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Abstract - The preconditions of the usefulness of an operator safety training model in large plants are the
versatility and accuracy of operational procedures, obtained by detailed analysis of the various types of risks
associated with the operation, and the systematic representation of knowledge. In this study, we consider the
artificial intelligence planning method for the generation of operation procedures; classify them into general
actions, actions and technical terms of the operator; and take into account the sharing and reuse of knowledge,
defining a knowledge expression ontology. In order to expand and extend the general operations of the oper-
ation, we apply a Hierarchical Task Network (HTN). Actual boiler plant case studies are classified according
to operating conditions, states and operating objectives between the units, and general emergency shutdown
procedures are created to confirm the applicability of the proposed method. These results based on systematic
knowledge representation can be easily applied to general plant operation procedures and operator safety train-
ing scenarios and will be used for automatic generation of safety training scenarios.
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Fig. 1. An ontology for task analysis[10].
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<rdfs:Class rdf:ID=“OperatingProcedure”>

<rdfs:subClassOf rdf:resurce="“#Boiler”/>
</rdfs:Class>
<rdf:Property rdf:ID=“ControlRoom”>
<rdfs:domain rdf:resource="#Boiler”/>

</rdf:Property>

<rdfs:comment> Boiler operating procedure by abnormal</rdfs:commet>

<rdfs:range rdf:resource=“#BoilerShutdownProcedure”/>

Fig. 3. Generated boiler ontology RDF(S) file from Protege editor(adapted from Asuncion et al.[12]).

<owl:Class rdf:ID="OperatingProcedure”/>
<owl:Class rdf:ID="Boiler”>

</owl:Class>
<owl:Class rdf:ID=“ControlRoom”>

<owl:ObjectProperty rdf:ID="hasParent”>
<rdfs:subPropertyOf>

</rdfs:subPropertyOf>

<rdfs:subClassOf rdf:resurce="#OperatingProcedure”/>

<rdfs:subClassOf rdf:resurce="“#OperatingProcedure”/>

<owl:ObjectProperty rdf:ID="hasChild”>

Fig. 4. Boiler ontology RDF/OWL file.
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Table 2. Classification of operator task verb for boiler operating shutdown procedure
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Task: Shutdown heaters OP1 from Mal to Aul
Precondition:
OP1 class: Operation room
Mal class: main equipment
Aul class: aux. equipment
Mal in Bl
Aul in Bl
B1 class: Boiler
OPC1 class: Control
OPC1 at OP1
SubTask:
load OP1 OPC1
operation OPC1 Mal Aul
unload OP1 OPCl1

Task: Shutdown ?pl from ?al to ?ul
Preconditions:

Subtask: load ?pl ?pcl

?pl class: operation room
?al class: normal equipment
?ul class: normal equipment
differ ?al ?ul

?al in ?cl

ful in ?c2

?cl class: boiler

2¢2 class: boiler

Same? ?cl ?c2

?pcl class: control

?pcl at ?al

drive ?pcl 7pl ?7ul
unload ?pl ?pcl

Fig. 9. Generating simple heaters shutdown sequence from plan cases.
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Fig. 11. HTN Planning of boiler shutdown sequence including instances.

EventOccurringSchma(String id, String name, String taskId,

ArrayList<String> decomposition, ArrayList<String>
preServiceld, ArrayList<String> preObjectlds) {super(id, name)
_taskId= taskId

_decomposition=decomposition
_precond_services=preServicesIds
_precond_objects=preObjectIds}

[[return, task 3ol 9] 3}9] task
Array ArrayList<String> getDecomposition()
ArrayList<String> copy = new ArrayList<String>();
for(String t: _decomposition)

copy.add(t);
return copy,

[freturn 7)ol A 83 task
String getTaskId() return_taskId

[freturn, £& 27)ute] HEH7] A 8 THE AR
ArryList<String> getAllservicePreconds()
ArrayList<String> copy=new ArrayList<String>()
for(String t:_precond_services)

copy.add(t)
return copy

Jfreturn £ ~7)ulol] HLH7] A 2T EHE object
ArrayList<String> getAllObjectPrcond()
ArrayList<String> copy=new ArrayList<String>()
for(String t:_precond_objects)

copy.add(t)
return copy

Fig. 12. Decomposition schema Java code.
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Table 3. Comparison between classical and automated boiler shutdown procedure

Boiler emergency shutdown procedure

Boiler abnormal by electric power failure

Boiler emergency shutdown procedure using ontology

717k &5 250C &3, wi7i7hs A Al
¢ EF 9 IH ¢F 250C 2% 3t A5

- Step 1. 5 A3 BAA, A5 FF T, ¥
7b &5 250C ZIA HlGFFAR 2= o)
B9 AME, 23y B wx 98] Wz we
a9

Sk A Al2ElE vl s B9 D A
AN7vs o 7R ZE

- W77k 55 BB EC] 20%V]E, Hot =
As9] ¢ Aa47bA D A <F 247 IHE

- BYE g5 Y,

- Step 2. ¥Z @A, ID W FF AX F 1A
HETE T3 dob JdE di 7k mEEd

°F 3MW)

