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This report  describes  the  shulated environment t e s t s  of a 

ufactwed by the Unfon Svitch and Signal Ccb> t o  determine (1) if further 
device called  the Limfted Data Display and Transfer System (DDT), man- 

operational  testing is warranted, and ( 2 )  the   feasibl l i ty  of placing  the 
equipment in the Boston a i r  route and approach control   faci l i t ies   for  
operational  testing. 

superior t o  the General Raflway S i g n a l  Interlock System 9. GRSI) preeently 
in use at Boston, Mass. Whereas the GRSI is dependent upon interphone 
communications requiring  the  attention of two operators and the manual 
writing and placement of flight data, one center  operator  using  the LDDT 
can transfer  data and cause the  f l ight information t o  be bfaplwed auto- 
matically a t   the  approach control  operating  position. Only infrequent  use 

the LDDT equipment. The LDEC equlpment provides the same means  of data 
of the  interphone is necessary t o  supplement the transfer of data when using 

transfer between approach control and other tower operating  positions,  as 
oppose& to  the GRSI system  which requires  the  use of interphone and the 
attention of two operators t o  accomplish each transfer of data. 

The s i d a t i o n   t e s t s  indlcated  that  the LDDT e uipment is 

participating in these  tes ts  that the  controller workload using  the UDT 
system was  much less  than that  using the = I  system. It i s  reccamended 
that  the  existing LDDT equipment be installed  for  operational  testing. 

It was the consensus of the Boston controller  personnel 

Technical Development Center (TDZ) by the WBion m t c h  and Signal Co. The 
specifications were prepared by "E and the program was sponsored by the Air 

mems of displaying fl ight  data and of transferring such data between dis -  
Flavlgation Development  Board. Thls equipment was designed t o  provide  a 

play8  located in two control   faci l i t ies .  With the  present equipment con- 
figuration, and prodded that the main relay is centrally  located,  the 
maximum distance Over  wbich the  transfer of data can take  place i s  300 feet .  

The LDEF system described i n  this report was manufactured for the 

The Boston ARW Center and approach control facilities are so 

be used for  an in-service evaluation, i n  December 1997, TDG requested  the 
arranged that the  distance  criteria  are met. Since these   fac i l i t i es  could 

prelimnary dynamic simulation t e s t  of the LDDT in   the  Boston te&nal  area 
assistance of the CAA Firs t  Regional Office in making arrangements for a 

and from Boston. Four controllers f r o m  the Boston ARE Center and two 
environment. TDe was f'urnished typlcal  logs of dai ly   t raff ic  movements t o  
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-mkl.aSlers from Easton approach control assisted  in  the conduct of the 

presents  the resuits of the dynmaie sim.la%ion t e s t s  of the LDDE equipment. 
t e s t e -  The efmla t ion  t e s t s  were  begun on January 20) 1958. I T u s  report 

m u b m  TEsCRIpI"Im 

The LDMT components consist of three moupting racks, Fig. 1, t o  

lude  the data displays and %he push-b-utton switches end lamps nec- 
e the  necessary  relays and accessories, and ten  control  panels 

esaary t o  opesate the system. The mounting racks and the  six  different 
types of control panels me  described in   the following paragraphs. 

E 3/4 1neke8 Ugh, 4/8-in& wide,  and 10 3/4 inches deep. See Fig. 2. 
Emh data dfsppPay fndfcator -aft i s  an electromechanical  device 

E m ?  dt. has a dispplagy ssindarr in one end, behind which any of 59 charac- 

narks, md special qmbols, may be presented one at   a t lme.   In   addi t ion,  
tere, including the  alphabet,  nmerals,  meteomlogfcd symbols, punctuation 

the  dfspleyed characters riwy be duplicated on another  panel  without dis-  
tm-bmg the o r i @ d  display except when the  transfer originates on either 
the PAR or local  control panels. 

Input Panah - Fig" y. 
The system includes two input  panels, each of whch is 11 inches 

M&, 12 inches wtae, and u 3 1 6  inches deep,  and incorporates one  row of 
nine  data disppaJr indLeators, i n  addition  to  the folloxfng controls and 
indicator h a p a -  Item numbers correepond t o  those i n  Fig. 3. 

1. ERASE Plleh-Bu%ton Soritch. When this emitch is depressed, the  data 
displayed  are remved from the system. 

2. RELEASE Push-Button Switch. When this switch i s  depressed, the 
input  operation is returned  to  the first displq indicator  in  the row. 

3. - R Push-Button  SwPtches. When any one of these  three 
switches is depressed, the  associated  center  panel i s  selected  to  receive 
the  displayed  data. Note: Only two center  panels  are  incorporated i n  the 
existing system. 

