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ABSTRACT 
�
,Q�WKH�$XVWUDOLDQ�FRQWH[W��JUHDWHU�HPSKDVLV�KDV�EHHQ�SODFHG�RQ�FDSVWRQH�GHVLJQ�SURMHFWV�WR�
DGGUHVV�UHVHDUFK�UHTXLUHPHQWV�DVVRFLDWHG�ZLWK�KRQRXUV�OHYHO�HQJLQHHULQJ�GHJUHHV��7KLV�ZRUN�
KLJKOLJKWV� WKH� LPSOHPHQWDWLRQ�RI�&',2� IRU�DHURQDXWLFDO�HQJLQHHULQJ�FDSVWRQH�SURMHFWV��7ZR�
VWXGHQWV�LQ������ZHUH�RIIHUHG�D�GLJLWDO�HQJLQHHULQJ�&',2�EDVHG�FDSVWRQH�GHVLJQ�SURMHFW�ZLWK�
VXVWDLQDEOH�DYLDWLRQ�REMHFWLYHV�DV�SDUW�RI�WKHLU�WKHVLV�SURMHFW��7KH�FDVH�VWXG\�KLJKOLJKWV�WKDW�
PDQ\�&',2�DVSHFWV�FDQ�EH�VXFFHVVIXOO\�LQFRUSRUDWHG�LQWR�D�IRXUWK�\HDU�HQJLQHHULQJ�SURMHFW�
IRU�DHURQDXWLFDO�HQJLQHHULQJ�DQG�ZK\�WKDW�VXFFHHGV��7KH�XVH�RI�GLJLWDO�VLPXODWLRQ�IDFLOLWDWHV�D�
FRVW�HIIHFWLYH�PHDQV�E\�ZKLFK�HQJLQHHUHG�DHURVSDFH�V\VWHPV�FDQ�EH�LPSOHPHQWHG��RSHUDWHG��
DQG�LQQRYDWLYHO\�LWHUDWHG�E\�VWXGHQWV�IRU�GHHSHU�XQGHUVWDQGLQJ�RI�IOLJKW��
�
�
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�
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INTRODUCTION 
 
,Q�DOO�HQJLQHHULQJ�HGXFDWLRQ��DQG�VSHFLILFDOO\�LQ�DHURQDXWLFDO�DHURVSDFH��WKHUH�H[LVWV�D�QHHG�
IRU�LPSDUWLQJ�DQ�LQFUHDVLQJO\�FRPSOH[�FRUH�RI�WHFKQLFDO�NQRZOHGJH��DV�ZHOO�DV�WKH�NQRZOHGJH�
DQG�VNLOOV�WKDW�QHHG�EH�SRVVHVVHG�IRU�PDQDJLQJ�UHDO�V\VWHPV�DQG�WHDPV��7KH�PDQDJLQJ�RI�
V\VWHPV� DQG� WHDPV�� QHFHVVDULO\�� UHTXLUHV� ERWK� IXQFWLRQDO� NQRZOHGJH�� LQ� DGGLWLRQ� WR�
LQWUDSHUVRQDO�DQG�LQWHUSHUVRQDO�DZDUHQHVV��$V�WKH�HFRQRP\��DQG�WKH�HQJLQHHULQJ�GLVFLSOLQH��
FRQWLQXHV�WR�JURZ�PRUH�WHFKQLFDOO\�DQG�RUJDQLVDWLRQDOO\�FRPSOH[��WKHVH�WZR�QHHGV�ZLOO�KDYH�WR�
EH�EDODQFHG�E\�HGXFDWLRQDO�LQVWLWXWLRQV��:KLOVW�WKLV�EDODQFLQJ�DFW�PD\EH�D�FDXVH�IRU�WHQVLRQ�LQ�
HQJLQHHULQJ�HGXFDWLRQ��&UDZOH\���������WKH�XVH�RI�PRGHUQ�GLJLWDO�WHFKQRORJ\�RIIHUV�D�VROXWLRQ��
6LJQLILFDQWO\�� DXWKHQWLF� DFWLYLWLHV� WKDW� PLUURU� WKH� UHDO�ZRUOG� UHVXOW� LQ� QRWDEO\� KLJKHU� VWXGHQW�
HQJDJHPHQW� �5RELQVRQ�� ������� 7KH� VLPXODWLRQ� RI� UHDO�ZRUOG� DFWLYLWLHV� KDV� EHHQ� VKRZQ� WR�
IDFLOLWDWH�VWXGHQWV¶�XQGHUVWDQGLQJ�RI�WKH�XQGHUO\LQJ�FRQFHSWV��-LPR\LDQQLV�	�.RPLV���������7KH�
XVH�RI�DLUFUDIW�HQJLQHHULQJ�VLPXODWLRQ�VRIWZDUH�DOORZV�IRU�WKH�H[SORUDWLRQ�RI�YDULRXV�FRQFHSWV��
ERWK� ORFDOO\� DQG� UHPRWHO\�� ZLWKRXW� H[SHQGLQJ� VLJQLILFDQW� UHVRXUFHV� QHHGHG� WR� HQYLVDJH��
HYDOXDWH�� DQG� LWHUDWH� D� GHVLJQ�� 6XFK� VRIWZDUH� FDQ� DOORZ� IRU� H[SORUDWLRQ� RI� RSWLPLVDWLRQ� RI�
UHTXLUHPHQWV�VXFK�DV�VXVWDLQDELOLW\�FRQFHSWV��XVLQJ�ORFDO�RU�UHPRWH�FRPSXWLQJ�UHVRXUFHV���
�
(QJLQHHUV�PXVW�LQFUHDVLQJO\�PDLQWDLQ�DQ�DZDUHQHVV�RI�WKH�HQYLURQPHQWDO�LPSDFW�RI�WHFKQRORJ\�
�81(6&2�� ������� 'HVLJQ�� SURWRW\SLQJ�� WHVWLQJ�� DQG� PDQXIDFWXUH� RI� FRPSOH[� PDFKLQHU\�
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UHTXLUHV�WKH�XVH�RI�QDWXUDO�UHVRXUFHV�DQG�YDVW�DPRXQWV�RI�HQHUJ\��((5(���������,URQLFDOO\��WKH�
H[SORUDWLRQ� RI� HQJLQHHUHG� SURGXFWV� WKDW� PLJKW� DVVLVW� LQ� LPSURYLQJ� WKH� VXVWDLQDELOLW\� RI� WKH�
DHURVSDFH�RU�DYLDWLRQ�LQGXVWULHV��ERWK�LQ�HQYLURQPHQWDO�DQG�HFRQRPLF�WHUPV��6FKQHLGHU���������
QHFHVVDULO\�LPSRVH�DQ�HFRORJLFDO�DQG�PRQHWDU\�FRVW��8QGHUJUDGXDWH�SURJUDPV�FDQ�HGXFDWH�
IXWXUH� HQJLQHHUV� RQ� PDWWHUV� RI� VXVWDLQDELOLW\� �'XDUWH� HW� DO��� ������� 7KH� UHTXLUHPHQW� WKDW�
HQJLQHHULQJ�SURJUDPV�PXVW�HGXFDWH�VWXGHQWV�RQ�HQYLURQPHQWDO�DQG�VXVWDLQDELOLW\�PDWWHUV�LV�
EHLQJ�KLJKOLJKWHG�E\�PXOWLSOH�RUJDQLVDWLRQV� �1$(��������9RONZHLQ�HW�DO����������7KH�XVH�RI�
YLUWXDO�SURWRW\SLQJ��93��KDV�SUHYLRXVO\�EHHQ�KLJKOLJKWHG�DV�D�IRUP�RI�µVXVWDLQDEOH�HQJLQHHULQJ¶�
�3DSDKULVWRX�	�%LODOLV��������LQ�VR�IDU�DV�IHZHU�UHVRXUFHV�DUH�FRQVXPHG�LQ�WKH�SURWRW\SLQJ�RI�
SURGXFWV��7KLV�YLUWXDOLVDWLRQ�FDQ�EH�WDNHQ�IXUWKHU��WKURXJK�WKH�XVH�RI�DGYDQFHG�IOLJKW�VLPXODWLRQ�
VRIWZDUH��WR�DOORZ�IRU�WKH�GLJLWDO�RSHUDWLRQ�RI�WKH�ILQDO�SURGXFW���
�
7KH�HGXFDWLRQ�RI�DHURVSDFH�HQJLQHHUV��SDUWLFXODUO\�WKRVH�ZKRVH�IXWXUH�ZRUN�ZLOO� LQYROYH�WKH�
HQJLQHHULQJ� RI� DLUFUDIW� V\VWHPV�� SRVHV� D� XQLTXH� FKDOOHQJH�� 7KRXJK� WKH� FRPSOH[LW\� RI� DOO�
HQJLQHHULQJ�GLVFLSOLQHV�KDV�FRQWLQXHG�WR�LQFUHDVH��WKLV�LV�DFXWHO\�WUXH�IRU�DLUFUDIW�GHVLJQ��,Q�VR�
IDU�DV�WKH�RSSRUWXQLWLHV�IRU�WKH�SUDFWLFH�RI�HQJLQHHULQJ�RQ�DLUFUDIW�KDYH�GHFUHDVHG��HQJLQHHULQJ�
VFLHQFH�ZLOO�QHFHVVDULO\�LQFUHDVLQJO\�FRPH�WR�GRPLQDWH��&UDZOH\���������7KH�&',2��&RQFHLYH�
'HVLJQ�,PSOHPHQW�2SHUDWH��DSSURDFK��ZKLFK�ZDV�D�UHDFWLRQ�WR�HQJLQHHULQJ�VFLHQFH�GLVSODFLQJ�
HQJLQHHULQJ�SUDFWLFH� �(GVWU|P�	�.ROPRV�� ������� JURXQGV�DEVWUDFW� HQJLQHHULQJ� FRQFHSWV� LQ�
H[SHULHQFH��)RU�DQ�XSSHU�XQGHUJUDGXDWH�OHYHO�FDSVWRQH�SURMHFW��WKLV�LQYROYHV�WKH�LPPHUVLRQ�
RI�WKH�VWXGHQW>V@�LQ�HYHU\�SDUW�RI�WKH�OLIHF\FOH�GHYHORSPHQW�RI�DQ�HQJLQHHUHG�SURGXFW��0LOOHU�	�
%RGHXU���������7KH�'HVLJQ�&RQFHLYH�SKDVH��GXULQJ�ZKLFK�VWXGHQWV�PXVW�OHDUQ�WR�PRGHO�DQG�
DQDO\VH�YDULRXV�DVSHFWV�RI�WKH�SURGXFW�WR�EH�HQJLQHHUHG��DFURVV�WKH�OLIHF\FOH�RI�WKH�SURGXFW��LV�
DFKLHYDEOH�IRU�DQ\�JLYHQ�VXE�V\VWHP��EXW�QRW�WKH�IXOO�DLUFUDIW��)XUWKHU��ZLWKLQ�WKH�FRQVWUDLQWV�RI�
D�FDSVWRQH�SURMHFW��WKH�SURKLELWLYH�FRVWV�DQG�UHJXODWRU\�FRPSOH[LW\�PDNH�WKH�,PSOHPHQW�DQG�
2SHUDWH�SKDVHV�GLIILFXOW��:LWKLQ�WKH�,PSOHPHQW�SKDVH��H[SHULPHQWDO�GHVLJQ�LV�RXWVLGH�RI�WKH�
UHVRXUFHV�JHQHUDOO\�DYDLODEOH��7KH�2SHUDWH�SKDVH�DOVR�IDFHV�FKDOOHQJHV��QRW�WKH�OHDVW�RI�ZKLFK��
SDUWLFXODUO\� LQ� $XVWUDOLD�� LV� WKH� FRPSOH[LW\� RI� LQWHJUDWLQJ� D� FRPSRQHQW� RQWR� DQ� DLUFUDIW�� ,Q�
FRQVLGHULQJ�WKH�LPSOHPHQWDWLRQ�RI�&',2��DOO�WKHVH�FKDOOHQJHV�DQG�RSSRUWXQLWLHV��DV�ZHOO�DV�WKH�
QXDQFHV�RI�WKH�H[LVWLQJ�8QLYHUVLW\�VWUXFWXUHV��PXVW�EH�FDUHIXOO\�FRQVLGHUHG��
�
$V�ZLWK�PDQ\�HQJLQHHULQJ�SURJUDPV��ERWK�LQ�$XVWUDOLD��:LOG��������DQG�LQWHUQDWLRQDOO\��+DOLP�
HW�DO���������7RGG�HW�DO����������VWXGHQWV�DW�816:�&DQEHUUD�KDYH�WKH�RSSRUWXQLW\�WR�XQGHUWDNH�
D�GHVLJQ�FDSVWRQH�FRXUVH��7KH�H[LVWLQJ�VWUXFWXUH�RI�GHVLJQ�DQG�FDSVWRQH�FRXUVHV�FXUUHQWO\�
XQGHUWDNHQ�E\�XQGHUJUDGXDWHV�LQVLGH�WKH�6FKRRO�RI�(QJLQHHULQJ�DQG�,QIRUPDWLRQ�7HFKQRORJ\�
�6(,7���HPHUJHG�RYHU�IRXU�\HDUV�DJR�IURP�DQ�DSSURDFK�IDU�FORVHU�WR�SUREOHP�SURMHFW�EDVHG�
OHDUQLQJ��3%/���EXW�KDV�EHHQ�DEOH�WR�H[WHQG�WRZDUGV�&',2�ZLWK�WKH�DGYHQW�RI�FRPPHUFLDO�RII�
WKH�VKHOI�VLPXODWLRQ��7KH�H[LVWLQJ�DVVHVVPHQW�VWUXFWXUH�LV�VXFK�WKDW��ZLWK�SURSHU�JXLGDQFH�IURP�
WKH� VXSHUYLVRU� DQG� H[WHUQDO� GHVLJQ� UHYLHZHUV� �L�H��� LQGXVWU\� H[SHUWV��� WKH� VWXGHQW� IDFHV�
FKDOOHQJHV�OLNH�WKRVH�H[SHULHQFHG�LQ�SURIHVVLRQDO�HQJLQHHULQJ�RFFXSDWLRQV��7KH�VWXGHQW�PXVW�
VXEPLW� LQWHULP� HQJLQHHULQJ� UHSRUWV�� HQJLQHHULQJ� GHOLYHUDEOH� UHSRUWV�� DQG� SUHVHQW� DQ� RUDO�
GHIHQFH� RI� WKHLU� HQJLQHHUHG� VROXWLRQ�� VLPXODWLRQ�� DQG� SURWRW\SLQJ� EHIRUH� D� SDQHO� RI�
SURIHVVLRQDOV��816:�&DQEHUUD������D������E���7KH�VXSHUYLVRU�IRU�HDFK�SURMHFW��DORQJ�ZLWK�
DVVLVWLQJ�WHFKQLFDO�DGYLVRUV��DQG�WKH�SDQHO�RI�SURIHVVLRQDOV��DUH�DOO�VHOHFWHG�IRU�D�JLYHQ�SURMHFW�
EDVHG�XSRQ�WKHLU�SURIHVVLRQDO�H[SHUWLVH�LQ�WKH�GHVLJQ�VSDFH��2SSRUWXQLWLHV�IRU�DLUFUDIW�V\VWHPV�
HQJLQHHULQJ�ZLWKLQ�WKH�FDSVWRQH�SURMHFWV��SDUWLFXODUO\�WKRVH�IRFXVVHG�RQ�LWHUDWLYH�GHVLJQ�DPLGVW�
IOLJKW�WHVW� VLPXODWLRQ�� KDYH� UHFHQWO\� EHHQ� HQKDQFHG� E\� XSJUDGHV� WR� WKH� 8QLYHUVLW\¶V� IOLJKW�
VLPXODWLRQ�ODERUDWRU\��
�
�
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7R�H[DPLQH�WKLV�&',2�SHGDJRJ\�LQ�PRUH�GHSWK��WZR�VWXGHQWV� LQ������ZHUH�RIIHUHG�D�PRUH�
H[WHQVLYH�GLJLWDO�HQJLQHHULQJ�&',2�EDVHG�FDSVWRQH�GHVLJQ�SURMHFW�ZLWK�VXVWDLQDEOH�DYLDWLRQ�
REMHFWLYHV� DV� SDUW� RI� WKHLU� WKHVLV� SURMHFW�� ,W� ZDV� KRSHG� WKDW� WKLV� LQ�GHSWK� H[WHQVLRQ� ZRXOG�
GRFXPHQW�ZK\�WKH�&',2�DSSURDFK��DV�LPSOHPHQWHG��ZDV�ZRUNLQJ�ZHOO�DQG�SURYLGH�LQVLJKW�LQWR�
ZLGHU� LPSOHPHQWDWLRQ� LQ� WKH�DHURQDXWLFDO� HQJLQHHULQJ� FRQWH[W��+HQFH�� WKH� FUHGLELOLW\� RI� WKLV�
UHVHDUFK�LV�LQ�ERWK�WKH�XQGHUSLQQLQJ�IRXU�\HDUV�RI�H[WDQW�&',2�SHGDJRJ\�IRU�RYHU�����VWXGHQWV��
LQIRUPHG�IRU�LPSURYHPHQW�E\�WKH�LQ�GHSWK�FDVH�VWXG\�ZLWK�WZR�VWXGHQWV��
�
7KH�DLP�RI�WKLV�ZRUN�LV�WR�GHPRQVWUDWH�KRZ�WUDGLWLRQDO�GHVLJQ��EXLOG�DQG�IO\��'%)��&',2�3%/�
DFWLYLWLHV� �+DQVPDQ�� ������ FDQ� EH� PRGHUQLVHG� ZLWK� GLJLWDO� HQJLQHHULQJ�� 7KLV� IDFLOLWDWHV�
PHDQLQJIXO�DHURVSDFH�HQJLQHHULQJ�RXWFRPHV�ZLWK�PLQLPDO�UHVRXUFHV��$Q�DOO�GLJLWDO�HFRV\VWHP�
FDQ�IDFLOLWDWH�DQ�DHURVSDFH�&',2�FDSVWRQH�SURMHFW��RU�ZLWK�DFFHVV�WR��'�SULQWLQJ�DQG�D�VXLWDEOH�
ZLQG� WXQQHO�� SUDFWLFDO� H[WHQVLRQV� DUH� SRVVLEOH�� 7KH� LPSOHPHQWDWLRQ� RI� &',2� IRU� FDSVWRQH�
HQJLQHHULQJ� UHVHDUFK� SURMHFWV� FRQWLQXHV� SUHYLRXV� ZRUN� DSSO\LQJ� FRPSXWDWLRQDO� WKLQNLQJ� WR�
XQGHUJUDGXDWH�FDSVWRQH�SURMHFWV��:LOG���������
�
 
ADAPTING A CAPSTONE PROJECT COURSE 
 
7KH�JHQHUDO�SODQ�IRU�D�&',2�DSSURDFK�ZLWKLQ�WKH�H[LVWLQJ�FDSVWRQH�SURMHFW��DQG�WKH�DFWLRQV�
UHTXLUHG�RI�WKH�FDVH�VWXG\�VWXGHQW>V@��DUH�KHUH�RXWOLQHG��,QLWLDO�FRQVLGHUDWLRQ�KDG�EHHQ�JLYHQ�WR�
WKH�DSSOLFDWLRQ�RI�WKH�DSSURDFK�WR�D�FDSVWRQH�SURMHFW�FRXUVH�EDVHG�XSRQ�WKH�HQJLQHHULQJ�RI�
53$6��UHPRWHO\�SLORWHG�DHULDO�V\VWHPV���7KH�HQJLQHHULQJ�RI�53$6�KDV�SUHYLRXVO\�EHHQ�SXW�
IRUWK�DV�VXLWDEOH�IRU�HQJLQHHULQJ�HGXFDWLRQ��0DURQH\�	�6REDQ���������IRU�PDQ\�RI�WKH�VDPH�
UHDVRQV�SUHYLRXVO\�KLJKOLJKWHG��DQG�ZLWK�PDQ\�RI�WKH�VDPH�SRWHQWLDO�HGXFDWLRQDO�EHQHILWV��7KXV��
FRXSOLQJ� 53$6� ZLWK� D� YLUWXDO�GLJLWDO� &',2� DSSURDFK� SURYLGHV� HTXLYDOHQW� HGXFDWLRQDO�
RSSRUWXQLWLHV�� 6WXGHQWV� GR� FUHDWH� D� �'� SULQW� DQG� ZLQG� WXQQHO� WHVWLQJ� ZKLFK� LV� SK\VLFDOO\�
UHSUHVHQWDWLYH�DW�VFDOH�WR�PRYH�EH\RQG�WKH�SXUH�GLJLWDO�UHDOP��9LUWXDOLVDWLRQ��DQG�LQ�SDUWLFXODU�
YLUWXDO�SURWRW\SLQJ� �93���KDV� WKH�SRWHQWLDO� IRU� LPSURYLQJ�RXWFRPHV� LQ�HQJLQHHULQJ�HGXFDWLRQ�
�%KDWW�HW�DO����������7KH�GHVLJQ�RI�D�V\VWHP�RU�VXE�V\VWHP�IRU�D�FUHZHG�DLUFUDIW�UHTXLUHV�PRUH�
PXOWL�GLVFLSOLQDU\� WKLQNLQJ�� JRLQJ� EH\RQG� PHFKDQLFDO� FRQVLGHUDWLRQV�� DQG� FRQVLGHULQJ� WKH�
KXPDQ��VRFLDO��DQG�HFRQRPLF�HOHPHQWV��6DGUDH\�	�%HUWR]]L����������
�
 
Outline 
�
7KH�YDVW�FRPSOH[LW\�RI�D�PRGHUQ�DLUFUDIW��LQ�WHUPV�RI�HQJLQHHULQJ�DQG�FRPSOLDQFH��PHDQV�WKDW�
DVVLJQLQJ�WKH�WDVN�RI�GHVLJQ��WR�DQ�RSHUDWLRQDO�VWDQGDUG��ZDV�QRW�YLDEOH�IRU�WKH�FDSVWRQH��7KH�
XVH�RI�WHDPV�RI�VWXGHQWV�FRXOG��ZLWKLQ�D�GLIIHUHQW�SURJUDP��FRQFHLYDEO\�DOORZ�IRU�VXFK�D�WDVN��
7KH�H[LVWLQJ�VWUXFWXUH�RI� WKH�FDSVWRQH��ZKLFK�PDNHV�XVH�RI�VHOI�VHOHFWLRQ� LQWR�DQ� LQGLYLGXDO�
VXSHUYLVRU¶V� SURMHFW�� UHVWULFWV� WKH� QXPEHU� RI� VWXGHQWV� WKDW� ZRXOG� EH� DYDLODEOH�� )XWXUH�
PRGLILFDWLRQ� RI� WKH� FDSVWRQH� SURMHFW� FRXOG� UHVROYH� WKLV� LVVXH��:LWK� WKH� H[SHFWDWLRQ� RI� ORZ�
VWXGHQW�QXPEHUV��ZRUNLQJ�DFURVV�D�UHODWLYHO\�VKRUW�SHULRG��RQH�\HDU���WKH�V\VWHP�GHVLJQ�WDVN�
PXVW�IRFXV�RQ�D�VLQJOH�V\VWHP��IRU�RQH�DLUFUDIW�FRQFHSW��0XFK�FRQVLGHUDWLRQ�PXVW�EH�JLYHQ�WR�
WKH�DLUFUDIW��ZLWK�D�SDUWLFXODU�FRQFHUQ�DV�WR�PRGLILFDWLRQ�DQG�VXVWDLQDELOLW\�PDWWHUV��$Q\�V\VWHP�
VHOHFWHG�VKRXOG�EH�PRGLILDEOH�WR�D�SDUWLFXODU�HQG��WKURXJK�PXOWLSOH�SRWHQWLDO�VFKHPDWD��,Q�VR�
IDU�DV�WKLV�DOORZV�IRU�HDFK�VWXGHQW�WR�GHYHORS�WKHLU�RZQ�DSSURDFK�WR�HQJLQHHULQJ�WKH�V\VWHP��LW�
DOVR�UHTXLUHV�WKDW�WKH�VWXGHQW�FRQVLGHU�WKH�³IDFWRUV�WKDW�VHW�WKH�FRQWH[W�RI�WKH�V\VWHP�JRDOV´�
�&UDZOH\�HW�DO����������9L]��� WKH�RWKHU�VWXGHQW>V@� UHSUHVHQWV�D�FRPSHWLWRU�DJDLQVW�ZKRP�DQ\�
HQJLQHHUHG�VROXWLRQ�LV�WR�EH�EHQFKPDUNHG����
�

�
���



3URFHHGLQJV�RI�WKH���WK�,QWHUQDWLRQDO�&',2�&RQIHUHQFH��KRVWHG�E\�1718��7URQGKHLP��1RUZD\��-XQH���������������

7KH�&RQFHLYH�'HVLJQ�SKDVH�FRQVXPHV�WKH�PDMRULW\�RI� WKH�ILUVW�VHPHVWHU��DQG�WKHUHIRUH�WKH�
ILUVW� FRXUVH� RI� WKH� FDSVWRQH��'XULQJ� WKLV� SKDVH� DQ� LQLWLDO� UHYLHZ� RI� H[LVWLQJ� VROXWLRQV�� ERWK�
LPSOHPHQWHG�DQG�H[SHULPHQWDO��LV�H[SHFWHG��'HYHORSPHQW�RI�WKH�V\VWHP�LV�LQLWLDOO\�FRPSOHWHG�
XVLQJ�WUDGLWLRQDO�SHQ�DQG�SDSHU�FDOFXODWLRQV��SULRU�WR�WKH�XVH�RI�FRPSXWHU�DLGHG�GHVLJQ�WRROV��
$V�WKH�LQWHQWLRQ�LQ�WKH�FDVH�VWXG\�ZDV�IRU�WKH�GHVLJQ�RI�DQ�DLUFUDIW�ZLWK�LPSURYHG�VXVWDLQDELOLW\�
FUHGHQWLDOV��WKH�VHOHFWHG�DLUFUDIW�FRQFHSW�PD\�GLIIHU�VXEVWDQWLDOO\�IURP�WKRVH�WKDW�WKH�VWXGHQW>V@�
KDV�PXFK�H[SHULHQFH�RI�IURP�HDUOLHU�DHURQDXWLFDO�HQJLQHHULQJ�FRXUVHV��7KHUHIRUH��VLPXODWLRQ�
RI�DQ�HVWDEOLVKHG�PRGHO�RI�WKH�DLUFUDIW�LV�QHFHVVDU\�GXULQJ�WKLV�SKDVH��VR�DV�WR�HVWDEOLVK�WKH�
ERXQGDULHV� RI� WKH� ZRUN�� 7KLV� VLPXODWLRQ� PD\� EH� FRPSOHWHG� LQ� DQ\� VXLWDEOH� VRIWZDUH� WKDW�
SURGXFHV�DFFXUDWH�DLUFUDIW�RXWSXW�GDWD��3URJUHVV�LV�DVVHVVHG�WKURXJKRXW�WKH�SURFHVV�E\�WKH�
VXSHUYLVRU��H[SHUW�SUHVHQWDWLRQ�SDQHOV��DQG�LPSRUWDQWO\�VWXGHQW�VHOI�UHDOLVDWLRQ�ZKHQ�DVSHFWV�
GRQ¶W�ZRUN���
�
7KH�,PSOHPHQWDWLRQ�SKDVH�LV�VSLOW�DFURVV�WKH�HQG�RI�WKH�ILUVW�VHPHVWHU��DQG�WKH�EHJLQQLQJ�RI�
WKH�VHFRQG�VHPHVWHU��7KH�SKDVH�EHJLQV�ZLWK�WKH�LQWHJUDWLRQ�RI�WKH�V\VWHPV�LQWR�WKH�HVWDEOLVKHG�
PRGHO��$V� WKH� LQWHJUDWLRQ� LV� FRPSOHWHG�YLUWXDOO\�� LW� LV�QHFHVVDU\� WR�HQVXUH� WKH�PRGHO� LV�QRW�
PRGLILHG��RWKHU�WKDQ�IRU�WKDW�V\VWHP��7HVWLQJ�XWLOLVLQJ�VWDQGDUG�IOLJKW�WHVWLQJ�PHWKRGRORJLHV�LV�
WKHQ�FRPSOHWHG��'XULQJ� WKLV�SURFHVV��DQ\�PRGLILFDWLRQV�PDGH�DUH�GRFXPHQWHG� LQ�D�GHVLJQ�
GRFXPHQW��$V�ZLWK�WUDGLWLRQDO�IOLJKW�WHVWLQJ��DQG�LQGHHG�WKH�WHVWLQJ�RI�DQ\�HQJLQHHUHG�V\VWHP��
VLPXODWLRQ�RI�WKH�DLUFUDIW�PRGHO�SURGXFHV�YDVW�DPRXQW�RI�GDWD��7KH�GDWD�PXVW�EH�DQDO\VHG�WR�
FRQILUP�WKH�RSHUDWLRQ�RI�WKH�V\VWHP��DQG�WKH�FRPSDUDWLYH�SHUIRUPDQFH��3URJUHVV�LV�DVVHVVHG�
WKURXJKRXW�WKH�SURFHVV�E\�WKH�VXSHUYLVRU�DQG�LV�IRUPDOO\�DVVHVVHG��IRU�FRXUVH�RQH�LQ�WKH�ILUVW�
VHPHVWHU��WKURXJK�D�YLYD�YRFH�DQG�D�VXEPLWWHG�LQWHULP�UHSRUW��
��
7KH� 2SHUDWH� SKDVH� RFFXUV� LQ� WKH� VHFRQG� VHPHVWHU�� IROORZLQJ� WKH� WHVWLQJ� SRUWLRQ� RI� WKH�
,PSOHPHQWDWLRQ�SKDVH��3ODQQLQJ�IRU�RSHUDWLRQV��HYHQ�ZLWKLQ�D�VLPXODWHG�HQYLURQPHQW��UHTXLUHV�
WKH�SUHSDUDWLRQ�RI�PRGLILHG�FKHFNOLVWV��GDWD�H[WUDFWLRQ�SURFHGXUHV��DQG�VXLWDEOH�GRFXPHQWDWLRQ��
8VH�RI�WKH�PRGLILHG�PRGHO�E\�QRYLFH�SLORWV��ZLWK�SDUWLFXODU�IRFXV�RQ�WKH�LPSOLFDWLRQV�RI�WKH�QHZ�
V\VWHP�� LV� WKHQ� FRPSOHWHG��7KRVH�RSHUDWLQJ� WKH�DLUFUDIW� DUH� UHTXLUHG� WR� SURYLGH� IRUPDOLVHG�
IHHGEDFN��XVLQJ�D�YDULHW\�RI�LQGXVWU\�VWDQGDUG�WRROV��7KH�XVH�RI�PRUH�WHFKQLFDO�WRROV�IRU�WKH�
REMHFWLYH� SHUIRUPDQFH� RI� WKH� DLUFUDIW� DQG� V\VWHP� SHUIRUPDQFH� DUH� VXSSOHPHQWHG� E\� SLORW�
HYDOXDWLRQ�WRROV��LQFOXGLQJ�WKH�1$6$�7/;��+DUW�	�6WDYHODQG��������DQG�&RRSHU�+DUSHU�UDWLQJ�
VFDOH� �&RRSHU�	�+DUSHU��������DQG�DHURQDWLFDO�HQJLQHHULQJ�VWDQGDUGV� IRU� IOLJKW� WHVW� �)O\LQJ�
TXDOLWLHV�RI�SLORWHG�DLUSODQHV���������3URJUHVV�GXULQJ�WKH�2SHUDWH�SKDVH��DV�ZHOO�DV�WKH�WHVWLQJ�
SRUWLRQ�RI�WKH�,PSOHPHQWDWLRQ�SKDVH��LV�DVVHVVHG�E\�WKH�VXSHUYLVRU��7KH�ILQDO�DVVHVVPHQW��IRU�
ERWK�WKH�VHFRQG�FRXUVH�DQG�WKH�FDSVWRQH��LV�WKURXJK�DQRWKHU�YLYD�YRFH�DQG�D�ILQDO�UHSRUW��
�
�
Working with the CDIO Standards 
�
7KLV�ZRUN�ZDV�XQGHUWDNHQ�ZLWKLQ�WKH�H[LVWLQJ�FDSVWRQH�IUDPHZRUN��7KXV��WKH�DSSURDFK�PXVW�
DFKLHYH� WKH�VDPH�RXWFRPHV��DQG� WR� WKH�VDPH� OHYHO��)XUWKHUPRUH�� WKH�DSSURDFK�PXVW�ZRUN�
ZLWKLQ�WKH�$XVWUDOLDQ�4XDOLILFDWLRQ�)UDPHZRUN��$4)���ZKLOVW�LQFRUSRUDWLQJ�&',2��
�
:LWKLQ�WKH�$XVWUDOLDQ�&RQWH[W�
�
$4)�LV�WKH�QDWLRQDO�SROLF\�IRU�UHJXODWHG�TXDOLILFDWLRQ�LQ�$XVWUDOLDQ�HGXFDWLRQ�DQG�WUDLQLQJ��$)4�
&RXQFLO���������7KH�UHYLVHG�IUDPHZRUN�SXEOLVKHG�LQ������LV�PDGH�XS�RI����OHYHOV��IURP�D�KLJK�
VFKRRO�GLSORPD��6HQLRU�6HFRQGDU\�&HUWLILFDWH�RI�(GXFDWLRQ��DW�OHYHO�RQH�WR�D�GRFWRUDWH�DW�OHYHO�
����$�VWDQGDUG�WKUHH�\HDU�EDFKHORU
V�GHJUHH�LV�DW�OHYHO����$�IRXU�\HDU�GHJUHH�PD\�EH�DW�WKH�
$4)��OHYHO�RU�FRXOG�TXDOLI\�IRU�$4)��LI�FRQVLGHUHG�D�%DFKHORU�+RQRXUV�GHJUHH��$)4�&RXQFLO��
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������� 7KH� UHTXLUHPHQW� IRU� $4)�� LV� D� VXEVWDQWLDO� UHVHDUFK� FRPSRQHQW� LQ� WKH� �WK� \HDU��
HTXLYDOHQW� WR� WKH�\HDU�H[WHQVLRQ�RIIHUHG� WR�JHQHUDO�VFLHQFH�DQG�RWKHU� WKUHH�\HDU�SURJUDPV�
ZKHUH� D� VWXGHQW� FRPSOHWHV� D� UHVHDUFK� \HDU� XQGHUWDNLQJ� D�PDMRU� FDSVWRQH�SURMHFW�ZLWK� DQ�
DVVRFLDWHG�WKHVLV��$)4�&RXQFLO���������)RU�HQJLQHHULQJ�SURJUDPV�LQ�$XVWUDOLD��WKH�FKDQJH�WR�
WKH�UHYLVHG�$4)�VWUXFWXUH�UHVXOWHG�LQ�D�VLJQLILFDQW�LQFUHDVH�LQ�WKH�WLPH�DQG�HIIRUW�DVVRFLDWHG�
ZLWK�WKH�FDSVWRQH�HQJLQHHULQJ�SURMHFW��EULQJLQJ�LW�LQ�OLQH�ZLWK�VFLHQFH�KRQRXUV�SURJUDPV�WR�PHHW�
WKH�$4)��UHTXLUHPHQWV��+LVWRULFDOO\��$XVWUDOLDQ�HQJLQHHULQJ�JUDGXDWHV�RI� IRXU�\HDU�GHJUHHV�
ZHUH�RQO\�FRQVLGHUHG�WR�KDYH�JUDGXDWHG�ZLWK�KRQRXUV�LI�WKH\�DFKLHYHG�D�VXLWDEO\�KLJK�VFRUH��
8QGHU�WKH�UHYLVHG�$4)��DOO�JUDGXDWHV�PXVW�FRPSOHWH�D�VXEVWDQWLDO�UHVHDUFK�FRPSRQHQW�VXFK�
WKDW�WKH\�PHHW�WKH�FULWHULD�WR�JUDGXDWH�ZLWK�KRQRXUV��$)4�&RXQFLO���������$V�VXFK��XQGHU�WKH�
UHYLVHG�$4)�VWUXFWXUH��WKH�WHUP�KRQRXUV��VXFK�DV�WR�³JUDGXDWH�ZLWK�KRQRXUV´��QR�ORQJHU�PHDQV�
PHULWRULRXV�DFKLHYHPHQW��$)4�&RXQFLO���������
�
3ULRU�WR�WKH�LPSOHPHQWDWLRQ�RI�WKH�$4)�VWUXFWXUH��HQJLQHHULQJ�HGXFDWLRQ�UHVHDUFK�KDG�DOUHDG\�
LGHQWLILHG� LVVXHV� LQ� HQJLQHHULQJ� FDSVWRQH� FRXUVHV� �5DVXO� HW� DO��� ������� 6SHFLILF� FRQFHUQV�
LQFOXGHG�D�ODFN�RI�SUHSDUDWLRQ��PDUNLQJ�LVVXHV��VXFK�DV�VXSHUYLVRU�ELDV���FRXUVH�DVVHVVPHQW�
GLPHQVLRQV� �WKH�RXWFRPHV�RU� WKH� MRXUQH\���DQG� OLPLWHG� WUDLQLQJ�DQG�VXSSRUW� IRU�VXSHUYLVRUV�
�:LOG�� �������7KH�GRXEOLQJ�RI� HIIRUW� LQ�PDQ\�KRQRXUV� FDSVWRQH�FRXUVHV� WR�PHHW� WKH�$4)��
UHTXLUHPHQWV��DQG�WKH�QHHG�WR�KDYH�DOO�VWXGHQWV�FRPSOHWH�D�WKHVLV��KDV�OLNHO\�RQO\�H[DFHUEDWHG�
WKHVH�LVVXHV��$V�VXFK��LPSOHPHQWLQJ�D�GLJLWDO�HQJLQHHULQJ�VROXWLRQ�ZLWK�&',2�RIIHUV�DQ�LGHDO�
VROXWLRQ�IRU�DHURQDXWLFDO�DQG�DHURVSDFH�HQJLQHHULQJ�SURJUDPV��
�
:LWKLQ�WKH�([LVWLQJ�8QLYHUVLW\�&RXUVH�)UDPHZRUN�
�
&',2�6WDQGDUGV�������DQG����ZKLFK�DGGUHVV�FXUULFXOXP�GHYHORSPHQW��DUH�ZHOO�DGGUHVVHG�ZLWKLQ�
WKH� FDSVWRQH� LPSOHPHQWDWLRQ�� 6WDQGDUG� ��� ZKLFK� UHJDUGV� OHDUQLQJ� RXWFRPHV�� UHTXLUHV� WKDW�
WKHUH� EH� SUHFLVH� DQG� FRPSUHKHQVLYH� RXWFRPHV� IRU� WKH� VNLOOV�� LQFOXGLQJ� SHUVRQDO� DQG�
LQWHUSHUVRQDO� VNLOOV�� DQG� GLVFLSOLQDU\� NQRZOHGJH� �&UDZOH\� HW� DO��� ������� 7KH� SUHVHQW� &',2�
LPSOHPHQWDWLRQ�DOLJQV�ZLWK�WKH�LQVWLWXWLRQV�PLVVLRQ��DQG�WKH�UHTXLUHG�SURILFLHQFLHV�DUH�VHW�IRU�
DOO� RXWFRPHV� �816:� &DQEHUUD�� ����D�� ����E��� 7KH� RYHUDOO� FXUULFXOXP� LQWHJUDWHV�� RYHU�
PXOWLSOH�\HDUV�� WKH�VNLOOV��SURFHVVHV�DQG�V\VWHP�EXLOGLQJ�FRPSHWHQFHV�� WKHUHE\�DGGUHVVLQJ�
6WDQGDUG� ��� 7KH� H[LVWLQJ� GHJUHH� VWUXFWXUH� LQFOXGHV� FRXUVHV� WKDW� SURYLGH� VFDIIROGLQJ� IRU�
XQGHUVWDQGLQJ� WKH� SUDFWLFH� RI� HQJLQHHULQJ�� LQFOXGLQJ� WKH� SURFHVV� DQG� LQWHUSHUVRQDO� VNLOOV��
WKHUHE\�DGGUHVVLQJ�6WDQGDUG�����
�
7KH�ILIWK�DQG�VL[WK�&',2�6WDQGDUG�DGGUHVV�WKH�GHVLJQ�EXLOG�H[SHULHQFHV�DQG�ZRUNVSDFHV�WKDW�
VXSSRUW�KDQGV�RQ�OHDUQLQJ��7KH�H[LVWLQJ�FXUULFXOXP�IRU�WKRVH�SURJUHVVLQJ�WRZDUGV�WKH�FDSVWRQH�
LQFOXGHV��DPRQJ�RWKHUV��WKH�$LUFUDIW�DQG�6\VWHPV�'HVLJQ����$6'����DQG�$LUFUDIW�DQG�6\VWHPV�
'HVLJQ����$6'���FRXUVHV��7KHVH�FRXUVHV�XVH�D�GHVLJQ�LPSOHPHQW�H[SHULHQFH��DW�D�EDVLF�OHYHO�
LQ�$6'���DQG�DW�DQ�DGYDQFHG�OHYHO�LQ�$6'���7KURXJKRXW�$6'��DQG�$6'���DV�ZHOO�DV�PXOWLSOH�
RWKHU� FRXUVHV� DQG� WKH� FDSVWRQH�� OHDUQLQJ� DQG� H[SHULHQFH� LV� FRQGXFWHG� LQ� VSHFLDOLVW�
HQJLQHHULQJ�ZRUNVSDFH��LQFOXGLQJ��WKH�IOLJKW�VLPXODWLRQ�ODERUDWRU\���
�
$FWLYH� OHDUQLQJ� �6WDQGDUG� ���� WKURXJK� DFWLYH� H[SHULHQWLDO� OHDUQLQJ� PHWKRGV�� LV� HPSOR\HG�
WKURXJK�WKH�GHJUHH�SURJUDP��LQFOXGLQJ�WKH�FDSVWRQH�SURMHFW��7KH�XVH�RI�GHVLJQ�EXLOG�SURMHFWV�
DQG�VLPXODWHG�SURIHVVLRQDO�HQJLQHHULQJ�SUDFWLFH�HQJDJH�VWXGHQWV�LQ�WKLQNLQJ�DERXW�QHZ�LGHDV��
DQG�UHTXLUH�RYHUW�VWXGHQW�UHVSRQVH��%URGHXU�	�&UDZOH\���������7KHVH�IRUPV�RI�H[SHULHQWLDO�
OHDUQLQJ�� DQG� HVSHFLDOO\� VLPXODWHG� SURIHVVLRQDO� HQJLQHHULQJ� SUDFWLFH�� DUH� HQKDQFHG� E\� WKH�
FKRVHQ�OHDUQLQJ�DVVHVVPHQWV��6WDQGDUG������7KH�DVVHVVPHQW�RI�D�VWXGHQW¶V�XQGHUVWDQGLQJ�RI�
IXQGDPHQWDO� GLVFLSOLQDU\� NQRZOHGJH� LV� DFKLHYHG� SULRU� WR� WKH� FDSVWRQH� FRXUVH�� ZLWK� IXUWKHU�
YHULILFDWLRQ�WKURXJK�UHYLHZ�RI�VXEPLWWHG�GHVLJQ�GRFXPHQWV��7KH�XVH�RI�YLYD�YRFH�DV�DQ�HQG�
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RI�FRXUVH�HYDOXDWLRQ�RI�OHDUQLQJ��DQG�WKH�FRQWLQXLQJ�DVVHVVPHQW�RI�SURJUHVV�E\�WKH�VXSHUYLVRU��
DOORZV� IRU� WKH�DVVHVVPHQW�RI�VXFK� WKLQJV�DV�SHUVRQDO�DQG� LQWHUSHUVRQDO�VNLOO��SURFHVV��DQG�
V\VWHP�EXLOGLQJ�VNLOOV��
�
7KH�SUHVHQW�LPSOHPHQWDWLRQ�RI�D�&',2�DSSURDFK�GRHV�QRW�DGGUHVV�DOO�WZHOYH�&',2�6WDQGDUGV��
RU�HYHQ�WKH�VHYHQ�HVVHQWLDO�VWDQGDUGV��+RZHYHU��WKH�YDOXH�RI�WKH�&',2�6WDQGDUGV�LV�QRW�DERXW�
DQ\�JLYHQ�VWDQGDUG��EXW�UDWKHU�WKH�DJJUHJDWH�DSSURDFK��(GVWU|P�	�.ROPRV����������
�
�
CASE STUDY 
�
7ZR� �WK� \HDU� HQJLQHHULQJ� VWXGHQWV� DW� 816:� &DQEHUUD� ZHUH� HQJDJHG� WR� XQGHUWDNH� D�
VXVWDLQDEOH�DYLDWLRQ�HQJLQHHULQJ�FDSVWRQH�SURMHFW��EDVHG�XSRQ�HDUOLHU�UHVHDUFK�RQ�ER[�ZLQJ�
WHFKQRORJ\��6RPHUYLOOH���������$IWHU�GLVFXVVLRQV�LW�EHFDPH�FOHDU�WKDW�WKHLU�SULRU�DQG�FRQFXUUHQW�
HQUROPHQW� LQ� WKH� $LUFUDIW� 6\VWHPV� 'HVLJQ� �$6'�� FRXUVHV� LQ� WKH� DHURQDXWLFDO� HQJLQHHULQJ�
SURJUDP� DW� 816:� &DQEHUUD� IDFLOLWDWHG� D� KLJKHU� OHYHO� RI� GHVLJQ� DQG� GHYHORSPHQW�� *LYHQ�
SUHYLRXV� ZRUN� KDG� LQYHVWLJDWHG� DHURG\QDPLF� FKDUDFWHULVWLFV� DQG� SRWHQWLDO� VXVWDLQDELOLW\�
LPSDFWV��QHZ�ZRUN�ZRXOG�EH�DEOH�WR�IRFXV�RQ�SUDFWLFDO�DQG�RSHUDWLRQDO�DVSHFWV��7KLV�IDFLOLWDWHG�
WKH�XVH�RI�&',2��ZKHUH�WKH�VXSHUYLVRU\�WHDP�DV�WKH�VWDNHKROGHUV�KDG�H[SUHVVHG�DQ�LQWHUHVW�
LQ� WKH�IOLJKW� WHVWLQJ�RI�D�ER[�ZLQJ�DLUFUDIW� WR�HYDOXDWH� WKH�G\QDPLFV�DQG�FRQWURO�RI� WKH�QRYHO�
VWUXFWXUH�� 7KH� DELOLW\� WR� GLJLWDOO\� LPSOHPHQW� WKH� DLUFUDIW� GHVLJQ� WKURXJK� 3ODQH0DNHU� DQG�
RSHUDWLRQDOO\� WHVW� LQ� ;�3ODQH� SURYLGHG� DQ� RSSRUWXQLW\� WR� LPSOHPHQW� IOLJKW�WHVW� HQJLQHHULQJ�
DSSURDFKHV��IROORZLQJ�WKH�FRQFHSW�DQG�GHVLJQ�SKDVHV��)UDQNOLQ�HW�DO����������
�
816:�&DQEHUUD�KDV�LPSOHPHQWHG�D�IOLJKW�VLPXODWLRQ�ODERUDWRU\�IRU�D�GHFDGH��ZLWK�D�IRFXV�RQ�
IOLJKW�VDIHW\��7KH�FXUUHQW�LWHUDWLRQ�PDNHV�XVH�RI�PRGHUQ�WHFKQRORJ\��DORQJ�ZLWK�V\QWKHWLF�IOLJKW�
WUDLQHUV��DQG�WZHQW\�ZRUNVWDWLRQV�ZLWK�+27$6�IOLJKW�FRQWUROOHUV��7KH�SULPDU\�IOLJKW�VLPXODWLRQ�
VRIWZDUH�XWLOLVHG�LQ�WKH�ODE�LV�/DPLQDU�5HVHDUFK¶V�;�3ODQH��;�3ODQH�LV�D�IOLJKW�VLPXODWRU�HQJLQH�
WKDW�LPSOHPHQWV�DQ�DFWXDO�DHURG\QDPLF�PRGHO��EODGH�HOHPHQW�WKHRU\��7KDW�LV��;�3ODQH�PDNHV�
XVH�RI�³FRPSXWDWLRQDO�IOXLG�G\QDPLFV´��DV�RSSRVHG�WR�D�³SK\VLFV�HQJLQH´��PHDQLQJ�WKDW�DFWXDO�
DHURG\QDPLF�SDUDPHWHUV�DUH�FDOFXODWHG�WR�PRGHO�WKH�DLUFUDIW��DFFXUDWHO\��7KH�DELOLW\�WR�GLVSOD\�
DQG�ORJ�WKHVH�SDUDPHWHUV�PDNHV�LW�LGHDO�WR�XVH�LQ�EDVLF�ODERUDWRU\�DFWLYLWLHV��6RPHUYLOOH�HW�DO���
�������,QFOXGHG�ZLWK�WKH�;�3ODQH�VRIWZDUH�LV�3ODQH0DNHU��D�SDFNDJH�IRU�WKH�HQJLQHHULQJ�DQG�
PRGHOOLQJ� RI� DLUFUDIW�� 7KLV� PHDQV� WKDW� VWXGHQWV� FDQ� LPSOHPHQW� DQG� RSHUDWH� DQ\� DLUFUDIW�
FRQFHLYHG�DQG�GHVLJQHG�LQWR�;�3ODQH��
�
Applicable CDIO Syllabus 
�
/RRNLQJ� DW� WKH� &',2� V\OODEXV�� WKH� GLJLWDO� HQJLQHHULQJ� DQG� IOLJKW� WHVWLQJ� RI� VXVWDLQDEOH�
DHURVSDFH�YHKLFOHV�PDSV�WR�D�VLJQLILFDQW�QXPEHU�RI�SRLQWV��7KHVH�DUH�JLYLQJ�LQ�7DEOH����
�
Project Overview 
�
8WLOLVLQJ�WKH�1$6$�3URMHFW�7HPSODWH�IURP�WKH�&',2�.QRZOHGJH�/LEUDU\��WKH�SURMHFW�RYHUYLHZ�
LV�JLYHQ�EHORZ��
�
³�����2YHUDOO�JRDO�RU�SXUSRVH´�
7KH�SURMHFW�ZDV�LPSOHPHQWHG�WR�GHVLJQ�DQG�WHVW�D�ER[�ZLQJ�DLUFUDIW�IRU�XVH�LQ�JHQHUDO�DYLDWLRQ��
7KLV�ZDV� IRU�D� WHDP�RI�HQJLQHHULQJ�VWXGHQWV�ZRUNLQJ� IRU�D� IXOO�\HDU� �WZR�VHPHVWHUV���:KLOH�
DHURG\QDPLFV�RI�ER[�ZLQJ�DLUFUDIW�KDV�EHHQ�SUHYLRXVO\�VWXGLHG��VWDELOLW\�DQG�FRQWURO�UHVHDUFK�
LV� QRW� DV�PDWXUH�� KHQFH�� WKH� IRFXV�ZDV� RQ� SUDFWLFDO� IOLJKW�WHVW� HQJLQHHULQJ� RI� D� SUHYLRXVO\�
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RSWLPLVHG�GHVLJQ��7KLV�ZDV�IDFLOLWDWHG�E\�WKH�;�3ODQH�ZLWK�3ODQH0DNHU�VRIWZDUH��)UDQNOLQ�HW�
DO����������
�

7DEOH����$SSOLFDEOH�&',2�6\OODEXV�,WHPV�IURP�&UDZOH\�HW�DO���������
 

2.1.1 Problem Identification and Formulation 3.2.5 Graphical Communications 
2.1.2 Modelling 3.2.6 Oral Presentation 
2.1.5 Solution and Recommendation 4.1.2 Impact of Engineering on Society and Environment 
2.2.2 Survey of Literature 4.1.6 Visions of the Future 
