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$, LQ ODQXIDFWXULQJ eé’:ﬁﬂmen

K\ UHDG WKLV SDSHU

5IF NBOVGBDUVSJOH JOEVTUSZ JT VOEFSHPJOH POF PG UIF N
IJTUPSZ "* JT OP MPOHFS KVTU BO JOOPWBUJPO JUVT CFDPI
'SPN QSFEJDUJWF NBJOUFOBODF BOE RVBMJUZ DPOUSPM UP
SFTIBQJOH UIF XBZ NBOVGBDUVSFST PQFSBUF NBLJOH QSPD
FGGJDJFOU :FU EFTQJUF JUT QPUFOUJBM "* BEPQUJPO JO N
#FDBVTF JU SFRVJSFT NPSF UIBO KVTU UFDIOPMPHZ *U EFNB
TUSBUFHZ BOE UIF SJHIU FYFDVUJPO

/KLY SDSHU H[SORUHV

)PX "*JT SFWPMVUJPOJ[JOH NBOVGBWIPXBIOH
SFBM UJNF MFBSOJOH QSFEJDUJWHMJO T BITUGE P SBNDHEEL
81Z NBOZ DPNQBOJFT TUSVHHMF UF JNQMFENTF
CBSSJFST MJLF EBUB SFBEJOFTT IMFHIBDH~ BBZBEQ@BE B U .
5IF XJEFOJOH HBQ CFUXFFO "* MFBEFST BO

X1Z DPNQBOJFT EFMBZJOH "* BEP @GDPMNI B P B UP A
5IF GPVS CVIJIMEJOH CMPDLT GPSUBVDBOBTTGV
FOTVSJOH ZPVS "* JOWFTUNFOUTFEFMSIFANMUBO

.BOVGBDUVSFST XIP HFU "* SJHIU BSF SFEFGJOJOH UIFJS FOlL
JT OP MPOHFS JG "* TIPVME CF JNQMFNFOUFE CVU IPX UP JN

5I1JT QBQFS QSPWJEFT UIF JOTJHIUT BOE TUSBUFHJFT UP IFM



$, LQ ODQXIDFWXULQJ eéﬁiiﬂmen

7DEOH RI FRQWHQW

JQWUR G X FMWLRQ s
)RXU EXLOGLQJ EORFNV IRU VXFFHVVIXOO\ LP
$, LQ 0D QXIDEWXMLQL
4FUUJOH "* JO SJHLU.EJSEDUJIRQ......
O BLIJOH "* EFMIWES.W.BM.E .
(FUUJOH EBUB..SJHLU s

1SFTFODF PG SFMFWBQU..UBMEQ.U......

&DVH VWXGLEHM e
1SFEJDUJWF .BJOUFOBODF JQ.&QFSHZ *OEVTU
$PNQVUFS WJTJPO JO NBQV.GBDUV.SJOH

ERQF O XV.LR Qe

SERXW WKH DXW.KRU. e



$, LQ ODQXIDFWXULQJ eJoyful

Craftsmen

Key Insight

Within the next five years, Al-enabled competitors
will have built not just technological advantages but
accumulated valuable data and expertise that late

adopters cannot easily replicate.



$, LQ ODQXIDFWXULQJ eJo,fu.

QWURGXFWLRO

#FJOH BMSFBEZ JO B NJEEMF PG UIF EFDBEF UIF T BSF BM
QSPNJTF UP CF USBOTGPSNBUJWF GPS NBOVGBDUVSJOH BT E
JOEVTUSZ MBOETDBQF "SUJGJDJBM *OUFMMJHFODF "* TUBO
SFWPMVUJPO QSPNJTJOH UP GVOEBRNPGEUWMMEYEFEMVBES IBR EKIF
NBOVGBDUVSJOH PQFSBUJPOT

SIF JNQBDU PG "* PO NBOVGBDUVSJOH PQFSBUJPOT FYUFOET
BVUPNBUJPO "U UIF GBDUPSZ GMPPS MFWFM "* TZTUFNT BSF
QSPDFTTFT CZ FOBCMJOH NBDIJOFT UP OMFEBYO LB QE SBEBINJ U
SFBM UIJRWBODFE BMHPSJUINT DBO OPX GPSFDBTU FRVJQNFO
PDDVS ESBNBUJDBMMZ SFEVDJOH DPTUMZ EPXOUJNF BOE FY

QYHVWPHQW LQ DUWLILFLDO
PDQXIDFWXULQJ LV H[SHFWH

= IURP ELOOLRQ L

ELOOLRQ E\

7KH :RUOG (FRQRPLF )RU

2vBMJUZ DPOUSPM I1JTUPSJDBMMZ EFQFOEFOU PO IVNBO JO1
DPNQVUFS WJTJPO TZTUFNT UIBU DBO EFUFDU NJDSPTDPQJD
BDDVSBDZIMRWFMIICMF GPS IVNBPSF@MSBUPBDIJOF -FBSOJOH
USBOTGPSNJOH TVQQMZ DIBJO NBOBHFNFOU CZ PQUJNJ[JOH
EFNBOE QBUUFSOT BOE BVUPNBUJDBMMZ BEKVTUJOH QSPEV
DIBOHJOH NBSLFU DPOEJUJPOT 5IF JOUFHSBUJPO PG "* XJUI
*P5 TFOTPST DSFBUFT B OFSWPVT TZTUFN UISPVHIPVU UIF (
QSPEVDUJPO NPOJUPSJOH BOE SFBMBWINBERDIFIPEOGEBDI®GB
XI1JMF NJOJNJ[JOH XBTUF BOE FOFSHZ DPOTVNQUJPO

