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NI017 NIX W' 'WIRN NIANINAN DX NN DM A N "oon"/Mwnx"?
QNN 1107 NI7ZIYON NX 0'RNN7 NI017 )21 1710 TR ' NTIAY *12 )N fan 1na7?
D'T?'7 DN Al D'YI DN |2 NRIY W'Y YT DMTIR DNgnnn .n721vo0n
DY DN ,NTIAYN [9IX v y'owun? D"7D'Y D'VIN7N]
Voyer, & Bryden, 1995; Feng, ; Kimura, 1999; Terlecki & Newcombe, 2005)
2 (N'2nn No'™N) N'ANAN NYYAIRN N1'NAN DN 0Y7Tan 7y vaxn (2007
(Hourcade et al., 2004) T2 N0'0N21IINA NWYIY I7NNN D 11D .07 D'l
720V DY VAN 7w Nim'wna DT DMaln | viNan Tt NRiY Uy T

.(Pointing task with mice)
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10 2 VINAD TN N1'NAN 0'7T7an W' ORN NINT? X' pnnn 79 2un n1on
2Tm NNS% NI017 NN NYXA 17X 0'77a0 0'0a 7Y .0IAN DY ATIAYA NI'OIMIX
12 2¥N7 VIANN DX X'2N7 X'N NVNAN .NNAKX AT N7IV9N GNYN NIX AI07 YT'Y AlloNn
.D'NIDA ANYX¥N 'TINKA NI'OIZDIND '1AI0N NNNYT 17 TAIN DTN DX 0T YTI' KIN

NNYY? NIn 7y 17X 1780 0'702 IWnNY' 0DM'UOTN D'MNNRYR TNYAY NIn 7V NNT
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IWUKRD DNYY VIX'AN TTN N1'NaN 0'WAl 0N2a 2 DY Nivawn 0'71an om»p .1

.N2D7N NN'YN1 VAN DY N71Y9 D'9NYN
IWKRD DNYY VIXTAN TTA N1'NAN DDA 077 2 0 Nivnwn 0'71an om'p .2
.N2D7N NN'YN1 VIAN DY N7I1Y9 D'9NYN

.N7190 QNun "NYn NToI7IXR 210 NTR7 NTIAY 1O N NNt N .3

Ny aninnl nnwTth 1.4
QIN'YI N'¥PRIVI'RA NI'OIPIIN AI0 NI'NA ,0'P'V DMINN 2w POIY DT NN
(MACHINE LEARNING) naiw'n nTn? niv'w v 117'wi 0an% oTRN |2 n71von
D'MNNYR 7Y NIN'DY TNV A7NUN7 1791'Y *T2 N'017DIXR 2107 AI'0 *7Tin NIN'Oa

NIN DT 7NN 7¢ IMNNNIEINNYTN ARV 01NN N71Y97 0"'09TX
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NYYYNN AN TIRN N71TA AXIKN NIODINY DAY NTNY NIV'Y 27"y e
NNTPA NYNIY KU1 XINY D'NDKR7AN N1an Dinn 2211 (0191 njp'oian)
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N0 70 2

FMS - nivma x" ndwyn 2.1
n'mr- 7 naon (flexible manufacturing system -FMS) nwna ix' ndvn

nd>wn .(Seifert & Morito, 2001) o'*o17n 11X '2'N12 DAY D'P7N "AI0 7w 2N |I1aN
22 7Y n'onivixk n97NN N71D' NIV NIFVNIVIX IXY NRIDA 190N N77D "1 I
IX7 DNI0219' M IX/I D'VIAN ,NRPAN 2 0770 NNAYA IX? V'Y 'WXAR L, TIAY
NTN N2 Y awNn NIian N7 NdYNN L'0NIvIK [oNnl ,NRPNN NP9 N1'WO
19X IX 'ITN DX |2 ,0"N'Y 7¢ NIpn2a 2an7 NDIYN? NYONNN NIV ¥ nn'ion
nioN N YUXR L NIMPY Nimnop 'myy? npnnn it nivna (Groover, 1987)
79 AN71D' NX NOdN ,NMPDNN NIYMA ,NIYRIN DNIRLPD NI NN DINnog
1TO NX NNYWY N71D'A DXL L,D'WTN DNXIM ¢ D10 X7 'O MY NI nd>wnn
201N WK L, NIYIMAN 2N DR NMYD DNR0EN 2700 7V niyxannn niz7von
DA D ,D"I0N 7N 7Y N71V9 NNIXK NIX Y¥A7 'O NIANN NRDN Wnnwn? n7nnn
on FMS 7v ompryn nnnnn L2ma nTn N2 ovirw 0177 novnn 7w n7nn
:(Groover, 1987)

.0MxmM 7w anN niInnNAa Xt N1

XM ATNY? NNoim 'nn .2

21 1T TN AN npion .3

.NNI22 N2 Xt NN 4

PIYal VY92 TI¥"N N202 D'OINTN DMI'W? XY D'RNN7 NN XY NN
DX ATV? N7 nan Ny nivomi nnnimney FMS nipavn L9702 faran
.(Li & Zhou, 2006) Nt TY' Nnawna

CIM -awnn NnIA71ivun X" npyn 2.2
o'v'onl Avnn '711 D'O0IANY NOOYN IX TI'YD NTAIN Avnn I\J'?IEJYJ AN NOYN

7'nnnw 271wUn 70N xin CIM nd>ayn nAtya 1ixt 2uona Xt 7w ntenioix a'wny
oy .(Bozdag et al., 2003) ni777 Axmn NN Dy DU'NONI XN QIX'Y DY
D'90> ,NNDN LPI'Y U DINNA NI7YI9N NI NIMAYX' NIdAYA NA1711D00 NINNSNN

[12IX2 NIAYNIMNA NIFAI71220 NYNLN 7Y IXN DR NNDAENNRAnN X" 0NN
DINNAI D'NNIoN D'N"YYN O'MINN awnnn 7w 17w .(Bozdag et al., 2003)
QN 7Y DN IMIYTANNY 'TOINN DN KIN 0191 NR'VIANDT N'YNIVIRD
-NLPYR DD L,D'MDINNA DA L, Awnn pin o'oian L(Groover, 1987)
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HIGH

LOW

NI'DN NIDIYN X' NOXIA A7wn 21TINN 2y9nn Aixtn "nox” alwnn? 1T v
NNTPNNN XD NDIYA QIWNAE NINOVF7R NP2 ¢ TIXA NINTNn DDA Dy
nn7iwn xt noxd npwnl (FMS) niwma iyt npayn nawn o v
NI'YYN (12 ,71Y2 D'N"PN DAY JIXTD 1Y 701 nimtp a7k nidawn L(CIM) awnn
Q2 N772INNNN NAI700N NINNSNNN .TIVI DN ,7'00170 ,2I'T ,nMD ,|ITn
N7VIMN 1M DX P'on? 7a10n 'Y D 0'pn Tawn 7¢ ImnxnNn DX Navnn
NPITNNI 719N N7 Yyan? N1n 2y n"wyna NiNTpnnn NIDYANNIL D'YXARNN

.(Groover, 1987) ninTimn MIxX"N NIdIWYN 72U NINIK]

n'¥NIvIXK 2.3
,D"INVP7XR IX D"10N DTN WIn'Y XD ("myyn 019" - Ap'my NaIr) ntYnivix

NIX NNINYN D'XNIVIRD .OTX T yan X977 ,)12Inn x¥12 ,Ni71y9 N1T0 y¥a? nin-7v
N'D N'¥NIVIX .DYRNXY DMA171200 D'YXNANA NI97NIM [N L,NIM'0N NI70N YIX'an DTN
AYNN-NI00IANI NIAYNIMA ,NIMNLVPIR NN NIDIYA DIY' NROIVA N'AI711D0N
N'¥NIVIX 7w NiMY 9on Dawr (Groover, 1987) nnpn 7y npal nwon v
DTRNN NO7NIM NIN7YNNA 1TA7 Yy¥an awnNnny NI71y97 NoN'Nn NI NNIaNwd
10 |7n% ,yxan Y awnnnl 720 07NN DTRN N2 NI7IYDY? NON'NN NI NdININI

:(Sheridan, 2000) n'¥nivixn 7¢ NN

9. informs the human only if it, the computer, decides to
8. informs the human only if asked, or

. executes automatically, then necessarily informs the human, and

. executes that suggestion if the human approves, or
. suggests one alternative

. narrows the selection down to a few, or

MW ok W N

. The computer offers a complete set of decision/action alternatives, or

o=y

10. The computer decides everything, acts autonomously, ignoring the human.

. allows the human a restricted time to veto before automatic execution, or

. The computer offers no assistance: human must take all decisions and actions.

A'XNIVIX NN - 1 "Namn


http://he.wikipedia.org/wiki/%D7%99%D7%95%D7%95%D7%A0%D7%99%D7%AA
http://he.wikipedia.org/wiki/%D7%90%D7%9C%D7%A7%D7%98%D7%A8%D7%95%D7%A0%D7%99%D7%A7%D7%94
http://he.wikipedia.org/wiki/%D7%90%D7%9C%D7%A7%D7%98%D7%A8%D7%95%D7%A0%D7%99%D7%A7%D7%94
http://he.wikipedia.org/wiki/%D7%90%D7%93%D7%9D
http://he.wikipedia.org/wiki/%D7%90%D7%93%D7%9D

AAXTA DN DN 2.4
NYTN NIY'™ NOXI DIA'N '"WU 0'T9)] n'p'm AN IXK DY '"_U ATAIN N0 ']"7nn

NIMPY NIMRLE AYIY "y UDIXA NN )'7NN LN IX NN NN NKIjIY
:(Groover, 1987)
.(Mechanical Fastening) axon 71 .1
..I51 N1AN2n ,0'N"Ma ,0MIR 0N MY 077N AN Y9Ik -n7nwna piTa 1.1
..NNIT1 D'V ,0Mnon My 0'P7N AN |'oINN -Ymon 1.2
.0'onN710 TN -yn72 112N 1.3
JWN 7707 0'’kNn? N 7y 07NN TNRA 'VOYN 'Y -NIX 'wa ian 1.4
.non 1.5
QY ,nnnn imNa roivn - (Joining Methods) Niarn\qinx nioy .2
N7 - Adhesive bonding .3
L0079 DIN'N "'y NPATN -NP'V079INNL 3.1
72T NIY¥NKXA npaTn 3.2
nMnop awi7wh o 7% Yy naodnn D'NN viv\a? niv'w son v
NPy
790N 1I¥' NIYXANNY NIDAION NITIAYA NIY9INN -NTTIA NIT NadIN NInn- .1
IN TNX T2V 7907 272" 1T NINN .N'MY9 TN NN 1Y IR NITN' 79 M)
NN NIKAAT XD NNTTNAL NIYATA XmN 77122 X' Ninn ne
121 DT D"N"YWYNI DMION 0'7) ,N1'90 ,01uN
NINN 722 ,9I1¥1 010N 1 TOQ NINPINNY NTIAY NINN 190N 71 - N2dn 1R .2
N2 XM 7201 N2dNN 17 9102w D D'P'7N 090N
N2 DIPN2 X 1-2 1D [DIX INIK2 NTAIN -N'ONIVIX NN N3N NDwn .3

.Nnpni 0'oinn My n7Ysin XN DTN

nponn 2.5
v ,Q'01AN v X" NN , 7NN ZOIVn ,yTNal NnOTINd DINN X' np'viaN

NOTINN MINN |'2 TAPNI 'RNXY TAYN N7 W2 NZ'0IANN .0N'YIn'Y 7wi "onano”

