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INTRODUCTION 

The International Civil Aviation Organization (ICAO) has defined a concept for communications, navigation and surveillance 
for the next century known as the Future Air Navigation System (FANS). A cornerstone of the FANS is the increasing 
reliance on the use of satellite-based navigation systems such as the Global Positioning System (GPS). A second thrust of the 
FANS is surveillance based on the down linking of aircraft-derived satellite position information. This technique is known as 
Automatic Dependent Surveillance (ADS). 

The general application of ADS will require that all aircraft in a region of airspace be equipped with satellite navigation and 
some form of data link. Since such general equipage will take many years, early implementation is expected to take place in 
regions where other surveillance techniques are not practical, e.g., over ocean and in remote areas. 

Planning is currently underway for ADS to support Air Traffic Control (ATC) management of oceanic routes. Significant 
economic benefits are anticipated due to the reduction in separation (and the resultant capacity increase) made possible by 
ADS. This form of ADS connects an aircraft via a point-to-point link with the controlling oceanic ATC facility. 

The application of ADS in other areas requires a more general form of ADS in which the aircraft broadcasts its position in an 
omni-directional fashion. This makes it possible for one ADS transmission to simultaneously serve the surveillance needs of 
multiple ground ATC and airborne collision avoidance activities. 

ADS-Mode S is a system concept that merges the capabilities of Automatic Dependent Surveillance and the Mode S beacon 
radar. The result is an integrated concept for seamless surveillance that permits equipped aircraft to participate in ADS or 
beacon ground environments. This offers many possibilities for transition from a beacon to an ADS-based environment. 

This report provides an initial system description of the ADS-Mode S concept. 
and reissued as progress is made in the development of this concept. 

It is anticipated that this report will be updated 
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BACKGROUND 

l FAA EVALUATING SECOND BUY ALTERNATIVES 

l GPWGLONASS PROVIDES BASIS FOR ADS 

l AIR/GROUND DATA LINK REQUIRED 
- INlTlAL STUDY FOCUSED ON VHF DATA LINK 

l VHF FOR ADS RAISED CONCERNS: 
- CAPACITY 
- DELIVERY DELAY 
- SPECTRUM AVAILABILITY 
- SUPPORT FOR TCAS 

l LINCOLN PROPOSES ADS-MODE S 
- BASED ON MODIFIED MODE S SQUllTER 
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CURRENT MODE S SQUITTER 
(FOR TCAS ACQUISITION) 

l 

561BIT SQUITTER 
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ADS-MODE S SOUI’ITEZR FORMAT 

The format of the current 56-bit format is shown in the figure. Since the Mode S message protocol defines both 56-bit 
and 112-bit replies, the proposed approach is to define an additional squitter for ADS that uses a 112-bit format. This 
creates a 56-bit message field for ADS data. All other fields remain the same as in the original squitter. 



4 ADS-MODE S SQUITTER FORMAT 

‘1’ 

I . 
CURRENT (56 BITS) 

I I I 
CONTROL MODE S 

ADDRESS PARITY 
c 

ADS-MODE S (112 BITS) 

CONTROL MODE S 
ADDRESS 

ADS MESSAGE - 56 BITS PARITY 
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ADS-MODE S CONCEPT 

ADS 11243IT SQUlTl=ER 

ADS-MO5E S 
GROUND STATION 
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ADS-MODE S SURVEILLANCE APPLICATIONS 

l AIR-GROUND 

- EN ROUTE 

- TERMINAL 

- PRECISION RUNWAY MONITORING (PRM) 

l SURFACE 

- RUNWAY AND TAXIWAY 

l AIR-AIR 

- IMPROVED TCAS 

- COCKPIT DISPLAY OF TRAFFIC INFORMATlON (CDTl) 
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AIR-TO-GROUND SURVEILLANCE 

EN ROUTE 

l USE MULTIPLE 100 NM ADS-MODE S GROUND STATIONS 
- PROVIDES BETTER LOW ALTITUDE COVERAGE 

l LOCATE RECEIVERS AT EXISTING FAA FACILITIES 

- RCOs, VORs, ETC. 

TERMINAL 

l USE 50 NM ADS-MODE S GROUND STATIONS 

1 
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ADS-MODE S AIR SURVEILLANCE 
GPS 

SATELLITES 

TERMINAL 
OMNI-ANTENNA 

RECEIVE SQUITTERS 1090 MHz 
TRANSMIT DGPS 1030 MHz 

i//i 

OMNI-SQUITTERS . 

