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Abstract

This paper intedns to develop a Prototype Expert Collision Avoidance System by introducing expert sys-
tem techniques into the decision block of anti-collision loop. The problem domain of this study is characte-
rized and specified by combining the concepts of anti-collision loop and knowledged-based system for colli-
sion avoidance.

Domanin knowledge which may oriiginates from the appropriate sources such as the International Regu-
lations for Preventing Collision at Sea 1972, Marine Traffic Laws, and many texts on the subject of anti-
collision navigation and good seamanship, is acquired and formalized into the knowledge-base system using
production rule.

Finally, a Prototype Expert Collision Avoidance System is built by using the CLIPS, developed by AIS
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at NASA written in and fully integrated with the C language, and some test-and-run results of the system
are demonstrated and examined. The author considers the proposed system which is named PECAS to
be meaningful as a test bed for a further refined Expert Collision Avoidance System on board the Automa-

ted Ship.
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Fig. 1 The Anti-collision Loop
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Fig. 3 Block Diagram of Prototype Expert Colli-
sion Avoidance System.
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(assert (module 1))

)

(defrule select-OOT-module
(declare (salience—1))
(select-module)
(not (a XSP $?))
(not (a THO $?)
(a 00T $?)

=)

(assert (module 5))

2) 25 A AAFH ¥
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(Do-Module XSP)
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4.2 AAE A3 of

ol el Al A oH3d PECASE XSP.CLP,
XPS.CLP, THO.CLP, TOO.CLP, OOT.CLP, TST.
CLP 59 6709 Module® 7}x]3 $ic}. 7jwutgt
Al 2glo tf3te] 52 o] Rpdut 29448S 9
Hi A3, 1 FolA FFAYE A A
2 zefsfel ¥ Autz¢ et $HAA FHE
o7 waste] ¢ AbdlAl(Target crossing from
starboard to port)S.Z vlelut H$o] Awje] A
g 7)ol epft Hlch

(1) Atz5-3ee] oy 7 &

olzfioll A Holw dEs ¥ FE
glolx olsl g 5 glowe Artgie

CLIPS (run)

o

L

7o)

Prototype Expert Collision Avoidance System
1991. 6. 29

PECAS : Edited by Kim, Si-Hwa
This system generates collision avoidance
maneouvring struction, if any, and then

gives output to the navigator with advices.

To execute, merely load, reset and run.

PECAS CLASSIFY SHIP ENCOUNTER TYPES
AS FOLLOWS

[XSP] Target Crossing from stbd to port
[XPS] Target Crossing from port to stbd
[THO] Target Heading On

[TOO] Target Overtaing Ownship
[OOT] Ownship Overtaing Target

[TST] Target Stopped

ANY TARGET CROSSING FROM STBD TO
PORT ? {y/wy

ANY TARGET CROSSING FROM PORT TO
STBD? {y/wy

ANY TARGET HEADING ON? <{y/my

ANY TARGET OVERTAKING OWNSHIP ? <y n>y
IS THE OWNNSHIP OVERTAKING ANY TAR-
GET? {y/mn

ANY TARGET STOPPED ? <y n’n

How’s the apparent aspect of XSP target 1
1, 2, or 3 o'clock? [cl/c2/c3] 7 ¢l

How's the DCPA of XSP target 1

safe or dangerous ? [s/d1d

How’s the TCPA of XSP target 1

easy or hurry up ? [e/hlh

Is XSP target 1 restricted ? [y/nln

How’s the passing aspect of XSP target 1

passing ahead or astern ! [ah/as] ah

(2) XSP Module® Loading % A2 A

XSP Module®} load= "4} £-0, f-1--- 2.2
A (facts)E #} Matchinge] =] A=)
o] Agenda®l] o 7]%tc}.