2.2.3 Experimental Inquiry 4.2.6 New Technology Development and Assessment 
2.2.4 Hypothesis Test and Défense 4.3.4 System Engineering, Modelling and Interfaces 
2.3.4 Trade-offs, Synergies, Judgment and Balance in Resolution 4.3.5 Development Project Management 
2.4.5 Critical Thinking 4.4.1 The Design Process 
2.4.8 Time and Resource Management 4.4.6 Design for Performance, Sustainability, Safety, etc 
2.5.1 Ethics, Integrity and Social Responsibility 4.5.1 Designing a Sustainable Implementation Process 
3.1.1 Working in teams 4.5.5 Test, Verification, Validation and Certification 
3.1.3 Stakeholder Engagement 4.6.1 Designing and Optimizing Sustainable and Safe Operations 
3.2.3 Written Communication 4.6.2 Training and Operations 
3.2.4 Digital Communication 
�
³�����6RFLHWDO�FRQWH[W�DQG�UHOHYDQFH´�
$� ER[�ZLQJ� DLUFUDIW� RIIHUV� FRQVLGHUDEOH� IXHO� VDYLQJV� RYHU� FRQYHQWLRQDO� DLUFUDIW� SODQIRUPV�
�6RPHUYLOOH�HW�DO����������$�VWXG\�RI� WKH�SRWHQWLDO� LPSDFW�IRXQG�WKDW� LQ�WKH�FDVH�WKDW�D� ODUJH�
WUDLQLQJ�DHURGURPH�XWLOLVHG�D� IOHHW�RI�ER[�ZLQJ�DLUFUDIW� LQ�SODFH�RI� FRQYHQWLRQDO�DLUFUDIW�� WKH�
GLUHFW�UHGXFWLRQ�LQ�&2��ZRXOG�EH���������NJ��ZKLOH�OHDG�HPLVVLRQV�ZRXOG�EH�UHGXFHG�E\�����
NJ��SHU�\HDU��6RPHUYLOOH�HW�DO����������
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ERG\� RI� UHVHDUFK� DQG� UHIOHFW� WKLV� WR� WKH� ZLGHU� FRPPXQLW\� YLD� SUHVHQWDWLRQV� DQG� ZULWWHQ�
VXEPLVVLRQV��7KH�DVVHVVPHQW�WDVNV�LQFOXGHG��

•� Interim Report and Viva�WR�RXWOLQH�WKH�VFRSH�DQG�VLJQLILFDQFH�RI�WKH�LQWHQGHG�UHVHDUFK��
LQFOXGLQJ�LQLWLDO�GHVLJQ��LQ�UHSRUW�IRUP�DQG�ZLWK�DQ�RUDO�GHIHQFH��

•� Project Seminar�WR�SUHVHQW�WKH�ILQDO�ILQGLQJV�RI�WKH�UHVHDUFK�SURMHFW�LQ�RUDO�IRUP��
•� Research Summary�WR�SUHVHQW�WKH�ILQDO�ILQGLQJV�RI�WKH�UHVHDUFK�SURMHFW�LQ�ZULWWHQ�IRUP��
•� Deliverables�WR�DGGUHVV�WKH�RXWFRPHV�RI�WKH�UHVHDUFK�SURMHFW��

�
�
CONCLUSION 
�
,Q�WKH�$XVWUDOLD�FRQWH[W��D�JUHDWHU�HPSKDVLV�LV�EHLQJ�SODFHG�RQ�FDSVWRQH�SURMHFWV�WR�DGGUHVV�
UHVHDUFK� UHTXLUHPHQWV� DVVRFLDWHG� ZLWK� KRQRXUV� OHYHO� HQJLQHHULQJ� GHJUHHV�� 7KH� IXUWKHU�
UHTXLUHPHQW�WR�HGXFDWHG�HQJLQHHUV�DERXW�ERWK�IXQFWLRQDO�NQRZOHGJH��DQG�LQWUDSHUVRQDO�DQG�
LQWHUSHUVRQDO�DZDUHQHVV��DSSHDUV�WR�EH�DGGUHVVDEOH�E\�LPSOHPHQWDWLRQ�RI�D�&',2�DSSURDFK��
ZKHUH�IRXU�\HDUV�RI�FDSVWRQH�GHVLJQ�VWXGHQWV�KDYH�JUDGXDWHG�ZLWK�H[SRVXUH�WR�WKH�SURFHVV�
WKURXJK�VLPXODWLRQ�RI�WKHLU�GHVLJQV��7KH�DLP�RI�WKLV�ZRUN�KDV�EHHQ�WR�VKRZ�WKH�LPSOHPHQWDWLRQ�
RI� D� GLJLWDO� HQJLQHHULQJ�&',2�EDVHG� VXVWDLQDEOH� DHURQDXWLFV� FDSVWRQH� UHVHDUFK� SURMHFW� WR�
EHWWHU� DSSUHFLDWH� KRZ� &',2� LV� HIIHFWLYH� DQG� KRZ� WR� IXUWKHU� LPSURYH� WKH� FDSVWRQH� GHVLJQ�
VXEMHFW��:H�KDYH�SUHVHQWHG�D�FDVH�VWXG\�RI�DQ�DHURQDXWLFDO�HQJLQHHULQJ�FDSVWRQH�UHVHDUFK�
SURMHFW�� XQGHUWDNHQ� E\� D� WHDP�RI� WZR� VWXGHQWV� DW�816:�&DQEHUUD��0DQ\� LPSURYHG�&',2�
DSSURDFK�FKDUDFWHULVWLFV�ZHUH�LGHQWLILHG�WR�LPSURYH�IRXUWK�\HDU�HQJLQHHULQJ�GHVLJQ�VXEMHFWV�RU�
UHVHDUFK�SURMHFWV�IRU�DHURQDXWLFDO�HQJLQHHULQJ��7KH�XVH�RI�GLJLWDO�VLPXODWLRQ�KDV�DOVR�SURYHQ�
WR�EH�D�FRVW�HIIHFWLYH�PHDQV�E\�ZKLFK�HQJLQHHUHG�DHURVSDFH�V\VWHPV�FDQ�EH�LPSOHPHQWHG�
DQG�RSHUDWHG���
�
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7KLV�UHVHDUFK�ZDV�VXSSRUWHG�LQ�SDUW�E\�DQ�$XVWUDOLDQ�*RYHUQPHQW�5HVHDUFK�7UDLQLQJ�3URJUDP�
�573��6FKRODUVKLS���
�
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