, ROBOTA n®»'yxn n'7'na xin ( Robot ) vian a7mn qipn .0miwn nainooni
NT'NA NXAIYN NY'NIE YN N7 D752 Ndwn Kin vian " nwp nTw" nwn'sy
N'YPNI0I'NA N2VI9N NMNIVIK NP2 NN OY T P2 IR V'WT TAyn DTN Ty
D"71>' VIANN ¥ IMYNRNY7 V7PN M (2009 Ahal xR a0 L70Y) Naon Dy
TN 190NN 'N2 VIANN .VIAN2 DIPNINN DAY NN IR 1'77YoNn T 7y 7apnnY

(Drive System) nyann nd>yn (power system) nidn NNz ,0IANN 9IA (NIDYN



yxnxn 7nn (2009 ,qrhar wx a0 L70) (control system) napan noawni
JYIRRD AN 7W NNanal nfal7i1002 ,yTna alvn Xwin ofinn o'onn 20-n nxnn
'TOIN DI DINKIEIXYD '09N 77ND ,NNRIY 1IXT NIDIYNA D7IWN DY D'VIAN
177721 12%7' ,%2'02 "1anal v ATYYNA L,D'VIANN 7Y D1%0N1 DNIA'YN . TIN'Y?E NN
2"NANa INnd 0IwRIN or'Ntwynn o'oinn J(Geismar et al., 2012) nth oy
-n N .60-n Nnwa NNon |91k DIX'7 17001 Dwyn nknn 7w 50-n ninw 9102
AIXN '091 DN D'VIAN A7'W T N Y CTYYA N9 Atwynn nnnonn 70
AIXTN ‘091 D'YNWN 0N L,N"YYNN KIN D'0IAN 0D D2Y19 DY NR'vn DINNN .N7Y
NN LYY 0NN TA'Y 0N D'0IRN 7Y DMp'vn D'YIN'YD . NI7m nnan v
D'VIANN N2 DIPNIN DAY NIMPAN N'YYN2A 0'XI9] N7X D'YIN'Y .NYAaX N2dN
Dawa (2009 nar & AN a00%p L70Y) namnnl AptinupiRn Ni'vyna ol
D"VYS D'NI] KIXA? N D11 LD 0D N7 DA D'VIAN 012'N7 D'7'NNN NNNNKN
D'VIANN NI DT DN QYN Taynwd oid .onnxl IROBOT 1o nroin
('P1 N207 NIYTIM L, NMMRK N1 NI7DY ,WNnYNn? 009 TR) NI 0'AdN7 091N
D'TTY D'VIAN IX"7 NIN 7y NIIY 0DYT 2V D'TAIY 0MPIN ,NIAT-12 .0MP' NINSI
VIXA7 N1DIN DI UIN'Yd D'RYNIY D'0AND 2ANY DN DY aNa nnavin
I721'¥ 7'90N 0'Y'Na D'0VIAN ,0"707121IX D'VIAN IXT7 X'D NNVND ,NIN'IoN NIN'YN

WOTNY AN'wn 7D yxa?

vnnn 2.6
yIX17 0anmIn 79 omRnm 17X ,'01Nn 0TIy XN TOIND 2NN 1 0NN

nx¥nna .(Groover et al., 1986) 'viaNn NTAY XN YITIN )'70NN 7W INNT0DIR
D'D>YTA 12110 D'VIANN ,NIFAIZIDVI NP 7W DY D'WTN DAI0 7Y NIN'S DY ,01IWN
NN DYI90 9"V X' 00NN AI'0Y? D'DYTN NNXK 0TI DTINY '9) .NINIY
7190 ,NN'WY WII'Y ,NIDIN NIMY [N DM'vn DRAION A .D'WXIN DN DNIRY
NNX N7 0700 DN nyann Nd>vn 9"y DA 0'VIAN A107 N1 .'IDI D72 NI
:(Groover et al., 1986) n'aio nwiwn
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:(Groover et al., 1986
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DN M 0" T NI7von W ANK 270 WK i ion ‘9 7y nivxian L7 uny
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NT'NR 7wn%) DTN A7 VAN 2 X D'VIAN DD 2 NIV7IM'0 NIYYIN NI7IYD
[I'RY 17801 WX NATINA NI7IYO Ay D'OR'791pN  NND (XN NONIWN
M7aN Nown My D'wyl NIZ'Yon 2ToI NINFTEN NTO NyRp L, WNXIN NINTINN
:(Groover et al., 1986) o> n n'a10 3-7 NP2INN ATIAYN XN 72V Npan

N9'YIN NI7'WON 7Y N'RINX X'NI NDWNN 7 NDAINN Npan IT -9¥1 N W1
NI7WO 7y ,u¥2%7 XNN WY NI7WON Q¥1 7V NIRINKR XK' .NTIAYN KN 7Y (R7N)
n7ap i L,(DMNK D'VIAN DY NIV NIZIYD [77011) NINMTINN [I'RYI NRATINNA
NI712' NN NP2 DDA WX NTANY DYXI7'K NIARYA Jwnn/n1xy nivznn
ANKY? TTIVY TI'Y NO7NN D) NITAIMA NIN'WA IR NI77N 1ND [IX'? '2x¥n 0y DA TTINNNY
AIY'N NIN'YN Yyx¥a? i (DNITn 190n

NTIAY2 27Iyn NIFfNY 'WIR 7'won% TWOK7 XN DT pwnn naon -7'yon punn 2

,ON'N XN NIRAAIT .D'NNDN N2 7'WONn NIDNIYNA DN D'AxXN 190N om"p .Xnn
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ANK? N7210Nn N'ANY NP2 NN NIFMY% N2rN '0IAN RN 751 -Nintvan v npa .3

77N> .0 7Y ynn7i 0Rd10n 0'axn%? NNONNY 0717w DRaYNn I 0'0I0N DAXN
1707 ,NIMYOKX NI'val 0YI'Y 19017 NNYT DX NN7 1'79 ATIAYN XN (12N )'70Nn
(Groover et al., nTIAyn XN [1ON 1'70N2 YT DX DNY W' [N'25W D'RWID D'
:(1986
NTIAYN NV'W NnTnN7 3.1
772NN nhon nn 3.1.1
,ND 1T NN 7w 0'0aYNa AT )'7NN7 o'kNmn viann 1*oxn onn 3.1.2
NNIN YD L NR'WI YD NNI7IM

201 "y 1"70nn yixa? AN nawn T nn 3.1.3

'VIANN NTIAYN XN 110N 3.2
NTIAYN XN aio NN 3.2.1
.o viann 3.2.1.1
DX M 2700 viann 3.2.1.2
.NTIAvN 7702 yan vian 3.2.1.3
?NWUTNN NDIYNA JINNY 1D 71V9NN NOXIA Y¥A? WA DY 17K 3.2.2
.NTIAYN KN7 0700 7w AR N0tdN 1oN 3.2.3
NN7 D'YANN 07NN NT |9IX 10N 3.2.4
.(LIANNN N202 D'WANR 7V N1an DA DMY9Y) IN2'a0N viaNN 7y n1an 3.2.5
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vnN DTN 9"'nw 2.9
nw "Master-Slave" |npy 7V Np'va 00ann DI VIANY DTX 2 A7Y9N QIN'Y

N7 A¥N2 XIN AWUKRD INIX NDNN IR DY DNIX2 VNN DR 7'Y9N 'WIIRN TaIvn
NNV 72y YMYT? T T2 NIMITANIE NIFOXRVO NI7IYD VIANT? TWOXN NT AT [N
[NMW '9 DIENal AT N7 NITI9 DI VIANN 7WI 7Y NTIAYN N0 ,Tavn 7Y
NI7IY9 D'y¥an D'UANNY NT2 0N NIMPDAN N"YYN 7¢ D2dINN 'Ipa NIKAY
AIXTN '09] DATNWN X7 D'VIAN P71 DN NIN'VA 7NN D'R¥A1 DTRN 22 NN
nmM'wn'? 2j'va XN 0'uviana win'wn o .(Lenz, et al., 2008) nTx "2 0'Ta1Y DA
NINITT NIFAIZINDLVY NYAT MY 0T 12N NN NTIAY N0 NIVIYSI NIMITNN
[ A 21 D'0IN DY N9NIYNA NTIAY N0 7W NNpn TWORNNY NIn 7y DTRY
2 27'wn" N7 AN NI7YS Yyxa? O UKD A7 viann 2 7Y qIm'y oty
712N71 X' DY DR NN9NT7 DR 710' N1DNN Y NI DTYRKRD DIYNAaN
qm'w o7 nin v ,(Claus, Alice, & Thorsten, 2011) "I7¢ ni7'v'nl Ax¥pn DX
TAYN DX 2AN71 TINY7 WT'Y D'UOTRI O'NIN'VA D'VIANA IX W' DT N71IYD

.(Lenz, Grimm, Roder, & Knoll, 2012) im70n nx yxa7 17 tv7 nan 7y 07n

NNNN' - VAN NDIR "'Nw 2.10
OTNN 'WJ NTMXI NSNIYN NTIAY 0'2"XYN N2ddn '3"7:'1]']1 O'9INTN D"N'YUAI NiIvan

TNIM2A NI XY DA W I9'WI NI7YTINYT K'An NTOW N71V9 qQIN'Y .Nadnni
NNNN' 1901 Y' NTOY ATIAY 2107 .N'01AY'0I'R NIIXD DTRN NX NNYN 01NN TYUKRD
TAIY7? '012701'R TIY NHNT7 VNN 7W N7D'N AR DXNIVIXT DRIV D'NIYNYN
[121 27'UW 7D ,INIX N7'YONN NDINNE YTAN TIA'WIE DIY'NN ,PaN 78 DT R0
IX NIMIVIAIM ,NIDAIoON NIN'YNA Tav? 27'vin Aty |Nn? X2 1770 0'on7xn
YUNNWN? 2"N NONIYN N2dIN NIN'YNY 0VIANNI DTRN 2 PITAN YN NIY'Nn
.(Krtger et al., 2009) ni7'v* "N NNIXR Y¥27 N 72V DTTYN AW 72U NnNNA
00N [707 ,NI77 ON Yyxa? 710 0INY NMRIRR N2 150N 'WIRN Ta?
DTN ,0'N D770 DY TIAY? N71D'D 'R ,0TRN 7 Npoon K70 211N NN NIRNAIT
N'N NO01 N72an .NYy'¥51 NIDNOoN K77 Nnn% 0N X7¢ N 7pwun v I
N'R?  X2N7 7D'W 12T ,NIR DYN NIV NTIAYE YYD DTRAY DTN
NINI 0'AN IX 0T 070 DY TTINNNY D' 'R VIANY DIXT NNY? .ATN' DTy
NID'NA YIADYT IX 9"YNN7 721 N0 NTIAY NIYY7 72100 0IAN |3 1) .1 TINN
DNIN NPOOXRY PIPT KIN ,DTR? NXIIYNA NIINON 19010 ¥' VIANY JT'RN .NTIAYN

D'712' DI'XY N2DIN NIN'YNI D'0IN7N DIY' .0"I9Y 'M7] D'A¥N] WM2a X721 NNTAIN



NINOIN 17X NITIZ] ,0MTAX IXK D'0IN DY NIZOYNN N> VAN T 7Y 0'7910N NINY
NITTNNNY DTRAY NIYMAN DY V12NN 7¢ 'MI713' 217'Y NITYA .'NNDNT7 'WIR TaIy
QIM'Y .N72pNN N'0IDIR NTIAY NINN L NIYRE 719'0 NiN'wnl 0YI9¥ 'MY1 0'avna
D'212'07 '1D'0I NNIAA NNIY DY NI7IYS YIXAY TIKA D'RNN VIANY7 DX |2 D719
NI'9'xo0 NI7"7 NiknaIT nnd axn 2 R .(Nickolay et al., 2005) nTiayn 717nna
[l VIANN 7Y DTIAYN NINN 2 27'wUN 7Y [I'van IR wnnn 3 IR .VIANI DTR Y