HB
-

U e

(initial-fact)

== {1 (Do-Module XSP)
==) {2 (XSP-encounter y)
==) £3 (XPS-encounter y)
==) f4 (THO-encounter y)
==) f5 (TOO-encounter y)
==> {6 (OOT-encounter n)
==) 7 (TST-encounter n)
==> {8 (number-of-XSP 2)
==>f9 (@XSP1lclden ah)
==)£10 (@ XSP 2c2d hn ah)
==) {11 (number-of-XPS 1)
==>1f12 (@XPS1cl0dh n ah)
==) {13 (number-of-THO 1)
==)f14 (@THO 1p0d hn 0)
==) {15 (number-of-TOO 2)



==>1{16 (@ TOO 1 c5d h n ah)
== {17 (a TOO 2 ¢7 d ¢ n ah)
== 18 (values-for id 1 2 3 4)
==} Activation 5  phase-id : f—1, f—18

CHECK BAD INFORMATION®]2} = ¢}
£ A9 A d(facts)E F HHY 2H7F

st A7) AREo] A HAAHs}e FRolct

U=

o

e e

FIRE 1 phase-id : f—1, {—18

(== f-18  (values-for id 1 2 3 4)

==) f—19  (values-for asp c0 cl ¢2 c3 c4 ..)
= =) Activation 5 phase-asp : f—1, {—19
FIRE 2 phase-asp . f—1, f—19

(== {—-19  (values-for asp c¢0 cl c2 c3 c4 ..)
==) {~20 (values-for dcpa s d)

= =) Activation 5 phase-dcpa: f—1, {—20

FIRE 3 phase-dcpa - f—1, {—20
(== {-20  (values-for dcpa s d)
==» f—121 (values-for tcpa e h)

= =) Activation 5 phase-tcpa : f{—1, f—21

FIRE 4 phase-tcpa . f—1, {—21
(== f-21  (values-for tcpa e h)
==) f-122 (values-for res y n)

= =) Activation 5 phase-res—1, f—22
FIRE 5 phase-res : f—1, {—22

{== {-22  (values-for res y n)
==) f{-123 (values-for pass 0 ah as)

= =) Activation 5
FIRE 6 phase-pass : f—1, f—23
== {—23

phase-pass : f—1, {—23

(values-for pass 0 ah as)

olefa A Mol Ehw AHEHY BAR Foivh 9|
AAYE A% ARG ARk

==) {—24 (decision-phase-0)

BEpbanel MREEFEMIRA 2 Bl B P 11

= =) Activation—1  change-to-decision-phase-1 . {

-1, f—24

==) Activation 0  XSP-alt-stbd : f—1, {24, f—
10,

= =) Activation 0 XSP-alt-sthd - f—1, f—24, f—
10,

==} Activation 0  XSP-alt-stbd : {—1, f—24, f—
9,

= =) Activation 0 XSP-alt-stbd : f—1, f—24, {—
10,

FIRE 7 XSP-alt-stbd . f—1, f—24, {—9

==) {—25 (XSP-alt-stbd)

FIRE 8 XSP-alt-stbd : f—1, f—24, {—9,

FIRE 9 XSP-alt-stbd : f—1, f—24, {—10

FIRE 10 XSP-alt-sthd . f—1, f—24, {—10,

FIRE 11 change-to-decision-phase-1:f—1, f—24

(== {-24 (decision-phase-0)

==) {—26 (decision-phase-1)

= =) Activation -1 change-to decision-phase-2 . f—
1, f—26

==) Activation 0 XSP-alt-port-round-turn : f—1,

f—26, ..

FIRE 12 XSP-alt-port-round-turn : f—1, {—26, f—
25, f—16, f—12,
==) {-27
FIRE

(XSP-alt-prot-round-turn)
13 change-to-decision-phase-2 . f—1, f—26

(== {—-26 (decision-phase-1)

==) {-28 (decision-phase-2)

= =) Activation -1 go-to-print-phase-main : f—1, f
—~28

FIRE 14 go-to-print-phase-main : f—1, {—28

(== {-28 {decision-phase-2)

==){-29 (print-info)

14 rules fired

w} A XSP-alt-port-round-trun®] %o ukz Al

| ZA= 5 oleig} ANE ¥ o2 BUF7] S8
EZJE AR Fol7hA Ho) & 298} A4 (fact)
o] (print-info)e] ™ o] £-292} Matchinge} o] A=
TFAEe £He A% FHEI

o
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Fig. 8 Exploratory Development Cycle for Rule-

based Expert System.
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[ =279 PECAS. CLP 3]&~=

(defrule BEGIN
(initial-fact)
(not (BEGIN))
=>
(system "cls")
(printout t "" crlf crlf crlf crlf)

{printout t "% somssssssssssss=sss=ss==%" crlf)
(printout t "* Prototype Expert Collision Avoidance System =" crlf)
(printout t "» =" crlf)
(printout t "* 1991. 6. 29 =" crlf)
(printout t "= =" ¢crlf)
(printout t "»* PECAS: Edited by Kim, Si-Hwa *" crif)
(printout t "* This system generates collision avoidance #" crli)
(printout t "* maneouvring instruction, if any, and then =% crlf)
(printout t "* gives output to the navigator with advices. ®" ¢crlf)
(printout t "% ®" crlf)
(printout t "* To execute, merely load, reset and run. =% ¢crlf)
(printout t "* =" crlf)
(assert (ask-overall-situation))
(assert (BEGIN))
(system "pause")

:‘S-"kf.".‘:t**********t#i***t*t***t***t*********i******kt

R QUERY PHASE 0 ASK OVERALL SITUATION *®

;t*******************'ki'****»*v*****t*******tt****t***

(defrule ask-overall-situation
(declare (salience.-1))
?rem <- (ask-overall-situation)

=) . o
(system "cls")
(retract ?rem)
(printout t "™ crlf crlf)
(printout t "# PECAMS CLASSIFY SHIP ENCOUNTER TYPES *#" crlf)
(printout t "= AS FOLLOWS *" ¢crlf)
(printout t "# *" crlf)
{printout t "% [XSP] Target Crossing from stbd to port #" crlf)
(printout t "* [XPS] Target Crossing from port to stbd #" crlf)
(printout t "* [TBO] Target Heading On =" crlf)
(printout t "* [TOO] Target Overtaking Ownship 2" crlf)
(printout t “* [O0OT) Ownship Overtaking Target " crlf)
(printout t ** [TST] Target Stopped =% crlf)
(printout t "= =" ¢crlf)
(printout t "* =% ¢crlf)
(printout t "*»* =" crlf)
(printout t %" crlf crlf)
(printout t "ANY TARGET CROSSING FROM STBD TO PORT? [y/n]")

(assert (XSP-encounter =(read)))

(printout t "ANY TARGET CROSSING FROHM PORT TO STBD? [y/n]%)
(assert (XPS-encounter =(read)))

(printout t “ANY TARGET HEADING ON? [y/n]")

(assert (THO-encounter =(read)))

(printout t "ANY TARGET OVERTAKING OWNSHIP? [y/n]")
(assert (TOO-encounter =(read)))

(printout t "IS THE OWNSHIP OVERTAKING ANY TARGET? [y/n]")
(assert (OOT-encounter =(read)))

(printout t "ANY TARGET STOPPED? [y/n]")

(assert (TST-encounter =(read)))

(assert (ask-type-info))

(system "cls")
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".':*)‘:*1’:**#**#:****)’.’******t*********i'k******tt**t**

.
’

QUERY PHASE 1 ASK TYPE SITUATION *

If:i&**f;t*";**'h**#*******tti****f:******t*********tf:
(defrule query-for-Xsp-1

?2rem <- (ask-question)
(XSP-encounter y)
{not (number-of-XSP ?))

(retract 2rem)
(printout t "How many targets are crossing from stbd to port 2")
(assert (number-of-XSP =(read)))

)
(defrule query-for-Xsp-2

=>

)

?rem <- (ask-question)

(SP-encounter v)

{number-of-XSP ?noXSP)

(not (a XSP ?id ?asp ?dcpa ?tcpa ?res ?pass))

(bind 2k (+ 1 0}))
(while (>= ?noXSP 1)
(printout t "How’s the apparent aspect of XSP target" ?k crlf
(printout t "1, 2, or 3 o’clock? [cl/c2/c3] 2")
(bind ?asp (read))
(printout t "How’s the DCPA of XSP target"™ 2k crlf)
{printout t "safe or dangerous ? [s/d]")
{bind 2dcpa (read))
(printout t "How's the TCPA of XSP target' ?k crlf)
(printout t “easy or hurry up ? [e/h]")
{bind 2tcpa {(read))
{printout t "Is XSP target " ?k " restricted? (y/n]")
(bind 2res (read))
{printout t "How's the passing aspect of XSP target" 2?2k crlf)
{printout t "passing ahead or astern ? {ah/as]")
(bind 2pass (read))
(assert (a XSP ?k ?asp ?dcpa ?tcpa ?res ?pass))
{bind ?noXSP (- ?noXSP 1))
(bind 2?2k (+ 2k 1))

)

(defrule query-for-XpS-1

=2

?2rem <- (ask-question)
(XPS-encounter y)
(not (number-of-XPS ?2))

(retract ?rem)
(printout t "How many targets are crossing from port to stbd 2")
(assert (number-of-XPS =(read)))

)
(defrule query-for-Xps-2

=>

?rem <- (ask-question)

(XPS-encounter y)

(number-of-XPS ?2noXPS)

(not (aspect-XPS ?asp))

(not (a XPS ?2id zasp ?dcpa ?tcpa ?res ?pass))

(bind 2k (+ 1 0))
(while (>= ?2noXPS 1)
{printout t "How’s the apparent aspect of XPS target” ?k crlf)
{printout t "9, 10, or 11 o’clock ?[c9/cl0/cll]")
(bimd ?asp (read))
(printout t "How’s the DCPA of XPS tatget" ?k crlf)
(printout t "safe or dangerous ? [s8/d]")
(bind ?dcpa (read))

— 27_“
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)

(printout t "How’s the TCPA of XPS target" ?k crlf)
(printout t "easy or hurry up ? [e/h]")
(bind 2tcpa (read))
(printout t "Is XPS target " ?k " restricted? {y/n}")
(bind 2res (read))
(printout t "How’s the passing aspect of XPS target" ?k crilf)
(printout t "passing ahead or astern ? [ah/as]")
(bind ?pass (read))
(assert (a XPS ?k ?asp ?dcpa ?tcpa ?res ?pasg))
(bind ?noXPS (- 7?noXPS§ 1))
(bind 2k (+ 2k 1))

)

(defrule query-for-THO-1

=

?2rem <- (ask-question)
(THO-encounter y)
(not (number-of-THO ?))

(retract ?rem)
(printout t "How many targets are heading on 2")
(assert (number-of-THO =(read)))

)
(defrule query-for-THO-2

=>

")

?2rem <- (ask-question)

(TBEO-encounter y)

(number-of-THO ?noTHO)

{(not (a THO ?id 2asp ?dcpa ?tcpa ?res 7?pass))

(bind 2?2k (+ 1 0)) -

(vhile (>= ?noTHO'1)
(printout t "How’s the apparent aspect of THO target" ?k crlf)
(printout t “on-port or on-stbd near 0 o’clock or c0?{p0/c0/s0]}

(bind ?asp (read))

(printout t "How’s the DCPA of THO target™ ?k crlf)
(printout t "safe or dangerous ? [s/d]%)

(bind 2dcpa (read))

(printout t "How’s the TCPA of THO target® ?k crlf)
(printout t "easy or hurry up ? [e/h]")

(bind 2tcpa (read))

(printout t "Is THO target " ?k " restricted? [y/n]")
(bind ?res (read))

(assert (a THO 2k ?asp 2dcpa ?tcpa ?res 0))

(bind ?noTHO (- ?noTHO 1))

(bind 2k (+ 2k 1))

)

)
(defrule query-for-T0O-1

=>

?rem <- (ask-question)
(TOO-encounter y)
(not (number-of-TOO ?))

(retract ?rem)
{printout t "How many targets are going to overtake ownship 2?")
(assert (number-of-TOO =(read)))

)
(defrule query-for-T0O-2

?rem <- (ask-question)

(TOO-encounter y)

(number-of-7T00 ?noT00)

{not (a TOO 7id 2asp 2dcpa ?tcpa 2?res ?pass))
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(bind ?k (+ 1 0))
(while (>= ?noTO0 1)
({printout t "How’s the apparent aspect of TOO target™ ?k crlf)
(printout t "on which direction of the clock?{c5/c6/¢c71"%)
(bind 7asp (read))
({printout t "How’'s the DCPA of TOO target" 2% crlf)
(printout t "safe or dangerous ? [s/d]")
{bind 2dcpa (read))
(printout t "How’s the TCPA of TOO target" ?k crlf)
(printout t "easy or hurry up ? [easy/hurry]”)
{bind ?tcpa (read))
(printout t "Is TOO target " ?k " restricted? [y/n]l")
(bind ?res (read))
(printout t "How’s the passing aspect of TOO target" 2k crlf)
(printout t "passing ahead/astern or none of the two [ah/as/0]1")
(bind ?pass (read))
(assert (a TOO 2k ?2asp 2dcpa ?tcpa ?res ?pass))
(bind ?2noTO0 (- ?noT0O0 1))
(bind 2k (+ 2k 1))
)

)
(defrule query-for-00T-1

=>

?rem <- (ask-question)
{OOT-encounter y) .
(not (number-of-00T ?))