V-Y 
EN ROUTE 

6-SECTOR ANTENNA 
RECEIVE SQUITTERS 1090 MHz 

TRANSMIT DATA LINK 1030 MHz 

217615-2 
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ADS-MODE S SURFACE SURVEILLANCE 

1090 MHz 
OMNI-SQUITTERS 

TWICE PER SECOND 

2 OMNI-ANTENNAS 
RECEIVE SQUITTERS 1090 MHz 
TRANSMIT DATA LINK 1030 MHz 

221342-I 
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ADS-MODE S 
TCAS WITH ADS 

GPS SATELLITES 

ADS-MODE SITCAS 

ADS-MODE S 
ADS-MODE SITCAS 

l ADS CAN SUPPORT PASSIVE TCAS SURVEILLANCE 

- TO A TAU OF 40 SEC IF GPS SA IS QN 

- FOR ALL SURVEILLANCE IF GPS SA IS OFF 

l CAN REDUCE THE ALERT RATE FOR TCAS 2 TWRQUGH THE 

USE OF MISS DISTANCE FILTERING 

l PROVIDES-A BASIS FOR TCAS 3 
23 
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TCAS AIR-AIR INFORMATION 
. 

l CURRENT MODE S TRANSPONDERS CAN PROVIDE 
AIRBORNE DATA ON REQUEST TO THE GROUND 

- 250, FIFTY-SIX BIT REGISTERS 

l SAME CAPABILITY TO BE PROVIDED FOR THE TCAS 
AIR-AIR LINK 

l AIR-AIR DATA COULD INCLUDE 
- SPEED 
- HEADING 

- INTENT 

25 
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ADS-MODE S BENEFITS 

l SYSTEM APPROACH TO ADS THAT PROVIDES A 
NUMBER OF SURVEILLANCE AND DATA LINK 
CAPABILITIES 

l NO FREQUENCY SPECTRUM PROBLEMS 

l OWNED AND OPERATED BY THE FAA 

l PROVIDES ENHANCEMENTS TO EXISTING BEACON 
SURVEILLANCE APPLICATIONS 

l SINGLE AVIONICS SET PROVIDES BEACON RADAR 
AND ADS CAPABILITY 
- COMPATlBLE WITH EXISTING BEACON SYSTEMS 

- PROVIDES FOR SMOOTH TRANSITION TO ADS 
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OUTLINE 

l OVERVIEW 

Q l FUNDAMENTAL QUESTIONS 

l OTHER ADS APPLICATIONS 

l IMPLEMENTATION ISSUES 

l SUMMARY 

l SUPPORTING STUDIES 
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FUNDAMENTAL QUESTIONS 

l CAN A LONG MODE S SQUllTER SUPPORT ADS? 
m SUFFICIENT MESSAGE CAPACITY 

- ACCEPTABLE MODE S 1090 MHZ CHANNEL USAGE 

l WILL IT PROVIDE ADEQUATE RANGE? 

l CAN IT OPERATE IN HIGH TRAFFIC DENSITIES? 

31 
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FUNDAMENTAL QUESTIONS 

MESSAGE CAPACITY 

ADS-MODE S (112 BITS) 

CONTROL MODE S 
ADDRESS 

ADS MESSAGE - 56 BITS PARITY 

AIRBORNE POSITION FORMAT (0.5 

TYPE TIME LAT - LONG BAR0 ALT SPARE 

SURFACE POSITION FORMAT (0.5 SEC UPDATE) 

TYPE TIME LAT - LONG HDG - MOVEMENT 

IDENTlFlCATlON FORMAT ( 5 SEC UPDATE) 

TYPE N/A ICAO AIRCRAFl’ I.D. 

33 
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SQUITTER IMPACT ON CHANNEL OCCUPANCY 

(REPLIES PER TRANSPONDER PER SECOND) 

ATCRBS 

l GROUND 

MODE S 

l GROUND 

l SQUITTER 

l ALL-CALL 

l TCAS 

.OCCUPANCY (p SEC) 

100 2000 

1 SHORT 64 

4 LONG 480 

1 SHORT 64 

1 SHORT 64 

5 SHORT 320 

l- 

I L 

2992 @EC 

CHANNEL OCCUPANCY (CURRENT SQUIlTER) 
CHANNEL OCCUPANCY (ADS SQUITTERS) 

(ADDITIONAL 264 @EC) 

0.299% 
0.326% 
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FUNDAMENTAL QUESTIONS 

