
6(&�.LFNRII����

,QWHJUDWHG�'HVLJQ�DQG�$QDO\VLV�7RROV�IRU
6RIWZDUH�EDVHG�&RQWURO�6\VWHPV
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2EMHFWLYHV
� 2&3�SDUWLFLSDWLRQ

² ´UXQ�WLPH�VXSSRUW�PHWKRGV�IRU�K\EULG�DQG�PXOWL�PRGDO
V\VWHPV�µ

� &RPSRQHQW�DUFKLWHFWXUHV
² PDLQWDLQ�HIILFLHQF\

² FRPSRVH�SURSHUWLHV

� 8QGHUVWDQG�GHVLJQV
² UHGXFH�UHOLDQFH�RQ�VLPXODWLRQ

² FRUUHFW�E\�FRQVWUXFWLRQ�LPSOHPHQWDWLRQV

² UHO\�RQ�SUH�SURYHQ�IUDPHZRUNV

� 2UWKRJRQDOL]H�FRQFHUQV
² UHJLPHV�RI�RSHUDWLRQ

² IHGHUDWHG�FRRUGLQDWLRQ
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7UDMHFWRU\�3ODQ
� 6WXG\�JURXS��ZHHNO\����

² ���
² �����&25%$��SDUW�,�����&RQFHSWV
² �����&25%$��SDUW�,,�����-DYD�,'/
² �����7$2�DQG�4XDOLW\�RI�6HUYLFH�LQ�&25%$
² �����57�,'/�DQG�6FKHGXOLQJ�IRU�(PEHGGHG�6\VWHPV
² �����&DVH�6WXG\����+HOLFRSWHU�&RQWURO�6\VWHPV
² �����5HDO�WLPH�2SHUDWLQJ�6\VWHPV����41;�3626�9[:RUNV
² ������7KH�7LPH�7ULJJHUHG�$UFKLWHFWXUH
² �������7LPHG�$XWRPDWD�9HULILFDWLRQ
² ������3ODQQLQJ�IRU�NLFNRII�PHHWLQJ
² ���

� $UFKLWHFWXUH�IRU�%HUNHOH\�$(5RERWV
�%($5��SURMHFW

� �57��&RUED�H[SHULPHQWDO�SODWIRUP
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1RY$WHO�'*36
*URXQG
6WDWLRQ

%($5�5HVHDUFK�3ODWIRUP

/DE:LQGRZV�*8,

6LOLFRQ�*UDSKLFV�3&

*URXQG�0RQLWRULQJ�6\VWHP

WaveLan
Accesspoint

WaveLAN: T. John Koo
Pioneer mobile rotot: Omid Shakernia, Frank Hoffman
Pitching deck landing pad: Tulio

ethernet
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Wireless ethernet

Wireless ethernet

UAV’s

Landing Deck

Ground Mobile
Robots

WKDQNV�WR��'DYLG�+��6KLP
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8UVD�0LQRU�

Navigation computer

GPS
Antenna

Boeing DQI-NP
on fluid mounting

Length: 1.4m
Width: 0.39m
Height: 0.47m
Weight: 9.4 kg
Engine Output: 2.8 bhp
Rotor Diameter: 1.5m
Flight time: 15 min
System operation time: 30 min

Wireless Modem

Radio Receiver

GPS Card

WKDQNV�WR��'DYLG�+��6KLP
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1. Ursa Magnus 2: Boeing DQI-NP based system

W/L Modem 1
-Data Download

NovAtel GPS
RT-2

CPU P-233

RS-232

CTC T/O Board Servo
System

Longitudinal
Lateral

Main Collective
Tail Collective
Engine Throttle

Power Board Li-Ion Batt

PC-104 Stack

64MB RAM

W/L Modem 1
-Data Download

W/L Modem 2-
Differential GPS

NovAtel GPS
RT-2

CPU Penitum 233MMX

RS-232

CTC T/O Board Servo
System

Longitudinal
Lateral

Main Collective
Tail Collective
Engine Throttle

Power Board Li-Ion Batt

PC-104 Stack

Boeing DQI-NP
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1DYLJDWLRQ�+DUGZDUH��8UVD�0DJQXV�

Compass

85MB Flash Disk

(WKHUQHW

WaveLAN
Wireless Ethernet

WKDQNV�WR��'DYLG�+��6KLP

UXQQLQJ�41;
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2&3� �&RPSRQHQW�%DVHG�'HVLJQ

%DFNSODQH�DSSURDFK�

VRIWZDUH
FRPSRQHQWV KDUGZDUH

FRPSRQHQWV

2&3

57�&25%$
LQWHUIDFH

)LUVW�SULQFLSOH��:H�VHHN�VRIWZDUH
DUFKLWHFWXUHV�IRU�PRGXODU�FRQVWUXFWLRQ
RI�GLVWULEXWHG�FRQWURO�V\VWHPV�
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5XQ�7LPH�0RGHOV
.H\�LVVXH��:KDW�LQWHUIDFH�WR
H[SRVH�DW�WKH�2&3�OHYHO"

�22�PHWKRGV"
�(YHQW�QRWLILFDWLRQ"
�,UUHJXODU�RU�ORZ�UDWH"
�:UDSSHUV�IRU�OHJDF\�FRPSRQHQWV"

VRIWZDUH
FRPSRQHQWV ZUDSSHU

FRPSRQHQW

2&3

&276
KDUGZDUH
FRPSRQHQW

,QWHUIDFH�GHILQLWLRQ
GHSHQGV�RQ�WKH�PRGHO
RI�FRPSXWDWLRQ�
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0RGHO�RI�&RPSXWDWLRQ
� &RPSRQHQW�RQWRORJ\

² SURFHVVHV"�REMHFWV"�SURFHGXUHV"

² UHDFWLYH"�DFWLYH"�SDVVLYH"

� &RPSRQHQW�HSLVWHPRORJ\
² YLVLELOLW\�RI�RWKHU�FRPSRQHQWV

² JOREDO�LQIRUPDWLRQ��VXFK�DV�WLPH

² UHIOHFWLRQ�DQG�LQWURVSHFWLRQ

� ,QWHUDFWLRQ�SURWRFROV
² V\QFKURQL]DWLRQ"�SXVK"�SXOO"

² GHOLYHU\�JXDUDQWHHV

� ,QWHUDFWLRQ�OH[LFRQ
² YRFDEXODU\�RI�PHVVDJHV

² W\SH�V\VWHP

$�PRGHO�RI�FRPSXWDWLRQ�LV�WKH
RQWRORJ\�DQG�HSLVWHPRORJ\�RI
FRPSRQHQWV�WRJHWKHU�ZLWK�WKH
SURWRFROV�DQG�OH[LFRQ�RI�WKHLU
LQWHUDFWLRQ�
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&25%$
� &25%$�SURYLGHV

² GLVWULEXWHG�REMHFWV�ZLWK�ORFDWLRQ�WUDQVSDUHQF\

² V\QFKURQRXV��WZR�ZD\��UHPRWH�PHWKRG�LQYRFDWLRQ

² DV\QFKURQRXV��RQH�ZD\��UHPRWH�PHWKRG�LQYRFDWLRQ

² GHIHUUHG�V\QFKURQRXV�LQYRFDWLRQ��DW�KLJKHU�FRVW�

� &26�&(6�HYHQW�FKDQQHO�SURYLGHV�
² DV\QFKURQRXV�QRWLILFDWLRQ

² SXEOLVK�	�VXEVFULEH

� 57�HYHQW�VHUYLFH�
² SULRULWL]HG�GLVSDWFKLQJ

² SHULRGLF�HYHQW�SURFHVVLQJ

² DFWLYH�FRQVXPHUV�DQG�VXSSOLHUV
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3UHVXPHG�0RGHO�RI�&RPSXWDWLRQ
� &RPSRQHQW�RQWRORJ\