(retract 2rem) :
(printout t "How many targets are to be overtaken by ownship 2%)
(assert (number-of-00T =(read)))

)
(defrule query-for-00T-2

=>

?rem <- (ask-question)

(OOT-encounter y)

(number-of-00T 2no00T)

(not (a OOT ?id ?2asp ?dcpa ?tcpa ?res ?pass))

(bind 2k (+ 1 0))
(while (>= ?2no0OOT 1)
(printout t "How’s the apparent aspect of OOT target"™ ?k crlf)
{printout t "on which direction of the o’clock?[cl/c0/cll]"™)
(bind ?2asp (read))
{printout t "How’s the DCPA of OOT target" ?k crlf)
(printout t "safe or dangerous ? [safe/danger]}]")
(bind ?dcpa (read))
(printout t "How’s the TCPA of OOT target"™ ?k crlf)
(printout t "easy or hurry up ? [easy/hurry]l")
(bind ?tcpa (read))
(printout t "Is 00T target " ?k ™ restricred? [y/n}]")
(bind ?res (read))
(assert (a OOT 7k zasp 2dcpa 2tcpa ?2res 0))
(bind ?no0O0T (- ?2no0O0T 1))
(bind 2k (+ 2k 1))
)

)
(defrule query-for-TST-1

=>

?2rem <- (ask-question)
(TST-encounter y)
(not (number-of-TST ?))

(retract ?rem)
(printout t "How many targets stopped are there?")
(assert (number-of-TST =(read)))
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(defrule query-for-TST-2
?rem <- (ask-question)
(TST-encounter y)
{number-of-TST ?noTST)

(not (a TST ?id ?asp ?dcpa ?tcpa ?res ?pass))

=>
(bind ?k (+ 1 0))
(while (>= ?noTST 1)

(printout t "How’s the apparent aspect of TST target™ ?k crilf)
(printout t "on-stbd, on-port or on-ahead? [s/p/a]")

(bind ?asp (read))

(printout t "How’s the DCPA of TST target"™ 27k crlf)
(printout t "safe or dangerocus ? [safe/danger]")

(bind 2dcpa (read))

(printout t "How’s the TCPA of TST target" ?k crlf)
(printout t "easy or hurry up ? [easy/hurry]")

(bind ?tcpa (read))

(printout t "Is TST target " ?k " restricted?(y/nl]")

(bind ?res (read))

(assert (a TST 2k ?2asp ?2dcpa 2tcpa ?zres 0))

(bind ?noTST (- ?noTST 1))
(bind ?k (+ 2k 1))
) ’ .
(defrule ask-type-info "
{ask-type-info) .
{not (ask-guestiom))

(assert (ask-guestiom))

EARERARRRAARAAARA RS AAR AR R AR RIS RR Rk kR k&

*
% PHASE 1 SELECT MODULE *
AR AR AR R AR R R R R A AR AR RN AR AR ARRER AR AR AR AR
defrule select-XSP-module

(declare (salience -1))

(select-module)

(a XSP $?)

(assert (module 1))

)

(defrule select-THO-module
(declare (salience -1))
(select-module)

(not (a XSP $2))
(a THO $?)

=>

(assert (module 3))

)

(defrule select-00T-module
(declare (salience -1))
(select-module)

(not (a XSP $2))
(not (a THO $?))
(a OOT $?)

=)

(assert (module 5))

—30-
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({defrule select-XPS-module
(declare (salience -1))
(select-module)
{(not (a XSP $?))
(not (a THO $2))
(not (a 0OT $?))

{a XPS $7)

=>
(assert (module 2))

)

(defrule select-TQO-module
(declare (salience -1))
{select-module)
{not (a XSP $?))
(not (a THO $2))
(not (a OOT $?))
(not (a XPS $72))

(a TOO $?)

=)

(assert (module 4))

)

(defrule select-TST-module
{declare (salience -1))
(select-module)
(not (a XSP $?))
(not (a THO $?))
(not (a 00T $2))
(not (a XPS $?))
(not (a TOO $?))

{a TST $?)

=3

(assert (module 6})

) .
{(defrule select-NONE
(declare (salience -1))
(select-module)
(not (a XSP $?))
{not (a THO $?))
(not (a OOT $2))
(not (a XPS $2))
(not (a TOO $?))
{not (a TST $?))
=>
(printout t "Nothing but Own ship exists at the moment!!"™ c¢rlf)
(reset) :

I3 E2 2222 SRR RS2 2222 2 2 2 2 2]

had PHASE 2 LOAD MODULE *

;ikﬁ*t****i*****t*****tt*tt*i***t********t

(defrule load-XSP-Module
(declare (salience -2))
(load-module)

?rem <- (module 1)

)

=>
(retract ?rem)
(printout t crlf "Crossing-stbd-port Module Loaded." crlf)
(load "Xsp.clp”)
(assert (Go-to-Module XSP))

)
(defrule load-XPS-Module
(declare (salience -2))
(load-module)
?2rem <- (module 2)
,-31 —_
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-
(retract ?rem)
(printout t crlf "Crossing-port-stbd Hodule Loaded." crlf)
(load "XPS.clp")
(assert (Go-to-Module XPS))
)
(defrule load-THO-Module
(declare (salience -2))
(load-module)
2rem <- (module 3)
=)
(retract ?rem)
(printout t crlf "Head-on-target Module Loaded." crlf)
(load "THO.clp")
(assert (Go-to-Module THO))

)
(defrule load-TOO-Module
(declare (salience -2))
(load-module)
?2rem <- (module 4)
->
(retract ?rem)
(printout t crlf "Target-Overtaking Hodule Loaded." crlf)
(load "TOO.clp")
(assert (Go-to-Module TO00))

) :
(defrule load-00T-Module
(declare (salience -2))
(load-module)
2rem <- (module 5)
- )
(retract ?rem)
(printout t crlf "Ownship-Overtaking Module Loaded." crlf)
(load "0O0T.clp")
(assert (Go-to-Module 00OT))

)
(defrule load-TST-Hodule
(declare (salience -2))
(load-module)
?rem <- (module 6)
=)
(retract ?2rem)
(printout t crlf "Target-Stopped Module Loaded."™ crlf)
(load "TST.clp")
(assert (Go-to-Module TST))
)

FRRRARARKRARRRARRA AR AR AARRARARRARRR R AR A AAS

H PHASE 3 DO MODULE *
Rk AR R R AR R AR R AR R RN R AR R R AR AR AR A AR AR Ak ko

cses e s e s scsssecsaans

1222833223323 22 X322 2X222 232222222222 2}
PHASE 4 PRINT-INFO PHASE *

;****t**t**t*tt*********tti**i*******t***t

(defrule print-info-1

(declare (salience -4))

(print-info)

(XSP-encounter y)

(number-of-XSP 2?n)

. we we
» »

-
(assert (noXSP ?n))

.- e
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;f:**'kf:;’:****{:****t***********t********;':*t*f:

¥ PHASE CONTROL RULES *
;*t***t*tt***i***t*****t*****i************
(defrule change-to-phase-1

(declare (salience -10))

?2rem <- (ask-type-info)

?reml <- (ask-question)
‘s

(retract ?rem ?reml)

(assert (select-module))

)

(defrule change-to-phase-2
(declare (salience -10))
2rem <- (select-modyle)

=5
(retract ?7rem)

(assert (load-module))

)
(defrule change-to-phase-3
(declare (salience -10))
?2rem <- (load-module)
2reml <- (Go-to-Module ?mod)
=>
(retract ?rem 2reml)
(assert (Do-Module 2mod))

)
(defrule change-to-phase-4
(declare (salience -10))
2rem <- (Do-Module 2mod)
?reml <- (print-info)
=>
(retract ?rem ?reml)
(printout t "PECAS is peacefully terminated !!!")
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(¥ =239 XSP. CLP g&E

L2222 RS 22222 222222222 2222222 R 082 2
*

*
=

* TARGET CROSSING FROM STARBOARD TO PORT *
* %

’

A
i
i:
ii
R T TR  E EE E E PE R
: EDITED BY KIN, SI-HWA AND *
X2 2222222222 2222222223222 X2 2R 2222 222X R RS R R BT

frule check-info
(Do-Module XSP)

i
.
i
.
i
e

a
(assert (values-for id 1 2 3 4))