.DTRN 7¥ nTI2AVN NINN

DISADVANTAGES ADVANT AGES
Man Robot
unreliable process control integrated process control
ergonomic restrictions handling of heavy duties
no exact positioning exact tracking
claims demanding work reliable conduction of

monotonous work

ADVANTAGES DISADVANTAGES
Man Robot
high availability critcal availability
simple material supply requires defined
material supply
task flexibility limited task flexibility
handling of complex parts handling limited b

component cha racten);tics

V12N 7M DTX NINONI NRNN'- 2 NINN

M C A
Manual Cooperative Automatic

Work Station Work Station Work Station

DINKRN 190N1 NIINN' 190N Y' DTX? VAN 2 N7Y9 qIN'Y? "70%7ON V90X DA

NTIAY N0 - 3 Mnn

DY VIANN 7Y NIZYWD AW XD W N2 NIty Xan n 9"Nww D'Rn
NRANYNN XN NI7Y DX N'N9NY7 N2 TN 7' DTN 7Y Nivman
DT M7wunw I MI?D "n1aqn avnioik" L(Claus, Alice, & Thorsten, 2011)
17 NI7'Y' 19w NTTIA AT'N'Y7 X' NIV DMIvAwn nTIne X2an? a7 viani

. (Hagele, 2002) (4 i'x) Vixrn

unit costs
1000

robot workcell
100

automized transfer line

manual manufacturing

0.1
100 1.000 10.000 100.000 1.000.000
units/year

NI 119'Y QA - 4 nainn



9"nw nin12.11
DTRN 'T' 7V 122 NYXIAY Y19 7w NN IR RN N97Nn7 nont'nn n'¥nivix

nNINN NN 7W gx¥1 19 7V YNIVIR AN N1 D NIN JATN Nivawn J7'wond
N'¥NIVIR 7Y AN DNRAN NNYY A% 951 'wonnn NN N7ap 7w AN ndimnin
AIX' DMV DTN 27 0T NooN) AxnIvIkY NNt . (Sheridan, 2000) nx'm
JNOoN DA N7 W' WIXA NN [I'RY IX NIDION NIN'WNA DTX 12 72V N7y NRTIDI
'M71 D'a¥N DY NITTIAND D' W' '¥NI0IR 7 NN DM D INDIN DN
XN NdwWnn MMt yTn 7V p'oolann Dfaxn w1s? N7 Dyl DYDY
NIA'OPON NIDIYA IIX'Y? T2 N71Y9N qIN'wA IT'RA IX W D7 .(Sheridan, 2000)

AN

o"nv7 n'1Tin 2.12
7v Md>wn 727 AwWoRN NoSNIYN N70N YIXA7 0NN DTRN NIPTIN 7Y D1 217'Y

72U MMiIYin v n'onn TNRN 7Y NRNNY D N ATYY Nt n71ve qim'y
-1 "Stop And Go" [Ny 7y 2N7 niooian vIAN DTR 9"NY 7Y NIDAYNA DI'D .NKRD
NIX 7'NNN DTXRN PN NKT7 211 NNIR 070N ,n71y9 yxan viannw ) "Turn-Taking"
Mixa T7on' vianw *ma .(Lenz, Grimm, Rbéder, & Knoll, 2012) 19071 IM71y9
NI'N7 NdMX DN DYPRIVYIRD L,DTR DY 9"NY 170 "n'wink” -1 "nmim Tt ane

.(Hoffman & Breazeal, 2007) n'wax ¥ |2 N'¥PRIVI'RN DD NONIYI NO'X¥N

Timing based modals - n'at oolan 71in .1
NI7von 72V 1IN viIaNN NtV My NIVYAY NI7IYVO y¥an viaNn N7 7Tna

XD |'N .UNIN NDDINN MY ITAIN KIN DAY 010N AT 71N0I'RA WX 17 NTAINY
niziwvon Jwn v I DMLVIRN Y yown?  DYP'W Dawen
.(Someshwar, Meyer, & Edan, 2010)

Sensors based model - n1w'n oolan 7Tin .2
.DIY"NN D'7APNNY NINIR MV 77 NI72IV9N IR y¥ani 7NNk vIaNN AT 7Tna

A7w1 N1DNN AW :0MpYY 0% W NI7'DN N71Y9 QIN'YA NIYXIaNY nizon ANy
YNy 07 DIYUNNN ARONN 7270 0IANDY X' DT [INTHA NN .n71yon
DIP'M 7¢ NpNna 178 NIKONNY ORNND D719 NIR V197 R'ximi 71y97
;U120 DIPMY? YN DTN QWK 0 IN71IY9 DX 7'NN' 01NN DYTN 00Ian
nnHon Iy NTEI7 yanw anX? nan? SMS N DTRw D prrm

.(Someshwar, Meyer, & Edan, 2010)



Adaptive Model - (*a'097Txn) 7anona 71ma .3
,LINN NT2 IN7IV9 JUnn DX D'RNN VNN AT 77T Moy NI 101N 77N Nt

27U DPRIVI'R 72 KR N'T'O N71VD NIDNA KY7) DTRN 7W INT71Y9Y7 NnRNN 1D N

2INd> D'ON D'NNMAZRA WIN'Y "'y NIRT A'wn7 N1 .(VIaNN DY DTRN

Task Modeling approach (Tan et al. ,2009)
Hidden Markov Model (Xu and Yang ,1965)
Dynamic Bayesian Network Model (Tahboub ,2006)

Expectation Management Model (Hoffman and Breazeal, 2009)

Handovers - ninayn 2.13
D'YIX ,N7¥ DI' D' TI9 M7 770 X'n DTR? DTNN D'RP7Nn\DxSNn 7w non

N 2V DNIX D'22I0N DY MIYPNN D'TAT1 DWIN'R 7Y IWpnn N1an 7V 0'Dnnon
77X 709'R 7'Nn 70N -0 IR D'00QN DTX 12 MIYPN NITYA .NN7¥NA NY'on yx¥a?
D"ion 7> NYpa Nva "nn"-n NX 0020 7100mM XMAIT? .n'onn 7w awpzna
-0 NIX D'002N DN D'VAN D'9'7NN A72INE NINRWD L (IT7 XXM TIVA) 17W TIvin
My "PR"\"nox" 0 X 00an D79 77NN ,N7IN? oM 01> NX NINKN Yayn "nn”

.(Strabala et al., 2013) (n'wax 'R "WUKRD N1I) DAY DNAIYT? 1790 Nwan

DTX? DTRN n'on2.14
YIX M "V TIRA NI NiYprIvrk on (HANDOVERS) nnonwy ninn?

NNITXNS W' (VTN NN2) IWTIN NAwNn *721 N'''RILVI'R NNI¥] Y¥A? D'7210Nn
DI D0"01 Moy .OTR7? DTN D'¥S5N NNAN YIX'A7 UKD "2 2772 DI
1D NXN1 W7 TNNN D'¥9N D'M'Ayn D'WIR 'R 21727 nan v (Strabala et al., 2013)
NP 72V NIN'R <- YONN NX'YI 0N 20NN )'7nNa DRy DY nYITY D!
Y9N 12y 0na 0 znnn 89% aw Xxni qona .awn DTX7 770N Nayvn <- NNavnY
72 NINW D'TAN MY 70 IR QY YONNW DTN YONN DR 727nW DTRN ,0TR7 DTRN
NYINI 0T NIINNA ,019 NIYANN 7'V 1V'2an D'TNINY ININT 027010 ," 7N DTRNN

_DII]I”



Approach/Carry Signal Transfer

DTXY? DTX NNayn -5 mamn
VA7 DTN 2 "'on2.15

N2dTIM X' 2107 Y9N NN'ON 1N N71Y9 D'VIANN 7¥R DTX? DTXA N1'oN IND K7W
NMIX2 TYPNT7 72100 'K KDL DYTIN 'R 0IAN7 QP70 DIXA YIXA? TIKN Yy
IN 02yn7 "1yn 17m TNy 207 viaN% oMY 1 .07m TN oY NR'0'RIVI'R
N1Y97 022101 I'N'Y D'MNMATRI NIYITN NIAZIID0 WIN'yl NIX W' Y9N 11010 NNjRY
T .YyONN NX 7277\NNY7 pin XKINY 0% 0'TANN DX 1M 72771 DTRN NIANINN DX
DAIYN NNDNRY 190N AWNNN7 X W' 172m DTR? yTin nIrn%? uin? onmaY
NQAIT?7  Niynyn  MoNI DQ'URIVI'R. DO'RN) DTX7 DTN |2 NNavNaw
NITRY 1901 NI7ZIY DTX? VIANN AN AN o 7w nnavinn :(Grigore et al., 2013)
NI 'MN DTN DX 7IRYT7 720 DNN o DX 11ayn? 'mn YT uRnn 'R Nntyn
7MW 0NN 'R 7D0TRA YIA97 *7an nnnn 0N IR Y 0NN 'R 7ANIR XN
75NY [2md 70NN 01D NX NP* IT DR N7Y TWKRD DTN 7W INYIIN DX [12WN2 N
NIN'S 7y DI') 0'TAIY DPIND 20M .NO'RIVI'R NINXAI TIRA X7 AT2 DNP7 1Y
yY¥217 Dn7 DManw ITh nTNMmn "nyTinn" DR D'0RNY D'y DIYTN NIRAIzIND0

.(Grigore et al., 2013) n'nni NNV L,NP7N NNIXA YON NN'ON IND NI7IYD

vIANY? DTX |2 AAayD -6 NaNn



D'VIAN NIA7IVYN NDAYNA AT'nY? 2.16

NI71Y9] NIY'MAN 10IN KIN NI'VIAN/NIFVNAIVIX NIDIYN 7W 0'V7120 NRNONN TNX
N7Y TN AT AN A% XN OYXmn 0TRY n'yn Nt NN avind niadim
JNNKR DN71Y97 NMIRNIMN N'0IN NDYAN DT> NI NN Y'Y WNTN 09N
NNTAN 'K YUK NI'YA7 NRNNS KRI¥n71 2y'Nn%? ,0Tpnn? 721m ndynnw A
NIV7NNN N727 117 [0 D'WNT N7R ,NIDIWNA NT'NY 7w 0'0INYR 2%WY W 211N
2 D790 QIM'YI NTIAYN DX 707 D710 AWK N'0INN NDyNY D ndwnn v
7y mivoixn n'uiN 7w nTNn ntwa (Colombetti et al., 1996) nuiwn pronNN
2V NI71YoNn ARXIND 72pNnn 2Awnnl DIYTNNN ARYIND NIXDA 095NN DIAN T
'y v a1vn 7277 aEa N NID ™ma vnNnY nin
NOIYN1 D'UNNWN IWUXRD NTNRY y¥a? N1 Txo (Connell & Mahadevan, 1993)
:NIANINN NOOoIAN N

NYTN NNINN NTNY e

NP NIANINNT7 NWTN DN NT'NY e

J'NNN W UTN AI7'Y 7w Nt e

D'PIN [IDTYI DX YT 70 NININNE NNy NP7 N27unn NdIyna nTN? a'wn Inna
IT nTava .(Arkin, 1999) aiwn T ¥ AT'NY NOTY2 NN'W' DIN YR YT 7YX
701N 'IN'TA 7190 ,NN'UNN NNTAND N7V DT'N7N X7X NIRNINN N7 X7 ndvnn
JIANINN NO0IAN NdYN W NU'WN NXR DY'7 N1 D'VIAN NIANNA NIDYNAL NIXTI
INIX AIYNNN 02 TINY7 713' vIANN ,ANK VIAN 7w NIP'YSN DIaN 71D' D220 'I'wN
NTN70 0'0IAN NN DDA DY N202 L(Arkin,1999) mianannni AnX vian 72y
D'VIAN N7'DN N2N0NI INKA NA'RNN X7 DYN DYV NYRIYIDIPD 2w Ty
AN N'RIPR NNIXD NINYA D200 VIANN 7Y IMNIRY NTIZIAY ) ,0TN17 0'90N
NX TINY? *TO2 DNMTYX DX NITNYZI D'0IANN XY 7¢ N"010OKRN DX AN viaNY