3DJH ZZZ MR\IXOFUDIWVPHQ F
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Craftsmen

JPXFWFS B GBTDJOBUJOH QBSBEPY FYJTUT JO NBOVGBDUVSJ
NBOVGBDUVSJOH IBT IJTUPSJDBMMZ CFFO BU UIF WBOHVBSE
GSPN UIF TUFBN FOHJOF UP SPCPUJDT S UIF BEPQUJPO PG "*
.BOZ NBOVGBDUVSJOH FYFDVUJWFT IBE IJINQMFNFOUFE "* JO
NBLJOH QSPDFTTFT BT PG 51 JT SFMVDUBODF TUFNT GSPN
PSHBOJ[BUJPOBM DIBOHFT OFFEFE UP GVMMZ MFWFSBHF "* D
BOE UIF DPNQMFYJUZ PG JOUFHSBUJOH "* XJUl MFHBDZ TZTU|I
USBEJUJPOBM BVUPNBUJPO TPMVUJPOT "* JNQMFNFOUBUJPO
JOGSBTUSVDUVSF CvU B DPNQMFUF SFUIJOLJOH PG QSPDFTT
PSHBOJ[BUJPOBM DVMUVSF

51 JT DSFBUFT B DIBMMFOHJOH USBOTJUJPO QFSJPE XIFSF NB
NBJOUBJOJOH DVSSFOU PQFSBUJPOT XIJMF CVIJMEJOH GVUVS

#3"/,0 ,07"1

66 "SUJGJDJBM *OUFMMJIHZODF 1PS

$, LPSOHPHQWDWLRQ GHPDOEYPARW M oW --_NFO_

WHFKQRORJLFDO LQIUDVWUXFWXUH EXW D
FRPSOHWH UHWKLQNLQJ RI SURFHVVHYV
ZRUNIRUFH VNLOOV DQG RUJDQL]DWLRQDO

FXOWXUH
—99

S5IF DPNQFUJUJWF OFDFTTJUZ PG "* BEPQUJPO JO NBOVGBDU!
DMFBS "T HMPCBM DPNQFUJUJPO JOUFOTJGJFT BOE NBSLFU
FGGJDJFODZ HSPX "* JT SBQJEMZ TIJGUJOH GSPN B DPNQFU.
OFDFTTJUZ

3DJH ZZZ MR\IXOFUDIWVPHQ F
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Craftsmen

RI WKH FRPSDQLHV VD\ WKH\

WKH EHQHILWY RI XVLQJ $, VH

6WDWH RI ODQXIDFWXU

.BOVGBDUVSJOH DPNQBOJFT UIBU TVDDFTTGVMMZ JNQMFNFO
JNQSPWFNFOUT JO PQFSBUJPOBM FGGJDJFOIFE VIIWI PTCPIN FOS F
NBJOUFOBODF DPTUT BOE VQ UP EFDSSB-TTHTBEP QBPEV BEH
OPU KVTU PQUJNJ[JOH DVSSFOU PQFSBUJPOT UIFZ SF HBJOJ
FOUJSFMZ OFX CVTJOFTT NPEFMT BOE SFWFOVF TUSFBNT UIS
QSPEVDUT 5IF UFDIOPMPHZ JT BEWBODJOH BU TVDI B QBDF L
MFBEFST BOE MBHHBSET JT XJEFOJOH FYQPOFOUJBMMZ 8JUI
NBZ CFDPNF JOTVSNPVOUBCMF GPS DPNQBOJYFHOBIBMFEFMBZ I
DPNQFUJUPST XJMM IBWF CVIJMU OPU KVTU UFDIOPMPHJDBM |
WBMVBCMF EBUB BOE FYQFSUJTF UIBU MBUF BEPQUFST DBOO

"T NBOVGBDUVSJOH DPOUJOVFT JUT KPVSOFZ JOUP BO "* ESJ
XIIJMF UIF QBUI UP "* BEPQUJPO NBZ CF DWPN@WHY BPQE JOIBDAN
MIJLFMZ UP CF GBS HSFBUFS UIBO UIF JOWFTUNFOU SFRVJSFE
OSHBOJ[BUJPOT NVTU WJFX "* JINQMFNFOUBUJPO OPU BT B PC
GVOEBNFOUBM TIJGU JO IPX UIFZ PQFSBUF DPNQFUF BOE D¢
NBOVGBDUVSJOH MBOETDBQF PG UPNPSSPX