ADS OPERATIONAL RANGE 

l &~CA;;XPERIENCE IS DESIGN BASELINE FOR SQUITTER 

l RANGE IMPROVEMENTS ARE RELATlVELY EASY 
m ANTENNA GAIN VIA VERTICAL APERTURE 
I ANTENNA GAIN VIA HORIZONTAL SECTOR BEAMS 
- REDUCED NOISE FIGURE 

l l~‘l%$f~~ENTS PRODUCE CONSERVATIVE ADS SQUITI-ER 

w 50 NM USING OMNI-DIRECTIONAL ANTENNA 
I 100 NM USING 6-SECTOR ANTENNA 

l RANGE IS COMPARABLE TO VHF DATA LINK 
1 
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FUNDAMENTAL QUESTIONS 

ADS/MODE S OPERATING DENSITY 
5 SECOND UPDATE, RELIABILITY 2 99.5% 

CASE 

1* 

2 

3 ** 

REPLIES/AIRCRAFT/SEC 1 MA;r;tD;b%c;AFT 

ATCRBS 1 MODES 
OMNI ANTENNA 6-SECTOR ANTENNA 

R=l50NM R=250NM 

85 215 

* CURRENT HIGH DENSITY 
** ALL MODE S WITH NOMINAL DATA LINK ACTIVITY 
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ADS-MODE S PERFORMANCE SUMMARY 

SQUI-ITER 

l HAS THE MESSAGE CAPACITY 
l CAUSES NEGLIGIBLE 1090 MHZ IMPACT 

RANGE 

l ACHIEVES REQUIRED OPERATING RANGES 

TRAFFIC DENSITY 

l SUPPORTS MODERATE TRAFFIC DENSITIES IN HIGH 
ATCRBS INTERFERENCE ENVIRONMENTS 

l CAN SUPPORT HIGH TRAFFIC DENSITIES IF ATCRBS FRUIT 
IS REDUCED 
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OUTLINE 

l OVERVIEW 

l FUNDAMENTAL QUESTIONS 

0 l OTHER ADS APPLICATIONS 
- PRECISION RUNWAY MONITOR 
- CDTI 
- SMALL TERMINAL SENSOR 
- GAP FILLER 

l IMPLEMENTATION ISSUES 

l SUMMARY 

l SUPPORTING STUDIES 
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PRECISION RUNWAY MONITOR 

l ADS-MODE S WITH DIFFERENTIAL GPS 
- HIGH ACCURACY 

- FASTUPDATERATE 

l 20 NM OPERATING RANGE 

l AN ALTERNATlVE TO THE E-SCAN RADAR 

- MORE ACCURATE THAN E-SCAN AT RANGES GREATER THAN 2 NM 

l ISSUE: PERFORMANCE IN MULTIPATH ENVIRONMENT 
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ADDITIONAL ADS-MODE S APPLICATIONS 

l SMALL TERMINAL SENSOR 

- SURVEILLANCE SERVICE FOR LOW-TRAFFIC TERMINALS 

l GAP FILLER FOR EN ROUTE COVERAGE 

- FILL IN FOR LOW ALTlTUDE COVERAGE 

- AIRWAY MONITORING IN REMOTE AREAS 

49 





OUTLINE 

l OVERVIEW 

l FUNDAMENTAL QUESTIONS 

l OTHER ADS APPLICATIONS 

0 l IMPLEMENTATION ISSUES 

l SUMMARY 

l SUPPORTING STUDIES 
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REQUIRED STANDARDS ACTIVITY 

MODE S MOPS AND SARPS 

l MODIFICATION TO DEFINE NEW SQUIlTER FORMAT 

TCAS MOPS AND SARPS 

l MODIFICATION TO RECEIVE LONG SQUllTER AND TO 
UTILIZE ADS DATA FOR SURVEILLANCE 

ADS MOPS AND SARPS (CURRENTLY IN DEVELOPMENT) 

l STANDARDIZATION OF THE FORMATS FOR ADS AND 
DIFFERENTIAL GPS CORRECTION 
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1 

AVIONICS MODIFICATIONS 

TCAS MODS 

l ACCEPT’LONG OR SHORT MODE S SQlJllTER (OPTIONAL) 

l SOFlWARE AND/OR HARDWARE CHANGE DEPENDING ON 
TCASMANUFACTURER 

MODE S TRANSPONDER MODS 

l TRANSMIT LONG SQUllTER 

l SOfV’WARE CHANGE TO DATA LINK TRANSPONDER FOR 
ALL MANUFACTURERS 
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1090 MHZ RECEIVING STATIONS 

l SINGLE RECEIVER FOR ALL APPLICATIONS 

1030 MHZ TRANSMIITER 

l ONE OR MORE TYPES DEPENDING ON APPLICATIONS 

ANTENNAS 

l OMNI 

l 6 SECTOR 

l SURFACE 

l PRM 

PROCESSOR 

l MULTISENSOR TRACKER 

- 

l GROUND TRANSFER OF ADS DATA 

SPECIFICATIONS REQUIRED FOR 
ADS-MODE S GROUND EQUIPMENT 
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OVERVIEW 

FUNDAMENTAL QUESTIONS 

OTHER ADS APPLICATIONS 

IMPLEMENTATION ISSUES 

SUMMARY 

SUPPORTING STUDIES 

OUTLINE 

59 



S
 

P 



SUMMARY 
L 

l ADS-MODE S PROVIDES A NATURAL TRANSITION TO 
GPS-BASED SURVEILLANCE 

l MODE S CAN TRANFER ADS DATA WITH MINOR 
MODIFICATIONS. 

