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B W  Box Testing of Runway hdon Advisory Aim System 

AbstraEc 
This report summarizes our d findings on the Black box testing of Runway 
Inamion Advisory Alerting System (RIAAS) and Runway Safety Monitor (RSM) 
system, Developing mtomatd testing software for such s)tstems has been a problem 
because of the extensive information that has to be processed. customized sohare 
solutions have been propod. However, they are t h e  CoIlSuming to develop. Here, we 
present a less expedve, and a more general test platform that is capable of performing 
complefe black box testing. The technique is based on the classifidon of the anomalies 
;fiat tirise c'riiring Monte Carlo simulations. In addition, we also discuss a generalized 
wuug ulul ~ u ~ ~ ~ y p c j  uuu we have aieveiopeai 4- -~- -4 - -1  LL _ L  - 

1. Introduction 
In order to get insight into the techniques for black box testing, we have adopted Runway 
Incursion Advisory Alerting System (RIAAS) developed by Rannocb Corporation and 
Runway Safety Monitor (RSM) system developed by NASA LaRC. Clearly, due to 
privacy and patent reasons, we were not given access to the source. The only thing that 
was available was executable code. So our task was to evaluate these two pieces of 
software and learn the effectiveness of our tools. 

The simulator to test the systems was developed by Ranno& Corporation. It was 
primarily developed to test RIAAS software. However, we used the simulator to test the 
RSM simulator also. A schematic diagram of the simulator is shown in Figure 1. 

I \ \- 

Figure 1. schematic Diagram of the Test Architecture 
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To stadthe s i m u b r ,  the usexchooses the setup jmme&zs. These include the airport 
aadfuaway type, the  adp position of oft he ownship (airaaft ueder study) andthat of 
the traffic (the other ainxaft), siagle or Monte Carlo simulation, etc. Once the panmetem 
are set, the simulator starts nmning. During the execution, it bas access to the airport data 
of the chosen airport. 

The simulator generates an output coat8~11~11 * * g the information with details of ownship and 
traffic. The details include (for every 0.5 SecOILds) the position information, whether or 
not an alert generated, if so when it was generated, etc. In a Monte Carto situation, the 
one that we focused on, several NDS (in our case l0,OOO nms) are run for each setup. 
Thus, the details fiie amtains details of the aircrafts for ea& of these runs at each 0.5 sec 

%e y”ositims ofhe two idnxdts rmd the time at which simhtim started, whether not 

mcmd during the  it In &ition, at the ad, it prints the number of coiiisions and 
near-collisiians in the entire simulation (Le., l0,OOO runs). 

duratioaThesummaryfilecontainsasummaryforeschnm.De&ilsfareachruninclude 

an 4d-k- = r s  ~i - 8 (m -aiiisimj 

Inord~tocomparetheperformanoeofRIkAsandRsM,webaverunbothRIAAs and 
RSM with simulator input. In order to do fintheranalpis on the ownship and traffic data, 
we have developed an analyzer program. The program looks at the summary output file, 
and categorizes each nm into one of several classes as described in the next section. The 
resultsfnnntheanalyzerare summaflzed . inthisreport.InconsultationswithNASA,we 
have identified 24 scemios that need to be tested. In addition, s e v d  other simulatimrs 
were cslried out to test the two software packages. During the testing, we identified 
s e v d  agamajies with the behavior of the simulator. While these are not reflective of the 
mrs in the RIAAS and RSM software, it did cause some problems in our testing and in 
distinguishing between simulator errors versus the test software errors. 

In this report, we first describe a classification of the simulation runs. We then describe 
the results of OUT analysis of the seleded scenarios. Each scenario has been tested with 
10,Ooo IuI1s. 

2. Classification of Monte Carlo Runs 

The first step of a black box testing software is to classify the inputs into merent types. 
In the system under consideration (RIAAs/RsM), whm input is generated randomly 
us& Monte Carlo geaerato, we classified inputs into three categories. Figure 2 shows 
our classificatim It is also schematically shown in Table 1. 

CoRisions: An event is defined as coUision if the separation distance between ownship 
and traffic is less than 200 ft. 

Near-collision: An event is defined as near-collision if the separation distance between 
ownship and traffic is within 200-300 ft. 