3DJH ZZZ MR\IXOFUDIWVPHQ F



$, LQ ODQXIDFWXULQJ eéﬁiiﬂmen

JRXU EXLOGLQJ EORFN
VXFFHVVIXOO\ LPSOHP
ODQXIDFWXULQJ

%FTQJUF UIJT RQPNGBOJBMIBWF OPU ZFU GVMMZ SFBMJ[FE Ul
NBOVGBDUVSJOHSPZT@MRDL UIF VOUBQQFE WBMVF PG JOEVTL
UIF TPVSDF PG B DPNQBOZVT TUSVHHMFT BOE EFGJOJOH UIF
QBUI UP UIJOL UISPVHI BOE EFSJWF UIF SJHIU TPMVUJPOT UF
CBSSJFST UP "* BEPQUJPO TUFN NBJOMZ GSPN PSHBOJ[BUJPC
DPNQPOFOUT VOEFSTUBOEJOH UIFN XJMM IFMQ JEFOUJGZ B
"* BQQMJDBUJPOT

6HWWLQJ $,
ULIJKW GLUH

ODNLQJ $,
GHOLYHU YDOXH

SUHVHQFH RI
UHOHYDQW WDOHQW

3DJH ZZZ MR\IXOFUDIWVPHQ F
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Craftsmen

BHWWLQJ $, LQ ULJKW GLUHFWLRQ

g8JulPvuU B DMFBS TUSBUFHJD BQQSPBDI "* JOJUJBUJWFT JO
TDBUUFSFE UFDIOPMPHZ ESIWFO FYQFSIJNFOUT *OEJWJEVBI
"* TPMVUJPOT JOEFQFOEFOUMZ MFBEJOH UP EVQMIJDBUFE FC
4PNF UFBNT NJHIU GPDVT PO TPQIJTUJDBUFE "* BQQMJDBUJP
EPO U BEESFTT DPSF CVTJOFTT OFFET XIJMF DSJUJDBM PQF:
VOTPMWFE GSBHNFOUFE BQQSPBDI UZQJDBMMZ SFTVMUT JO ¢
ulBu GeJM BPSPOBMFIF PSHBOJ[BUJPO MFBEJOH UP VOEFSVU
NJTTFE PQQPSUVOJUJFT GPS USBOTGPSNBUJPO

" TUSBUFHJD BQQSPBDI UP "* INQMFNFOUBUJPO IPXFWFS DS
TVDDFTT XIJMF NBOBHJOH SJTLT BOE SFTPVSDFT FGGFDUJWF
ZPVS PSHBOJ[BUJPO T SFBEJOFTT BOE TQFDJGJD OFFET SBU
MBUFTU "* UFDIOPMPHJFT 5I1JT UIPVHIUGVM BQQSPBDI IFMQT
UIF NPTU WBMVF XIFUIFS UIBU T JNQSPWJOH RVBMJUZ DPOL
TDIFEVMFT PS FOIBODJOH QSPEVDUJPO QMBOOJOH

5IF TUSBUFHZ EPFTO U OFFE UP (NNCDPNIWMFY P & PD
TUBSUJOH XJUI B GPDVTFE BQQSKEDI XHFWMUBKGEFY
DIBMMFOHFT PGUFO ZJFMET CFUUF8 PPTNMUTFOIBO

USBOTGPSNBUJPO BMM BU PODFIWIBWIRZFJIT XUR IBAM
PCKFDUJWFT BOE FOTVSF UIFZ BEGBSFET SBBM-® QHB
JNQMFNFOUJOH UFDIOPMPHZ GPS UFDIOPMPHZ T TB

" TUSBUFHJD GSBNFXRSBIOBNMHARJIFMGBDUJDWBIB W CEAWNEFXOHH "*
JNOQMFNFOUBUJPO *U QSPWJEFT TUSVDUVSF GPS BEESFTTJO
OFDFTTBSZ TLIMMT BOE SFTPVSDFT BOE FTUBCMJTIJOH HPW
QSFQBSBUJPO IFMQT BWPJE DPNNPO QJUGBMMT MJLF JOTVGC
DSPTT GvODUJPOBM DPPSEJOBUJPO UIBU DBO EFSBJM "* QSP

3DJH ZZ2Z MR\IXOFUDIWVPHQ F
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Craftsmen

PTU INQPSUBOSBIZFHBID BQQSPBDI IFMQT CVIJME BPSBTEROB!
PSHBOJ[BUJPO #Z EFNPOTUSBUJOH DMFBS MJOLT CFUXFFO "
BOE CZ TIPXJOH B TUSVDUVSFE QBUI GPSXBSE JU IFMQT HBJ
BOE GSPOU MJOF XPSLFST 5I1JT TVQQPSU JT DSvVvDJBM GPS T\
PG "* TPMVUJPOT

.BOVGBDUVSJOH MFBEFST XIP IBWF TVDDFTTGVMMZ JNQMFNF
FNQIBTJ[F UIBU UIFJS TUSBUFHJD BQQSPBDI FWPMWFE PWEFS
PCKFDUJWFT MFBSOFE GSPN JOJUJBM QSPKFDUT BOE BEKVT
BOE FNFSHJOH PQQPSUVOJUJFT 51JT GMFYJCMF CVU TUSVDU
PSHBOJ[BUJPOT UP DBQUVSF JNNFEJBUF WBMVF XIJMF CVJME
BEWBODFE BQQMJDBUJPOT JO UIF GVUVSF

" DPNNPO QJUGBMM BDSPTT
NBOVGBDUVSJOH PSHBOJ[BUJPOT JT
TUBSUJOH XJUI "* UFDIOPMP
UIBO CVTJOFTT WBMVF 5FD /KH PRVW VXFFHVYV
FYDJUFE CZ "* T DBQBCJMJU LPSOHPHQWDWLRQV
DIBNQJPO QSPKFDUT MJLF J TXHVWILKROOV RSHUDW

DPNQVUFS WJTJPO PS QSFE
BOBMZUJDT TINQMZ CFDBVT FKDOOHQJHV LI VRO

UFDIOPMPHZ JT JNQSFTTJWHF FUHDWH WKH PRVW

TPMVUJPOT NBZ XPSL UFDIO YDOXH IRU WKH RUJLC
EPO U OFDFTTBSJMZ BEESFT
QSFTTJOH PQFSBUJPOBM DIB
EFMJWFS NFBOJOHGVM GJOBODJBM SFUVSOT

5IJT WBMVF GJSTU BQQSPBDI IFMQT JEFOUJGZ PQQPSUVOJUJ
EJGGFSFODF XIFUIFS UIBU T SFEVDJOH RVBMJUZ JTTVFT QF
GBIJMVSFT PS PQUJNJ[JOH QSPDFTTFT UIBU JNQBDU FOFSHZ

3DJH ZZZ MR\IXOFUDIWVPHQ F
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Craftsmen

"UFMMJOH FYBNQMF GSPN NBOVGBDUVSJOH JMMVTUSBUFT U
JOWFTUFE JO BO BEWBODFE DPNQVUFS WJTJPO TZTUFN GPS |
UFDIOPMPHZ TFFNFE DVUUJOH FEHF )PXFWFS UIFJS NPTU TJ
XFSF BDUvBMMZ PDDVSSJOH EVF UP QSPDFTT WBSJBUJPOT FI
TPMVUJPO GPDVTFE PO QSPDFTT QBSBNFUFS PQUJNJ[BUJPO
HSFBUFS WBMVF CZ QSFWFOUJOH EFGFDUT SBUIFS UIBO KVTL

ODQXIDFWXULQJ RUJDQL]DWLRQV @&DW LIH&H
E\ ORRNLQJ DW WKUHH NH\ DUHIDWO Y KRXMHGY

1FSTJTUFOU PQFSBBBRFOBIVWI IJHI DPTWSIPBBTTFT XIFSF CF F
QSPCMENT UIBU TJHOJGJDBOU FGGJIJPSFBEDXUJPO PS PQU J
USBEJUJPOBM NFHBXEIT DPVME QSFWFOU JT 1
IBWFO U TPMWFE CFGPSF UIFZ PDDVS

51JT BQQSPBDI FOTVSFT UIBU "* QSPKFDUT EFMJWFS UBOHJC
JOWFTUNFOU *U BMTP IFMQT CVIJME DPOGJEFODF JO "* BEPQ
CFDBVTF SFTVMUT BSF WJTJCMF BOE NFBOJOHGVM UP PQFSB

4UBSUJOH XJUI TNBMMFS IJHI JNQBDU QSPKFDUT PGUFO XPS
CVIME NPNFOUVN BOE QSPWJEF WBMVBCMF MFBSOJOH FYQFS
CSPBEMZ 5IFZ BMTP IFMQ PSHBOJ[BUJPOT EFWFMPQ UIF DBQ
DPNQMFY "* IJNQMFNFOUBUJPOT XIJMF EFMJWFSJOH JNNFEJB

5/F LFZ JT NBJOUBJOJOH GPDVT PO PQFSBUJPOBM W
KPVSOFZ 51JT EJTDJQMJOF FOTVSFT UIBU "* QSPKFD
FYFSDJTFT CVU SBUIFS EFMJWFS NFBOJOHGVM JNQS
PQFSBUJPOT

3DJH 2Z2Z MR\IXOFUDIWVPHQ F
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%»BUB RVBMJUZ BOE NBOBHFNFOU BSF GVOEBNFOUBM UP TVD
NBOVGBDUVSJOH ZFU UIFZ PGUFO SFDFIWF JOTVGGJDJFOU E
8IJMF "* TPMVUJPOT NBZ BQQFBS QSPNJTJOH JO UIFPSZ UIFJ
EFQFOET FOUJSFMZ PO UIF RVBMJUZ SFMFWBODF BOE WPM\

8PSLJOH XJUI JOBEFRVBUF EBUB DBO DSFBUF NVMUJQMF DIBI
JOJUJBUJIJWFT -PX RVBMJUZ EBUB DPOUBJOJOH FSSPST PS J¢
"* NPEFMT UIBU NBLF JODPSSFDU QSFEJDUJPOT PS SFDPNNFC
SFTPVSDFT CVU DBO BMTP EBNBHF USVTU JO "* TZTUFNT BDS
EBUB UIBU EPFTO U DBQUVSF SFMFWBOU QSPDFTT QBSBNFUF
MJIJNJUT UIF "* NPEFM T BCIJMJUZ UP VOEFSTUBOE BOE JNQSP\