² 2EMHFWV��&25%$��DQG�SURFHVVHV��7$2�

� &RPSRQHQW�HSLVWHPRORJ\
² SXEOLVK�	�VXEVFULEH��ZLWK�HYHQW�ILOWHULQJ

² WLPH�LV�UHGXFHG�WR�SULRULWLHV

� ,QWHUDFWLRQ�SURWRFROV
² IHZ�FRQVWUDLQWV�«�DQ\WKLQJ�LV�SRVVLEOH�

� ,QWHUDFWLRQ�OH[LFRQ
² &25%$�PHWKRG�DUJXPHQWV��UHWXUQ�YDOXHV

6LPLODU�WR�/LQGD
DQG�-DYD6SDFHV�
EXW�ZLWK�UHDO�
WLPH�H[WHQVLRQV�
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'UDIW�6WDWLF
6WUXFWXUH�RI
D�+HOLFRSWHU

GPS

#synchronizeINS(ins : INS)
INS

+neuAcceleration() : float[]
+neuVelocity() : float[]
+pitchRollYaw() : float[]
+setLocation(location : Location)
+xyzPosition() : float[]
+xyzVelocity() : float[]

-location : float[]
-velocity : float[]
-acceleration : float[]

Compass

+heading() : float

HeightMeter

+distanceToGround() : float

Engine

+rpm() : float
+setRotorTilt(tilt : float)
+setThrust(thrust : float)
+setTailRotorThrust(thrust : float)
+temperature() : float

+TEMPARTURE_ALARM : CorbaEvent

FlightController

+initialize()
+execute(cmd : FlightCommand) : boolean
+getInertialData() : Inertia

FlightCommand

+action : CommandAction
+destination : Location
+deadline : float

Location

+latitude : float
+longitude : float
+altitude : float

Navigation

+initialize()
+getLocation() : Location
+reset()

-location : float[]

call getInertialData() at 50 Hz

call setLocation() at 1 Hz

«Interface»
Runnable

+run()

at initialization, call heading()

EventChannel

+addEventListener(listener : EventListener)
+addEventListener(listener : EventListener, mask : EventMask)
+postEvent(event : CorbaEvent)

CommandAction

+CLIMB : CommandAction
+FLY_TO : CommandAction
+LAND : CommandAction
+TAKE_OFF : CommandAction
+... : ...

«Interface»
EventListener

+notifyOfEvent(event : CorbaEvent)

NOTE: EventChannel
mediates most of the

communications. Only
some show this explicitly.
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(YHQW�([DPSOHV
� LQLWLDOL]H�*36

� LQLWLDOL]H�,16

� LVVXH�IOLJKW�FRPPDQG

� *36�UH�LQLWLDOL]H�,16��DW���+]�

� IOLJKW�FRQWURO�UHDFWV�WR�,16�GDWD��DW����+]�

� VHQVRUV�QRWLI\�RI�ODQGLQJ

� KHLJKW�PHWHU�SXEOLVKHV�GLVWDQFH�WR�JURXQG

([FOXGHG
� VHUYR�ORRSV��FRQWURO�ODZV�

� DOO�ILQH�JUDLQ�LQWHUDFWLRQ

� DOO�FRQWLQXRXV�LQWHUDFWLRQ
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+LHUDUFKLFDO�&RPSRQHQW�%DVHG�'HVLJQ

8VH�GLIIHUHQW
LQWHUDFWLRQ
PHFKDQLVPV�DW�WKH
YDULRXV�OHYHOV�
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$OWHUQDWLYH�&RPSRQHQW�,QWHUDFWLRQV

� +\EULG�V\VWHPV
² KLHUDUFKLFDO�QHVWLQJ�RI�DXWRPDWD�DQG�2'(V

² LV�WKH�HYHQW�FKDQQHO�UHOHYDQW"�+RZ�WR�XVH�LW"

