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Abstract

Machine-to-machine communication is continuously extending to new application fields.
Especially smart metering has the potential to become the first really large-scale M2M ap-
plication. Although in the future distributed meter devices will be mainly connected via
dedicated primary communication protocols, like ZigBee, Wireless M-Bus or alike, a major
percentage of all meters will be connected via point to point communication using GPRS or
UMTS platforms. Thus, such meter devices have to be extremely cost and energy efficient,
especially if the devices are battery based and powered several years by a single battery.
This paper presents the development of an automated measurement unit for power and
time, thus energy characteristics can be recorded. The measurement unit includes a hard-
ware platform for the device under test (DUT) and a database based software environment
for a smooth execution and analysis of the measurements.
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����������D������WR�PD������ �RPP����DW�R�� ���
�R�W���R����� ��W��G���� WR� ��Z� DSS���DW�R�� ����G���
(�S���D�����PDUW�P�W�U�����D��W���SRW��W�D�� WR�E��
�RP�� W��� ��U�W� U�D���� �DU�����D�������DSS���DW�R���
��W�R���� ��� W��� ��W�U�� G��WU�E�W�G� P�W�U� G�������
Z���� E�� PD����� �R����W�G� ��D� G�G��DW�G� SU�PDU��
�RPP����DW�R�� SURWR�R���� ����� �������� ��U������
������ RU� D������ D�PDMRU� S�U���WD���R�� D���P�W�U��
Z����E���R����W�G���D�SR��W�WR�SR��W��RPP����DW�R��
�����������RU������S�DW�RUP��������������P�W�U�
G��������D���WR�E����WU�P�����R�W� D�G����U��� �����
����W����S���D�������W���G�������DU��EDWW�U��ED��G�D�G�
SRZ�U�G� ����UD�� ��DU�� E�� D� ������� EDWW�U��� �����
SDS�U� SU����W�� W��� G����RSP��W� R�� D�� D�WRPDW�G�
P�D��U�P��W����W��RU�SRZ�U�D�G�W�P���W�������U���
��DUD�W�U��W�����D��E��U��RUG�G������P�D��U�P��W�
���W� �����G��� D� �DUGZDU�� S�DW�RUP� �RU� W��� G������
��G�U� W��W� ������ D�G� D� GDWDED��� ED��G� �R�WZDU��
����UR�P��W� �RU� D� �PRRW�� �����W�R�� D�G� D�D������
R��W���P�D��U�P��W���
��
������ �������D������ WR� PD������ �RPP����D�
W�R������U���RSW�P��DW�R���P�D��U�P��W����W�����U�
����R���PSW�R��R������PRG������

,��,1752'8�7,21�

7KH��XPEHU�RI�0�0�DSSOLFDWLR�V�LV�UDSLGO��L�FUHDV�
L�J��:KHUHDV�GH�HORSPH�W�D�G�L�VWDOODWLR��RI�VWD�GDUG�
PRELOH�FRPPX�LFDWLR��V�VWHPV�LV�D�PHUH�GH�HORSPH�W�
WDVN�� WKH� LPSOHPH�WDWLR�� RI� EDWWHU��SR�HUHG� VH�VRU�
V�VWHPV� FRPHV� �LWK� VH�HUH� FKDOOH�JHV�� HVSHFLDOO�� LI�
OR�J�RSHUDWLR�� WLPHV� L�� WKH� UD�JH� RI� �HDUV� VKRXOG�EH�
DFKLH�HG�� )RU� WKHVH� V�VWHPV�� RSWLPL]DWLR�� �RW� R�O��
IURP� KDUG�DUH�� EXW� DOVR� IURP� ILUP�DUH� VLGH� LV� UH�
TXLUHG�� 0RELOH� FRPPX�LFDWLR�� SURWRFRO� XVDJH� PXVW�
DOVR�EH�RSWLPL]HG���
)RU� WKLV� D�DO�VLV�� D�� DXWRPDWHG� PHDVXUHPH�W� X�LW�

�DV�GH�HORSHG���KLFK�LV�SUHVH�WHG�L��WKLV�FR�WULEXWLR���
,��FKDSWHU�,,��WKH�JH�HUDO�FKDOOH�JHV�IRU�WKH�SR�HU�D�G�
H�HUJ��PHDVXUHPH�W�RI�FRPPX�LFDWLR��HTXLSPH�W�DUH�
GHVFULEHG���K��,,,�GHVFULEHV�VRPH�EDVLFV�DERXW�FXUUH�W�

PHDVXUHPH�W� D�G� WKH� K�EULG� OD�HU� FDSDFLWRU�� 7KHVH�
FKDOOH�JHV� OHDG� WR� WKH� XVH� RI� D� IOH[LEOH�� RII�WKH�VKHOI�
PHDVXUHPH�W� GH�LFH�� D�G� WR� WKH� GH�HORSPH�W� RI� D��
R��� SRUWDEOH� D�G� RSWLPL]HG� PHDVXUHPH�W� X�LW��%RWK�
DUH�GHVFULEHG� L��FKDSWHU�,9����� LPSRUWD�W� SDUW�RI� WKH�
DXWRPDWLR�� SURFHVV� FRPHV� IURP� WKH� VRIW�DUH� H��L�
UR�PH�W�� �KLFK� LV� SUHVH�WHG� L�� FK��9�� )L�DOO��� FKDS�
WHU�9,� VKR�V� UHVXOWV� RI� WKH� UHSUHVH�WDWL�H� PHDVXUH�
PH�WV��

,,�����//(1�(6�

)RU� SR�HU� FR�VXPSWLR�� PHDVXUHPH�W� RI� D�
�60��356� PRGXOH� WKH� PDL�� FKDOOH�JH� LV� WKH� KLJK�
G��DPLF� UD�JH� RI� WKH� FXUUH�W� WKDW� WKH� PRGXOH� FR��
VXPHV�� 'XUL�J� FRPPX�LFDWLR��� D� PRGXOH� PD�� FR��
VXPH�SHDN�FXUUH�WV�RI�XS�WR�����GXUL�J�D�7'0��WLPH�
VORW� RI� �����V�H�HU��������PV��'XUL�J� WKH� UHPDL�L�J�
�SDVVL�H��WLPH�VORWV��WKH�SR�HU�FR�VXPSWLR��LV�W�SLFDO�
O��L��WKH�UD�JH�RI����P���'XUL�J�SR�HU�GR���PRGHV��
WKH�SR�HU� FR�VXPSWLR�� JRHV� GR��� WR�DURX�G��������
7KHUH� H[LVW� DOVR� FHUWDL�� VOHHS� PRGHV� �KHUH� SR�HU�
FR�VXPSWLR�� VWLOO� LV� DURX�G� ����P��� 7KLV� KLJK� G��
�DPLF�UD�JH��HHGV�WR�EH�WDNH��L�WR�DFFRX�W�L��WHUPV�RI�
FXUUH�W�DV��HOO�DV�WLPL�J�UHVROXWLR���7KXV��WKH�IROOR��
L�J� UHTXLUHPH�WV� IRU� WKH� PHDVXUHPH�W� X�LW� FD�� EH�
GHUL�HG��
•��XUUH�W�UD�JH�RI�������
•��XUUH�W�UHVROXWLR��RI��������IRU�D�OR�HU�UD�JH�
•��XUUH�W�UHVROXWLR��RI���P��IRU�D�KLJKHU�UD�JH�
•�0HDVXUHPH�W�VDPSOH�UDWH�RI�XS�WR����N6�V�WR�KD�H�
DSSUR[LPDWHO�����VDPSOHV�RI�FXUUH�W�SHDNV�

,,,��%�6,�6�

�������H���PH����HPH���

7�SLFDOO��D�FXUUH�W�LV�PHDVXUHG�R�HU�D�VKX�W�UHVLVWRU�
�LD�WKH��ROWDJH�GURS�DFURVV�WKH�UHVLVWRU��7KH��ROWDJH�LV�
PHDVXUHG� EHKL�G� WKH� FXUUH�W� PHDVXUHPH�W�� 7KLV� LV�
DOVR� WKH�DSSURDFK�WKDW��DV� IROOR�HG� IRU� WKH�PHDVXUH�
PH�W�X�LW��)LJ����VKR�V� WKH�EORFN�GLDJUDP�IRU�VXFK�D�
W�SLFDO�KLJK�VLGH�FXUUH�W�D�G��ROWDJH�PHDVXUHPH�W��
2�� WKH� R�H� KD�G� WKH� VKX�W� UHVLVWRU� PXVW� EH� VXIIL�

FLH�WO��VPDOO�VR�WKDW�WKH��ROWDJH�GURS�DW�WKH�PD[LPXP�
FXUUH�W�LV�VWLOO��LWKL��WKH�WROHUD�FH�IRU�WKH�FRPPX�LFD�
WLR��PRGXOH��2��WKH�RWKHU�KD�G�LW�PXVW�EH�VXIILFLH�WO��

0HDVXUHPH�W�8�LW�IRU�(�HUJ��(IILFLH�W��
0�0�0RELOH��RPPX�LFDWLR��

0DUWL��.OHPP���[HO�6LNRUD�

0DUWL��.OHPP��PNOHPP�VWXG�KV�RIIH�EXUJ�GH��D�G� �[HO� 6LNRUD��
D[HO�VLNRUD�KV�RIIH�EXUJ�GH�� DUH� �LWK� �RFKVFKXOH� 2IIH�EXUJ��
%DGVWUD�H�����������2IIH�EXUJ��
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ODUJH� WR� DFKLH�H� WKH� UHTXLUHG� DFFXUDF�� DW� VPDOO� FXU�
UH�WV��
7�SLFDOO���WKH��ROWDJH�GURS�DFURVV�WKH�VKX�W�LV�DPSOL�

ILHG�E��D�KLJK�VLGH�FXUUH�W�VH�VH�DPSOLILHU�D�G�PHDV�
XUHG� E�� D���'��DV� �ROWDJH� OH�HO� SURSRUWLR�DO� WR� WKH�
FXUUH�W�� 7R� DFKLH�H� KLJKHU� SUHFLVLR�� RI� WKH� SR�HU�
PHDVXUHPH�W��WKH��ROWDJH�LV�PHDVXUHG�DIWHU�WKH�VKX�W��
7KXV� WKH� �ROWDJH� GURS� RI� WKH� VKX�W� UHVLVWRU� LV� WDNH��
L�WR�DFFRX�W��

�����E�LG����H����S��L����

7�SLFDOO��WKH�'87�KDV�LWV�R���SR�HU�VXSSO��IRU�WKH�
�60��356�PRGXOH��%XW�VL�FH�WKH��60��356�PRG�
XOH�FR�VXPHV�D�KLJK�FXUUH�W�L��VXFK�D�VKRUW� WLPH�WKLV�
SR�HU�VXSSO��LV�VXSSRUWHG�E��D�VR�FDOOHG���EULG�/D�HU�
�DSDFLWRU� ��/���� 7KLV� FDSDFLWRU� SUH�H�WV� D� �ROWDJH�
GURS�WKH�SR�HU�VXSSO���RXOG�JH�HUDWH�DW�WKH�ULVL�J�RI�
WKH�SHDN�FXUUH�W��7KLV�KDV�WR�EH�WDNH��L�WR�DFFRX�W�L��
VXFK� �D�� WKDW� WKH� PHDVXUHPH�W� RI� WKH� �60��356�
PRGXOH� KDV� WR� EH� EHW�HH�� WKH� �/�� D�G� WKH�PRGXOH�
LWVHOI�D�G��RW�EHW�HH��WKH�SR�HU�VXSSO��D�G�WKH��/��
RU�H�H��IRU�WKH��KROH�'87��

,9��0(�685(0(17�81,7�

���������H���HO��S��H�����O��H��

7KHUH�DUH�GH�LFHV�R��WKH�PDUNHW�WKDW�DOOR��H[DFWO��WKH�
W�SH� RI� PHDVXUHPH�WV� UHTXLUHG� IRU� WKLV� DSSOLFDWLR���
6XFK�D�GH�LFH�LV�WKH�6RXUFH�0HDVXUHPH�W�8�LW��608��
SUR�LGHG� DV�PRGXOH� RI� WKH�'�� 3R�HU� ��DO�]HU� >�@��
7KH�VHDPOHVV�PHDVXUHPH�W�UD�JL�J�DOOR�V� WKH�PHDV�
XUHPH�W� RI� OR�� FXUUH�WV� GR��� WR� ������� DV��HOO� DV�
SHDN�FXUUH�WV�RI�XS�WR������ERWK��LWK�IXOO�UHVROXWLR��RI�
���ELWV��6HDPOHVV�UD�JL�J�H�DEOHV�UD�JH�FKD�JHV��LWK�
RXW�ORVL�J�D���UHDGL�J�D�G�NHHSL�J�WKH�RXWSXW��ROWDJH�
VWDEOH��0HDVXUHPH�WV�FD��EH�GLVSOD�HG�L��WKH�IRUP�RI�
PHWHU�� VFRSH��D�HIRUP�RU�GDWD�ORJJHG� R�HU�H[WH�GHG�
SHULRGV�RI�WLPH���

��������EOH�PH����HPH�����L��

:KHUHDV� SR�HU� D�DO�]HUV� D�DLODEOH� R�� WKH� PDUNHW�
DOOR�� �HU�� SUHFLVH� PHDVXUHPH�WV�� D� 3RUWDEOH� 0HDV�
XUHPH�W�8�LW��308���DV�GH�HORSHG�D�G�SURGXFHG�IRU�
GLVWULEXWHG� D�G�PRELOH�PHDVXUHPH�WV�� ,W� LV� VKR��� L��
)LJ�����
,W�LV�FR�WUROOHG�E��D��670���PLFURFR�WUROOHU�>�@�D�G�

KRVWV�WKH�'87��7KH�W�R��'�V�PHDVXUH��LWK�D����ELW�
UHVROXWLR�� L�� D� UD�JH� RI��� WR�����9�� �V� L�SXW� IRU� WKH�
�'�V� ��� GLIIHUH�W� FKD��HOV� FD�� EH� DVVLJ�HG�� 7KH�
PD[LPXP�VDPSOL�J�IUHTXH�F�� LV�UHVWULFWHG�WR���06�V��
7KHVH� W�R��'�V�DUH�XVHG�VLPXOWD�HRXVO�� WR�PHDVXUH�
�ROWDJH�D�G� FXUUH�W��DOXHV�DW�D�WLPH� >�@��6L�FH�PXOWL�
SOH[L�J�RI�WKH�FKD��HOV�FRVWV�WLPH� WKH�PD[LPXP�VDP�
SOL�J� IUHTXH�F�� GHFUHDVHV�� ��RWKHU� ERWWOH�HFN� LV� WKH�
FRPPX�LFDWLR�� �LD� WKH� VHULDO� SRUW�� 7KHVH� W�R� IDFWV�
FDXVH� D� UHGXFWLR�� RI� WKH� VDPSOL�J� IUHTXH�F�� IURP�
��06�V�GR���WR���N6�V��7KHRUHWLFDOO��LW��RUNV��LWK�D�
PXFK�KLJKHU� VDPSOL�J� IUHTXH�F�� EXW� WHVWV� VKR�� WKDW�
��N6�V� LV� WKH� KLJKHVW� �DOXH� WKDW� UX�V� VWDEOH�� 7DNH��D�
SHDN� RI� DURX�G� �����V� MXVW� R�H� RU� W�R� VDPSOHV� GH�
VFULEH� WKLV� SHDN�� %XW� WDNH�� L�WR� DFFRX�W� WKH� VLPSOH�
VWUXFWXUH�GXUL�J� WKH�7'0��WLPHVORWV�VKR���L�� ILJ�� ��
WKLV�GDWD�FD��EH� L�WHUSRODWHG�E��WKH� VRIW�DUH�H��LUR��
PH�W�GHVFULEHG� L�� WKH��H[W�FKDSWHU��7KH� UHG�JUDSK�L��
ILJ����VKR�V�WKH�XVHG�PRGHO�IRU�WKH�L�WHUSRODWLR���7KLV�
PRGHO� �DV� FKRVH�� DIWHU�PHDVXUHPH�WV� �LWK� WKH� '��
3R�HU���DO�]HU� GHVFULEHG� L�� WKH�SUH�LRXV�VHFWLR��� ,��
WKLV�PRGHO��RLVH��DV��HJOHFWHG���
7R�KD�GOH�DW�WKH�VDPH�WLPH�WKH�KLJK�G��DPLF�UD�JH�

RI�WKH� FXUUH�W�D�G� WKH�SUHFLVH� UHVROXWLR��L�� WKH� OR�HU�
FXUUH�W�UD�JH��W�R�FXUUH�W�PHDVXUHPH�WV�DUH�SUR�LGHG��
R�H�IRU�WKH�UD�JH�RI�������P��D�G�R�H�IRU� �������
%��WKLV�D�UHVROXWLR��RI��������L��WKH�OR�HU� UD�JH�FD��
EH�DFKLH�HG���W�WKH�VDPH�WLPH�WKH�SHDNV�FD��EH�PHDV�
XUHG��LWK�D���P��UHVROXWLR���7KHVH�FXUUH�WV�DUH�VDP�
SOHG�GLUHFWO��R�H�DIWHU�D�RWKHU���
�R�H�HU��WKLV�LV��RW�LPSOHPH�WHG��HW�EXW�WDNH��L�WR�

DFFRX�W� WKDW� GXUL�J� WKH� �KROH� PHDVXUHPH�W� WKH�
�60��356� PRGXOH� LV� HLWKHU� L�� D�� DFWL�H� PRGH�
������P���RU�L��D�SDVVL�H�PRGH��a����P���WKH�KLJKHU�

)LJXUH����7�SLFDO�FXUUH�W�PHDVXUHPH�W�VHWXS.�

�

)LJXUH����3RUWDEOH�0HDVXUHPH�W�8�LW.�

�

42

MEASUREMENT�UNIT�FOR�ENERGY�
EFFICIENT�M2M�MOBILE�COMMUNICATION



�

�

�

�

UD�JH� VXIILFHV�� ,�� WKLV� KLJKHU� UD�JH� LW� �RXOG� �RW� EH�
DEOH�WR�PHDVXUH�FXUUH�WV�GXUL�J�VOHHS�RU�SR�HU�GR���
PRGHV� �LWK� FXUUH�WV� DURX�G� RU� H�H�� VPDOOHU� WKD��
��P��EXW�WKH��GR��RW�RFFXU�GXUL�J�WKH�PHDVXUHPH�W���
�V� GHVFULEHG� L�� FKDSWHU� ,,,���� WKH� FXUUH�W� WKURXJK�

WKH�VKX�WV�LV�DPSOLILHG�D�G�WKH��VDPSOHG�E��WKH��'���
�LJK� SUHFLVLR�� KLJK�VLGH� FXUUH�W�VH�VH� DPSOLILHUV� E��
0D[LP�>�@� DUH�XVHG�GXH� WR�WKHLU�DG�D�WDJHV� FRPSULV�
L�J�KLJK�SUHFLVLR��D�G� WHPSHUDWXUH�VWDELOLW��D�G� WKHLU�
D�DLODELOLW��L��GLIIHUH�W�JDL�V��'LIIHUH�W�JDL�V�DUH��HF�
HVVDU��VL�FH�GLIIHUH�W�VKX�WV�DUH�XVHG��
)RU� DFFXUDF�� UHDVR�V�� WKH� GHVFULEHG� PHDVXUHPH�W�

UD�JHV�FD��EH�DGMXVWHG�E��KDUG�DUH�PRGLILFDWLR���L�H��
H[FKD�JL�J� WKH� VKX�W� UHVLVWRUV�� 7KH�SR�HU� FR�VXPS�
WLR��RI� WKH�SRUWDEOH�PHDVXUHPH�W�X�LW� LV� L��WKH�UD�JH�
RI�����P��DOOR�L�J�H[WH�GHG�EDWWHU��RSHUDWLR����
)RU� FRPPX�LFDWLR�� EHW�HH�� WKH�670��� D�G� D�3��

WKH� PHDVXUHPH�W� X�LW� LV� HTXLSSHG� �LWK� D� VHULDO� SRUW�
D�G�IRU�KLJKHU�GDWD�WKURXJKSXW��LWK�D��(WKHU�HW�SRUW��
7KH� FRPPX�LFDWLR�� EHW�HH�� WKH�'87�D�G� WKH� 3�� LV�
UHDOL]HG��LD�D�VHFR�G�VHULDO�SRUW���

9��62)7:�5(�(19,5210(17�

�V� WKH�PHDVXUHPH�W�UHVXOWV� GHSH�G�R��WKH�H��LUR��
PH�W�D�G�VKR��D�VWDWLVWLFDO�GLVWULEXWLR���LW�LV��HFHVVDU��
WR� SHUIRUP� D� ODUJHU� �XPEHU� RI� FR�VHFXWL�H� PHDVXUH�
PH�W� UX�V�� )RU� HIILFLH�F�� UHDVR�V�� D��DXWRPDWHG� WHVW�
H��LUR�PH�W��DV�GHVLJ�HG�D�G�LPSOHPH�WHG��
7KH� 6RIW�DUH� (��LUR�PH�W� �6(�� FR�WUROV� WKH�

�60��356�PRGXOH� �'87�� D�G� WKH� SR�HU�PHDVXUH�
PH�W�X�LW�DV�VKR��� L��)LJ�� ���7R�SHUIRUP�R�H�PHDV�
XUHPH�W� LWHUDWLR�� WKH� 6(� VH�GV�WKH� FRPPD�G� WR� VWDUW�
WKH� PHDVXUHPH�W� WR� WKH� 308�� 7KH�� WKH� 308� VWDUWV�
WKH� '87� E�� VHWWL�J� WKH� 21�2))� SL�� RI� WKH�
�60��356�PRGXOH��:KH�� WKH�6(�UHFHL�HV� WKH�PHV�
VDJH�IURP�WKH��60��356�PRGXOH�WKDW�LW�LV�WXU�HG�21�
LW� VH�GV� WKH��7� FRPPD�GV� IRU� L�LWLDWL�J� WKH� �HW�RUN�
FR��HFWLR�� D�G� IRU� WUD�VPLVVLR�� RI� WKH� GDWD�� ,I� WKH�
WUD�VPLVVLR���DV� VXFFHVVIXO� WKH� �60��356�PRGXOH�
GLVFR��HFWV� IURP� WKH� �HW�RUN�� WKH� 308� VHWV� WKH�

21�2))�SL��L��VXFK��D��WKDW�WKH�PRGXOH�VKXWV�GR���
D�G�LW�VWRSV�WKH�PHDVXUHPH�W��
,�� WKH� �H[W� VWHS�� WKH� GDWD� LV� VWRUHG� L�� D� %HUNHOH��

�0/� GDWDEDVH� E��2UDFOH�� 7KLV�DOOR�V�SR�HUIXO�TXH�
ULHV�DFURVV�GLIIHUH�W�PHDVXUHPH�W�UX�V��7KH�VWDWLVWLFDO�
H�DOXDWLR��RI�WKH�GDWD�L�FOXGHV�FRPSDULVR�V�EHW�HH��
•�PRGXOHV�IURP�GLIIHUH�W�PD�XIDFWXUHUV��
•� GLIIHUH�W�ORFDWLR�V��
•� GLIIHUH�W��60�SUR�LGHUV�D�G�
•��60�PRGXOH�D�WH��D�FR�ILJXUDWLR�V��
)L�DOO���UHSRUWV�SUR�LGH�H�LGH�FH�RI�WKH�H�HUJ��FR��

VXPSWLR�� D�G� WKH� WLPL�J�X�GHU� WKHVH� GLIIHUH�W� FR�GL�
WLR�V���

9,��5(68/76�

����LPH���G���H������������H��

7KH�UHVROXWLR��L��WLPH�JL�HV�D��HU��L�IRUPDWL�H��LH��
R�� WKH�GLIIHUH�W� SKDVHV� RI� WKH� FRPPX�LFDWLR��� )LJ�� ��
VKR�V� WKH� GLVWULEXWLR�� RI� WLPH� L�� SHUFH�WDJH� RI� WKH�
PHD��RI�����PHDVXUHPH�WV�L��GLIIHUH�W� ORFDWLR�V��LWK�
W�R�GLIIHUH�W��60�PRGXOHV�D�G�W�R�GLIIHUH�W�SUR�LG�
HUV��)RU�HDFK�FR�ILJXUDWLR��WKH�VDPH�DPRX�W�RI�GDWD�LV�
EHL�J�FROOHFWHG��
)RU�WKH�WUD�VPLVVLR��RI���N%�RI�GDWD�WKH�OR�JHVW�SDUW�

IDOOV� WR� WKH� DWWDFKPH�W�SURFHVV� WR� WKH� �HW�RUN� D�G� WR�
WKH� FR��HFWLR�� HVWDEOLVKPH�W�� ,W� LV� SRVVLEOH� WKDW� WKH�
WLPH�IURP�VWDUWL�J�XS�WKH�PRGHP�X�WLO�WKH�VWDUW�RI�WKH�
7�3�FRPPX�LFDWLR��WDNHV������RI�WKH�WRWDO��
,�� FR�WUDVW�� WKH� H�HUJ�� FR�VXPSWLR�� LV� VOLJKWO�� GLI�

IHUH�W��'DWD�WUD�VPLVVLR��UHTXLUHV�WKH�PRVW�VLJ�LILFD�W�
DPRX�W� RI� H�HUJ�� �KHUHDV� WKH� SKDVHV� IURP� VWDUW�XS�
X�WLO�RSH�L�J�WKH�7�3�FR��HFWLR��UHTXLUHV�R�O�������
RI� WKH� R�HUDOO� H�HUJ�� FR�VXPHG�� %DVHG� R�� WKHVH� ILJ�

�

)LJXUH�����XUUH�W�GUDL��PHDVXUHPH�W�RI�D��60��356�PRGXOH�>�@�
GXUL�J� D� 7'0�� WLPHVORW� �EOXH� FXU�H�� D�G� LWV� L�WHUSROD�W� �UHG�
FXU�H�.�

�

)LJXUH����6RIW�DUH�(��LUR�PH�W.�
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XUHV� WKH� GDWD� PXVW� EH� D�DO�]HG� IXUWKHU� L�� WHUPV� RI�
�60�PRGXOHV��SUR�LGHUV�D�G�ORFDWLR�V��

����LPH���G���H��������GL��H�H�������P�G�OH����G�
S���LGH���

)RU�WKH�D�DO�VLV�D�G�FRPSDULVR��RI�WKH�H�HUJ��FR��
VXPSWLR��GHSH�GL�J�R��GLIIHUH�W�PRGXOHV� W�R�GLIIHU�
H�W�PRGXOHV�02'B��D�G�02'B%�RI�GLIIHUH�W�PD�X�
IDFWXUHUV��HUH� XVHG�� %RWK� �HUH� WHVWHG��LWK� WKH� VDPH�
H[WHU�DO� D�WH��D�� �GGLWLR�DOO��� WHVWV� �LWK� GLIIHUH�W�
SUR�LGHUV� �7�0RELOH� D�G� 9RGDIR�H�� L�� WKHLU� KRPH�
�HW�RUNV�D�G�L��L�WHU�DWLR�DO��HW�RUNV�XVL�J�URDPL�J�
�HUH�SHUIRUPHG��
7KHVH� WHVWV�DUH�EDVHG�R������PHDVXUHPH�WV�DW� WKUHH�

GLIIHUH�W� ORFDWLR�V� D�G� WKH�� DUH� VKR��� L�� ILJ�� �� D�G�
ILJ�����(DFK�PHDVXUHPH�W� LV�UHSUHVH�WHG�DV�EDU�L�� WKH�
GLDJUDP�� 7KH�PHDVXUHPH�WV� DUH� JURXSHG� E�� PRGXOH�
D�G�SUR�LGHU��
)LJ����VKR�V�WKH�WLPL�J�GLDJUDP����FULWLFDO�VLWXDWLR��

FD�� EH�REVHU�HG� L��WKH�SKDVH� ����GDWD�WUD�VPLVVLR����
7KH� FRPEL�DWLR�� RI� PRGXOH� �� �LWK� WKH� SUR�LGHU�
7�0RELOH� VKR�V� D� VLJ�LILFD�W� �DULD�FH� L�� WKH� WLPH�
XVHG���HUWDL��WHVW�UX�V�XVH�H�H��PRUH�WKD�����V�IRU�WKH�
GDWD� WUD�VPLVVLR����R�H�HU�� WKH� VDPH�PRGXOH��LWK�D�
GLIIHUH�W�SUR�LGHU�VKR�V�D�PXFK�OR�HU�GDWD�WUD�VPLV�
VLR��UDWH���
(�HUJ��PHDVXUHPH�WV�VKR��� L��ILJ����DUH�EDVHG�R��

WKH� H�HUJ�� FR�VXPSWLR�� RI� WKH� �60� PRGXOH�� ,W� LV�
FDOFXODWHG�DV��RUN� L��P:K�SHU�SKDVH�� ,W� LV�EDVHG�R��

WKH�VDPH�GDWD�DV�XVHG�L��WKH�SUH�LRXV�FKDSWHU�EXW� WKH�
GDWD�R��WKH� ��D[LV�LV�WKH��RUN�FR�VXPHG�E��WKH��60�
PRGXOH��
7KLV�LOOXVWUDWLR��VKR�V�FOHDUO��WKDW�D�PDL��SRUWLR��RI�

WKH� H�HUJ��FR�VXPSWLR�� OLHV� L�� WKH� GDWD�FRPPX�LFD�
WLR���,��DGGLWLR���WKH�DWWDFKPH�W�SURFHVV�VWLOO�FR�VXPHV�
D�VLJ�LILFD�W�DPRX�W�RI�H�HUJ���,W�LV�VOLJKWO��KLJKHU�IRU�
PRGXOH� %� FRPSDUHG� WR� PRGXOH� ��� ,�� WKH� PDL��SDUWV�
WKH� H�HUJ�� FR�VXPSWLR�� UHIOHFWV� WKH� WLPH� UHTXLUH�
PH�WV��,�� >�@�GLIIHUH�W�RSWLPL]DWLR��DSSURDFKHV�EDVHG�
R��WKLV�GDWD�DUH�VKR����

9,,���21�/86,21�

�H�HUDO�FKDOOH�JHV��LWK�KLJK�G��DPLF�UD�JH�FXUUH�W�
PHDVXUHPH�WV� R���60��356�PRGXOHV� DUH� GLVFXVVHG�
D�G�D�DO�]HG��%��LPSOHPH�WL�J�W�R�FXUUH�W�PHDVXUH�
PH�WV��R�H�IRU�WKH�SUHFLVH�UHVROXWLR��L��WKH�OR�HU�FXU�
UH�W�UD�JH�D�G�R�H� IRU� WKH� KLJKHU�FXUUH�W� UD�JH��LWK�
OHVV�SUHFLVLR���WKHVH�FKDOOH�JHV�DUH�R�HUFRPH���
,�VWHDG� RI� KD�L�J� D� VDPSOL�J� UDWH� L�� WKH� UD�JH� RI�

06�V��DSSUR[LPDWHO����N6�V�DUH�VXIILFLH�W�IRU�L�WHUSR�
ODWL�J� WKH�DFWXDO�H�HUJ�� FR�VXPSWLR���:LWK�WKLV� WHFK�
�LTXH� LW� LV�SRVVLEOH� WR� VKR�� WKH�H�HUJ�� FR�VXPHG� E��
WKH�PRGXOHV� L��HDFK�FRPPX�LFDWLR��SKDVH��0HDVXUH�
PH�WV��LWK�WKH�'��3R�HU���DO�]HU�GHVFULEHG�L��FKDS�
WHU� ,9���VKR��WKDW�WKH�L�DFFXUDFLHV�RI�WKH�PL�RU�WLPH�
UHVROXWLR��D�G�WKH�KLJKHU�UD�JH�DUH�VWLOO�L��D�UHDVR�DEOH�
GLPH�VLR����

�

)LJXUH� �����HUDJH� GLVWULEXWLR�� RI� H�HUJ��FR�VXPSWLR�� SHU� SKDVH�
L��SHUFH�WDJH�RI�����PHDVXUHPH�WV.�

�

)LJXUH������HUDJH�GLVWULEXWLR��RI� WLPH�SHU�SKDVH�L��SHUFH�WDJH�RI�
����PHDVXUHPH�Ws.�
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:LWK� WKH� GHVFULEHG� 3�� VRIW�DUH� H��LUR�PH�W� LW� LV�
SRVVLEOH�WR�VD�H�DOO�PHDVXUHG�GDWD�L��D�GDWDEDVH�WR�UX��
SR�HUIXO� TXHULHV� DFURVV� GLIIHUH�W� PHDVXUHPH�WV�� )L�
�DOO��� UHSRUWV� JL�H� H�LGH�FH� WKDW� WKH� VWDUWXS� SKDVHV�
�PRGHP� VWDUWXS� X�WLO� 7�3� FR��HFWLR�� HVWDEOLVKHG��
WDNHV� ����� RI� WKH� WLPH� EXW� MXVW� ����� RI� WKH� H�HUJ��
WDNL�J� L�WR�DFFRX�W�WKDW���N%�RI�GDWD�DUH� WUD�VPLWWHG��
7KH� WUD�VPLVVLR��RI� WKLV�GDWD� WDNHV� ����� RI� WKH�WLPH�
EXW� ����� RI� WKH� H�HUJ��� )XUWKHUPRUH� W�R� GLIIHUH�W�
PRGXOHV� �LWK� W�R� SUR�LGHUV� L�� �XPHURXV� ORFDWLR�V�
�HUH� FKHFNHG��'HSH�GL�J�R��WKH� SKDVH�D�G�WKH�PRG�

XOHV�WKHUH�DUH�VH�HUH�GLIIHUH�FHV�L��WKH�WLPH�D�G�H�HU�
J�� FR�VXPSWLR�� WKDW� KD�H� WR� EH� WDNH�� L�WR� DFFRX�W�
�KH��GLPH�VLR�L�J�EDWWHULHV�IRU�0�0�DSSOLFDWLR�V��
7KH��H[W�VWHSV�DUH�LPSOHPH�WL�J�WKH�VHFR�G�UD�JH�L��

VRIW�DUH� D�G� WKH�(WKHU�HW�FR��HFWLR�� R�� WKH�308�WR�
REWDL�� D� KLJKHU� VDPSOL�J� UDWH� D�G� D� KLJKHU� FXUUH�W�
UHVROXWLR���
�
�
�

�

)LJXUH����7LPL�J�'LDJUDP��LWK�W�R�GLIIHUH�W��60�PRGXOHV�D�G�W�R�GLIIHUH�W�SUR�LGHUV��3UR�LGHU��� �7�0RELOH��3UR�LGHU��� �9RGDIR�H�.