4. ALTIWi3.E SELEZTOR Push-Button switches. When any one of these six 
switches is  depressed, the  displayed data me  transferred  to  the  center  panel 
previously determined (see Item 3, above), and to   the  vacant alt i tude row 
represented by the  selected  svfteh. 

5. KMBQAFEJ Push-Buttm switches (Keys]. When any one of these 38 
switches  (keys] is depressed, the  character  represented by that  key i s  U s -  
played on the  data display i d l e a t o r  whfeh is  next i n  sequence. The sequence 
moves from l e f t   t o  right. By depressing  the BLK (block] key, the  next FnU- 
eator i n  the sequence may be omitted and the succeeding indicator  selected 
f o r  input. The  same action may be accomplished by depressing the Spe (epace) 
keye The S X  key a l s o  p&om  the  additional  function of erasing  data 
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already dlsppleyed on the  indicator  being omitted. In addition t o  Omitting 
Endicat~rs  from the sequence, these keys also  permit  the  erasure  or 
correction of data  displayed on individual  indicators. 

6. I(EYB0ARD Indicator Lamp. When displaglng a  white  steady light, 
t h l s  lamp indicates that an indicator i s  receiving  data from the keyboard. 
When displaying a flashing light, it indicates that the pover hae been 
reapplied  after a power fai lure .  

7. CENTER Indicator Lamps. Each  of the  three amber center l amps 

pressed. If the  selected  center panel is  active when the  selector switch 
displays a steady light when its associated  center  selector  switch is de- 

i s  operated, -&e associated lamp will display a flashing  light. 

dispUys a steady light, the  altitudes  associated with the  lighted laqs are 
vacant on the  selected  center  panel. 

8. AUTTUDE Indicator Lamps. When one or more of the six green 1-5 

lamps diisghys a  steady light, the  data  display indicators associated with 
9. PROGFtBSS Indicator Lamps. When one or more  of the nine white 

the  lighted  lwr~e  are  available  to  receive a character from the keyboard. 

Center  Panel - Fig. 9. 

inches hlgh, 12 inches wide,  and 12 3/16 inches deep,  and incorporates six 
row8  of nine  data display indicators i n  each row, i n  addition to   the  fol-  

Figo 9. 
lowfng controls  md  indicator lemps. Item numbers correspond t o  those in 

!be system includes two center  panels, each of  which i s  14 3/8 

1. WCM-TO Push-Bdtton Swltches. When the FROM-TO svitch  associated 
with any one of the six rovs of indicators i s  depressed, it designates  the 
selected row as the  transmitter of the data displayed in that row i f  the 
POW i s  eeeupied, or 86 the  receiver of the  data  displayed in the FROM row 
if the  selected row is  vacant. 

2. ERASE Push-Button Switches. When the EFWE switch  associated with 

i n  the selected POW &re removed from the system. 
any one of the six rows of indicators i s  depressed  twice, the  data  displayed 

3-  OUT Push-pull  Switches. When the CtAOuT svitch  associated with 
any one of the six rows of indicators i s  raised,  the  selected row i s  re- 
moved fmm servlce. When any switch i s  depressed, the  associated row of 
indicators is r e tuned   t o  operation. 

4. RELEASE Rxsh-Button Switch. When the  panel  relay  circuits have 
been disabled because an action  stalled  or an inappropriate  switch was 
operated, the  circuits may be restored by depressing t h s  switch. 

5. " J S F W  Push-Button Switches. When any of the  three TiUBSFER 

the  transfer of jurisdiction of the  data displayed in the  selected row t o  
switches  associated with the lo we^ three rows of indicators  are depressed, 

the  associated approach control  panel i s  initiated. 
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6 .  APTrYT Tndiiea-Gar e When this wbite bmy displays a  steady 
d%m light, it fndkates th5t an action assmi n t h  the  panel has  ceased 
but was not cowleted. When it displays a br steady light, it indicates 
thaz 91i a&im associated with the  panel i s  i gpese. men it &splays 
a brfght flashing Ifght, it indicates that either  a fault associated  with 
that. pmeb has been detected o r  that   the  pwer has been restored folParing 
a power fbbik~re. 

three rows of data indicators are lighted, they indicate 
WE% Pn&icator b n p s .  When any of the amber lamps associated 

that  the  transfer of j x i s d i e t i a n  of the data displayed in  the  associated 
raws to the approach control  panel a d  the  transfer of control of the air- 
craft represented by the data have  been in i t ia ted  from the en route 
controller t c  the  approach controller. 

8. AC Sadisator 5 .  When any of the green lamps associated 
n t h  the bower three mwfi of fndlcators are  lighted,  they  indicate that the 
approach conzroller  accepts ~ ~ r i s d i ~ t % o n  ~f the assoslated  data on the ap- 
proach c~ntr01 panel, ruad accepts conwok of the Bfrcraft represented by 
the data. 

Fig.  kA, 
Appromh Control Panel - Fig, 4A. Item numbers correspond t o  those in  

14  3/8 inches high, l2 fnehes wide, and I2 3/16 inches deep,  and incorpo- 
ra tes  SIX rows of ten data display indicators i n  each row, in addition t o  
the  following controls and fndfcator lamps: 

The system includes two approach cmtml panels, eaeh of which i s  

1. FROM-TO Pusla-Buttm SwPtches. The function of these  six  witches 
is the 5&rae as for Item 1 i n  the  description of the  center  panel. 

2. ERASE Wash-Batton %t@hes. The f m e t i o n  of these  six writches i s  
for Item 2 4n the  description sf the  center  panel. 

3 .  (IWODT Push-Button Scttches. The fbetiosr of these six switches is 
the same as for Item 3 i n  the desCriptfQw of the  center  panel. 

4 RELEASE Fusla-btton Svfteh. The function of this switch is the same 
as  for  Item 4 in the  description of the  center  pmel. 

5 .  ACCEF! hsh-Button &Itches. When any of the  three ACCEFT witches 
associated with the upper three rows of h t a  Indicators  are depressed, the 
green accept lamp associated wLth the corresponding data on the  center  panel 
i s  lighted. %his action serves  the purpose described for the  center panel, 
Item 8"  

6. MARKW TIME (W) Push-Button Switches. When any of the six 
CNl' mitches  are depressed, numerals representing an outer marker time u e  
displayed in  the last b t a  fradicator of the  associated row. Note: This 
procedure is used i n  the autcmatic transfer of data  to  the PAR panel, snd 
the  necessary computer e q o n m t s  are  not  installed  in  the  exfstmg equipment. 



7. 1s1m H MAR (PAR] ~ ~ s h - ~ u t t o n   m t c h e s .  men any of 
%he t h e e  PAR switches associate th the lower t k e e  rows of data hdi- 
eator5 w e  depressed, the nomut %e transfer of jurisdiction of the  data 
displayed in %e selected row t PAR panel is ini t ia ted.  

8.  OL PIX [&TI ash-Button  W%ch. When this switch is  

been depressed on the same panel and the same actions have  been aecDmplEshed 
depressed on one of the appromh control panels  after  a FROM-TO svftch hes 

on the  other approach control panel, the  data in an occupied row selected on 
m e  panel a r e  t r a s f e m e d  to the  vacant m w  selected on the  other. 

9. PAW 1 - PAR, 2 ToggJe Swi%cb. The data  selected on Item6 6 and 7, 
be transferred to the PAR panel  selected by this svftch. 

1 is fncorporated in the  present  systa.  

IOa mm Bdfeator The fmc t ion  of this indicator h u p  is the 

n. r n [  

same as described f a r  +&e e r  parael, ~ t e m  6. 

with  the upper tbpee row5 ~f data W c a t o r s   a r e  lighted, they  indieate that 
1 Indleator. When any of the amber laarps associated 

the action described far the  center  panel, Item 5> has taken  pleee. 

Ac B 1 hafea tor  L a p s .  When any of the epeen lanips 
associated t per w e e  rms of data indicators are  lighted, they 
indicate that tihe actions described f o r  the  center panel, Item5 5 and 8, 
k v e  taken p k e .  

13. TRANSFER (RED] kdieator m e .  men any of red l q s  
associated with the Bower three PUWS of data indfeators are lighted, they 
indicate that the action described i n  Item 7 is i n  progress. 

associated with the lower three rows 0% data indieators are  lighted, they 
14. XCEg6 (WHITE] Indicator I m p s .  When any of the white lanips 

indxate  that the action described in Item 7 has been completed. 

bLPssed-Appr~aeh Panel - Pig. 4Bs 

6 l/2 inches high, l.2 inches wide, and 12 3/16 inches deep, and incorpo- 
rates two rows of seven data display W e a t o r s  i n  each row, in addition t o  
the following controls and indieator W s :  

The system includes taro mfssed-appmmh panels, each of which is 

Po COPlBOL F D  $ A W ]  Push-Eutton Switches. When either of 
the tm ACF switches associated wlth the two rows of data indicators is de- 
presseda and the FRW-W switch Wacent  t o  a vacant pow of data indicators 
on the  assoelated  appmch control panel also is  depressed, data displayed 
in  the  selected POW of indicators on the mfssed-approaeh panel  are 
transferred t o  the appmech eontml, panel. 

2. ERASE fish-Button Svftches. %he function of these two switches i s  
the same as described for the center  panel, Item 2, 
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Push-PUhl  S%rf-%che5.  The function of these four sKPtehes is 
the same ae described f o r  the  center  panel,  Item 3. 

3 EIBASE h s b h t t o n  Switches. When the ERASE switch  associated with 
a row of indlcetors f a  depressed, the  data  displayed i n  that row is 
transferred t~ storage and the  fndLcat0~6 are cleaped 

4. B-ETJUUE fish-Bukton SwTtcho  The functim Of this sariteh 1 6  the 
same as describe& for the  center  panel, Item 4. 

5. W A-B Toggle SPnteh. !he function of t h i s  switch l e   t h e  same as 
described  for  the PAId parael, Item 5. 

FULL Indicator Lamp. The function of this lamp i s  the same as  
P the PBR panel, Item 6 .  

described for the  center  p 
7-  ACTIVE Indicator The function of this lamp i s  the same as 

SYSTW OPERATION 

The general  interrelationship of the  control  panels of the I9Ef 
is shown i n  Fig. 6. The panels  illustrated by solid  lines  represent  the 
existing system, which e m  be  expanded to include  the  eight  additional 
eonsponeata 9Uustrated by broken l ines.  The following  detailed  descriptions 

of the  sme  type  are added. 
of the e m o n m t s  of the  exfsting system also are  applicable when  components 

Input PmeP. 

entry of the data peflaining to each flight. !he data  displayed on the  data 
indfcat~rs on t h i s  panel age transferred  to a center  panel, m a  must then be 
erased from the  input panel in order t o  prepare it for a new flfght data 
entry. These actions are aceoerpllshed as follows: 

The input  panel is the p r i q  unit of the system and is ueed for 

1. “She panel is prepwed  for  the 9nsePtion of data by depressing  the 
RELEASE s f t c h .  

2. Data then  are  fnseAed into the  systemby means  of the keyboard 

3 .  The center  panel t 0  which the  displayed  data wi l l  be transferred 

panel a 
9s selected by depressing  the CElWER Bwftch whch  represents  the  desired 

4. Vwmt altitu the  selected  center  panel  are  represented by 
lighted green r l t l tude 5 9  and by depressing an associated ALTITUDE 

position on the  center  panel. 
srrPteh, the asplayed data are  transferred to the corresponding altitude 

5 -  The displayed data are  erased by depressing  the ERASE switch. 
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Center  Panel. 

represents an altitude, and is labeled  wcopdingly. Data ?Lsphyed in 
the Lower three altitudes  me  dupucated  automatically in the upper three 
rows of indicators ~ 1 :  the  associated approach control panel; any sequencing 
o r  erasmg actLon by the  center  controkler which involves  these  altitudes 
is auplfeated autcsmtically on the appmaeh control panel.  Plight  data 
displayed in %he upper zbee   a l t i tudes  of the  center  panel must be ae- 
quenced in to  one  of the lower three  altitudes i n  order  that  the data ap- 
pear on the approach control panel. The center  controller  retains 

%$e ation8 required in   the use of the  center panel  are &B follows: 
Qwfsdietion  mer dl displayed data mtfl  he depresses a TRANSFER switch. 

Faah row of data display indicators on the  center  panel 

1. Until the bTRANm %+‘itch is depressed, the  displayed  data are 
sequenced by depressing  the FRQM-TO switch  associated with an occupied 
alt i tude and depressing the WOH-TO switch  associated with a vacant 
altitude 

duplicate &&a still displayed at the  altitude from which the  transfer was 
2-  When flight data have been sequenced t o  another  altitude,  the 

made are  erased by twice  depressing  the ERASE switch  assoeiated  with  the 
o r f g l d  altftude. 

Power th ree   d t i tudes  is ini t ia ted by depressing the TRANSFER switch  as- 
sociated with the  deafred altitude. This action  causes  the  associated 
amber transfer lsmp t o  be Irlghted on both  the  central  panel and the 
approach cont~-ol panel. 

3. The transfer of Jurisdiction over data  displayed in m y  of the 

4, until the approach controner  aeeepts Jurisdiction, the  center 
controller may regain  j~pfadietion over flights on wbich the  transfer 
action has been ini t ia ted by depressing  the RFLEASE wfteh. 

Approach & X L t P O l  P a l .  

panel  represents an altitude, and is labeled accordingly. The three upper 
altitudes  duplicate  the  data  displayed i n  the  three lower alt i tudes of the 

transferred t o  the PAR panel. The  acmtions required la the  use of the 
center  panel. Cnly datw &splayed i n  the  three lower alt i tudes can be 

appxoaeh control  panel  are  as follows: 

Fa& row of data  display  indicators on the approach control 

Qupisdictim, the appromh emtrobler  accepts  Jurisdiction over a f l igh t  
1. After the center controller has init iated  the  transfer of 

by depressing  the AGCEET svftch  associated with the  alt i tude at which the 
data appear. This action eausea the  associated w e n  accept lamp t o  be 
Lighted OB both %he approach control panel and the  center  panel, and 
causes the correspondfng amber transfer larnps t o  go out. 

assumed Qurisdictfon are sequenced by depressing  the FROM-M switch 
2 .  m e  displayed  data over whfch the approach controller has 
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associated Kfth an o e q i e d  alt i tude and  by depressing  the FRRGBUI-TO swilteh 
a ~ ~ o c i a t e d  with a vacant alt i tude.  While the  data  being sequenced remain 
ik the $Wee upper dtituudes,  the green  accept lamp will follow  the 
associated data on both  the approach control  panel and the  center panel. 

3 a  Data displayed i n  any of the  three lower alt i tudes are transferred 

PAR switch. 
to the lowest vacmt alt i tude on the PAR -el by depressing  the  associated 

white indicator lamp associated Kpth the PAR wrftch will be lighted, and the 
trarasfemd data then may be erased by twice  depressing  the  associated 
ERAEa m t c h .  

Precision Approach Radar Panel. 

an alt i tude and is labeled  accordingly. The data or   f l igh t  information 
transferred to the  panel m e  displayed automatically i n  the row representing 
the lowest SWYAII~ altitude, and are sequenced dounvapd automatically 88 the 

pmel.  The actions  requlred i n  the use of the PAR panel are as follovs: 
data displayed in   the  lowest altitude  are  trsrnsferreh to the  local  control 

4. Immediately after  data have been transferred to the PAR panel, the 

Each row of data display fnheators on the PAR panel  represents 

1. Data displayed a t   the  lorrest altitude are transferred  to  the lowest 
vacant d t i t u d e  on the  local  control panel by depressing  the LOEAL COWTROL 
swfteh. If data  are displayed at more than one altitude,  the lowest row 
krill be transferred t o  the local control  panel and the data  displayed a t  the 
other  altitudes w i l l  be sequenced downward autcmatically. During this se- 
cpencing process, as the data are displayed at a new altitude,  the flight 
i n f o m t i m  is erased  automatieally at the  altitude from which it was 
trmsf emea 

2- If aircraft represented in the display must execute missed 
approaches wMle under the  jurisdiction of the PAR controller, a missed- 
appromh  panel is selected by operating  the MAP A-B switch to   the A or B 
position and by noting  the availability of the missed-approach panels as 
indicated by the map-- lamp. 

3. When a dssed-approach  panel has been selected by depressing the 

ferred to the lowest available alt i tude on that panel. The subsequent 
assoelated E6fSsH) APPROACB PANEL wrftch, the  appropriate data are  trans- 

transfer of data t o  the l o c d  control panel described i n  Item 1. 
sequencing aBd erasing operations corneapond to those f o l l w n g  the 

Local Control Panel. 

panel  are displayed autcmatically in the row representing  the lowest vacant 
represents an alt l tude and is labeled accordingly. Data transferred  to  the 

altftuae, d me sequenced d m v w d  automatically as the  data displayed a t  
aryr dzituude are  transferred t o  the mfssed-approach panel or atorage. The 
sretions required in the  use of t h e  local contml  panel  are as follows: 

Each pow of data display inhca tors  on the  local  control  panel 
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1. When displsyed  data age no longer reqazfred i n  the system, the 
flight information is  removed by depressing  the  associated ERASE BVitEh. 
If data  are  asplayed  at  other  altitudes i n  addition to   t he  one erased 
(stored),  the  data displayed at the  other  altitudes w i l l  be sequenced 
downward automatically f o l l o a n g  the  erasing  operation. king this se- 
quencing process, as the  data age displayed in the new d t i tude ,   t he  
flight information is erased mtomatieeUy at the  altitude fm which it 
was transferred. 

2. If aircraft  represented on the  display must execute missed 
approaches while under the jurisdiction of the local controller, a dssed-  

position and noting  the  availability of the  missed-approach panels as 
approach panel is selected by operating  the MAP A-B switch to   t he  A or B 

indicated by the map-fUll lemp. 

3. m e r  a missed-approach panel has been selected, by depressfng the 

ferred  to  the lowest available  altitude on that panel. The subsequent se- 
associated MISSED APPFlOACH PAFlEL switch, the  appropriate data are tpans- 

quencing and erasing  operations comespond t o  those  following  the  erasing 
operatum  described in Item 1. 

W ssed-Approach Panel 

or  the local control  panel  to  either of the missed-approach panels, The 
transferred  data will be displayed on the lower row of data  dieplay fndi- 

i e  occupied at the time the  transfer is d e ,  the new data w i l l  be displayed 
cators if both rovs were vacent  previously; however, if either F(M already 

In the other mu regardless of whether it is the upper o r  lower POW. No 
sequencing of data is possible on this panel, Data displayed on the missed- 
approach panel can be transfemed only to   the approach control  panel, and 
the  actions  are as follows: 

Data can be  transferred fHan any alt i tude on either  the PAR panel 

1. The displayed  data are transferred by depressing  the APPROACH 

TO switch  associated  with the selected rows and then  depressing  the FRobl- 
CO€WRQL FIX evitch  associated  vith  the  selected row, depressing  the FRm- 
"Po switch  associated  with  the  vacant altitude to which the  data w i l l  be 
transferred on the approach control  panel. 

twice  depressing the EU6E switch  associated  with  the POW from which the 
transfer was made. 