8IJIMF "* TZTUFNT UISIWF PO MBSHF EBUBTFUT UIBU DBQUVSF
NBOVGBDUVSJOH PSHBOJ[BUJPOTCPIG/GR) BIREUUIIFTAJ PESW BB M I
DSJUJDBM FWFOUT MJLF FRVIQNFOWGEIBEIMYNHIBRSI FROV BIE OUN B!
EJGGJDVMU UP USBJO "* NPEFMT UIBU SFMJBCMZ QSFEJDU BC

7KH VROXWLRQ OLHV LQ HVWDE QDWLH D Q® E X GD
PDQDJHPHQW SUDFWLFHV $ VLQJOHWWXDMH CROW U X
GHSDUWPHQWY ZRUN ZLWK FRQVLYR® QWK LD FFUE DO
VLWXDWLRQV ZKHUH GLITHUHQW WHEDRYQ FBRQHOHHA WLV
GDWD ZKLFK FDQ OHDG WR RSHPDWVYRG@DO LQHIILFL
RSSRUWXQLWLHV IRU LPSURYHPHQW RU HYHQ GDPD.

*OUFSPQFSBCJMJUZ JT FRVBMMZ DSVDJBM .BOVGBDUVSJOH |
NVMUIJQMF TZTUFENT BOE FRVIJQNFOU UZQFT FBDI HFOFSBUJC

3DJH ZZZ MR\IXOFUDIWVPHQ F
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Craftsmen

8JUIPVU QSPQFS JOUFHSBUJPO BOE TUBOEBSEJ[BUJPO WBM\
JOJTPMBUFE EBUB TIMPT *OUFSPQFSBCMF EBUB BMMPXT "*
BDSPTT UIF FOUJSF QSPEVDUJPO QSPDFTT JEFOUJGZJOH QB
PQQPSUVOJUJFT UIBU XPVME PUIFSXJTF SFENBJO IJEEFO

1SPQFS EBUB HPWFSOBODF HPFT CFZPOE UFDIOJDBM DPOTJE
BCPVU EBUB DPMMFDUJPO TUPSBHF BOE VTBHF

/KLY [UDPHZRUN HQVXUHV WKDW

— @

'DWD TXDOLW)\ VWINIDGBPRGOHFWLBO\DRXUIBNY DUH XV
DUH PDLQWDLQHEK VSHFLILF EXVILGHMQWO\ LQ G
FRQVLVWHQWO\ QHHGV PDQDJHPHQW

AVDDFTT TUPSJFT JO NBOVGBDUVSJOH "* DPOTJTUFOUMZ TIP;
JOWFTU JO EBUB JOGSBTUSVDUVSF BOE HPWFSOBODF FBSMZ
NPSF SFMJBCMF SFTVMUT 5IFZ DBO TDBMF UIFJS "* JOJUJBU.
OFX PQQPSUVOJUJFT BT UIFZ BSJTF XIJMF NBJOUBJOJOH UIF
DPOTJTUFOU SFMJBCMF QFSGPSNBODF

SIF QBUI UP QSPQFS EBUB NBOBHFNFOU EPFTO U SFRVJSF QF
*OTUFBE JU EFNBOET B TZTUFNBUJD BQQSPBDI UP JEFOUJGZ
UIF NPTU WBMVBCMF EBUB GPS TQFDJGJD CVTJOFTT PCKFDU.
PSHBOJ[BUJPOT CVJME UIFJS EBUB DBQBCJMJUJFT QSPHSFTT
CFOFGJUT UISPVHI "* INQMEFENFOUBUJPOT

3DJH ZZ2Z MR\IXOFUDIWVPHQ F
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5HVSRQGHQWY LQ 0,7 THFKQRORJW5WXDHNZ § QX VHK
GHYHORSPHQW LV VLIQLILFDQWO\ KDPSHUHG E\

,QDGHTXDWH HDN GDWD :HDN
GDWD TXDOLW\ LQWHJUDWLRQ JRYHUQDQFH

7DNLQJ $, WR WKH QH[W OHY HO7HF PORXRD F \WKXY

SUHVHQFH RI UHOHYDQW WDOHQW

#VIJMEJOH "* DBQBCJMJUJFT JO NBOVGBDUVSJOH SFRVJSFT B
JOUSPEVDJOH OFX UFDIOJDBM TLIJMMT BOE JOUFHSBUJOH UIF
PQFSBUJPOBM FYQFSUJTF S5IF DIBMMFOHF FYUFOET CFZPOE
"* TQFDJBMJTUT JU SFRVJSFT DSFBUJOH BO PSHBOJ[BUJPOE
NBOVGBDUVSJOH LOPXMFEHF BOE OFX "* DBQBCJIJMJUJFT XPS|

5SBEJUJPOBM NBOVGBDUVSJOH PSHBOJ[BUJPOT IBWF EFFQ F
FOHJOFFSJOH RVBMJUZ DPOUSPM BOE PQFSBUJPOBM FYDFM
UIF DPNQMFYJUJFT PG QSPEVDUJPO QSPDFTTFT FRVJQNFOU
GBDUPST UIBU JOGMVFODF NBOVGBDUVSJOH QFSGPSNBODF
BOE NVTU CF QSFTFSWFE BOE FOIBODFE OPU SFQMBDFE XIF
DBQBCJIMJUJIFT

3DJH ZZZ MR\IXOFUDIWVPHQ F
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$, LQ ODQXIDFWXULQJ eJoyfu.