�

)LJXUH����'LDJUDP�VKR�L�J�WKH�H�HUJ��FR�VXPSWLR���LWK�W�R�GLIIHUH�W��60�PRGXOHV�D�G�W�R�GLIIHUH�W�SUR�LGHUV��3UR�LGHU��� �7�0RELOH��
3UR�LGHU��� �9RGDIR�H�.
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>�@� �JLOH�W�� �'�� 3R�HU� ��DO�]HU��� ����DJLOH�W�FRP�IL�G��
1������(8��

>�@� 670LFURHOHFWUR�LFV�� �670��)���[[� GDWDVKHHW��� �XJXVW�
������

>�@� 670LFURHOHFWUR�LFV�� ��0������ 670���V� �'�� PRGHV� D�G�
WKHLU�DSSOLFDWLR�V���0DUFK�������

>�@� 0D[LP���8OWUD�3UHFLVLR����LJK�6LGH��XUUH�W�6H�VH��PSOLIL�
HUV��0�������0���������-D�XDU��������

>�@� ��� 6LNRUD��1��%UDX����(�HUJ��2SWLPL]DWLR�� IRU��356�EDVHG�
0�0�FRPPX�LFDWLR���� (PEHGGHG� :RUOG� �R�IHUH�FH��
1�U�EHUJ��������

�

�

0DUWL��.OHPP�KROGV�D�%DFKHORU�RI�(�JL�HHU�
L�J� L�� (OHFWULFDO� (�JL�HHUL�J� IURP� %DGH��
:XHUWWHPEHUJ� �RRSHUDWL�H� 6WDWH� 8�L�HUVLW��
/RHUUDFK� �LWK� L�WHU�VKLS� DW� 7HVWR� ��� L��
/H�]NLUFK���H��R��SXUVXHV�DW�WKH�8�L�HUVLW��
RI� �SSOLHG� 6FLH�FH� L�� 2IIH�EXUJ� D� 0DVWHU
SURJUDP� L��(OHFWULFDO�D�G�,�IRUPDWLR��7HFK�
�RORJ�� (�JL�HHUL�J� D�G� �LOO� IL�LVK� LW� L��
������

� �

�

�[HO� 6LNRUD� KROGV� D� GLSORPD� RI� (OHFWULFDO�
(�JL�HHUL�J� D�G� D� GLSORPD�RI� %XVL�HVV��G�
PL�LVWUDWLR��� ERWK� IURP� �DFKH�� 7HFK�LFDO�
8�L�HUVLW����H�KDV�GR�H�D�3K�'��L��(OHFWULFDO�
(�JL�HHUL�J� DW� WKH� )UDX�KRIHU� ,�VWLWXWH� RI�
0LFURHOHFWUR�LFV� �LUFXLWV� D�G� 6�VWHPV��
'XLVEXUJ���LWK�D�WKHVLV�R��62,�WHFK�RORJLHV��
�IWHU� �DULRXV� SRVLWLR�V� L�� WKH� WHOHFRPPX�L�
FDWLR�V� D�G� VHPLFR�GXFWRU� L�GXVWU��� KH� EH�
FDPH�D�SURIHVVRU�DW�WKH�%DGH��:XHUWWHPEHUJ�
�RRSHUDWL�H� 6WDWH� 8�L�HUVLW�� /RHUUDFK� L��
������,��������KH�MRL�HG�2IIH�EXUJ�8�L�HUVL�
W�� RI� �SSOLHG� 6FLH�FHV�� �KHUH� KH� KROGV� WKH�
SURIHVVRUVKLS� RI� (PEHGGHG� 6�VWHPV� D�G�
�RPPX�LFDWLR��(OHFWUR�LFV���LV�PDMRU�L�WHU�
HVW� LV� L�� WKH� ILHOG� RI� HIILFLH�W�� H�HUJ��D�DUH��
DXWR�RPRXV��D�G��DOXH�DGGHG�DOJRULWKPV�D�G�
SURWRFROV� IRU� �LUHG� D�G� �LUHOHVV� HPEHGGHG�
FRPPX�LFDWLR����

'U�� 6LNRUD� LV� IRX�GHU� D�G� KHDG� RI� 6WHL�EHLV�
,��R�DWLR�� �H�WHU� (PEHGGHG� 'HVLJ�� D�G�
1HW�RUNL�J��VL]HG�����H�LV�DXWKRU��FR�DXWKRU��
HGLWRU�D�G� FR�HGLWRU�RI� VH�HUDO� WH[WERRNV�D�G�
�XPHURXV� SDSHUV� L�� WKH� ILHOG� RI� HPEHGGHG�
GHVLJ�� D�G� �LUHOHVV� D�G� �LUHG� �HW�RUNL�J��
D�G� KHDG� D�G�PHPEHU� RI��XPHURXV� VWHHUL�J�
D�G�SURJUDP�FRPPLWWHHV�RI�L�WHU�DWLR�DO�VFL�
H�WLILF�FR�IHUH�FHV��

�
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