.(Uchibe et al., 1998) nn7x¥na nirnaninnn

(Machine Learning) nTn%? mnnnax 2.17
N710'" NX VIANY? DINND DN PY AR'VIANA YI91T7 191N NTNM? MNNR v A7y

NI 210 91K 71971 DMIT D'YU'NNN A0T7 L NIMYVNn TIM%7 ,N2faon DX NITNY
Machine Learning -n NiN90 .NMIWKRI7 7701 XIN DNAY 178D IX 1'DN NINY D'A¥N]
-0 7¥ n'vIoN MLVNAY PT? X ,N'VO'VLVON NNS0N 7V NANA NOoANN
D'TNI7Y D'ANN7RY "n'wp T omnninax 9*nn? X'n Machine Learning

.(Hastie et al, 2003) noxnna 71y97 Ndwnn NX DADTYNI AT K7 ¥ DI



nTNn71 (Supervised learning) n'nmin nTM7? N7y W7 0PN NTNY "MNNRAX
NID NDIYN NI0'YN 2 nauwxrdn manann (Unsupervised learning) n'nam X7
D'M"PN DININ 2107 PITN [9INQ DXIN MWK ,NITYA DWXAINY Nin'ynin IR
AI'0 NN DY T Ny'an N'9¥N 70 n'niam nTn'7a .(Ben-David & Shwartz, 2014)
7NN WA9 X7 NIKY NIYTN NI'OXN 7 A1'on X NITNY X' DNMIIRAZRN N1on
n'Nim X7 NTN72 .07 210N 0'NNMIATR 7Y NNon DNYI NYA 7Y IR ,NnTn7n
NIXI9) NIV'Y .0ININ OIXK 7W NIANT 7771 0IYD 21X RIXNT? XN D'ANNIIATRN NUN
p'pirn nTnY? (PCA) Tam nTunil (clustering) nnax? apin |0 A1t oaion
770 21Iwn 7apn nTN7n onntR 12 02 N7 X0 (Reinforcement learning)
INQN IMIv7nnn 1R Pron? i (D7onn yixa oro NK? ) vk
NINP™MON] D'YIMY D'MNNIAZR 19010 INNSNN NTNY NO'w 722 . 17wD/nn7¥ny

.DI' DI2 [N 077N INIXY NN

n'onN v aTn7? nivw 2.18
"N7 D'VIANN NOD NX Y'RN7I DINNN DX DTR? 7215' D'oIaN2a "nTn?" Yw 70N

0NN 710' NTNAY NIYYNXKA .D'02'N 190NN VIANY 2N NTA7N )Y7NN .0 DN
2'NINT7 KRIPTA NE DI NI NN NN'YN YXaY 70 KIN 7wnY 1y nx 1ow7
N'02NY DX NN'YN YIX] NI9'WYWY 7\apna .NISon Nin'wn oy TTIANNT? 1MNI71D' NX
2220mMn N 'Y 70 NMyo NING - yxa? viany aryt Tm'sn 'an D
N2'2021 D'N'Y DY TTIANNY VIANY Yo7 715' nTn7n 170N ,qo0ma .(Bekey, 2005)
D"II'Y WUXRIN NIOX7 TINN NYURI NI TINA 2IYN AT 019 L,I'7Y N70INY NN'YN IX
1721' D'OIAN TIN'?7 NPV NDNT7 AWRN N7 NI 7P DT W' .0NIDN7E NIRD
,772 NIdN X7 IX NNONA YUY K77 VYD VIANN 'WIX'A DX NAYWY?E 197 TNy "IN
W' rMm'yn DX VIANN DR Y77 NIdNA DTRIN VT XYY 0'wWaR DA 1701 1T 0T
NT'NY ,0IT'NN NU'YA NT'NY [N ,NR'0IANA 0N NN NT'NY NIV'Y 150N
NT'NY7 21 'YIKRD NN DN NDIYN NXIYNA NTNY ,NI'00'0LO NIV'Y NXIYWNI
NIYXNXRA 71¥97 T¥D VIAN TN77 NNYONNAY NIY2A 7¢ qOIX NIXNNN NNATY 1NN
NU'Y NXIP1 D'VIAN QP2 NIXIGIN TIN'YZN NIV'YN NNXR .NI71Y91 D'A¥N 7¢ nnaTn
21w NIv¥nxa Tai? viann o'pIrnn ho'wa .(Reinforcement Learning) o'pir'nin
D"I10 Yy¥2n VIANN .0TX "2 7¥X AN 7N NV'YW? NNITA -N20NN 72 RINY
2w 97 I7 Yy¥a7 17 AN 71990 ‘NN ayn 7D 1y T iz L Imnninng
N71V97 NIT waan DXNNAI DN7XM AN*N 7Y D'NAN DRN 220NN 7apnny

DIV D'A¥N] NIYWYYT7 X7 Nl DIwyY nn TI'7% 0IANY NWOXN NXRTH NV'YN TNy



17 U'w NI71YoN 75 NX 2¥n 7D 112y N0 VIANN .NTYOI 0 7Y 7NN NIYXNR]
237 AN nn'knnn N71Y9n 'n 07NN KN 7270 KINY 21lvnn '9%71 D2IMN 0'01)
X 121 X7 DT VAN DTNAY XD DV'WA 7Y NINONN TR .XXN1 XIN 12 2¥N
NTNA ,q002 AW TN 7NN 7D TR XYY KIN 12 QXN DX NI -NRIN'oN
N7w 719 | 2Nt o'RNNY NN Y DTN "7Nnn 270 nanwn nanonl
ny'm M D'YTN DAXN? NI7anona VIANY Y"07 YIX ¥ .WTNN 2¥N? D'RNNY
NIN'YN N ,NTN7N 79 NTANN NPT IX YN DMt NIFY0 NNXIN 79 2¥n
D'AXNN NN WUNN 127 0MTIRE DRr0YN NaXIY YT 71X fav 1210 a17'wn
'wUnn?l 0''YWY? 72n0n7 D11 viaNnY T NRT ,0NN TNXR 727 nn'knnn DNl
N?'0IANN DINNA TIXA NXIDIY ND0I D'ANMIAYR Ny (Mataric, 2007) Tin'%4?
IT nxIp .(Statistical learning) np'vo'vVO 7y D'0O0IANN NTNY? MNNATX NN
niraxy ninwnl (Bayesian learning) natoran nTAYN NO'W DX NP D7D
D1INI VO7 QNI VIANN DAY [IA'X NOIENA NIZ'NNN 17X NIV'Y .(Neural networks)
D'a¥N 2107 VIANN 721" WNNAY NN 7Y Ynnwnn yI'od NIFNY? 0R2axn anonl
naroa nTn? (Khatib & Siciliano, 2008) 'xnxy |9IX2 NIrunn N7 0'wIn
AWpn DX ax'n C Wwnd (Bayes rule) oma pin 7w niw x'n (Bayesian learning)
[P1 NDNMA NI'NANONN .O"TNY DMWOX DAvYn ax'n X-I VAN 7¢ 'NdNN
.(Khatib & Siciliano, 2008) jm'xn 2%wa nIT7 nrrinnn NNXR 737 nNanonn
hidden ) “an aijpm 7T XN ANOSWN NNINA 01 'VO'VVO DNMIAYRT KNAIT
W' a¥n 72271 N7 0T DWIpnn D'avn 7Y 'o10 oIX D' Nt 772 -(Markov model
TNX 727 1100 NRX? NI'NANONN 21 1'7X Y'AaN7 NINANoNN NINANoN 7¥ 0'0o Y
oW7? 1N alpm 7Tnm wim'w? xnat (Sammut & Webb, 2011) nraxnn anm
12 7¢ NYIN 'OI9T ITN7 INNA0N] NWYIY 1011 NIXATZ [N VAN 7W QYN (1DN
NITNYN NFMIYIYN NITAYA DX NITRY NIn 7Y 12N A 77N wim'y nwyll 0TX
70 17w 717000 DX 1ON7 TXD T 0N TAY XNY 7TIMN MmN .0TRN 71700 v
nimvn .(Bennewitz et al., 2005) oTxn 7w nynNN 01977 NN 720 NRIT 'Y
nmMn 7 IN71¥9 NXNWN NIY N7 'mnn7x on (Neural network) niraxy
(Sammut & Webb, 2011) 'winxn nmn 7¢ 217 DN72IYD |9IX 2 NAI7IR DNV
17wa DY7PWINN DNYRA [N DNYIEAN NIFTIO NIT'A'M NI NIFAXY NINWA
NT'N' 75 .yTNN W DRNN A0 DWY D'TIRTIRN |'2 DY D'77WUNnn DMKNIN [IN'RD
YN DX 1NN X7 IN N1'2yn DRNNAL AR DNAINNN D'Y77wNnn DIDO X NawNn
(Bin et al , 2004) .(Khatib & Siciliano, 2008) n'21wn DQaxnn aro oW7 NN
D'YNNYN DN DINNN] .0N T 72y 21700 TN W7 NIaxy NiNY vin'y 0'yiy
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Learning Models Strengths Weaknesses
technique
approach
Artificial neural Discrete real and 1. Robust to noisy, complex data and 1. Long training times
network vector-value errors in data. are common.
function 2. Very flexible in type of hypotheses 2. Learned function
they can represent. inscrutable

3. Bears some resemblance to a very
small human brain.

4. Can adapt new data.

5. Do not have to fulfill any statistical
assumptions and better at handling large
amount of data with many variable .

3. Many training
examples required.
4. Very difficult to
understand their
internal reasoning
process.

Evolutionary

Uses mutations to
evolve populations

Useful method of optimization when
other techniques are not possible.

Suited for problems
where efficient ways of
solving them are
already known fast

Probabilistic

Probabilistic
inference,
hypothesis that
makes
probabilistic
predictions

1. Readily combine prior knowledge
with observed data.

2. Modifies hypothesis probability
incrementally based on each training
sample.

Require large initial
probability sets

Reinforcement

Control policy to
maximize rewards

1. Can model actions with non-
deterministic outcome.

2. Can learn optimal policy from non-
optimal training sets and facilitates life
long learning

3. Fast

1. Depend on real
value reward signal for
each transition.

2. Convergence can be
slow space
requirements can be
huge

Support vector
machines

Discrete real and
vector-value
function

Maximization of generalization ability
no local minima

1. Extension to multi-
class problems is not
straightforward.

2. Long training times.
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;N2 NW'R 1212 122 I[N I'ORN NIXIAPZ NYAIX IYXIAY D102 11N1IY NIXIAPZNN
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NMIYKRY Nn'wn nadon nt .1
Ny NN'wn nadn Tt
N'YHY NN'wn NN AT

0IANN QY NIXPRIVI'RN 1O0N
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D'viaN N702 T

NX IT7 nan 72y SPSS 2 (T N901) 'wXRIN DIININ VO 7Y IXIIN D'7TMN N7'NNA
079 PoOon SPSS -NW q'0IN7 2IWN ,NIXXINN N1ANI V79N W'D 707 .7Tmn nipnam
NI'TDINN NIX7202 TN XD ,('2 N9012 ININNAY 'D9D) N'VORAIT? N'0IAN NXIN] 1N

.079N0 N1an%? nIwWNN
,Model naIw nnn ,|Xd> .Omnibus Tests of Model Coefficients N720 X'n NIWXRIN
NIANYT 21 NIRXIND NAXN? D'WNT 17X .7TMN NIpnam NN YIRM2-'N Y DR X¥YN)
NIYYN DX NINT? 2 AWONN NTI 702N N1DIY 7TINNY A1 2792 NIKA? N1 .9Tmn

.0"7TINN 1w 0"7N-"M710 DNYNYT 17NN NINYNAN 2 YW KXN1 D T'AN71 09KRN

Omnibus Tests of Model Coefficients

Chi-square df Sig.
Step 1 Step G0.999 5 .00o
IR 770 Block £0.999 5 000
lodel | 60898 | 5 [  .000 |
Omnibus Tests of Model Coefficients
Chi-sgquare df Sig.
nw YTIn Step 1 Step 24.026 5 000
Bloclk 24.026 ] 000
lode | 24026 | 5| 000

Omnibus Tests of Model Coefficients-5 n7a0

,NN20INN NRIWA TINK X NIXYY? [N 1T 07202 .Model Summary X' ANan n7a0n
WY Mapn At ) 7Tma T-%0 naom NN NANWN NRIvAn and N

-1 Snell & Cox MIL'W MWa V'OM NRIYA TINK AW'N (MK oA R?