8IFO PSHBOJ[BUJPOT MBDL "* UBMFOU TFWFSBM SJTLT FNFSH
JOTVGGJDJFOU UFDIOJDBM LOPXMFEHF PS XPSTF NPWF GPS
TPMVUJPOT UIBU GBJM UP EFMIJWFS WBMVF

SFTQPOEFOUTSYSGFDIOPMPHZOFWIEPX SFTFBSDI TFMFDUFE UIF
PSHBOJ[BUJPOBM DIBMMFOHFT GPS "* JNQMFNFOUBUJPO GSP

7/DOHQW VKRUWDJHVHFKQRORJ\ "LITLFXOW\
RU XSVNLOOLQJGHEW SUREOHPDWLKRHOHFWLQJ
FRPSOH[LW\ LOQWHJIJUDWLRQ VROXWLRQ

2UJDQL]DWLRQDO )LQGLQJ
DQG SURFHVYV YHQGRUV RU
FKDQJHV SDUWQHUYV

5IF LFZ DIBMMFCBSHBOHBUOPOBINNEFMAHBEEJOH BO "* UFBN TF
NBOVGBDUVSJOH PQFSBUJPOT PGUFO DSFBUFT TIMPT BOE DF
NBZ EFWFMPQ UFDIOJDBMMZ TPQIJTUJDBUFE TPMVUJPOT UIBI

SFBMJUJFT XIJMF NBOVGBDUVSJOH FOHJOFFST NBZ TUSVHHN
UIFJS EBIJMZ QSPDFTTFT

3DJH ZZZ MR\IXOFUDIWVPHQ F
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A4VDDFTTGVM PSHBOJ[BUJPOT UZQJDBMMZ FWPMWF UISPVHI T
EFWFMPQNFOU TUBSUJOH XJUI DFOUSBMJ[FE "* UFBNT UIBU
NBOVGBDUVSJOH FOHJOFFST BOE SFBDIJOH JUT HPBM XJUI D
EJGGFSFOU TLIMM TFUT DPNQMFNFOU FBDI PUIFS

5SBJOJOH BOE EFWFMPQNFOU QMBZ B DSVDJBM SPMF JO UIJT
FOHJOFFST OFFE FOPVHI VOEFSTUBOEJOH PG "* UP FGGFDUJ\
TQFDJBMJTUT BOE BQQMZ "* JOTJHIUT UP PQFSBUJPOBM EFD.
OFFE UP EFWFMPQ TUSPOH EPNBJO LOPXMFEHF BCPVU NBOVC
FOTVSF UIFJS TPMVUJPOT BEESFTT SFBM PQFSBUJPOBM OFFE

/KH PRVW HIIHFWLYH DSSURDFK ENMWRH® H
WHDPV WKDW FRPELQH

{oH=

.BOVGBDUVSJOH POBHUB APISFOUJRBPGXXBSF FOHU®FDHFBTT FYQFSUT X
XIP VOEFSTUBOEDBO EFWFMPXI'P DBO JNQMFNDB@OUWBMJEBUF BOH
QSPEVDUJPO QSPDFNPEFMT TPMVUJPOT BQQMZ SFTVMUT

S5IJT JOUFHSBUFE BQQSPBDI FOTVSFT UIBU "* TPMVUJPOT CF(
TPQIJTUJDBUJPO BOE QSBDUJDBM NBOVGBDUVSJOH LOPXMFE
PSHBOJ[BUJPOBM CVZ JO BT UFBNT TFF IPX UIFJS DPNCJOFE
SFTVMUT UIBO FJUIFS HSPVQ DPVME BDIJFWF BMPOF

5IF HPBM JT OPU UP DSFBUF TFQBSBUF "* BOE NBOVGBDUVSJ
BO JOUFHSBUFE DBQBCJMJUZ UIBU FOIBODFT UIF PSHBOJ[BU.
NBOVGBDUVSJOH DIBMMFOHFT 51JT BQQSPBDI IFMQT FOTVSF
esspbuJbBM WBMVF XIJMF CVIJMEJOH TVTUBJOBCMF DBQBCJM
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$, LQO ODQXIDFWXULQJ eaﬁﬁgm