&$e or NwolWon: An event is defined as sufe if the separation distance between 
ownship and traffic is greater than 300 ft. 
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Ideally, tbe software undet test (SUT) should be able to cafiedty identify each case (Le., 
d o ) .  However, ine$f&e software may categorize collisions as mm-collisions 
(namely, missed alerts) and nowcollisions as collisions. (namely, false alerts). We 
me8su~e the effectiveness of the SUT (RIM!3/RSM) based on the classificrdion in Figure 
2. For example, the most effective software would have zero percentfalse alerts, and 
zezo percent of avoid possible cases. The avoid impossible cases are those where it is 
impossible to alext collision (or near-dision) by any such software, under the given 
8sSumptioL1s. 

Class Ill 
Class IV 
Class IIIa 

Class IIlb 

I I --- (N-lt-) 

No collisions or near collisions 
CoWi or near collisions 
No collisions or near collisioos 

No collisions or near collisions 

I 

1 I 

Class IVa 

Class IVb 

Category I Result ofrun 

Collisions or near collisions 

Collisions or near collisions 

Class I 
class ~i 

I No colliiions or near collisions 
I Collisions or near collisions 

I 

Action 
Alerts not genentted 
Alertsndgenerated(Missed alerts) 
Almgeneaated 
Alm e- 
False alemi gemxated (there was never 

True aleats generated (danger was 
averted due to alerts) 

adanger doallision) 

Alerts were correctly generated and 
collision could not have been avoided 

Alerts were correctly gamed,  and 
collision could have been avoided 

Table 1. classification of Monte Carlo Runs 
I 
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3. Analysi~ ofthe fhfhvare under Test (SVT) 

In this &on, we describe the way we tested the black box software (RIAAS and RSM), 
and the findings from the analysis. 

3.1 Generation of input. 

One of the primary considerations m conducting blackbox testing is Choosiag the right 
type of test cases that can ensure coverage of a l l  aspects of the software under test (i.e., 
RIAAS and RSM). Due to the nature of the software and the environment in which it is 
supposed to run, we have resoLted to domain expert knowledge. In pdcular, we have 
ch~dzesceQar ios  .ized in Tables 2 and 3. Table 2 desgl’bes scenarios used for 
Crossing mway situation and Table 3 for S‘&e rmway situatiar. For each d o  m 

Classes I-Iv zs described &GYC. Each input comiss o€ starting the owllship and the 
traffic at certain positions, either in taxiing, arrival, or departure operations. The position 
of the airaafts is supplied to the software at frequent intervals, until the designated time 
elapses. This sirepeat& for each run. 

.. thw tJIhlE, x!,m *Gt g a z d  & &e m& caiegorizea Iflu) 

The SUTs and RSM), when subjected to diffexeat input scenarios genaated by 
the data generator, make decisions as to whether or not to generate an alert, and when to 
generate it. Duringthenm, the simulatm(same as the data generator) keeps track of the 
position of the aircrafts as well as the action taken by the software. It also ptepares 
statistics such as the number of collisions, near Collisions, missed detections and other 
supplementary information. This information is analyzed by an analysis program that we 
developed. The analyzer checks whether or not the soitware’s behavior is as expected 
The program also classifies each experhent into one of the types that we described in 
Figure 2 and Table 1. For example, a near collision event is identifled if the closest 
distance between the ownship and traffic is between 200 and 3ooft; the alert flag 
information is used to identify whder or not a l a  were generated. Upon classification 
of the samples, the analyzer *tics are independedy evaluated and compared with the 
statistics given by the simulator output to check for inconsistencies. 

During our analysis of the software, we identified several anomalies. Some of them are 
manifestations of the simulator (developed by Rannoch corparation) and others may be 
limitations of the software (RIAAS and RSM). Below, we demonstrate the application of 
testing program with some examples. 

4.1 A n d y  1: Collisions and Near Collisions ocau without alerts. 

This is a serious problem and a weakness of the software. For example: 

Consider a near collision case of RlAAs in a single lunway scenario where the Owship 
state is in arrival and trcsgic state is in taxi Assuming the type of evasive action taken on 
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Note: The description of examples given below is 85 follows. 

Table 2 ExpbWonfor the Summary Output 

Summary 201 15.0 0 984.3 8202.50 0.0 0.0 55.0 262 
0 55.0 262 0 N/A None 0.0 0.0 0.0 135.0 16.6 
135.0 16.6 0.0 1026.1 258.3 983.8 None None N/A None 

Note: This is one of the cases (case # 9) of Table 2 listed below. 

In the above example, we have the start time for ownship is 15s and start time for traffic 
is Os. The separation distance between ownship and traf& is 262ft and altitude being OfL 
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Clearly this is a near cullision case+ and alerts were not issued thus falls into class II 
awPY 

Metric 

Numberofnear-tdisions 
-Numberofcdlisions 

Consider a collision case OfRLAAs in a sin& nutway scena& where the Owship state is 
in arrival and tr& state is in tmri. Assuming bze type of evasive action taken on 
ownship is none and R c 4  for tr@, number of missed detection being 338. 

summary 339 23.0 0 656.2 820250 0.0 0.0 385 52pt 
l5ft 385 50 15 W A  None 0.0 0.0 0.0 135.0 20.0 
135.0 20.0 0.0 584.3 41.1 555.7 None Noae N/A Nons; 

simuiator output Analyzer output 
1150 1281 
790 

1 

?n the h v e  example, we have the h e  for o~mhip  is 23s and start h e  for traffic 
is Os. The separation distance between ownship and traffic is 52ft and altitude being Sfti 
clearly this is a collision case, a d  a l a  were not issued thus falls into class II category 

4.2 Anomaly 2: All loo00 Iterations are not generated for some ofthe samarios. For 
thesecasanocoonisioninfimuatmt is printed in the simuhtm output me. 

Consider a colliswn case OfRlAAS in a single runway scenario where the Owship state is 
in h a l  and tr- state is in taxi, Assuming the type of evasive action rclRen on 
Ownship is RCA and Rc4 for t r e  with random generator ON for o w h i p  and OFF 
for tr@. 

Summary 8989 24.0 0.0 1804.6 8202.50 0.0 0.0 66.5 1734 
0 66.5 1734 0 N/A None 0.0 0.0 0.0 122.9 20.0 122.9 

20.0 0.0 1570.1 -1718.2 1804.1 None None N/A None 

Note: This is one of the cases (case # 12) of Table 2 listed below. 

In the above example, m the simulator output file summary, %989 is the last nm that got 
generated and stopped after that.(complete loo00 iteratiions are not generated) and no 
colliiion c0unt:O is printed 

Consider RSM, single runway scenario where the Owship state is in m' and tr@ state 
is in arrival. Assuming the type of evasive action taken on Ownship is lu~te and none for 
trc#ic, with random generator ONfor ownship &OFF for t r e .  

Note: This is one of the (case # 2) of Table 3. 
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In the above example, in the simulator output file, the ILumbez of collisions oamring 
w~1150,buttheactualnumberofcollisions(asrepcwtedbydreanalyzer)were1281. 

4.4 Anomaly 4: In the simulator output file run numbers are being generated 
sapeatidly tiU a certain valne, with abreak in the middle and continuing tagah 
sequentidlyfromthereonwrulds. 

Consider a case ofRL4As in a single runway scenario where the Owship state is in 
arrival and &q,@c e is in taxi. Assuming the type of evasive action taken on Ownship 
is RCA and RCA for tr@, with random generator ON for ownship and OFF for trq@c. 

Summary 6084 44.0 0.0 984.3 8202.50 0.0 0.0 82.5 2290 
15 825 2290 15 N/A None 0.0 0.0 0.0 1350 20.0 135.0 

20.0 0.0 684.3 -2270.1 983.8 None None N I A  Nom 

Sllmnuiry 6115 34.0 0.0 3281.08202.50 0.00.0 83.0 2349 
0 83.0 2349 0 N/A None 0.0 0.0 0.0 91.3 20.0 91.3 

20.0 0.0 2744.6-2287.4 3280.5None None NIA None 

Note: This is one of the cases (case # 12) of Table 2 listed below. 

In the above example, in the simulator output file, the nm numbers were generated from 
1 to6084,thenmnumbess~m6084to6114weremiSs~,and~m6115onwardsthe 
runnumbers aregemmedagain. 

4.5 Anoxnaly 5= In the siamhtor output file some Run numbers are being repeated 
and the tdalnamber of run numbers generated is greater than 1oooO. 

Consider a case of RlAAs in a single runway scenario where the Owship state is in 
arrival and tra@c state is in tad. Assuming the type of evasive action tuken on ownship 
is R T m C A  and RCA for tr@, with random generator ON for ownship and OFF for 
tYC#C. 

summary 9 45.0 0.0 3445.1 8202.50 0.0 0.0 p6.5 2756 
0 94.5 2756 0 N/A None 0.0 0.0 0.0 88.8 20.0 88.8 

20.0 0.0 2820.6 -2684.1 3444.6None None N/A None 
sllmmrw 1 17.0 0.0 4101.3 8202.5 0 0.0 0.0 71.5 1994 

0 71.5 1994 0 N/A None 0.0 0.0 0.0 64.5 20.0 
64.5 20.0 0.0 3467.8 -1890.7 4100.8None None N/A None 

In the above example, in the simulator output file, the first run number genemted is 9 aad 
again started from 1. The nm number 9 is generated again thereafter. This is continued 
for some more run numbers. 

4.6 A n d y  6: The separation distance betweem the traffic and ownahip is very 
large and the time at which they are closest is much greater and aled is given for 
one run. However, when their separation distance is d and the time at which 
they are closest is Smaner, alert is generated for another run. 
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Considkra case OfRIAASin a h g k  nmwayscenario whew the 0wShr;p state is in 
cmivaiand tq@cstote is in t a x i  Assuming the type ofevasive action taken on ownship 
is RCA and RCA for tn@c, with random generator ON for ownship and OFF for t r e .  

Examplem. c 

Summary 10 14.0 ' 51.0 820.3 8202.50 0.0 0.0 53.0 383 
9 53.0 383 9 NIA None 0.0 0.0 0.0 135.0 4.4 135.0 
4.4 0.0 798.2 382.4 819.8 None None N/A None 

sllmmarv 1 17.0 22.0 31 17.0 8202.5 0 0.0 0.0 635 2403 
2161 655 937 2260 27.0 Climb 135.0 8.7 0.0 135.0 20.0 135.0 

20.0 0.0 25072 -855.8 3116.5 1 None N/A None 
Alert 1 RTA 26.5 0 -5924 362 355 3116 0 28.5 0 

-5468 432 319 3116 0 

Nde: This is one of the cases (case # 12) of Table 2 listed below. 

The separation distance in the 10* run is 383% which is very less and expeds an alert. 
Butthe separation distance m the larun is 2403ftfor which alert is given. 

4.7 Anomaly 7: Alert is generated after the time at which both ownship and t d E c  
aredoscst 

consider a case of RSM in a crossing runway scenario where the Owship state is in 
departure and tm$ic state is in departure. Assuming the type of evasive action taken on 
Owns& is none and none for tn&c,with random generator OFF for ownship and ON 
for tr-. 

Summary 6805 0.0 18.0 0.0 656.2 0 0.0 0.0 13.5 3589 
0 13.5 3589 0 N/A None 0.0 0.0 656.2 68.0 191.0 68.0 

191.0 3674.4 12646.1 6227.3 15168.1 None 1 N/A None 

Alert 6805 RCA 285 5545 10776 0 6227 14672 0 35.5 6806 
9514 183 6227 13839 0 

Note: This is one of the cases (case # 19) of Table 1 listed below. 
In the above example the time at which both ownship and traffic are closest is 1358, but 
aleatisgeabaasedat285& 
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As mentioned mthe ktmdmim, mcansuttatiaas *NASA, we have runMonte Carlo 
runs on 24 scenarios. This -le npsesents typical scenarios of intaxst far coilision 

Table 3. The ones for single nmway am summarrzed ' m Table 4. 
I detection and avoidance software. Tbc sceiIl8cios for crossing runways are suI11I118flzBd * m  