A l a r m s .  

al- and the  conditions under whlch they will be activated  me  as 
follows : 

2. After the transfer is completed, the or ig ina l  data are removed by 

The system has three  types  sf alarm o r  wapning devices. These 

1. A buzzer will sound when the poxes is intermpted m o m e n t a r i l y .  

2. A buzzer w i l l  sound when an attempt is mede to transfer  data from 
the approach control  panel to   the PAR penel when it already is completely 
occupied. 
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In order to examine the  operation of each of these syszems in 
a center radar and approach control r envfromen~., one scm-eonverted 
radar (SPAIWQ) vas  used as the  center radap asplay, and tm direct-vfew 
scopes were used as approach control radar disphys.  

the  control of arr iving  a i rcraf t ,   the   tes t  problems eonsfsted of fmm traf- 
f i c  samples of a i rcraf t  landing at Logan Atrport a t  Bcston. Each sample 
had a different  aircraft  distribution, an average traffic  density of 24 
aircraft   per hour, and  comparable centsol  difffculty. The t ra f f ic  samples 
were alternated, and the  controller  personnel were rotated tlmough oper- 
ating  positions, so that no controller  dealt wlth the same trefffe 
situation more than once. 

Because the @SI and DDT system were designed t o  be used In 

minutes, were tested once in  each of the foEowlng m d e a  

Mode Facil i ty Eqxipment $ W I  Simulated by ULW] 

The four   t raff ic  samples, each having a run dmati0n of 3 

1 center 
Approach Control 

Flight  prcgress  boards and GRSI. 
Flight  progress boards, radar> and GRSI. 

2 Ceder  Flight  progress boards and LDDT. 
Approach Control  Flight  progress  boards, rdm, and LTIDT. 

Agproach Control  Flfght  progress boards, radarfi mnd GXI. 
FUght  progress  boards, radars and GRSH. 

Approach Control 
Flight  progress  beards, radar, and LTIIE. 
Flight  progress  boards, radar, and LQDT. 

During all runs, automatic  counters measured the frequency and 

3 Center 

4 Center 

duration of all air/grouud and ground/dr c-ications on each e m e l ,  

personnel, and each contact which lnvobved approach control personnel. In  
the frequency and duration of each interphone contact xMeh Pnvolved center 

addition,  observers  with stop watches recorded the frequency and duration 
of the  data-entry  activities  required by the LDDT system. Because the ac- 
tiems required in  the  operation of the W I  approach control c~mponent and 
the Lmrr approach control  panel  are so nearly  the E-, it was not 
neceseary t o  make time measurements for comparison. 

panel, 8ndthe missed-approach panels i n  order t o  determine the operazing 
Although tes t s  were made with the P U  panel, the local control 

relationships of these components with each other,  meamements were not 
mada. There were t h r e e   r e a m s  f o r  m e ,  n a m e l y 0  

1. The W system contains n? comparable ca.uponent.5 or flmctiona. 

2. The air traffic  control system normally does not  include 
precision approach radar. 



13 

3. Although the PAR panel can be combined with the local control 
panel, local  variations  in tower cmfiguratisns and approach eontrol and 
tover  procedures  obviate  standard ins%aUatlons and procedures. 

represented  the  total  center  conm~nieations  effort. The score for  each run 
was represented by the sums of the  nmber and of the  duration of the e m -  
munications appropriate to the system involved. The center ccmmnmieations 
effort for the GRSI was taken t o  be  fndfcated by the number and &a%&frsn 
of interphone  contacts  involving  center  personnel. In the use of t he  IDEP 

time required to  enter  the  f l ight  data on the  center  panel  plus  the mxn~ of 
system, the  center comamications effor t  was taken to be  the sum of the 

the number and duration of interphone  contacts  necessary t o  supplement the 
system. 

The sum of the conmmnieations data frm the two center  sectors 

Equipment. 

require appreciable  typing s k i l l  or  speelal  techniques f o r  the p r o g r d a g  
or transferring of data. When the time f o r  progpmmdng data was measured, 
it was found that the average time required for the  insertion and transfer 
of data to  the  center  panel was Z( seconds. The minimum equipment response 
ra te  to the p r o g r d n g  action was found t o  vary from 9 t o  12 seconds, 
depenwng upon the alpha-numeric eombinations required. 