SUHGLFWLYH PDLQWHOQ
HOQHUJ\ LQGXVW U\

g g XS WR ZHHNV

VDYLQJV SHU LQFL@AHIBALWLRQDO VDYLIPIMOXUH SUHGLFWLR

SURMHFW RYHUYLHZ

« BHUYLSBWLILFLDO ,QWHOOLJHQFH
« ,QGXVWOMUJI\

« 'XUDWLR@RQWKV
« 2XU WHDPDWD 6FLHQWLVW 0/
(QJLQHHU  'DWD (QJLQHHUYV

.« &OLHQW WGIRPDLQ H[SHUW

&OLHQW

SIF bMJFOU JT B DPNQBOZ PQFSBUJOH XJUIJO UIF FOFSHZ NB
Be/fPO . Y%ITDMPTVSE *HSERENREGOUESA G GVSUIFS EFUBJMT SFHB!
DBOOPU CF EJTDMPTFE

&KDOOHQJHYV

FTQJUF SFHVMBS NBJOUFOBO DESSEICEE S S N R PO R
VOFYQFDUFE ®WMBMVOHINITTFE QSPEVDUJPO UBSHFUT PQFSE
GJOBODJBM MPTTFT

BROXWLRQ

S5P UBDLMF UIFTF DIBMMFOHFET X V= i e Sl
TPMVUJPO ¥2-IMXUCAHO .BDIJOF -FBSOFMHENBOESP®»PMMFEDU S
FRVIQNFOU EBUB USBOTNJUUFE WJB NPCJMFEF OFUXPSLT UP U

3DJH 27ZZ MR\IXOFUDIWVPHQ F
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7KH VROXWLRQ FRPSULVHVY WZR FRUH FRPSRQHQWYV

&BDI EFWJIDF PQFSBUFT xJulJgfl|*=
SFHVMBS PQFSBUJOH NPEF xmﬁﬂg'
UFMFNFUSZSFBEJOHTTvolB;ﬂjﬁ’
SFTJTUBODF B®E QPXEBN EFL [ "M
BOPNBMJFT BT FBSMZ XBSO0JO=Z
JTTVERITUJOHVITIJOH CFUXF Fagpe
FYUFSOBM GBDUPST F H QP ™
NJOJNJ[F GBMTF BMBSNT '

$QRPDO\ GHWHFWLRQ

)DLOXUH SUHGLFWLRQ

"OPNBMJFT BSF BOBMZQFPRUBO® WQJBME GBUMV SF X XU LAY O EBZT
QSFWFOUJWF BDUJPO "O .- NPEFM FTUIJNBUFT UIF MJLFMJIPF
GBIJMVSFT QSPDFTTJOH EBUB WJB 4%$"%" JO OFBS SFBM UJNF
QSFFNQBBWFWFSZ QMBOONO[HOH EPXOUJNF BOE BWPJEJOH F)

2XWFRPHYV

&RVW VDYLQJV

"WPJEFE GBIJMVSFT NJTTFE QSPEVDUJPO UBSHFUT BOE SF
TBWFE BO FTEINBUKES JODJEFOU

FUSPTQFDUJWF BOBMZTJT VOBPWFSBE BBWBEEHTU JIPZOBM
JEFOUJGZJOH QSFWJPVTMZ VOEFUFDUFE BOPNBMJFT

,PSURYHG RSHUDWLRQDO LQVLIKWYV

#FUUFS VOEFSTUBOEJOH PG SFHVMBS PQFSBUJOH QBSBNF!
FOIBODFE FRVIJQNFOU QFSGPSNBODF BOE SFMJBCJMJUZ

2SWLPL]JHG SURGXFWLRQ SODQQLQJ

'BIJMVSF QSFEJDUIFP®AIJIPOBCUMEKEMBOOJOH NJOJNJ[JOH EJT:
NBOBHJOH SFEVDFE QSPEVDUJPO FGGFDUJWFMZ

3DJH ZZ2Z MR\IXOFUDIWVPHQ F



$, LQO ODQXIDFWXULQJ eaﬁﬁgm

&RPSXWHU YLVLRQ LQ
PDQXIDFWXiQJ

! | K

DFFXUDF\ DFKLHYHGRUQHPSOR\HHY UHSRWWN& G SHU ZHHN ZLW
DXWRPDWLF UHDGLQJV | HHOLQJ VDIHU GDWD DXWRPDWLRQ

SURMHFW RYHUYLHZ

« BHUYLSBWWLILFLDO ,QWHOOLJHQFH
QG XVWOQMUJI\

« 'XUDWLRPRQWKYV
. 7THDP ODFKLQH /HDUQLQJNQJILQHHUV
« &OLHQW WRPPLQ ([SHUW (QJLQHHU

&OLHQW

7KH FOLHQW LV D FRPSDQ\ RSHUDWLQJ ZLWKLQ WKH HQHUJ\
D 1RQ 'LVFORVXUH $JUHHPHQW 1'$ IXUWKHU GHWDLOV UHJ
FDQQRW EH GLVFORVHG

&KDOOHQJHYV
,PSURYH GDWD TXDOLW\

'DWD IURP LQGXVWULDO SODQW PHDVXUHPHQW GHYLFHV ZD)\
QRWHERRNY DQG WKHQ WUDQVFULEHGSRQMR \& DD BED VIRV VO
LQDFFXUDFLHV

(QKDQFH ZRUNHU VDIHW\

7KH PDQXDO GDWD FROOH F W L R S e (S )
UHTXLULQJ FOLPELQJ ODGGHUYVY DQG DFFHVVLQJ GULNRXAW \
ZRUNSODFH LQMXULHV

3DJH 27ZZ MR\IXOFUDIWVPHQ F
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BROXWLRQ

"VUPNBUJOH NFBTVSFNFOU EFWJDF SFBEJOHT

To improve data quality and worker safety, a mobile app was developed for
ruggedized Android devices. These devices, while durable, have limited specs (older
Android versions, lower camera quality, and limited memory).