Table 5 Summarizes the output of RHAS and the analysis output m esbch of the 24 
scenarios for single runway (Tabie 4). For each case, the results from Ranmch's 
simulator as well as the output fhm OUT analysis program are included here. For example, 
m case 22, the simulator identifed 376 coilisions and 111 nearallisions. These axe out 
of 10,000 Monte Carlo runs run with the same scenario (case 22). Furthex categcmzatm 
of thesecases is available through the analysis program 0ut.p~~ Hare, it shows an analysis 
of al l  10,OOO nms. 5805 resulted in no oollisions and there were no a l e .  This is a 
mrmd a M c m  and eiassfied under Class L Ilen,3059 resuzted m no coiiisions but 

W a  (UL PLGU. 3111l1t vi UIG &xis may have been avoithi due to rhe aim - 
by Rl[AAs while some may hve  been false alerts. But this tihie does not distmguish 
h e e n  these two cases. (The only wayto separate these cases is to make an identical 
runs with and without invoking the alerts. But this was not possible due to Monte Carlo 

* .  

A- -.a- ..l& ---- -e.%- 

simulationwithrandomizedinputs.) 

Now let us ~~nsider the runs that resulted in collision or near-collision. There are 
(10,000-5805-3059) M 1136 of these. Of these, 480 (4.8% of all runs and 42.25% of all 
collisionhear cokions) were due to collisions without alerts. These are the cases that 

and 47.53% of aU collisid-coilisions) were due to collisions with alerts. Hem, one 
needs to investigate whether alerts should have been much eariier than when they were 
by RIAAS. Of the remaining, 20 resulted in near coilisions without alerts (0.2% of all 
runs and 1.76% of all Oollisiodnear collisions). These need further investigation. The 
rest % (O.%% of all  nms and 8.45% of ail collisions/near ooilisions) were due to near- 
collisions with alerts. From here, the value of the analysis program and how it provides 
more useful idonnation than the simulator should be evident. 

need furb.ler mvesqpltion to know why aleas were not generated. 540 (5.4% of all runs 

Tables 6.7, and 8 are similar to this one but deal with RSM and RIAAS and single and 
crossing runways. 

Tables 9-16, also provided by OUT analysis pr~gram, furthes anal- the Of 
collisions and near-collisions. It gives a histogram of times between the start time of 

large enough, we can d u d e  that the c~llisicm could have been avoided. However, if 
this is small, we can conclude that the collision could not have been avoided. 

OwILship and the time atwhichthetnlffic and OwIlship are the closest. so if this time is 
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Table 3. Blackbox Test Scenarios for Crossing Runway 
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I I I I I 1 
I 
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Table 4. Blackbox Test Scenarios for S i i e  Runway 
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Tabie 5. RIAAS, SiRunway-Companson of Analysis Program output with 
simnlator output 
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Table 6. RSM, Single Runway- Cornpanson ofAndysi!sprogrsmootpatwith 
SiBlplntOroatpat 
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C O W b i l @ + k ~ W M c r k r b M d  

4631 I 5201 I 0 I 168 I 0 I 0 I 168 I 179 I 

Table 7. RIAAS, Cnwsing Runway- Cornpanson ofAMlysisprogramontpatwith 
SimuIatQrolltpnt 
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cdlbiorw 
nrithord 
Akrb 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

(cb82ic l r rse4)  
Near 

colusions 
~ w t t h o u t  
rvtthAkrb A M s  

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 

168 0 
0 0 
0 0 
0 0 
0 0 

(c&MBa2+clarrl) 
Nmr 

cowdon8 
wml Near 
Akrb c o l u d o n r c d l ~  

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 I 0 I 0 
0 0 0 
0 0 0 
0 0 0 
0 168 179 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

Table 8. RSM, Cnwsing Runway- Cornpanson of Analysis program output with 
simulator output 
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Table 9. Statistics of IUAASSingle Runway, cdlision Infomation. 

