FAA-RD-74-142

Project Report
ATC-29

DABS Timing:
Clocks, Synchronization and Restart

E. J. Kelly

13 December 1974

Lincoln Laboratory

MASSACHUSETTS INSTITUTE OF TECHNOLOGY
LEXINGTON, MASSACHUSETTS

Prepared for the Federal Aviation Administration,
Washington, D.C. 20591

This document is available to the public through
the National Technical Information Service,
Springfield, VA 22161



This document is disseminated under the sponsorship of the Department
of Transportation in the interest of information exchange. The United
States Government assumes no liability for its contents or use thereof.



. TECHNICAL REPORT STANDARD TITLE PAGE

1. Report No, 2.. Gavernment Accession No. 3. Recipient’s Catalog No.

FAA-RD-74-142

4, Title and Subtitle : 5. Report Date
‘ 13 December 1974
DABS Timing:; Clocks, Synchronization and Restart 6. Parforming Orgenization Code
7. Author(s) ) 8. Performing Organization Repori No.
Edward J. Kelly ATC-29
®. Performing Orgonizatian Name and Address 10. Work Unit No.
Massachusetts Institute of Technology
Lincoln Laboratory 11. Contract ot 'Grant Ne. JAG
P.O. Box 73 DOT-FA7ZWAI-261

Lexingten, Massachusetts 02173
13. Type of Report and Pericd Cavered

12, Spensoring Agency Name and Address

Department of Transportation - Project Report
Federal Aviation Administration
Systems Research and Development Service 14, Sponsoring Agency Code

Washington, D. C. 20591

1L

oot

15.--Supplementary Naotes -

LI

16. Abstroct

The DIABS sensor timing subsystem, which consists of two clocks driven from
a common station standard, is the subject of this paper. The subsystem configuration
is described and the rationale for this design briefly given. Emphasis is on the
techniques for synchronization to an external standard, coordination with other

sensors and system restart after a failure or deliberate shut-down.

17. Key Words 18, Distribution Stotement
Real-time clock Document is available to the public through
Sensor synchronization . the National Technical Information Service,
Start-up procedures Springfield, Virginia 22151,

19. Security Classif. {of this report) 20. Security Classif. (of this page) 21. No, of Pages
Unclassified ' Unclassified 18

Form DOT F 1700.7 (s-639}



TABLE OF CONTENTS

e

1. INTRODUCTION |

2. THE TIMINd"é‘ﬁBéééfﬁM s

3. SYNCHRONIZATION WITH AN EXTERNAL
STANDARD

4.,  TIMING SUBSYSTEM RESTART

5. FRAME SYNCHRONIZATION

REFERENCE

i1

ac

—
o

13



1, INTRODUCTION

The DABS sensor makes use of two internal clocks. Each clock
is a counter driven by a pulse train at an appropriate frequency, and the
two frequencies are derived from a common station standard. OCne clock
is arranged to register multiples and binary submultiples of one second, and
it is called the ""time-of-day'' (TOD) clock, The other, referred to as the
"real-time' (RT) clock, or ''station time' clock, registers multi.ples and
binary submultiples of one microsecond, The one-second-oriented TOD
clock is convenient for synchronization with an external time standard and
for the coordination of a group of sensors. The one-microsecond -oriented
RT clock is convenient for timing events on the RF channel in units
commensurate with the DABS waveform structure.

The TOD clock is used for the tagging of replies with their actual
arrival time and for the reporting of antenna North passages, besides the
synchronization and coordination tasks mentioned above. The RT clock
is used in connection with interrogation and reply control commands and in
the determination of target range. These uses of the RT clock are de-
scribed in detail in Reference 1.

)
The need to coordinate sensors, which arises from the synchro-DABS

feature of DABS, is responsible for the external synchronization and restart
capabilities of the sensor. Sensor coordination takes two forms; one weak
and one strong. The weak coordination applies to all DABS sensors in the

entire network, and results from the requirement that the EPOCH field

contents of a synchronized interrogation received by an aircraft at a given
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timme must be independent of the sensor which origiﬁates the interrogation.
The EPQOCH field is derived from a portion of the RT c¢lock, hence, this
portion of all RT clocks must read alike at a given instant of time, to
within a tolerance small compared to the least significant bit {the so-called
"subepoch') of the EPOCH field.

Strong coordination is an optional feature which may apply only to a
group of sensors participating in the coverage of a metroplex area, where the
target density is often very high. If the strong coordination feature is employ-
ed the sensors must coordinate their ATCRBS and DABS activities, following
a strict "firing time' sequence for ATCRBS and time-sharing the R¥ channel
for synchronized DABS interrogations. In this case the frames (which structure
the sensor's time line) must be synchronized and kept in phase between sensors
of the group. In either case, coordination is maintained by means of the syn-
chronization to a common external standard. The complications associated
with sensor coordination show up in the restart algorithms described in this
report.