)
(defrule bad-info-id
(declare (salience 10))
(Do-Module XSP)
(values-for id $?zlist)
?2fid <- (a 2type ?value ?a ?2d 2t ?r 2p)
(test (! (member ?value $?list)))

(retract 2fid)
{printout t "Target ID information bad!!" crlf)
(primtout t "(" 2type " " ?2value " " ?2a " " ?2d " "
?t L] n ?r L " ?p H)ﬁ)
(system “pause"”)
)
(defrule bad-info-asp
(declare (salience 10))
{Do-Module XSP)
(values-for asp $7list)
?fasp <- (a ?type ?i ?value ?2d ?t ?r ?p)
(test (! (member 2?value $?list)))
=>
(retract ?fasp)
(printout t "Target Aspect information bad!!" crlf)
(printout t "(® ?2type " " ?2i " " 2value " " 24 " "
?t L} n ?r L n ?p n)n)
(system "pause")

)
(defrule bad-info-dcpa
(declare (salience 10))
(Do-Module XSP)
(values-for dcpa $?1list)
?2fdcpa <- (a 2type ?i 2a ?value 2t 2r ?p)
(test (! (member 2?value $?list)))
=)
(retract 2fdcpa)
(printout t "Target DCPA information bad!!" crlf)
{printout t "(" 2type " " 2i " " ?2a " " ?value " "
?t L ?r LU ?p n)n)
(system "pause")

_34_
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(defrule bad-info-tcpa
(declare (salience 10))
{Do-Module XSP)
(values-for tcpa $7list)
?ftcpa <- (a ?type 2i 2a 2d 2value ?r ?p)
{test (! (member ?value $?2list)))

(retract zftcpa)
(printout t “"Target TCPA information bad!!"™ crlf)
(printout t "(" 2type " " 2i " " 2a " " 2d " " ?value
L T ?p n)n)
(eystem "pause")
)
(defrule bad-info-res
(declare (salience 10))
(Do-Hodule XSP)
(values-for res $2list)
?2fres <- (a ?type ?i ?a 2d 2t 2?value ?p)
(test (! (member 2value $2?list)))

(retract ?fres)
(printout t "Target Restriction information bad!!" crlf)
(printout t "(" ?type " " 24 " " 7a " " 2d " " 2t

" " 2value " " ?p ")")

(system "pause") '

(defrule bad-info-pass
{declare (salience 10))
({Do-Module XSP)
(values-for pass $?list)
?2fpass <- (a ?2type ?i 2a 2d ?t ?r 2?value)
(test (! (member ?value $?1list)))

(retract 2fpass)

(printout t "Target Passing information bad!!" crlf)

(printout t "(" 2type " " 2i " " 2a " " 2d " " 2t
"n2r " " 2value ")")

(system "pause")

2RSSR EEEETS SR SZZSSSZ 22222222 R R R R X XY

*
*  PHASE CONTROL FOR CHECKING BAD-INFO *
2 XZSEESZEEEESRE RS LSRSES RS SRS SR 2R SR R & 3 4
efrule phase-id

(declare (salience 5))

{Do-Module XSP)

2rem <- (values-for id $2list)

)
(

-
’
’
.
H

d

=>
(retract 2rem)
(assert (values-for asp c0 cl c2 ¢3 c4 c5 c6
¢7 c8 ¢c9 cl0 cl1 pO0 s0);

(defrule phase-asp
(declare (salience 5))
(Do-Module XSP)
?2rem <- (values-for asp $7list)

(retract ?rem)
(assert (values-for dcpa s d))



24 BEFBBEE F15E F28, 191

(defrule phase-dcpa
(declare (salience 5))
(Do-lindule IISP)
?rem <- (values-for dcpa $?1list)

(retract ?rem)
(assert (values-for tcpa e h))
)
(defrule phase-tcpa
({declare (salience 5))
{Do-lodule XSP)
?2rem <- (values-for tcpa $21ist)

U
v

(retract Z7rem)
(assert (values-for res y nj))
)
(defrule phase-res
(declare (salience 5))
({Do-HModule XSP)
?rem <- (values-for res $?list)

(retract ?rem)

(assert (values-for pass 0 ah as))
)
(defrule phase-pass

(declare (salience 5))

(Do-FModule XSP)

?rem <- (values-for pass $?list)

(retract ?rem)
(assert (decision-phase-0))