� 0RGDO�PRGHOV
² KLHUDUFKLFDO�QHVWLQJ�RI�DXWRPDWD�DQG�DQ\WKLQJ�HOVH

² DUH�PRGH�FKDQJHV�HYHQWV�LQ�WKH�HYHQW�FKDQQHO"

� +DUG�UHDO�WLPH�PRGHOV
² HYHQW�FKDQQHO�VHHPV�PRUH�VXLWHG�WR�QRWLILFDWLRQ
RI�LUUHJXODU�HYHQWV�WKDQ�WR�VDPSOHG�GDWD�VLJQDOV�

+RZ�FDQ�ZH�H[WHQG�DUFKLWHFWXUDO
SULQFLSOHV�WR�WKHVH�DOWHUQDWLYH�PRGHOV"
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5HOHYDQW�0RGHOV�RI�&RPSXWDWLRQ
� 3XEOLVK�DQG�VXEVFULEH��/LQGD��-DYD6SDFHV�
� 7UDQVLWLRQ�V\VWHPV��VWDWH�PDFKLQHV���
� 6\QFKURQRXV�UHDFWLYH�V\VWHPV��65�
� 2'(V�DQG�3'(V��FRQWLQXRXV�G\QDPLFV�
� 'LVFUHWH�WLPH��GLIIHUHQFH�HTXDWLRQV�
� 'LVFUHWH�HYHQW�V\VWHPV��'(��9+'/��9HULORJ�
� 6HTXHQWLDO�SURFHVVHV�ZLWK�UHQGH]YRXV��&63�
� 3URFHVV�QHWZRUNV��.DKQ�
� 'DWDIORZ��'HQQLV�
� ���
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3URSRVDO
� ,GHQWLI\�D�VPDOO�VXLWH�RI�0R&V�XVHIXO�IRU
GLVWULEXWHG�FRQWURO�V\VWHP�GHVLJQ
² RQH�ZLOO�QRW�EH�HQRXJK

² DUFKLWHFWXUH�DW�DOO�OHYHOV

� 6WXG\�LQWHU�GRPDLQ�VHPDQWLFV
² YHULILDELOLW\

² FRPSUHKHQVLELOLW\

� (PSKDVL]H�ZKDW�LV�FRPPRQ�DFURVV�0R&V
² DEVWUDFW�V\QWD[�IRU�FRPSRQHQW�DUFKLWHFWXUH

² VHPDQWLF�FRPPRQDOLWLHV��VXFK�DV�W\SH�V\VWHPV�
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*HQHULF�&RPSRQHQW�$UFKLWHFWXUH
�DQ�DEVWUDFW�V\QWD[�

PortPort

Entity Entity

Link
Relation

Entity

Port

connection

connection

co
nn

ec
tio

n

Link

Li
nk

)RU�&25%$��UHODWLRQV
PHGLDWH�QDPH�VHUYLFH�
HYHQW�FKDQQHO��DQG�53&
IXQFWLRQV�

7KH�2&3�HIIRUW�VKRXOG�ILUVW�DJUHH�RQ�DQ�DEVWUDFW�V\QWD[�
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+LHUDUFK\�	�$EVWUDFWLRQ