The basic DABS timing subsystem is described in Section 2 helow,
External synchronization is discussed in Section 3. The issues of system
reslart, maintaining weak coordination (Section 4) and frame synchroniza- '
tion in the case of strong sensor coordination (Section 5), are implied but
not specified in the basic DABS design. The suggested algorithms in this
paper are offered as examples, which may be found useful and which, in

any case, help to define the problems involved,



2. THE TIMING SUBSYSTEM

if we ignore, momentarily, the means of external synchronization,

then the basic timing subsystem can be represented as a pair of special

counters, as follows:

128 H=z
TOD D H *—' S '/
STATION
STANDARD
RT 125 216
16 MHz=z

The TOD clock is driven at a rate of 128 Hz, and the low-order

portion of the register is a seven-bit binary counter. This counter carries

out every second, driving, in turn, a sequence of BCD counters which

register seconds (S), minutes (M), hours (H), and days of the year (D).

The RT clock, driven at 16 MHz, consists of two counters in

sequence.

The fast counter is a 16-bit binary counter, which carries out

every 4. 096 msec, driving a special counter which resets to zero every

125 input counts.

The ''125'" counter is implemented as a seven-bit binary

counter, wired to clear on the next count when it registers 124:




The RT clock registers may be further broken up as follows, where all

carry-in and carry-out periods are shown.

N1 < \Y\\\&R\\&\\ \ A ;r—_
\ \ \ g

0,512 sec 4. 096 msec 16 usec 62,5 nsec
| | |
1 Time 1 usec 1 Range
Unit Unit

The 16-bit counter is shown here split into two eight-bit counters which
correspond to the high and low order bytes of a2 word representing time in
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an interrogation or reply control co are sen
the channel management processor to the hardware (transmitter /modulation
control unit and reply processors), and their contents are compared to the
corresponding RT clock registers for the timing of interrogations and the
enabling of reply preamble detection, When time information is transferred

from the hardware to the channel management processor, only the 15 bits

representing the contents of the ''125" counter and the slower eight-bit counter
I

are included. These features are fully discussed in Reference I.

The least significant bit (LSB}) of the RT clock register represents 62,5
nsec, which is called a '"range unit. " The LSB of the slower eight-bit counter
represents 16 gsec, sometimes referred to as a ''time unit.' The synchro-

DABS EPOCH field (six bits} is shown cross-hatched in the diagram, for
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the nominal value of the synchro-DABS subepoch, 16 ysec. Thi

is a system parameter, NSUB, and the nominal value corresponds to 256
range units (Ru)., Other permitted values are 128 Ru and 64 Ru (i.e.,
8 usec and 4 usec), and their use would shift the EPOCH field to the right by
one or two bits from the position shown here.

The driving signals for the two clocks must be obtained from a
common frequency standard. The simplest arrangement is to count down
16 MHz signal

a Vi Z Sighna

< 56 53 <
128 Hz
16 MHz
- Stat1?n )
Standard
16 MHz

Ianh lrr"6|| 4L g 1. L a et i £
The '"57" counter may be a sequence of six ''5" counters or a sequence Ol

two ''125" counters, and the three-bit binary counter may coincide with the

three lowest-order bits of the RT clock.



3. SYNCHRONIZATION WITH AN EXTERNAL STANDARD

The DABS sensor must be capable of receiving some external timing
source from which a precise 1 Hz signal is derived. This externally-derived
1 Hz signal is constantly compared with a 1 Hz signal derived from the DABS
timing subsystem to produce an error signal. The error signal is used to
correct the station standard (master oscillator).

The internal 1 Hz may be taken from the TOD clock, so that the

synchronization loop takes the following form:

128 Hz
D k O |k~ M s Kk 27 <
1 H=z STATION
\
1 Hz Control
COMPARATOR STANDARD
External
Standard

Internal signals of 1 Hz and (1/64) Hz are also derived from the RT

clock for performance monitoring purposes, as follows:

16 MHz
10
125 26 2
1 Hz
S 125 >
(1/64) Hz
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The 1 Hz output shown here is tested for coincidence with the TOD-derived

1 Hz signal, or the external standard, either of which is counted down by

six bhits to produce
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mparison signal for the (1/64) Hz output.
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4. TIMING SUBSYSTEM RESTART

Restart after a shutdown begins with the TOD clock., It is assumed
that the externally-derived 1 Hz signal is reestablished and that both the TOD
and RT clock registers are released from their driving signals. The RT clock
register is always preset to read all zeros while the TOD registers are
capable of being preset to any assigned values (only zero values of the
seven bits representing binary fraction of one second need be used). With
the station standard running and an approximate knowledge of current time
of day, the TOD register is preset to a convenient future time, the least
significant seven bits being set to zero, It must be possible to recognize
the occurrence of that particular pulse in the externally derived 1 Hz signal
which corresponds to the preset reading of the TOD register, and also to
cause the TOD clock to begin counting again upon the arrival of that pulse,
The TOD clock will thus be restarted with the correct reading, although the
l-second carries into the "seconds'' field will initially be a little late. This
error will be automatically corrected by the external synchronization control
loop, and some display should be provided to indicate when the internally-
generated l-Hztiming signal is within tolerance of the external standard.

In order to restart the RT clock, we must recognize the arrival n
of an externally-derived l-second pulse which coincides with the clearing of
the RT clock registers of all other sensors. Now one second is 16::‘:106 Ru

(range units), or 56x 210 Ru. The RT cloc:k period, P, is equal to 125 x 2.16 Ru=

53 X 216Ru. The largest common factor in these two numbers is 53 X 210,

hence 64 seconds = 125 P, Thus every 125th clearing of the RT clock register



coincides with a carry into the seconds field of the TOD clock. These
occasions will be called "start times. "

Start times occur every 64 seconds, and on a minute change every
16 minutes. They occur on an hour change every four hours and hence can
he made to recur at the same times every day. There are 1350 start times
each day, and by choosing midnight as a start time, a convenient pattern
rasults. We assume that this choice is made, so that the restart procedure
can be carvied out autonomously by a single sensor as soon as its TOD
clock is running. Given the current TOD reading, a simple algorithm can

determine the next convenient future start time, and it can be arranged to

start the RT clock counting upon the arrival of the corresponding pulse.



5. FRAME SYNCHRO?

When a set of sensors is strongly coordinated, they share a common
frame duration. This frame duration is an integer, F, representing the
actual frame length in time units. The recurring moments when new frames
begin may be called "frame start times." As mentioned hefore, frame start
times occur simultaneously at each sensor of a strongly coordinated group.
[f one of these sensors must restart, it is desirable for this sensor to be
L{.-.n

able to begin at the proper phase within a frame without reference to tne

activities of the other sensors. This is possible if frame start times occur

at predictable times during the day, so that the sensor can determine how far

T

into the frame it will be at restart time.

The most convenient scheme results when frame start times recur
at the same times every day, in analogy to system start times. This will
happen only if there are an integral number of frames in a day, which restricts

the permissible frame durations. We assume this restriction is accepted, and

that strong coordination is always implemented so that midnight is a frame start

sb}

can then 1t a frame, knowing

time. A sensor can then restar the pr

in the proper p
only the frame duration, without comununicating with other sensors.

The possible frame durations are found as follows: Since cone time
unit equals 16 usec, there are N = 24){60)(60)(106/16 = 5.4x109 time units per
day. If there are to be M frames per day, we must have

N =M-F

Since

10




t he possible values of F all have the form

F=s5ie3d. k0

0=sis8
0=3 =3
0sks=g
There are 360 values in all, ranging from one time unit to one day, Table 1

provides a list of all values between 125 and 3125 Tu, which corresponds

to the range from 2,0 to 50, 0 msec. The frame lengths are given hoth in

The largest gaps in this list of permissible frame lengths occur at the
values 160 and 320 Tu. In each case, the next available frame is longer by
12,5%. No other gaps representing increases larger tha;n 8% occur. Since
the matching of frame length to antenna dwell time is not a precise one, the

restriction to frame lengths in the above table should not be serious.
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Tu

125
128
135
144
150
160
180
192
200
216
225
240
250
256
270
288
300
320
360
375
384
400
432
450
480
500
512
540
576
600
625
640
675
720

msec
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. 000

. 048
. 160
. 304

400

. 560
. 880
072
.200
. 456

»

600

. 840
. 000
. 096
. 320
. 608
. 800
. 120
. 760
. 000
. 144
. 400
912

200

. 680
. 000
192
. 640
.216
. 600
. 000
. 240
. 800
. 520

Table 1.

Frame Lengths

12

750

768

800

864

900

960
1000
1080
1125
1152
1200
1250
1280
1350
1440
1500
1536
1600
1728
1800
1875
1920
2000
2160
2250
2304
2400
2500
2560
2700
2880
3000
3125

msec

12.
12,
12,
13,
14,
15,
16,
17.
I8.
18.
19.
20,
20,
21.
23.
24.
24,
25,
27.
28.
30.
30.
32,
34,
36.
36,
38,
40,
. 960
43,
46.
48,
50.

40

000
288
800
824
400
360
000
280
000
432
200
000
480
600
040
000
576
600
643
go0
000
720
000
560
000
864
400
000

200
080
000
000
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