71ma 22.9%-7 15% a1 jjwxan 71na 45.1%-7 33.8% |2 yva xin1 Nagelkerke

.wnin2 axin o1 Nagelkerke '97 nnaomn nniwn TINK 7Y NNT? 1M .awn

Model Summary
b -2 Log Cox & Snell R Magelkerke R
[lUx7 7TIN Stap likelihood Square Square
1 143 4957 338 451
a. Estimation terminated at iteration numkber &
hecause parameter estimates changed by less
than .001.
Model Summary
1Y 97N -2 Log Cox&snellR | Magelkerke R
Step likelihood Sguare Sguare
1 133.045° 60 228

a. Estimation terminated at iteration number 5
hecause parameter estimates changed by less
than .001.

Model Summary - 6 n7a0
N'00"AI7 N'0NAY ,N7Vn N10INY '9) Classification Table ,a110 N720 X'n ND0N N7V
2v oo (77 Ik DT Nk ap'on ,NT Npna) 1 w7 nnanonn N Nann
IX "01") 1-5 0.5-n N2 ) 237 Nt nimaa on'nn SPSS -n. 017N 'M7an Dnwnn
N217 IN71>' NX wn7 ax L (Mann” Ik "na”) 0 9xo 0.5-n yma w e (T
['AN? N901 0T ,0N2 NYUNNYAY DYI7N-'N720 DINWAN 'D7 17NN NINWNN DX
D{ZNN D'AdION L7 N'WRY — 21 VTN X¥N] IT 07201 .7TmMn 7¢ nnxNnn NT'n NX
7Tmn aNwn Natva X2In SPSS-w pnpnn .Observed N¥awn NNN 0" 19XV
D'DWY7 D'OXIN D'DWN |2 ANXNNN DTN NN D 1D .Predicted N¥awnN1 0'R¥N)

.Percentage Correct-2 D'XaIINN



Classification Table®

IUKRY 7TIN

nv 7T

Pradicted
gender Percentage
Obsarved f m Correct
Step1  gender f 51 18 734
m 12 67 84.8
Overall Percantage T9.7
a. The cutvalue is 500
Classification Table”
Predicted
e Fercentaga
Obsanvad adult child Cormect
Step1  type adult 108 7 3.9
child 29 4 121
Overall Percentage 75.7

a. The cutvalue is 500

Classification Table — 7 n'2a0

TNR 7D 7w anNn DX X N2 Variables in the Equation n'720%7 N9 nwod

N7101 .nINWN 75 YW N'0O'LLVON NIZNAMN NX 21 7TIN? D™M7N-'"N720 DINYWNNN

Wald 7 .Innnn nignam NXE7Tm% mnnn nx 19N-'na nanwn 75 1y X

IX F D7 nniTa ,woInn NIAYT 150N '9-7y NIZNAMN NAYINN INIYXNKR YN KXIN

NXMY ,Sig-N 1Y 0N NI DAIYNN 0'DYN .ANRNNA ,NNDIY NN IR NI'oNAN t

NTN? T LExp(B) XIn qon awn 1y .7TIM7 nnwnn nnn ¢ anipnam nx

J7N-M7a0 nnwna 1 7w 13'on 7y v'own nnwnn nav

Variables in the Equation
B SE. Wald df Sig Exp(B)
Step 17 cardt 000 007 001 1 975 1.000
card2 -.002 003 531 1 466 998
card3 Rilili] 001 0og 1 827 1.000
total_intsractions . 550 133 | 17102 1 000 57T (IR 77N
Total_ldle_time 023 005 23974 1 il 1.023
Constant -2.232 1,821 1,350 1 245 107
a. Variable [S] antarad om SIE'FI‘ 1. cardl, card2, card3, tatal_mteractm ns, TDta'_lﬂ|E_|imE‘.
Variables in the Equation
B SE. Wald df Sig Exp(B)
Step1°  cardd 026 o1 5847 1 016 975 Y 7TIin
card2 -014 005 7187 1 oor 985
card3 - 002 oo1 1.865 1 172 698
total_interactions -019 114 027 1 BT0 982
Total_idle_tinme 010 004 5.309 1 021 1.010
Constant - 155 2160 D05 1 943 B5T

a. Yariable(s) entered on step 1: card1, card2, card3, total_interactions, Total_idle_time.

277Tm7 annn - 8 a7av



"nTnn 7T qip'n 3.9.2
(train data) nmann 0.75 :0'y7n w9 171N DIMIN 12w 0'7TMN DX 97Nn7 'Oa

QIj7'N7 NX191 NU'Y .0OIP'N 1Y WN'Y TNIRN 27001 DTN 7¥ 070 1y vn'y
nyo 731 07N k-7 0'1Man vo NX N77nn Dxyaw k-fold cross validation X'n 071N
APV KD W'Y L0700 70 11y D LTRR 7707 019 DP7NN 7D 7Y NN nyxan
NINSY NNd TaX7I DRININN TIN%7 N710'0 DX DoN71I DIMAY7 over fitting vian'% "2
,5-fold cross validation 12 y¥ia1 1101 150 — > niTix D*IMa 275 0'IMan Vo VTN
5 yxia N1t WWKD 25% n 7% 75% 7w onn train\test 7 npIn yx¥a7 nnvn naonn

JIURXINN 79 y¥mnn XN QIl0d NXRXINNY 10 O'NYS

( Receiving Operating Characteristics ) ROC nnipy 'y |n21 n21w 077NN 2'0
NAXNT INRIT 7D XD DRIV D D 77NN 7 ARWNL 21MTN DK 'O DI IRNY
77N Nnd TV DTN A'MNNNY NOVWAL NNIRYN N1'NA 0TI AXINY 1290 2'0 TN
7Tm 75 .n'TNy DTN INN2 17y INNon7 0713 1R NNd TV Y171 10 KN 1112Y

.D'7TINN XY 7Y YXIMNN XINY 9100 77NN 02 7722 21 WNKY71 71912 771)

a1107 N0 7TINN DNAY O TIY" 0™10" 1YXIA NIQIY 7TINN 2'0 DX 7191 pITa% DA
210 NYI7WUn 0'7T21 25 1I9SNNWN 1102 ,01ANN DY NTIAY T2 )N N71Y9N 9NYn NX

.X2n 7752 0OI9! I"7V1 NI'OI7DIND

NX vonw ++C Tiza mwit 2Tmn W Ni7ipwnn 0UoN NX 70197 XN oA
15 AnX? 7Tmn "y anow 01N 10 NX V79d AXR'XIN NDWNNY D (2 ND01) VIANN

DTV NIFT



NIXRXIN 4
DY ITAYY D'pT21 172 NITIX 021N 19081 ,8 N7202 DRIMNN D'I0N 77 DI'oa

I7apnnw niIkXINN .('a n901) Innn owi SPSS 7 navin naiman %77 ,uinn

.0M2IaNY 0T 2 077201 DN2A7 D'Y [ VIXKN FTTN 0'7TAaNN NN ITmnn

11020 NLVN ao0n D'{7TA1N "AI0 o1 1w
D'j7T2)
NITIX DN 9I0'K 137 ANIN 0'VITIVO DTN 9"NY
NTIAY2 YIXA TN DA — IYKY | Nn'wna vian
(0Maian) viaNn oy D' D'WI phbah!
NITIN DN 9I0'K 35 ™INn— 017 DTN 9"NY
NTIAY2 YIXA TN X7 nToIn nn'ynl vinn
(0'17') VAN DY 10-14 phbah
ainron 7T qi'm DM2aan 16 | ANIN 0'VITIVO qQl7'n 10"
o7 9 D2 — [IUKD
D'T?7'1 D'

noan 1w - 9 nav

nD'2a 7m o'wa -n'vT1an 4.1

v oy nrYgrvay 4.1.1
NI2A NI'YPRIVI'RN 190NY 720 ,01ANY7 YN "0INW 170 NNIYN 7V T'yn N7 TN

2 (F=24.72, P= 0.001) pnam 7120 o"p .0yl n71v9 Q' N ¢ ) N
NIYPRIVYIRN 19010 .(10/21 NIX720) VIANN DY NIF¥PRIVI'RN 190N D27 D'Y)
17% 2 (M=9.44, SD=1.19)

11Y1 D'YIN ,N2OINN NN'YN2 NIk 0oy I'n 0Naanw Tiva .(M=8.06, SD=1.89)

DNMan YW nm N NN vl v

.NIID1 NII¥A [A7W AP DX 177'N1 VIAND NIYRAY? N

gender | Mean N Std. Deviation
m 8.06 68 1.892
f 9.44 64 1.194
Total 873 132 1.730
ANOVA Table

Sum of

Squares df Mean Square F Sig.
total_interactions * Between Groups  (Combined) 62.667 1 62.667 | 24.723 000
gender Within Groups 329.515 130 2535

Total 392.182 131

NnI'YprXI0V2'X ANOVA nav - 10 a'72a0



MIUx1 nn'wn 4.1.2
ADT7 X L,NN'YNN N1ANE VNN Y DN A% %Y pwa Tyn ar TN

[P71 DTN D"'0MAIZ DARYNA NONIXN K71 DVIYD N'ON' MIYKRIN NN'UNnY
7720 0" fn 799N N7'NNENNVNN Y NN N1an 2y ap'va nT'yn N nnxn
NIYRIN Nn'wnn ¢ yixan nm o'wal 0Maa 2 (F=4.046, p =0.046 ) pnam
NN NMIYRIN Nn'wnn Nx mvo (M=59.22, SD=27.48) n"naa .(19/11 nix7av)

.(M=70.67, SD=37.43) n'wann yxinna 19% a1 nr

card1
gender Mean M Std. Deviation
m 59.22 G4 27.489
f T0.67 G4 37437
Total G4.77 132 33.068
ANOVA Table
Sum of
Squares df Mean Sguare F Sig.
card! *gender  Between Groups  (Combhined) 4323.33 1 4323.381 4.046 046
Within Groups 13892580 130 1068.660
Total 143249182 13

1 nn'wn ANOVA n7av - 11 a7av0

n'viaN - ava 't 4.1.3
0'771DN n702n AT N1*Nan o'wal 0Naa 1A (F=29.08, p =0.001) 7nam 71an o'y

o'wl  yx (1219 nik7av) 19D tonan > M pronnn v
DNAAN XK IWUNN 9%->1 "nrr oM on (M=312.65, SD=74.56)
D'WINY nXM XD DA (3.1.1) nryprIvrRn TTa md (M=367.11, SD=36).
NN'Ynl ™INNY7 NP 0'0I DN NXT N7 ,0'01NY7 27 MIYN N Nipayn