The operation of the LDET equipment is not di f f icu l t  and does not 

characters on the  center and approach control panels t o  seven on the PAR, 
local  control, and missed-approach panels.  Since  the dimplay of aircraft 
identification  frequently  requires  the  use of six characters, tu6 leaves 
only three  characters  in  the one ease end one in  the  other which can be 
used to display other  pertinent data meh a~ type,  transfer  pofnt, 
direction of flight, and so forth. 

The amount of data which c m  be displayed varies from nine 

The center and approach control  panels have three  alt i tudes i n  
conmmn, and data can be exchanged  between them t o  a  lfmted  extent,  in- 

panel is duplicated on the  other. !Phis d e s  it possible for k t a  t o  be 
asmuch as any action  involvlng data appearing in these  three rows  on  one 

t ransfernd  back to  the  center  panel by returning the flight information t o  
one of the  three cornmoll alt i tudes on the approach control  panel. 

There i s  no direct  manner In which data can be nastudly exchanged 
between the approach control, PAR, and iocal  control  panels,  although a 
pa r t i a l  exchange of data is possible th9mgh the use of the missed-approach 
procedure. This does not permft complete duplication of the mPfg€PBaE flight 
data,  since some of the  panels have nine data indicators  per raw while the 
res t  have only seven. This indirect method i s  eantparatively t i m e - c m m n g  
and i s  d i f f icu l t  t o  achieve i f  the panels  are not adjacent. 

mywhere except on the  center  panel Unit the  usefulness of the LDgT 
The loss of f l tgh t  data and the  impossibility of entering new data 
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panel,  the originel flight progress s t ~ p s  are available and the data may be 
equipment. In the event of idver%,ent  eramre af flight data on the center 

entered  into  the system agam. If this situation 0c-8 on a ~ n y  other  papel, 
there i s  no practicable method  of reenter-  the data. Similmlyf A 0  pro- 
vision has been made for entering data on contmlled VFR, low-altitude, o r  
"pop-up" flights which came fmmediately into  the system under approach 
control jurisdiction. 

up-dating flight data also lfmfts the applications of the LDKf eguipnreu+.. 

must be erased, and the  revised -Klight data mast be  reentered vfa the  in- 
If a change is required in the  center environment data,  the  original  data 

put panel. In the approach control environment, a change of transfer  pofnt 

eontrol  panel  representing  the  revised  transfer  point. It is 130% possible 
can be indicated by transferring  the complete flight dah to   the appmach 

mation contained in the  transferred data, W s  does not prechde  the dti- 
to  revise   e i ther   the displayed  transfer  point  designator or any other fnfor- 

tude revieions accomplished by the  sequeming process descr%bed  elsewhere 

The difficulty or in s a w  cases,  fmpossibillty, of correcting  or 

in t h i E  B S P O r t .  

control and the missed-approach panels w e  used. Data e m  be transferred t o  
either of the missed-approach panels from any altitude on the PAR or local 
control  panels. The missed-approach panels contain only two rows of data 
indicators on each panel, and the  transferred data Kf89  appew i n  %he lowest 
vacant row on the  selected  panel vlthmt regard to sequence o r  altitude. 
Either row of either  panel can be t ransfeaed t o  any vacant  altitude sf the 
associated approach control  panel. la this procedure it is possible  that  the 

missed-approach panel is  first i n  sequence or which dzitudes the aircraft 
approach controller will not know which of the two a i r z r d t  &splayed i n  %he 

are occupying. It i s  probable that some of these problems cOUad be solved 
procedurally by the  use of discrete missed-approach d t i t u a e s  OF by ether 
means a 

Another potential  difficulty was f a d  to exist if  the  local 

If the  local  control  panel i s  used and the fa%ght data on each 
nircrdt are processed thmugh the  entire syxtena, it i s  possible t o  transfer 
the  f l ight  data displayed on the  local  contwl panel to stmage, which mery 
consist of a teletypewriter. A t  this  point  the number  of data Lmheators 

' contained in each row has been reduced to seven, and the only elements of 
the flight data remaining are  the  identification end type. The stored  data, 
therefore,  essentially  are a record of only the  individual airwaft whreh 
have passed  through the system- 

a s  separate  operating  positions or  combined in to  a loo& control  position, 
it is possible  to  lose data by forcing them out of the system. a s  fiftuatim 

trol panel t o  a fully occupied PAR panel. Such action  emses an dam! t o  
i s  introauced when an attempt is made t o  transfer  data f m  the approach con- 

ferred from the PAR panel to  ei ther  the l o c d  eoetm,l panel, OF t o  the 
sound, am¶ in order to  si lence  the dam, a m w  of flight data mst, be trans- 

When the PAR panel and the local control panel  are  utflieed,  either 



missed-approach panel.  Since more than two aircraft normally are not 
released to approach control at a given tfme, this situation would nct 
l ikely  arise i f  the personnel  follow an efficient system of equipment 
operation. 

also is  fu l ly  occupied, the  followlng wfll occur: 
If the  transfer i s  in i t ia ted  at the  locel  control panel, which 

will be forced  out of the system automatically and transferred  to  storage 
if storrge i s  incorporated in   the  system. 

1. The data  displayed on the lowest row  of the  local  control  panel 

2. The remaining data will be sequenced d m m d  automatically on 
the  local  control panel,  leaving  the  top row vacant. 

3. The data  displayed in the lowest row of the PAR panel w i l l  be 
transferred  automatically t o  the  top row of the  local  control  panel. 

4. The remdning  data will be sequenced downward automatically on 
the PAR panel,  leaving  the top row vacant. 

5. The data which were t o  be trausfemed from the approach control 
panel  then will be displayed  automatically in   the vacant  top row  of the 
PAR panel, and may be erased from the approach control  panel. 

Analysis. 
The average number of center and tower interphone  contacts  per 

11111 and the   averde  total  number  of seconds of interphone  operation pes 
M i n  each of the f o u r  modes described i n  the  tes t  procedures are shown 
in Table I. It should be noted that when the LDDI! is used, a signfficant 
decrease  occurs in both the number of contacts and the number  of seeonds. 
It also should be noted that  the use of center radar had no significant 
effect upon interphone ccarmmnications when either  the GRSI o r  the DDT 
systems were used. 

TABLE I 

INTERPHONE C c l M U N I C ~ O N S  AVERAGES 

Frequency 
Center Tower 

Frequency 
Mode of Contacts  Duration of Contacts Duration 

(avg.1 ( see")  (avg.1 (sec.) 

1 
2 
3 
4 

13 
3 

10 
2 

234 
36 

226 
17 

22 
6 

23 
2 

389 
68 
296 
31 
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A formal analysis of the automatic measurements of air/ig.ound and 
-/air c d c a t i o n s  was not made, since scanning the  data confirmed 
the  belief that there would be no difference between the CWSI and LDDT 
systems. The frequency and duration of delays i n c m e d  by aircraft  during 
the m s  were meamred and eumaed. It was found that the  delays which oc- 
curred were not dependent upon the system used  because they were a result  
of control requirements and had relationshlp  to  the equipment in  use. 
For this reason, no analysis of aircraft  delays is included i n  t h i s  report. 

Co~cLuSIoNs 

The frequency m d  duration of internhone  contacts between the 
center and tower are  greatly reduced through the use of the DDT. 

!the LDDT requires  the  close  attention of operating  personnel in 
order  to preclude incorrect  transfer  actions,  the  inadvertent  loss of per- 
tinent flight data by accidental  erasure, ox the loss of flight. data 
through forced  storage. 

The LDDT system i s  more compatible v i t h  a radar environment than 
is the QlsI. The uae of the  interphone is requfred i n  connection with the 

played in the twer but which s t i l l  is under the  jurisdiction of the 
=SI system In order t o  correct or up-date data  or  to resequence data dis- 

up-date, correct, or resequence the data at anytime until jurisdiction has 
center. In the DDl' system under the same circumstances, the  center can 

been accepted a t   the  approach control panel, and these actions nomany can 
be a c c q l l s h e d  without  recourse t o  a eupplementary means of c o m e a t i o n .  

As indicated by i t s  name, the LDDI inherently i s  limited in i t s  

the most c r i t i c a l  limitation i s  the lack Of input o r  data-entry  capabilities 
applications and capabilities. I n  the  present equipment configuration, 

at the approach control  position. The existing equipment  can serve only 
two fac l l l t i es ,  which must meet restrictive  dlstance  cri teria.  It I s  l ess  
flexible  than  interphone  for  intrafacillty  coofdinatfon or for   in te r fac i l i ty  
trensfer of control  jurisdiction. 

BFC-mIoNs 
It i s  reconrmended that the DM' not be considered for general 

introduction  into  the air traffic  control system because of i t s  
llmltations and restr ic t ive  s i t ing  cr i ter ia .  

Boston for  further  in-service  testing  to determine i t s  applicabili ty  to 
It is further recommended that the LDDI system be installed at 

that location  or any other  locatlon which can meet the  &stance  criteria 
and  which will not be adversely  affected by the system limitations. 



FIG. 1 RELAY MOUNTING RACKS 
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FIG. 2 INDICATOR UNIT 
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FIG 3A INPUT DEVICE, FIG. 3B CENTER PANEL 



FIG 4A APPROACH CONTROL PANEL, FIG, 4B MISSED-APPROACH PANEL 





FIG. 6 FUNCTIONAL  DIAGRAM  LIMITED  DATA  DISPLAY 
AND TRANSFER  SYSTEM 