;*f:'k*tt*kf:’.‘:********f;*k*********t;’:{:;‘:*f::‘:*s’:*{:**t*i‘
;® XSP DECISION PHASE-0 *
;s‘:;‘:t***********t*t***t**t********tf:**t‘:*****‘k:’ctf;
defrule XSP-alt-stbd
(Do-Module XSP)
(decision-phase-0)
(or (a XSP ?i 2a d 2t ?r ah)
(and (a XSP ?2i 2a d ?t ?2r ah)
(not (a XSP 21 ?2a d 2zt ?r as))
)
)
=>
(assert (XSP-alt-stbd))

-
r
.
? 200 e eees s essecesesevesseecancs
.
I
-
L4

defrule XSP-alt-port
(Do-Module XSP)
(decision-phase-0)
(a XSP ?2i 2a d 2t ?r as)
(not (a XSP $2 ah))
(not (a THO $?))
(not (a XPS $72))

(assert (XSP-alt-port))

.........................

.~ m
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;;#ﬁﬁ*#*f:*v‘:*******iktt*****t*****t*ﬁ***kﬁt*i****

HE e XSP DECISION PHASE 1 *
l-'-*t**t********k**i**t***tt*t*****ﬁ*********‘ki**
(defrule XSP-alt-stbd-90

(Do-Module XSP)

(decision-phase-1)

(XSP-alt-stbd)

(a TOO ?i ?a s e n $2)
=3

(assert (XSP-alt-stbd-9%90))

)
i
(defrule XSP-facc-stbhd
(Do-Hodule XSP)
(decision-phase-1)
{(XSP-alt-stbd)
(not (a TOO ?2i ¢5 d h $2))
(not (a TOO ?i c¢5 $? h $?2))
=)
(assert (XSP-facc-sthd})

)
(

defrule XSP-alt-port-stern-on

(Do-Module XSP)
(decision-phase-1)
(XSP-alt-sthd)
(a TOO 21 c5 $? h $?)
(not- (a XPS $7?))
(not (a TOO $2))

=>
(assert (XSP-alt-port-stern-on))

)
(defrule XSP-alt-port-round-turn
(Do-Module XSP)
{decision-phase-1)
(XSP-alt-stbd)
{a TOO ?i c5 $? h $?)
{a XPS $?)
(not (a TOO ?2i c7 4 h $2))
{not (a TOO 2i c7 $? h $?2))
=)
(assert (XSP-alt-port-round-turn))

.
’
H Cesecasensss seecessesmsasnense
.
r

defrule XSP-reduce-speed
{Do-Module XSP)
(decision-phase-1)
(XSP-alt-stbd)
(a TOO ?2i c5 S$? h $?)
(a XPS $?)
(and (or (a TOO ?i c¢7 d h $?)
(2 TOO i c7 $? h $?)
)
) .
=3
(assert (XSP-reduce-speed))
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R R T 2 ;
¥ XSP DECISION PHASE 2 *
GRRE KRR AR R A AR R AR R A AR AR IR A AR A AR R AR AR A AR A AT R X ARk k

i
H
.
H
.
i
.
H
(

defrule XSP-emergency
(Do-Module XSP)
(decision-phase-2)
(XSP-alt-sthd)
(a TOO ?2i ¢c5 $2 h $?)
(a XPS ?2i 2a d h $2)
(and (or (a TOO 2?i ¢7 @ h $2)

(a TOO ?2i c7 $2? h $2)
)

)
(a TOO 2?21 c6 4 $?)
=>
(assert (XSP-emergency))

KA L LR AR KRR AR AR AR R A E R AR AR AR A AR A AR A AR AR AR XL LA AR

%
’
il XSP DECISION PHASE CONTROL RULES *
;*t****tt*ﬁ*****t*t*****i**f********k**********
defrule change-to-decision-phase-1

(declare (salience -1))

(Do-Module XSP)

?rem <- (decision-phase-0)

)
(

=>
(retract ?2rem)
(assert (decision-phase-1))

(defrule change-to-decision-phase-2
(declare (salience -1))
{Do-Module XSP)

?rem <- (decision-phase-1)

(retract ?2rem)
(assert (decision-phase-2))

(defrule go-to-print-phase-main
(declare (salience -1))
(Do-Module XSP)

?2rem <- (decision-phase-2)
=>

(retract ?rem)

(assert (print-info))