.D'VIANN DY N7V QNYT NINSI N'WRIN

Total_idle_time

gender Mean I Std. Deviation
m 3671176 68 36.00146
f 312.6563 64 T4.56609
Total 340.7121 132 63.90087
ANOVA Table
Sum of
Squares of Mean Square F Sig.
Total_idle_time * gender  Between Groups (Combined) 97789 564 1 97 789.564 28.082 .0oo
Within Groups 437125.496 130 3362.504
Total 534915.061 131

n702 |nT ANOVA n7av0 - 12 nhav



nivson nixxin 4.1.4
n720) nawn nn'wnn yixa . (F=0.015, p =0.902) pnam 7T1an 'R .1

79 nm 0.8% 2 "nrr naa (M=192.72, SD=54.121) n"naan yxmn (13
.(M=191.16, SD=79.026) n'wan

nN710) n'wwn nn'wnn yixa mr (F=3.65, p =0.059) nam 91an 'R .2
2w nm 10% 2 i yma (M=161.07, SD=51.565) nmaan yximn ,(13
.(M=179.47, SD=38.92) n'win

n710) NN nn'wnn yvixa i (F=3.290, p =0.077) pnam 71an 'R .3
72w Nt 12.5% 2 nrr i (M=208.95, SD=52.413) n"naan yxmn ,(13
.(M=234.89, SD=36.228) n'win

NnIN7¥Mn nin'wnn 1oon n1'nan (F=0.087, p =0.768) pnam 71an 'k 4

2w nm 1.7% 2 niaa (M=2.91, SD=1.033) noMaan yxmn ,(13 n720)

Report
num_of_card
gendar card2 card3 card4 5
m Mean 19272 161.07 208.95 291
M 60 45 22 68
Std. Deviation 54121 51.565 52413 1.033
f Mean 191.16 179.47 23489 2.86
M 55 45 19 64
Std. Deviation 79.026 38.926 36.22 1.006
Total  Mean 191.97 170.27 22098 289
M 115 0 H 132
Std. Deviation G6.694 46.360 46.950 1.016
ANOVA Table
Sum of
Squares af Mean Square F Sig.
card2 * gender Between Groups  (Combined) 69.211 1 69.211 015 402
Within Groups 510053.711 113 4513.750
Total 510122922 114
card3* gender Between Groups  (Combined) 7617600 1 7617600 3650 059
Within Groups 183666.000 B8 2087.114
Total 181283.600 89
cardd * gender Between Groups  (Combined) f860.232 1 f860.232 32690 077
Within Groups 81312744 39 2084.942
Total BE172.976 40
num_of_cards * gender  Between Groups  (Combined) 080 1 080 087 168
Within Groups 135.205 130 1.040
Total 135.295 131

SPSS 0719 - 13 n7a0



D"ailn 72m o1 - 0'v1an 4.2

mIUx1 nn'wn 4.2.1
nMaanY? (M=52.37, SD=25.259) o717 |'a (F=4.256, p =0.041) pnam 71an 0"y
017 .(14/18 NIX720) NMIwWXRIN N'wnn 7w yvixan nra (M=64.77, SD=33.068)
NP NN 1ITAY DYT?'Y ARN LWXINNA 0NN N nn 23% 1 nn'ynn DX vy
7vUn AN’ DIV DT DN'YNAN IR DY07 IN'7¥NI DNV 70NN NRE DNLVNN DX

NNXYWIYT TINA NYMON ARYIN,(NOTINA D'VITIVO I'N VIDT? W'Y) DNAIAND

card1
ype Mean N Std. Deviation
adult 64.77 132 33.068
child 52.37 35 25258
Total 62.17 167 31.926
ANOVA Table
Sum of
Squares df Mean Square F Sig.
card! *type  Between Groups  (Comhined) 4254 611 1 4254 611 4. 256 041
Within Groups 164941.353 165 999.645
Total 169195.964 166

1 9% yix'a )nT ANOVA n?1v - 14 a7a0

nv an'un 4.2.2
(M=163.82, SD=35.135) o1 |2 (F=5.400, p =0.022) pnam 7120 0"y

NIN7ALV) N"MWN Dn'wnn 7w yixan nra (M=191.97, SD=66.894) n"aian?

.0Mamnnn N nn 17% ->1 nMwn nn'wnn DX Da invo o170 .(18/15

card2
hype Mean N Std. Deviation
adult 191.97 115 66.894
child 163.82 33 35135
Total 18570 148 62.267
ANOVA Table
Sum of
Squares df Mean Square F Sig.
card2 *type Between Groups (Combined) 20327 .487 1 20327 .487 5.400 022
Within Groups 548625.831 146 3764.560
Total 568953318 147

2 9% yix1a |nt ANOVA n'7av0 - 15 a0



nin2xin nin'wn 4.2.3
NIX720) NIN7xiMN nin'wnn 1oona (F=10.840, p =0.001) 7nam 71an o'y

pMannn 7w nm 21% a2 nrr niaa (M=3.51, SD=0.951) o*717'n yximn ,(16/20
.(M=2.89, SD=1.016)

num_of_cards

type Mean N Std. Deviation
adult 289 132 1.016
child 351 35 951
Total 3.02 167 1.032

ANOVA Table

Sum of
Squares af Mean Square F Sig.

num_of_cards *type  Between Groups  (Combined) 10.808 1 10.908 10,840 00
Within Groups 166.038 165 1.006
Total 176.946 166

nin?¥m nim'wn ANOVA n7av- 16 n7a0

nivson nixxin 4.2.4
n720) n'w7wn nn'wnin vixa ' (F=3.810, p =0.053) 7nam 71an ') .1

2w nm 11.8% 2 nir Y (M=152.03, SD=34.133) o*17'n yxmn ,(17
.(M=170.27, SD=46.360) n"aiann

N710) n'valn nn'wnn vixa anmn (F=1.693, p =0.198) pnam 71an 'k .2
2w nm 7.8% 2 nrr ym (M=204.80, SD=52.219) o'T17'n yxin (17
.(M=220.98, SD=46.950) n"aiann

1020 702 n'uiNN 7w n0an ' (F=1.944, p =0.165) pnam 71an I'r .3
N 4.5% 2 nrr niaa (M=356.37, SD=34.63) n'17'n yxinn ,(17 n%1v0)
.(M=340.71, SD=63.9) n"aiann v

D101 VXY NI'YPRIVI'RN 1900 (F=1.213, p =0.272) 7nam 71an 'k 4
A i yma (M=8.34, SD=2.195) o17'n yxinn (17 n%20) viann oy
.(M=8.73, SD=1.730) nnaiann 7w ntn 4.6%



Report

total_interacti | Total_idle_tim
type card3 card4 ons g
adult  Mean 170.27 220.98 B.73 3407121
I\ 50 4 132 132
Stdl. Deviation 46.360 46.950 1.730 63.90087
child  Mean 152.03 204.80 B.34 356.3714
N 29 25 35 35
Stdl. Deviation 34133 52.219 2185 34.63684
Total  Mean 165.82 21485 B.65 343.9940
N 119 66 167 167
Stdl. Deviation 44 264 49,253 1.837 59.23656
ANOVA Table
Sum of
Squares df Mean Square F 3ig.
card3 * type Between Groups  (Combined) 7290.724 1 7290.724 3810 043
Within Groups 223904 566 117 1913714
Total 231185.254 118
cardd * type Between Groups  (Combined) 4063.508 1 4063.508 1.693 1488
Within Groups 153616.976 G4 2400.265
Total 157680.485 G5
total_interactions *type  Between Groups  (Combined) 4.088 1 4088 1.213 272
Within Groups 556.068 165 3370
Total 560.156 166
Total_idle_time * type Between Groups  (Combined) 6783.762 1 6783.762 1.944 165
Within Groups 575705.232 165 3485123
Total 5824858.994 166
D"MAaIlN 0rT7' SPSS V79 -17 n'av
n'son oo 4.2.5
Assembly time
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Specifications
Controller

USB Controller

Mechanical Specifications

Mechanical structure

Weight

Operating radius

Maximum Payload

With reduced acceleration:

Full speed:

End Effectors

Max. gripper opening
Without pads
With pads

Repeatability
at TCP (tip of gripper)

Position Feedback

Homing

Actuators
Transmission

Ambient operating

temperature

Axes Specifications

Number of Axes

Axis Movement

Axis 1: Base rotation
Axis 2: Shoulder rotation
Axis 3: Elbow rotation
Axis 4: Wrist pitch

Axis 5: Wrist roll

n'noo01 7

SCORBOT ER4U — viaNN vV19n - 'X N90)

Vertically articulated

10.8 kg 2381b
610 mm 24"

2.5Kg 5.5 Ibs
1Kg 2.21bs

DC servo gripper. with optical encoder, paraliel finger motion
Measurement of object’s size by means of Gripper sensor and

software.

75 mm 3"

65 mm 2.6"

+ 0.18 mm 0.007"

Optical encoders on each axis

Fixed position on each axis found by means of micro switches

12 VDC servo motors

Gears, timing belts, lead screw

2°-40°C 36° - 104°F
S rotational axes and gripper
Range Effective Speed
310° 20°/sec
158° 26.3°/sec
260° 26.3°%/sec
260° 83°/sec

Unlimited mechanically+570° electrically 106°/sec

71
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Robot Accessories

Arm Accessories
Part # Description
00-1710-0000 Teach Pendant
00-0609-0000 Multipurpose Gripper Attachment for SCORBOT-ER 4u
00-1020-0000 Linear slide base for SCORBOT-ER 4u: 1 m
00-1021-0000 Linear slide base for SCORBOT-ER 4u: 1.8 m
10-5803-000 Linear conveyor
00-1009-0000 Rotary table
00-1013-0000 X Positioning table, single-axis
00-1014-0000 XY Positioning table, dual-axis
001201: Experiment table
001209: Photoelectric sensor for conveyor
001203: Photoelectric sensor for rotary table
21-0004-0000: Dual-axis air vise
025234: Solenoid Valve (24V) for use with dual-axis vise 21-0004-0000
025217: Parts Feeder: Pneumatic, for rectangular parts
025210: Parts Feeder: Pneumatic, for round parts
010074: Parts Feeder: Gravity operated
001110: Palletizing Rack
001249: Workbench: Light duty extruded aluminum
001251: Workbench: 59" Long
001250: Workbench: 71" Long
00-1293-0000 Workbench with shelves: 59" Long
001284: Workbench: Robot pedestal welded

001290: Workbench: PC table
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Case Processing Summary
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Cases
Included Excluded Total
Percent N Percent N Percent
num_of_cards * gender | 132 100.0% 0 0.0% 132 100.0%
cardl * gender| 132 100.0% 0 0.0% 132 100.0%
card2 * gender| 115 87.1% 17 12.9% 132 100.0%
card3 * gender | 90 68.2% 42 31.8% 132 100.0%
card4 * gender| 41 31.1% 91 68.9% 132 100.0%
total_interactions * gender | 132 100.0% 0 0.0% 132 100.0%
Total_idle_time * gender | 132 100.0% 0 0.0% 132 100.0%
Report
gender | num_of _cards cardl card2 card3 card4 total_interaction
s

Mean | 2.91 59.22 192.72 161.07 208.95 8.06

m N |68 68 60 45 22 68
Std. Deviation | 1.033 27.489 54.121 51.565 52.413 1.892
Mean | 2.86 70.67 191.16 177.69 234.89 9.44

f N | 64 64 55 45 19 64
Std. Deviation | 1.006 37.437 79.026 39.830 36.228 1.194




Mean | 2.89 64.77 191.97 169.38 220.98 8.73
Total N|132 132 115 90 41 132
Std. Deviation | 1.016 33.068 66.894 46.569 46.950 1.730
Report
gender Total_idle_time
Mean | 367.1176
m N |68
Std. Deviation | 36.00146
Mean | 312.6563
f N | 64
Std. Deviation | 74.56609
Mean | 340.7121
Total N | 132
Std. Deviation | 63.90087
ANOVA Table
Sum of Squares df Mean Square
Between Groups (Combined) | .090 1 .090
num_of_cards * gender Within Groups | 135.205 130 1.040
Total | 135.295 131
Between Groups (Combined) | 4323.381 1 4323.381
cardl * gender Within Groups | 138925.801 130 1068.660
Total | 143249.182 131