toplevel CompositeEntity

transparent CompositeEntity

AtomicEntity

Relation
dangling

transparent
Port

transparent
Port

opaque Port

,GHDOO\��DJJUHJDWLRQV�RI�FRPSRQHQWV
EHKDYH�OLNH�SULPLWLYH�FRPSRQHQWV�

KRPRVHPDQWLF
FRPSRVLWLRQ�
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6HTXHQWLDO�&RPSRVLWLRQ�LV
+RPRVHPDQWLF

� 6WDWHPHQWV�LQ�LPSHUDWLYH�ODQJXDJHV
� 3URFHGXUHV
� 2EMHFWV
� 6WDWH�PDFKLQHV
� 7UDQVLWLRQ�V\VWHPV

� 3URFHVVHV�DQG�WKUHDGV�DUH�QRW�KRPRVHPDQWLF
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$EVWUDFW�6HPDQWLFV
'DWD�WUDQVSRUW
�EURDGFDVW
�SXEOLVK�	�VXEVFULEH
�PXOWLFDVW
�SXVK�SXOO
�PHVVDJHV�RU�53&
�V\QFKURQL]DWLRQ
�GHOLYHU\�JXDUDQWHHV
�W\SLQJ
�SRO\PRUSKLVP

  Actor

  IOPort
  IORelation

P2
P1

E1

E2

send(0,t) receiver.put(t) get(0)

token t
R1

Basic Transport:

  Receiver
(inside port)

7KH�2&3�HIIRUW�VKRXOG�IRFXV�RQ�GHILQLQJ�LWV�DEVWUDFW
VHPDQWLFV���LQGHSHQGHQW�RI�DQ�LPSOHPHQWDWLRQ��ZKDW
EHKDYLRU�GR�ZH�ZDQW�LQ�FRPSRQHQW�LQWHUDFWLRQV"
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.H\�3RLQWV

� +HWHURJHQHRXV�KLHUDUFKLFDO�PRGHOV�FDQ�LVRODWH
FHUWDLQ�VRXUFHV�RI�FRPSOH[LW\��H�J��VHSDUDWLQJ�PRGHV
IURP�G\QDPLFV�RU�HYHQWV�IURP�G\QDPLFV�

� &RQVLVWHQW�XVH�RI�LQSXW�RXWSXW�YLHZV�RI�FRPSRQHQW
PRGHOV�IDFLOLWDWHV�WKHLU�KLHUDUFKLFDO�FRPSRVLWLRQ
�DQG�LV�FRQVLVWHQW�ZLWK�DQ�HYHQW�FKDQQHO�WUDQVSRUW
PHFKDQLVP��

� $W�DOO�OHYHOV��WKHUH�LV�D�FRPSRQHQW�DUFKLWHFWXUH�
6KDUH�LQIUDVWUXFWXUH�
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0LVVLRQ�3ODQ
� 2&3�SDUWLFLSDWLRQ��5HSHDWHG�

² ´UXQ�WLPH�VXSSRUW�PHWKRGV�IRU�K\EULG�DQG�PXOWL�PRGDO
V\VWHPV�µ

� 8QGHUVWDQG�DSSOLFDWLRQ�DUHD
² VRIWZDUH�DUFKLWHFWXUH�SHUVSHFWLYH�

� 5HDOL]H�HYHQW�OHYHO�DUFKLWHFWXUH
² FKDUDFWHUL]H�LQWHUFRPSRQHQW�LQWHUDFWLRQ�VHPDQWLFV�

� 5HDOL]H�PXOWL�OHYHO�DUFKLWHFWXUH
² FKDUDFWHUL]H�LQWHUOHYHO�VHPDQWLFV�

� 'HYHORS�YDOLGDWLRQ�PHWKRGV�
² FRXSOHG�ZLWK�LQWHUFRPSRQHQW�LQWHUDFWLRQ�VHPDQWLFV
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&RQFOXVLRQV

� :H�DUH�DERXW�FRPSRQHQW�EDVHG�GHVLJQ�RI
UHDO�WLPH��VDIHW\�FULWLFDO�FRQWURO�V\VWHPV�

� 'LDORJ�VKRXOG�EH�DERXW�PRGHOV�RI
FRPSXWDWLRQ�DQG�FRPSRQHQW�DUFKLWHFWXUHV�

� $JUHHPHQW�VKRXOG�EH�DERXW�DEVWUDFW
V\QWD[��DEVWUDFW�VHPDQWLFV��ILUVW��


