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Abstract

A study on common modular design based on open standards to reduce the life cycle cost of ground weapon
system is underway. Since the ground weapon system includes major mission equipment such as fire control
system, it is essential to apply the concept of fault tolerance through automatic reconfiguration and blocking
unspecified equipment through connectivity control. However, it is difficult to generalize due to the difference in
operating characteristics for each system. In this paper, we propose a plug-and-play framework, which includes
plug-and-play architecture and mechanism. The proposed method can be used in common by the application of
each component as it is divided into a common service layer. In addition, the proposed connectivity control and
autonomous reconfiguration method facilitates reflection of operating characteristics for each system. We constructed
a verification environment that can simulate ground weapon systems and components, and verified that the
proposed framework works through scenario-based functional tests.

Key Words : Plug-and-Play(& & Z281E 8 ©]), Connectivity Control(31273 A1), Self-Reconfiguration(X+& |7-43),
Weapon System(F-7] A A]), Ground Weapon System(#]/3--7177])
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Fig. 4. Service plug—and—play operation flow
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Fig. 7. Conceptual diagram of the weapon system
components(system, device and service)

<?xml version="1.0"?>
- <System_Profile>
<name> a_system </name>
- =system_configuration:
- <hw_list=
<itemn name="device_1" hw_ref_id="101"/>
<sub_item name="sub_device_1"/>
<sub_item name="sub_device_2"/>
<sub_item name="sub_device_3"/>
<sub_item name="sub_device_4"/>
<sub_item name="sub_device_5"/>
<item name="device_2" hw_ref_id="102"/>
<item name="device_3" hw_ref_id="103"/>

</hw_list=

- <svc_list>
<item name="service_1" svc_ref_id="10001"/=
<item name="service_2" svc_ref_id="10002"/>
<item name="service_3" svc_ref_id="10003"/=

< fsve_list>
</system_configuration:
+ «<fault_tolerance_rules=
+ <hw_dict>
+ <svc_dict>
</System_Profile>

Fig. 8. An example of system profile
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<?xml version="1.0"?>
- <System_Profile>
<name> a_system </name>
+ <system_configuration=
+ «<fault_tolerance_rules>
- <hw_dict=
- <hwz>
<idz> 101 </id=
<type category="display_unit"/:
<versionz 1.1 </version>
<manufacturer> company_a </manufacturer>
<Severity> High </Severity>=
</hw=
<fhw_dict>
- <sve_dict=
- <8Ves
<id> 10001 </id>
<type category="display"/>
<version> 1.01 </versionz

<fsve>
+ <8VC>

d/sx:-c._dicb
</[System_Profile=>
Fig. 9. An example of defining detailed information of
hardware devices and services
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Table 1. Service allocation for each role of multiple
display units

DU_SV1 | DU_SV2 | DU_SV3 | DU_SV4

Roles | Services (WPN) | (SA) | (DEF) | (SYS)

Rolel(H2E4) 0

FAlo] A2 Aol B A ATAS AR S aciEde] 2N

Role2(AA-4-2-8) 0 0 0
Role3(E3%4) 0

Roled(X528) 0 0
Role5(E.H &) 0

DisplayUnits @ DlsmayUmlE
Role5

(@ () ]

Fig. 10. Alternative operation of display equipment (a)
normal operation (b) 1 display unit failure
(c) 3 display units failure

Expression tree: o °

infix expression: (4 | B A By IlC|D
(a) (b}

Fig. 11. Rule expressions of alternative operation (a)
for controllers (b) for display units
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317¢A] DisplayUnit27} DisplayUnit 1,3,49] 938 B5F
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// Return Pair, parentPair

Leafnode Leafnode.pair(Leafnode self) :

Branchnode Leafnode.parentPair (Leafnode self) -

// Return true (alive) or false

Bool Leafnode.isAlive() ;

// Return true (at lease one child is alive) or false

- T T TR

Bool Branchnode .isAlive () {
if(node.lefrchild.isAlive () && (node.rightchild.isAlive())
return true;
else return false;

‘ack.zpFe.J.r (ETree rules, Leafnode self) {
if self.pair.isklive() is False
doBackup (self, self.pair);

qa::]r.:l;;Fare'n:lia:tr (ETree rules, Leafnode self) {
if self.parentPair.isflive() is False {
if self.pair.isalive() is False{

doBackup(self, self.parentPair.leftchild);
dn‘ack;p(self self.parentPair.rightchild)

else if (self.parentPair.leftchild = self)
doBackup(=self, self.parentPair.leftchild);

else if (self.parentPair.rightchild = self)
dobackup(self, self.parentPair.rightchild);

/,’Self Reconfigure
Bool SelfReconfigure (ETree rules, Leafnode self) {
BackupPair(rules, self) r
if(self.parent !=root)
BackupParentpair (rules, self);
return true;

32

}

Fig. 12. Autonomous reconfiguration method based
on alternative operation rules
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S8 3HC(Line 28-34). isAlive() &
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Table 19] Role 1~43} )&=,
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Table 2. Verification method of main PnP modules

ltems Verification methods

* Check logging messages
- Status report(1Hz)
- Distribution of system status(1Hz)

Status
Monitoring

* Operating scenario of Fig. 5
 Checking connectivity control
results through the GUI
- each common device
- non-common devices(ALU, GFC)
for specific systems

Connectivity
Control

* Operating scenario of Fig. 6
* Checking ulternative operating
results through the GUI
- among 4 display units
- between 2 controllers
- between 2 devices

Self-
Reconfiguration
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Table 3. HW and SW configuration for verification

HW SW

Controllers(2EA) | * System status management

* Operating common GUI and

Display units role-based(Role 1~5) activation

(SEA) of each display services
Device * Generating simulated data for
Simulators(8EA) each component device(8 types)

Analysis unit * Message logging

(1EA) * Operation of failure scenarios
Seq# SendTime RecvTime  Length MsglD SVID TOPIC_NAME
795 160735445445 1607354454 .45 8 6 7 COMM_SUBSYSTEM_STATUS_CPS
857 1607354454 46 1607354454 46 8 6 COMM_SUBSYSTEM_STATUS_GTDS
124 1607354454 50 1607354454 50 8 6 3 COMM_SUBSYSTEM_STATUS_ALU ‘
386 1680735445455 160735445455 152 ] 9 COMM_SUBSYSTEM_STATUS_COD
124 160735445473 1607354454.73 8 ] 4 COMM_SUBSYSTEM_STATUS_GFC ‘
858 180735445478 160735445478 8 ] 5 COMM_SUBSYSTEM_STATUS_DCC
128 1607354454 85 1607354454 85 8 6 & COMM_SUBSYSTEM_STATUS_GPS
858 1607354454 86 160735445486 152 6 10 COMM_SUBSYSTEM_STATUS_CTD
884 1607354454.89 160735445490 152 6 11 COMM_SUBSYSTEM_STATUS_GOD
827 1607354454.94 1607354454.94 152 6 13 COMM_SUBSYSTEM_STATUS_MSD
855 1607354454.97 160735445497 &8 7 0 OCC_SYS_STATUS_INFO
858 160735445512 160735445512 8 6 16 COMM_SUBSYSTEM_STATUS_APS
596 160735445515 1607354455 15 8 6 & COMM_SUBSYSTEM_STATUS_INS
818 1607354455.32 160735445532 8 6 0 COMM_SUBSYSTEM_STATUS_FCC
837 1607354455.37 160735445537 152 6 12 COMM_SUBSYSTEM_STATUS_GTD
796 160735445545 160735445545 8 6 7 COMM_SUBSYSTEM_STATUS_CPS
858 160735445546 160735445546 8 ] 2 COMM_SUBSYSTEM_STATUS_GTDS
125 160735445550 1607354455.50 8 ] 3 COMM_SUBSYSTEM_STATUS_ALU
387 160735445555 160735445555 152 6 4 COMM_SUBSYSTEM_STATUS_COD
859 160735445578 160735445578 8 6 5 COMM_SUBSYSTEM_STATUS_DCC
129 160735445585 1607354455 85 8 6 & COMM_SUBSYSTEM_STATUS_GFPS
859 160735445587 1607354455.87 152 ] 10 COMM_SUBSYSTEM_STATUS_CTD
885 160735445589 1607354455.90 152 ] 11 COMM_SUBSYSTEM_STATUS_GOD
828 160735445594 160735445594 152 6 13 COMM_SUBSYSTEM_STATUS_MSD
856 160735445597 160735445597 8 7 0 OCC_8YS_STATUS_INFO
859 160735445612 160735445612 8 6 16 COMM_SUBSYSTEM_STATUS_APS
597 1607354456.15 160735445615 & 6 6 COMM_SUBSYSTEM_STATUS_INS
819 1607354456.32 160735445632 & 6 0 COMM_SUBSYSTEM_STATUS_FCC
838 1607354456.37 1607354456.37 152 6 12 COMM_SUBSYSTEM_STATUS_GTD
797 1607354456.45 160735445645 8 6 7 COMM_SUBSYSTEM_STATUS_CPS
859 1607354456.46 160735445646 8 6 2 COMM_SUBSYSTEM_STATUS_GTDS
126 160735445650 1607354456 50 8 6 3 COMM_SUBSYSTEM_STATUS_ALU
388 160735445655 160735445655 152 6 § COMM_SUBSYSTEM_STATUS_COD
860 180735445678 1607354456.78 8 ] 5 COMM_SUBSYSTEM_STATUS_DCC
130 160735445685 1607354456.85 8 ] 2 COMM_SUBSYSTEM_STATUS_GPS
860 180735445686 1607354456.87 152 ] 10 COMM_SUBSYSTEM_STATUS_CTD
836 160735445689 160735445680 152 6 11 COMM_SUBSYSTEM_STATUS_GOD
829 160735445694 160735445694 152 6 13 COMM_SUBSYSTEM_STATUS_MSD
857 1607354456.97 1607354456.97 8 T 0 OCC_SYS_STATUS_INFO
860 1680735445712 160735445712 8 ] 16 COMM_SUBSYSTEM_STATUS_APS
598 160735445715 160735445715 8 ] 6 COMM_SUBSYSTEM_STATUS_INS
820 1607354457 32 1607354457 32 8 6 0 COMM_SUBSYSTEM_STATUS_FCC
1 839 1607354457 37 1607354457 37 152 6 12 COMM_SUBSYSTEM_STATUS_GTD
Fig. 13. Message logging of status report and
connectivity control
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Fig. 16. Self-reconfiguration results of display units
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Fig. 17. Self-reconfiguration results of controller—
failure scenarios (a) failure of controller
(Case 1) (b) failure of controller(Case 2)
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