Between Groups (Combined) | 69.211 1 69.211
card2 * gender Within Groups | 510053.711 113 4513.750
Total | 510122.922 114
Between Groups (Combined) | 6216.711 1 6216.711
card3 * gender Within Groups | 186798.444 88 2122.710
Total | 193015.156 89
Between Groups (Combined) | 6860.232 1 6860.232
card4 * gender Within Groups | 81312.744 39 2084.942
Total | 88172.976 40
Between Groups (Combined) | 62.667 1 62.667
total_interactions * gender Within Groups | 329.515 130 2.535
Total | 392.182 131
Between Groups (Combined) | 97789.564 1 97789.564
Total_idle_time * gender Within Groups | 437125.496 130 3362.504
Total | 534915.061 131
ANOVA Table
F Sig.
Between Groups (Combined) | .087 .768
num_of_cards * gender Within Groups
Total
Between Groups (Combined) | 4.046 .046
cardl * gender Within Groups
Total
Between Groups (Combined) | .015 .902
card2 * gender
Within Groups




card3 * gender

card4 * gender

total_interactions * gender

Total_idle_time * gender

Between Groups

Between Groups

Between Groups

Between Groups

Total
(Combined)
Within Groups
Total
(Combined)
Within Groups
Total
(Combined)
Within Groups
Total
(Combined)
Within Groups

Total

2.929

3.290

24.723

29.082

.091

.077

.000

.000

Measures of Association

Eta Eta Squared
num_of_cards * gender | .026 .001
cardl * gender | .174 .030
card2 * gender | .012 .000
card3 * gender | .179 .032
card4 * gender | .279 .078
total_interactions * gender | .400 .160
Total_idle_time * gender | .428 .183




Case Processing Summary
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Cases
Included Excluded Total
N Percent N Percent N Percent
num_of_cards *type | 167 100.0% 0 0.0% 167 100.0%
cardl *type| 167 100.0% 0 0.0% 167 100.0%
card2 *type | 148 88.6% 19 11.4% 167 100.0%
card3 *type| 119 71.3% 48 28.7% 167 100.0%
card4 *type | 66 39.5% 101 60.5% 167 100.0%
total_interactions * type | 167 100.0% 0 0.0% 167 100.0%
Total_idle_time * type | 167 100.0% 0 0.0% 167 100.0%
Report
type | num_of_cards cardl card2 card3 card4 total_interaction
s
Mean | 2.89 64.77 191.97 170.27 220.98 8.73
adult N|132 132 115 90 41 132
Std. Deviation | 1.016 33.068 66.894 46.360 46.950 1.730
Mean | 3.51 52.37 163.82 152.03 204.80 8.34
child N]35 35 33 29 25 35
Std. Deviation | .951 25.259 35.135 34.133 52.219 2.195




Mean | 3.02 62.17 185.70 165.82 214.85 8.65
Total N | 167 167 148 119 66 167
Std. Deviation | 1.032 31.926 62.267 44.264 49.253 1.837
Report
type Total_idle_time

Mean | 340.7121

adult N | 132

Std. Deviation | 63.90087

Mean | 356.3714

child N|35

Std. Deviation | 34.63684

Mean | 343.9940

Total N | 167

Std. Deviation | 59.23656

ANOVA Table

Sum of Squares

df

Mean Square

Between Groups (Combined) | 10.908

num_of_cards * type Within Groups | 166.038

Total | 176.946

Between Groups (Combined) | 4254.611

cardl * type Within Groups | 164941.353

Total | 169195.964

165

166

165

166

10.908

1.006

4254.611

999.645




Between Groups (Combined) | 20327.487 1 20327.487
card2 * type Within Groups | 549625.831 146 3764.560
Total | 569953.318 147
Between Groups (Combined) | 7290.729 1 7290.729
card3 * type Within Groups | 223904.566 117 1913.714
Total | 231195.294 118
Between Groups (Combined) | 4063.509 1 4063.509
card4 * type Within Groups | 153616.976 64 2400.265
Total | 157680.485 65
Between Groups (Combined) | 4.088 1 4.088
total_interactions * type Within Groups | 556.068 165 3.370
Total | 560.156 166
Between Groups (Combined) | 6783.762 1 6783.762
Total_idle_time * type Within Groups | 575705.232 165 3489.123
Total | 582488.994 166
ANOVA Table
F Sig.
Between Groups (Combined) | 10.840 .001
num_of_cards * type Within Groups
Total
Between Groups (Combined) | 4.256 .041
cardl * type Within Groups
Total
Between Groups (Combined) | 5.400 .022
card2 * type
Within Groups




card3 * type

card4 * type

total_interactions * type

Total_idle_time * type

Between Groups

Between Groups

Between Groups

Between Groups

Total

(Combined)

Within Groups

Total

(Combined)

Within Groups

Total

(Combined)

Within Groups

Total

(Combined)

Within Groups

Total

3.810

1.693

1.213

1.944

.053

.198

272

.165

Measures of Association

Eta Eta Squared
num_of_cards * type | .248 .062
cardl * type | .159 .025
card2 * type | .189 .036
card3 * type | .178 .032
card4 * type | .161 .026
total_interactions * type | .085 .007
Total_idle_time * type | .108 .012
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Case Processing Summary

Cases

Valid Missing

Total

N Percent N Percent

Percent

cardl ] 167 100.0% 0 0.0%

167

100.0%

Descriptives

Statistic

Std. Error

Mean

95% Confidence Interval for Lower Bound

M
ean Upper Bound

5% Trimmed Mean

Median

Variance

cardl Std. Deviation
Minimum
Maximum

Range
Interquartile Range

Skewness

Kurtosis

62.17

57.30

67.05

59.36

58.00

1019.253

31.926

13

208

195

28

1.614

4.297

2.470

.188

374




Tests of Normality

Mean = 62.17
Stad. Dev. = 31 926

Kolmogorov-Smirnov® Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
cardl ] .140 167 .000 .883 167 .000
a. Lilliefors Significance Correction
Histogram
40— 1
M =167
30—
=
2 -
L
=
g 20
= I

S0

cardl



Normal Q-Q Plot of card1
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N Percent N Percent

Percent

card2

148

88.6% 19 11.4%

167

100.0%

Descriptives

Statistic

Std. Error

card2

Mean

) Lower Bound
95% Confidence Interval for wer Boun

M
ean Upper Bound

5% Trimmed Mean

Median

Variance

Std. Deviation

Minimum

Maximum

Range

Interquartile Range

Skewness

Kurtosis

185.70

175.58

195.81

180.53

174.00

3877.233

62.267

71

424

353

56

1.503

2.719

5.118

199

.396

Tests of Normality

Kolmogorov-Smirnov®

Shapiro-Wilk

Statistic df Sig. Statistic

df

Sig.




card2 | .166 148 .000 .877 148 .000

a. Lilliefors Significance Correction

Histogram
407 Mean = 1857
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M=148
30—
=
(L]
=
o
=
o 20
[T
10
[u] T T T
100 200 300 400

card2



Normal Q-Q Plot of card2
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Case Processing Summary
Cases
Valid Missing Total
Percent Percent N Percent
card3 ] 119 71.3% 48 28.7% 167 100.0%




Descriptives

Statistic Std. Error

card3

Mean

Lower Bound

95% Confidence Interval for

Mean Upper Bound

5% Trimmed Mean

Median

Variance

Std. Deviation

Minimum

Maximum

Range

Interquartile Range

Skewness

Kurtosis

165.82 4.058

157.79

173.86

161.93

162.00

1959.282

44.264

106

459

353

44

3.080 222

17.146 440

Tests of Normality

Kolmogorov-Smirnov®

Shapiro-Wilk




card3

Mean = 165 82
Std. Dev. = 44 264

Statistic df Sig. Statistic df Sig.
card3|.123 119 .000 772 119 .000
a. Lilliefors Significance Correction
Histogram
40—
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Detrended Mormal Q-Q Plot of card3

Dev from Normal
(]
|

Observed Value

Case Processing Summary

T
300

T
400

Cases
Valid Missing Total
N Percent N Percent N Percent
card4 | 66 39.5% 101 60.5% 167 100.0%
Descriptives
Statistic Std. Error
Mean | 214.85 6.063
95% Confidence Interval for Lower Bound | 202.74
Mean Upper Bound | 226.96
card4
5% Trimmed Mean | 213.75
Median | 213.00
Variance | 2425.854




Std. Deviation

Minimum

Maximum

Range

Interquartile Range

Skewness

Kurtosis

49.253

105

337

232

69

.334

-.079

.295

.582

Tests of Normality

Kolmogorov-Smirnov®

Shapiro-Wilk

Statistic df Sig. Statistic

df

Sig.

*

card4 ] .074 66 .200 .985

66

.632

*. This is a lower bound of the true significance.

a. Lilliefors Significance Correction

His

togram

Frequency

card4

Mean = 214 85
Stol. Dew. = 49.253
N =G5



Dev from Normal

Normal Q-Q Plot of card4
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Case Processing Summary

Cases

Valid Missing

Total

N Percent N Percent

Percent

total_interactions | 167 100.0% 0 0.0%

167

100.0%

Descriptives

Statistic

Std. Error

Mean

95% Confidence Interval for Lower Bound

M
ean Upper Bound

5% Trimmed Mean

Median

total_interactions Variance
Std. Deviation
Minimum
Maximum

Range

Interquartile Range

8.65

8.37

8.93

8.69

9.00

3.374

1.837

12

.142




Skewness | -.393 .188

Kurtosis | -.217 374
Tests of Normality
Kolmogorov-Smirnov® Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
total_interactions | .135 167 .000 .957 167 .000

a. Lilliefors Significance Correction

total_interactions

Histogram
407 Mean = 8 65
Stel. Dev. = 1.837
M =167
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total_interactions



Dev from Normal

Normal Q-Q Plot of total_interactions
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Case Processing Summary

Cases

Valid Missing

Total

N Percent N Percent

Percent

Total_idle_time | 167 100.0% 0 0.0%

167

100.0%

Descriptives

Statistic

Std. Error

Mean

95% Confidence Interval for Lower Bound

M
ean Upper Bound

5% Trimmed Mean

Median

Variance

Total_idle_time Std. Deviation
Minimum
Maximum

Range
Interquartile Range

Skewness

Kurtosis

343.9940

334.9438

353.0442

343.0739

354.0000

3508.970

59.23656

203.00

531.00

328.00

71.00

-.060

.058

4.58386

.188

374




Tests of Normality

Kolmogorov-Smirnov® Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
Total_idle_time | .082 167 .008 .965 167 .000
a. Lilliefors Significance Correction
Total _idle_time
Histogram
407 Mean = 343,99
Stel. Dev. = 58237
M =167
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w
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Total_idle_time



Dev from Normal

Normal Q-Q Plot of Total_idle_time
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Case Processing Summary

Cases

Valid Missing

Total

N Percent N Percent

Percent

num_of _cards | 167 100.0% 0 0.0%

167

100.0%

Descriptives

Statistic

Std. Error

Mean

95% Confidence Interval for Lower Bound

M
ean Upper Bound

5% Trimmed Mean

Median

Variance

num_of cards Std. Deviation
Minimum
Maximum

Range
Interquartile Range

Skewness

Kurtosis

3.02

2.86

3.18

3.06

3.00

1.066

1.032

-.601

-.656

.080

.188

374




Tests of Normality

Kolmogorov-Smirnov® Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
num_of _cards | .230 167 .000 .848 167 .000
a. Lilliefors Significance Correction
num_of cards
Histogram
Mean = 3.02
Std. Dev. =1.032
N=167
60—
g 40
20—
o T T T T T
3 4 5

num_of_cards



Dev from Normal

Normal Q-Q Plot of num_of_cards
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Block 1: Method = Enter

Omnibus Tests of Model Coefficients

Chi-square df Sig.
Step 1 Step 60.999 5 .ooo
Block 60.999 5 .ooo
Model 60.999 5 .ooo

Model Summary

-2 Log Cox & Snell R MNagelkerke R
Step likelinood Square Square
1 143.496° 338 451

a. Estimation terminated at iteration number 5
because parameter estimates changed by less
than .001.