l ONLY MINOR CHANGES ARE NEEDED TO EXISTING 
STANDARDS 

l USES EXISTING FREQUENCY ALLOCATION, AND EXISTING 
FAA REAL ESTATE 

l SYSTEM OWNED AND OPERATED BY THE FAA 

l OTHER BEACON-BASED SURVEILLANCE ACTIVITIES CAN BE 
ENHANCED 

7 
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OUTLINE 

OVERVIEW 

FUNDAMENTAL QUESTIONS 

OTHER ADS APPLICATIONS 

IMPLEMENTATION ISSUES 

SUMMARY 

SUPPORTING STUDIES 

63 
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SUPPORTING STUDIES 

l ADS-MODE S OPERATING RANGE 

0 l ADS SQUllTER FORMATS 

l ADS-MODE S OPERATING DENSITY 
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c 
ADS-MODE S MESSAGE STRUCTURE 

TYPE FIGURE OF MERIT 

AIRBORNE POSITION DGPS 5M 

WADGPS* 10M 

GPS 100M 

DGPS 5M 

GPS 100M 

WIDE AREA DIFFERENTIAL GPS 

SURFACE POSITION 

AIRCRAFT ID 
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L 

SURFACE POSITION MESSAGE 
SQUll-l-ERED TWICE PER SECOND 

6 TRUE HEADING Il.4 DEG 0 TO 360 DEG 
6 MOVEMENT 

VALUE SIGNIFICANCE 
0 NOT MOVING _ 

1 TO 69 VELOCITY 1 TO 59 KTS 
60 VELOCITY 2 60 KTS 
61 DECELERATION-BRAKING 
62 ACCELERATION - TAKE OFF 
63 BACKING UP 
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SUPPORTING STUDIES 

t 

l ADS SQUllTER FORMATS 

0 l ADS-MODE S OPERATING RANGE 

l ADS-MODE S OPERATING DENSITY 
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SUPPORTING STUDIES 

l ADS SQUIITER FORMATS 

l ADS-MODE S OPERATING RANGE 

0 l ADS-MODE S OPERATING DENSITY 
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INTERFERENCE ANALYSIS CONSIDERATIONS 

l MODE S SQUITTER CAN BE CORRECTLY RECEIVED IF: 

- OVERLAID BY NO MORE THAN ONE ATCRBS REPLY 

- NOT OVERLAID BY A MODE S REPLY 

l REPORT PROBABILITY PER (I;-SEC UPDATE MUST BE 
EQUIVALENT TO CURRENT OPERATION 

- GREATER THAN 99.5% 

l MULTIPLE SQUIlTERS AVAILABLE PER UPDATE 

- TWO SQUllTERS PER SECOND 

- UPDATE RATE OF 5 SECONDS 
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INTERFERENCE CASES 

REPLIES PER SECOND PER AIRCRAFI- 

CASE ATCRBS MODE S MODE S 

SHORT LONG 

1 120 8 6 

2 60 8 6 

3 0 8 6 

4 0 8 11 
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DETECTION PROBABILITY OVER 5 SEC 
(6-SECTOR ANTENNA) 

l.OV T I 1 

0.9 - I I 
I a I 1 

0.8 I I I \I I I\ I 

0.81 
I I I I \I I I I 

0.5 - 
\ 

0.4 - 
\ 

I \ 
0.3 -f I I I I I I\ I 

I I 
.I. I ! ! I ! !\I I 

0.2 1 I I I I I I -\I 
I 

1 
0.1 - I 

Iz 0 2clo 400 800 800 

NUMBER OF AIRCRAFT 

CASE 1 
CASE 2 

CASE 3 
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OPERATING RANGE AND DENSITY SUMMARY 

RANGE 

l ADS-MODE S ANTENNA AND RECEIVER ACHIEVE DESIRED 
OPERATING RANGE 

TRAFFIC DENSITY 

l ATCRBS FRUIT IS THE DOMINANT FACTOR THAT 
DETERMINES CAPACITY AT MAX RANGE 

l FAA COMPONENT OF ATCRBS FRUIT WILL BE ELIMINATED 
WHEN ADS-MODE S IS IMPLEMENTED 

l MAJORITY OF ATCRBS FRUIT IS GENERATED BY THE - 
MILITARY 

- COORDINATION REQUIRED TO REDUCE MILITARY 
ATCRBS INTERFERENCE FOR HIGH DENSITY AIRSPACE 
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