The app was designed to be user-friendly yet sophisticated enough to recognize
various analog measurement devices.

SFDPHOJ[JOH BOBMPH NFBTVSFNFOU EFWJDFT

The key challenge was accurately recognizing analog devices (e.g., pressure gauges,
thermometers) despite camera limitations. Given the devices' low processing power,
traditional computer vision techniques were used instead of deep learning.

The recognition process involved:

1. Key Element Detection: Identifying circles, scales, tick marks, min/max values, and
the needle.

2. Trigonometric Calculation: Determining the reading based on the needle's position.
3. Addressing Challenges: Handling negative scales, reflections, poor lighting, and
obstructions using domain expertise.

QR codes for device identification

Each device was assigned a unique QR code to ensure accurate identification.
Scanning the code before taking a photo provided location, identifier, and
calibration dataq, crucial for managing devices across different facility locations.

*OUFHSBUJPO BOE BDDVSBDZ

Data was transmitted via the tablet's SIM card and stored in a database. The goal
was at least 80% accuracy in automated readings, with manual entry available for
uncertain cases. Testing confirmed this accuracy was achieved.



$, LO ODQOXIDFWXULQJ -
&RQOFOXVLRO

SIF USBOTGPSNBUJWF QPUFOUJBM PG "SUJGJDJBM *OUFMMJH
TVDDFTTGVM JNQMFNFOUBUJPO EFNBOET NPSF UIBO KVTU UF
UIJT XIJUFQBQFS IBT EPSABDUPEBUIPEOT OFFE B IPMJTUJD BQQ
GPVS DSJUJDBM GPVOEBUJPOT TUSBUFHJD EJSFDUJPO WBM
UBMFOU EFWFMPQNFOU

-PPLJOH BIFBE UIF QBDF PG "* BEWBODFNFOU JO NBOVGBDU\
TMPXJOH 5IF HBQ CFUXFFO PSHBOJ[BUJPOT UIBU TVDDFTTGV
ulBu ErMBZ XJMM MJLFMZ XJEFO DSFBUJOH DPNQFUJUJWF B
JODSFBTJOHMZ EJGGJDVMU UP PWFSDPNF )PXFWFS UIJT TIP
IBTUZ PS JMM DPOTJEFSFE "* JINQMFNFOUBUJPOT *OTUFBE J
UulPVvHIUGVM TUSBUFHJD BDUJPO CVIJMEJOH UIF GPVOEBUJP:
TVDDFTT

3DJH ZZZ MR\IXOFUDIWVPHQ F



$, LQ ODQXIDFWXULQJ -

5IF NFTTBHF GPS NBOVGBDUVSJOH MFBEFST JT DMFBS XIJMF
DPNQMFY JU JT BMTP OBWJHBCMF XJUI UIF SJHIU BQQSPBDI
CVJME UIFJS "* DBQBCJIJMJUJFT TZTUFNBUJDBMMZ NBJOUBJO
GPVOEBUJPOBM FMFNFOUT XIJMF FOTVSJOH DMFBS BMJHONF (
CF CFTU QPTJUJPOFE UP DBQUVSF UIF WBMVF UIBU "* QSPNJ
NBOVGBDUVSJOH CFMPOHT UP UIPTF XIP DBO TVDDFTTGVMMZ
JOUFMMJHFODF XJUI UIF EFQUI PG NBOVGBDUVSJOH FYQFSUJ
OPU KVTU NPSF FGGJDJFOU CVU GVOEBNFOUBMMZ TNBSUFS

$ERXW WKH DXWKRU

V72 MR\IXOFUDIWVPHQ F




$, LQ ODQXIDFWXULQJ -
SERXW -R\IXO &UDIWVP

+PZGVM $SBGUTNFO JT B EBUB TPENDNBEP POGPNQBOZ
QSPWFO FYQFSUJTF JO USBOTGPSWBONHEBUB JOUP C

8F BSDIJUFDU BOE JNQMFNFOU FOBUP #OFBUFMYUJP
(PWFSOBODF #VTJOFTT *OUFMMJINFGCGRBSIBPE "* IFM
PQUJINJ[F PQFSBUJPOT ESJWF TNBSXBEFSIEFDJTJIJPOT
DPOGJEFODF

8JUI B TUSPOH QSFTFODF BDSPTT dV3PUH BLOEIBBEUD
DMJFOUT HMPCBMMZ +PZGVM $IPBBUONBGEIT UIF QB!
DPNQBOJFT UIBU EFNBOE FYDFMMFODF JO EBUB