Note: The above table has an immedmk * implication of the case where a collision can be 
avoided. If To be the Ownship Start time and Ttbe the traffic Start Time and the closest 
Sepesation h e e n  Ownship and traffic be Tc. The time gap b e e n  the start time of 

-To). As long as Tg is s d e x  than 5 seconds, the collision is very diffkdt 
to avoid, even if an alert is generatd However, if the Tg is between 10-15, a collision 
can be avoided upon noting an alert. In the particular case WI of collisions with alerts, 
there are 421 cases for which the time gap Tg is about 10-15 sea.  These are all collisions 
generated with alerts with longer time gap, hence a collision can be avoided.10-15 
seconds of time and collision can be avoided. Collision cannot be avoided in the cases for 
time gap wbich lies between 0-Ssecs. 

ownship =traffic to the time at which both 0- and t&ic clo~est. IS T e  TC- 
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Table 10. Statistics of RSMSingle Runway, Collision Information 

Note: As Mentioned in the above note of table 7, if Tg is between 10-15, a collision can 
be avoided upon noting an alert. In the particular case #2 of collisions with alerts, thexe 
are 423 cases for which the time gap Tgis about 10-15 sea. These are all collisions 
gmerated with aleas with longer time gap, h c e  a collision can he avoidd.10-15 
seconds of time and collision can be avoided. Collision cannot be avoided in the cases for 
time gap which lies between 0-5secs. 
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Table 11. Statistics of RSMSingle Runway, Near Collision Information 

20-2s 
0 
339 
0 
0 
0 
0 
0 
0 
c 
0 
0 
0 
0 
0 
45 
0 
0 
0 

201 
51 
40 
0 
0 
0 

Note: As m e n t i d  in the above note of table 7, if the Tg is between 10-15, a collision 
can be avoided upon noting an alert. In the particular case #2 of collisions with alerts, 
theream 109 cases for whichthe time gapTg is about 10-15 secs. These are all collisions 
generated with alexts with longer time gap* hence a collision can be avoided. 10-15 
seconds of time and collision can be avoidBd. Collision m o t  be avoided in the cases for 
time gap which lies between 0-5secs. 

19 



Note: As mentioned in the above note of table 7, if Tg is between 10-15, a collision can 
be avoided upon noting an alert. In the particular case #2 of collisions with alerts, there 
are 109 cases for which the time gap Tg is about 10-15 secs. These am all collisions 
generated with ale!& with longer time gap, hence a collision can be avoided. 10-15 
seconds of time and collision can be avoided. collision cannot be avoided in the c(~ses for 
timegapwhichli~betw~0-5secs. 



Table 13. Statistics ofRIAAs-crossmg Runway, Collision Information 

Note: As mentioned in the above note of table 7, if Tg is greater than 25s. a collision can 
be avoided upan noting an a l a  In the partidm case #22 of collisions with aim, there 
arc I67 cases for which the time gapTg is gceaterthan 25 secs. These are all collisions 
generated with alms withlmgertime gap, hence a collision canbe avoided. Greater than 
25 seconds of time and collision can be avoided. Colliiion cannot be avoided in the cases 
fortimegapwhichliesbetweeno-5secs. 
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Them 
caw# 

4 
1 0 
2 0 
3 0 
4 0 
5 0 
6 0 
7 0 
8 0 
9 0 
10 0 
11 0 
12 0 
13 0 
14 0 

16 0 
17 0 

I 15 0 

Table 14. Statisth of RSM-Crosing Runway, Collision Infomation 

Note: As medlsioned m the above note of table 7, if Tg is greater than Us, a collision can 
be avoided uponnoting an a l a  Jnthe particular case m o f  oollisions with alerts, there 
are 167 cases for which the time gapTg is greaterthan 25 secs. These are all collisions 
generated with alem with longer time gap, hence a collision can be avoided. Cheater than 
25 secunds of time and collision can be avoided. Collision cannot be avoided in the cases 
for time gap which lies betweenO-Ssecs. 
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Table E. Statistics OQRIAAS-Crossiug Runway, Near Co;Uision Information 

Note: 'Ihexe is no information related to the above mentioned note of table 9. 
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Tablel6. Statistics of RSM-Crosshg Runway, Near cdlisi.on Information 

Note: There is no infixmation related to the above mentioned note of table 9. 
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In this report, we have s- the results that we obtained in running the RIAAS 
and RSM software and attempted to evaluate their efficacy in avoiding collisiodnear- 
collision situations. In this process, we have categorized Merent runs into four primary 
classes depending the outcome. The infomation provided here should be used to further 
improve RLAAS and RSM software. 
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