYSTEM

Aircraft positioning and timing
by means of GPS

e = 4 3 A S f oy

1. of data : wake vortices and
Reception nnpnTunr

data;
2. Prediction of own

own wake Vortices;
6 Dmlhmmhlib[l.‘
T e \l

LY

-, %
e !




Main Performance Requirements
for the Ground-Based Module of the Wake Vortex Subsystem

Number of A/C involved: up to 300
Responsibility area for the Ground-Based Module:
- Height: 200...20,000 m

- Area: 400 x 400 km (area control center); 1,500 x 1,500 km (enlarged area
control center)

Assurance level (mean time between failures): 6,000 hours
Avalilability: 0.9998

Useful operating life: not less than 10 years or 100,000 hours




Main Engineering Solutions
Made at the Stage of Advance Planning

The structure of the Ground-Based Module for the Wake Vortex
Subsystem is determined

Algorithms for the Ground-Based Module are developed

The Ground-Based Module prototype for the area control center is
designed

Systematic studies in support of the main concepts are performed

Computer simulations for estimation of the module operational capability
and reliability are fulfilled




ATM WAKE VORTEX SAFETY SYSTEM
\{H’. \L ) Subsystem for |rh14|||i||u|||l-‘1j|5pdwuw

Onboard systems
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Circuit Design for the Hardware-Software Complex of
the Ground-Based Module

The ground-based module implements data exchange among:

- the server of the general complex ‘Surveillance Systems...’
trajectory data processing

- the automated working places (AWP) (traffic display),

- the meteo server,

and contains two net interfaces
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Ground-based module Ground-based module
based on a single server based on multiple servers
for an area control center or an enlarged area control center
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Decomposition of the Area Control Center Zone
into Zones for the Ground-Based Module Servers

Respons ‘ the Server of

the Wake Vortex




Time Sequence Diagram for the Ground-Based Module
of the Wake Vortex Subsystem

Trajectory data transmitting and
processing

Data decoding

A/C position forecastring/updating

Generation of new wake vortices

VWV position updating

Availability of potentially conflict
situations (PCS)

Data encoding

Data transmission on wake vortices
and availability of PCS

Updating display information at
automated working places

Data processing by the ATCO

Data transmission on the ATCO
decision

The decision implementation

\.

Y
The ground-based module functioning



FT radars
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b) Laser detectién and ranging
systems (lidars)

Y A - //4' /I‘ ¢ ’2/&

c) Sonic detection and ranging
systems (sodars)




Visualization of: Wake Vortex Environment

CAESE - 4210:88

HUD/Indication

02.02.1999 19:26:34

RVR 800 Vw 345 1520

Multi-Eunctional Display:
Indication




N T T —

Tu-154M — wa

Vo
generator

ADS-B transponder

Tu-154M

1. Measuring weather parameters

2. Wake vortex calculation

3. Data transmitting

4. Smoke visualization of wake vortices

ATC control center
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Scheme of the Planned  Yak-18T — wake vortex sounder
~Experiment

Yak-18T

. Data acquisition for wake vortices and

weather parameters

. Wake vortex calculation

. Wake vortex display for the aircraft crew
. Wake vortex entering

. Measuring aircraft parameters

ATC control center

. Data acquisition for wake vortices and

weather parameters

. Wake vortex calculation;
. Wake vortex display for the ATC officer
. Estimating potential conflict




Status of Russian Activities for Development of
the Integrated Wake Vortex Prediction System

TCAS AMDAR TAWS
functions functions functions

: ‘ ‘ I Onboard simulator of the |
‘ ; ‘ wake vortex prediction |

Method and system for warning about
possible encounter of aircraft with danger areas of Onboard module of

generator wake vorticesit PCT/RU03/00332 the wake vortex
prediction system
™

Spesialized simulator of
Ground-based e the wake vortex
module of the wake / prediction system

vortex prediction

SVS‘tem = Aircraft simulator PCT/RU03/00333

Note:

Aerodrome Area control center Projected system

\ \ Prototype is ready

Dispatcher simulator Dispatcher simulator System prototype is ready

Pre-production model is ready

Integrated vortex safety system for aircraft . )
PCT/RU03/00334 International patenting procedure

Development of a pre-production model for the ground-based module of the WVPS for area control centers and testing procedure — 2008
Development of a pre-production model for the ground-based module of the WVPS for aerodromes and testing procedure — 2009-2012

Development of a pre-production model for the onboard module of the WVPS for the RRJ aircraft and testing procedure — 2008—2009
New ATM procedures and series manufacturing — 2008—2019




Problems of Future International Cooperation

Aerodrome
equipment
requirements

Proposals for Aircraft equipment
changing SARPs requirements

- IR Integrated ATC Wake
L] " @

WakeNet2-Europe Vortex Safety and Capacity

System
WakeNet - Europe ATg WAKE

Wake Vortex Avoidance
System
WakeVAS

WakeNet — USA
(NASA, FAA)

Rights of utilization
of production
pieces

Simulator
requirements

Integrated Wake Vortex
Flight Safety System w?fm{

“Prediction-Sky” WakeNet - Russia




Vortex Vision System