1. Furnace_operation_condition using spray_tower(2) for
flue_gas_above_250C,

2. Supplementary_valve_closed(0) for Burners_HO_atomizing_air_steam,
Drum_level_positive_180mm using Operate_Control(1) for stop_BFP,

3. Furnace_ID_fan_running using Operate_Control(1) for
flue_gas_cleaning_system,

4. Continuous_reduce_firing_rate(3) for temp_press_drop_within_load,
APH_lubeOil_pump_stop_interlock using Operate_Control(1) for
oil_temp_40C,

5. Furnace_ID_fan_stopped using Aux_power_supply for
furnace_cooling_condition,

6. Drum_level_maintain_auto using Operate_Control(1) for
boiler_water_temp_94C, Check_boiler_expansion_contraction(4) for
remove_heating_furnace

Condenser abnormal trip

Condenser emergency shutdown procedure using ontology

- Shaft®] eccentric pin &%, trigger lever 25

- Pilot valve?] spindle 172 8] °o|&

- Oil emergency trip cylinder W& 7}o2 <23
0il =<, pilot valve 3H5-ol 3+

- Oil emergency trip cylinder®] ¥ =3}, piston©]
spring 4ol &3] &7, valve B3

- Governing valve®] pilot valve &7}, oil
cylinder®] 3}§ F3kell oil drain

- Governing valve 7%, trigger lever= 1%t WH
23,

- Electric trip signal &2}, turbine shutdown

1. Condensate_outlet_flow_check using Inspection(6) for
condensate_vaccum_press_abnormal,

2. Trip_throttle_valve using trigger_lever(5) for pilot_valve_close,

3. Check_boiler_expansion_contraction using operate_Control(5) for
boiler_ShutDown_sequence,

4. Governing_valve_control(7) for condensate_extraction_flow_condition,

5. Slip_check_PurgeValveOpen using Operate_Control(5) for
oil_temp_40C,

6. Trip_throttle_valve using Operate_Control(5) for governing_valve_close,
electric_trip_signal(8) for turbine_shutdown
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Fig. 13. Bottleneck problem[17].
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LELELEETET B TR E T80 8 00008 8 E 0 E 7 8 i Ed d i i il i 8 ddddvd i i ddid 1iiidi idid

-
vl
http://www . owl -ontologies. con/Ontology 14970731 B5. owl #htonTask
-
v<owl:Class rdf:about="http://www.owl-ontologies .con/Ontology! 497073185, ow |#At omTask ">
<rdfs:subClass0f rdf:resource="http://www.owl-ontologies. con/Ontology 14970731 85, awl #Task” />
<rdfs:label rdf :datatype="http://www.w3.org/2001/¥MLSchenadst ring"»at omTask </rdfs :label >
</owl :Class>
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</owl :Class>
vel—
http:/Awww.owl ontologies. com/Ontaology 14970731 85, owl #Donai nConcept
-
v<ow|:Class rdf :sbout="http://www.owl-ontologies . con/Ontology! 497073185, ow I#0onainConcept” >
<rdfs:label rdf :datatype="http://www.w3.0rg,/2001/¥MLSchena¥st ring">Operat ingProcedure</rdfs -l abel>
</owl :Class>
vl—
http://www.owl -ontologies, con/Ontology 14970731 85, owl #Rep resent at iveObj ect
-—>
v<owl:Class rdf:about="http://www.owl-ontologies.con/Ontologyl 497073185, ow |#Pepresentat ivelbject ">
<rdfs:subClass0f rdf:resource="http:/ www.owl-ontologies. con/Ontology 14970731 85, owl #Donai nConcept * />
<rdfs:label rdf:datatvpe="http://www.w3.0rg/2001/¥MLSchena®string >Pepresentativelbject </rdfs:label >
</owl :Clags>
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http://www.owl-ontologies. con/Ontology 14970731 86, owl #5cenarioTenplate
-
v<owl:Class rdf:about="http://www.owl-ontologies .com/Ontology! 497073185, ow |#5cenarioTenplate ">
<rdfs:subClass0f rdf:resource="http://www.owl-ontologies. con/Ontology 14970731 85, owl #Donai nConcept " />
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</owl :‘Clags>

Fig. 14. RDF/OWL expression of boiler shutdown ontology.

Table 4. Example SWRL rule to application operator safety training

SafetyTrainingCase(?) /AhasWorkPlaceName(?x,

Control_Room) AhasTraineeLevelNumber(?x, ?y) /A swrlb:greatThan(?y, 10(temporal

selectivity No.))

hasIncidentType(?x, action_Trainee_level 1)

SafetyTrainingCase(?) A hasIncidentType(?x, action_Trainee_levell) /AhasPosition(?x,

Work_Field_valve_station)

hasProcedure(?x.
manual_working_at_valve_change)
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