Hosmer and Lemeshow Test

Step Chi-square df Sig.

1 15.213 g 055

Contingency Table for Hosmer and Lemeshow Test

gender="f gender=m
Ohserved | Expected | Observed | Expected Total
Step1 1 15 14.012 0 .8es 15
2 14 12776 1 2.22 15
3 13 11.137 2 3.863 15
4 7 9.027 a 5873 15
4] 7 7111 a 7.8849 15
] 3 5743 12 8 257 15
7 2 4216 13 10,784 15
a 3 2.8963 12 12.037 15
2] 3 1.581 12 13418 15
10 2 434 11 12566 13
Classification Table®
Predicted
gender Percentage
Ohserved f m Correct
Step1  gender f a1 18 738
m 12 67 a4.8
Overall Percentage a7

a. The cutvalue is 500



Variables in the Equation

=] S.E. Wald df Sig. Exp(B)

Step1®*  cardi 000 007 001 1 Aa7s 1.000
card2 -.0o2 003 531 1 466 908

card3 .0oo 0o .0os 1 9327 1.000
total_interactions - 550 133 17102 1 .ooo BTT
Total_idle_time 023 00a 23474 1 .000 1.023

Constant -2.232 1.821 1.350 1 245 A07

a.Variable(s) entered on step 1: card?, card2, card3, total_interactions, Total_idle_time.

Cbserved Groups and Predicted Probabilities

8+ £ +

I f I

I f I

F I f I

R 6 + f m +

E I £ m I

Q I £ m m I

U I f m m I

E 4 + f mm m m m m m +

N I £ mm m m m m mI

c I ff £ m £ ff m m mm m m mm m m mm m m mI

Y I ff £ m £fff m m mm m m m m m mm m m mI

2+ £fff £ £f ff £ £ £ mfm fmm f m om mff mmmumm mmm mm £ fom m m mm +

I ffff £ £ ff £ £ £ mfm fommfmmm mff mmmmm mmm mm £ fmm m m mm I

I fEfff ff £ff £ff fmff fffm ££ff mm f mffmf £f mf £ff momfoomf om mfom oom £ mom fofmom ffmfom T

I Effff £f ff £fff fmff fffm ££ff mm f mffmf f mf fff moofoonf om ofom om £ o » fofmm ffmfom I

Predicted

Prob: 1] .1 .2 .3 .4 .5 .6 .7 8 .g 1

Group: 333 IS IS SIS IISSIISSIIIFII ISR IIIS IS S i

Predicted Probability is of Membership for m
The Cut Value is .50
Symbols: £ - £
m-m
Each Symbol Represents .5 Cases.



Omnibus Tests of Model Coefficients

Chi-square df Sig.

Step1  Step 24026 .0oo

Block 24026 .0oo

Model 24026 .0oo

Model Summary

-2 Log Cox & SnellR Magelkerke R

Step likelihood Square Square
1 133.045° 50 229

a. Estimation terminated at iteration number 5
because parameter estimates changed by less

than .001.

Hosmer and Lemeshow Test

Step

Chi-square df

Sig.

1 TA467

487

Contingency Table for Hosmer and Lemeshow Test

type = adult type = child
Observed | Expected | Observed | Expected Total
Step1 1 15 14,744 0 256 15
2 15 14,0749 ] 821 15
3 14 13.474 1 1.626 15
4 14 13.016 1 1.984 15
5 12 12,600 3 2.400 15
] 11 11.831 4 31649 15
7 10 10.996 4] 4.004 15
a 10 10176 4] 4824 15
g ] 8.843 g 6157 15
10 a 5241 5 7.7549 13
Classification Table®
Predicted
type Percentage
Ohsarved adult child Correct
Step 1 type adult 108 838
child 2 121
COverall Percentage 7ay

a. The cutvalue is 500

1Y 2'0MAN 71TIn



Variables in the Equation

B SE. Wald df Sig. Exp(B)

Step1®  cardl -.026 011 5847 1 016 Aa75
card2 -.014 .00& 7187 1 .0o7 986

card3 -.002 001 1.865 1 172 988
total_interactions -.019 14 027 1 B70 bez
Total_idle_time 010 004 5.308 1 021 1.010

Caonstant =155 2160 .00& 1 943 8a7

a. Variable(s) entered on step 1: card1, card2, card3, total_interactions, Total_idle_time.

Step number: 1

Observed Groups and Predicted Probabilities

le +
I
I
F I
R 12 +
E I c
Q I c
o I a
E 8 + c a
N I a a
c I a a a
Y Ia a a a c c
4 +aaa aa aa aa c cc =
Iaaa aaaaa aaazaa acc © caacc cc c c c
Iaaaaaaaaaaaaadaa aaa asacaaaaa aaC accc c a ac
Iaaaaaaaaaaaaaaaaaaaaaa’araaaasaa aaaa acaaca a ac cac a a aa a
Predicted
Prob: 0 -1 -2 -3 -4 -5 .6 -7 -8 -9 1

Group: aaaaaaasaaaaadaaaaaaaaaaaaaaaaaaaaaaaaddaadaaaasasadaccCcCCCCCCCCCCCCCCCCCCCCCCCOCOCCCCCCCCCCOCCCCOCCCOoCC

Predicted Probability is of Membership for child
The Cut Value is .50
Symbols: a - adult

c - child

Each Symbol Represents 1 Case.

HoH H o+ H o H 4+ - H - H - -
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// ManualMoveDlg.cpp : implementation file
//editors: Igal Peretz & Lior Sayfeld

#include "stdafx.h"
#include "ManualMove.h"
#include "ManualMoveDlg.h"
#include "CallBack.h"
#include <string.h>
#include <thread>

#include <iostream>
#include "Debug\NIDAQmx.h"
#include <ctime>

#include <iostream>
#include <fstream>
#include <time.h>

#include <math.h>

using namespace std;

#define DAQmxXErrChk(functionCall) if( DAQmxFailed(error=(functionCall)) ) goto
Error; else

#ifdef _DEBUG

#define new DEBUG_NEW

#undef THIS_FILE

static char THIS_FILE[] = _ FILE__;

#endif
struct adaptclass
{
int tesks;
int waits;
¥
static int robot_move = 0;
static int finish_work=1;
static int stop = ©;
static int robot_work2=0;
static int stopmodel2=1;
static int STaskCount=0;
static int model2task = 0;
static int devl = 0;
static int dev2 = 0;
static int model2on=0;
static int modellon = 0;
static int partnum = 1;
static time_t stoper[2][7];//time[][@]=total time;time[][1]=cube 1
time;time[][2]=cube 2 time;time[][3]=cube 3 time;time[][4]=cube 4
time;time[][2]=robot idle time;time[][3]=human idle time
static double time_diff[7] = { @, @, @, 0, 0, 0, @ };
[1177777777777777777777777777777/7777777//adpa
ver//[[/1111711111171717111771771777111111777
static int pinscount = 1;
static clock_t pins[2][82];
static float pinsans[82];
static int cour = 39;
static float target = 75;
static float targets[82];
static float new_target=75;
static adaptclass initclass[60];
static int adapWorkisOn = 0;
static int adapTesk;



static int adappart;

static int tasksnum = 0;
static int tasksnumlast = 0;
static int workdiste = 0;
static int sleeplast = ©;
static int taskdis = 0;
[I11771777777777777777777777777777777177177777fun////7777777777777771777171777
111111111117

void work();

void task();

void givepart();

void timer(char action,int X);
void init();

void giveback();

void takepart();

IITTTTLTTTTTI7 0070777707777 777777 7777777777 7777777777777177777777117177177
11117171177

void CManualMoveDlg: :0nSysCommand(UINT nID, LPARAM lParam)

if ((nID & OXFFF@) == IDM_ABOUTBOX)

{
CAboutDlg dlgAbout;
dlgAbout .DoModal();
}
else
{
CDialog: :0OnSysCommand(nID, 1lParam);
}

// If you add a minimize button to your dialog, you will need the code below
// to draw the icon. For MFC applications using the document/view model,
// this is automatically done for you by the framework.

void CManualMoveDlg::0nPaint()

{
if (IsIconic())

CPaintDC dc(this); // device context for painting
SendMessage (WM_ICONERASEBKGND, (WPARAM) dc.GetSafeHdc(), 0);

// Center icon in client rectangle

int cxIcon = GetSystemMetrics(SM_CXICON);
int cyIcon = GetSystemMetrics(SM_CYICON);
CRect rect;

GetClientRect(&rect);

int x = (rect.Width() - cxIcon + 1) / 2;
int y = (rect.Height() - cyIcon + 1) / 2;

// Draw the icon
dc.DrawIcon(x, y, m_hIcon);

CDialog: :OnPaint();

// The system calls this to obtain the cursor to display while the user drags



// the minimized window.
HCURSOR CManualMoveDlg: :0nQueryDragIcon()

{
return (HCURSOR) m_hIcon;
}
F e e e et
void CManualMoveDlg: :0OnInit()
{

StartInitTimer();
BOOL b = Initialization(INIT_MODE_ONLINE, (CallBackFun)&InitEnd,
(CallBackFun)&ErrorMessage);

LRESULT CManualMoveDlg: :OnInitEnd( WPARAM wParam, LPARAM 1Param )
{

StopInitTimer(TRUE);

short nMode = GetMode();
switch(nMode)

{

case INIT_MODE_ONLINE:

{
GetDlgItem(IDC_EDIT_MODE)->SetWindowText("On-Line");

if(AfxMessageBox("Control is off. Do you want to execute
Control On?", MB_OKCANCEL) == IDOK)

{

SendMessage (WM_COMMAND, IDM_CON);
}
break;

}

case INIT_MODE_OFFLINE:

{
GetDlgItem(IDC_EDIT_MODE)->SetWindowText("Off-Line");
break;

}

default:

{

AfxMessageBox( "InitEnd invalid notification™);
break;

}

Invalidate();
return 0;
}
[/ === m e
void CManualMoveDlg: :0nCon()
{
if(Control( '&', TRUE ) == FALSE)
{
return;
}
}
void CManualMoveDlg: :0nCoff()
{
if(Control('&', FALSE) == FALSE)
{
return;
}



LRESULT CManualMoveDlg: :0OnCtrlStatus( WPARAM wParam, LPARAM 1Param )
{

if(wParam == Q)

{
}

else if(wParam == 1)

{

GetDlgItem(IDC_EDIT_MODE)->SetWindowText ((LPCTSTR)1Param);

GetDlgItem(IDC_EDIT_CON_OFF)->SetWindowText ((LPCTSTR)1Param);

Invalidate();
return 0;

void CManualMoveDlg::RunManual(int iButtonId)

{
if(!UpdateData(TRUE))

return;

ConfigData Config;
if(GetConfig(Config) == FALSE)
return;

static DWORD dwPrevTick = OL;
DWORD dwCurTick = GetTickCount();

if(dwCurTick - dwPrevTick < (DWORD)(TIMER_MANUAL_PERIOD))
{

dwPrevTick = dwCurTick;
return;

}

m_iComboSpeed += 1;
if(iButtonId == IDC_BUTTON_MINUS)
m_iComboSpeed *= -1;

if(m_iCurrAxis < @ || m_iCurrAxis > 5)
return;

EnterManual (MANUAL_TYPE_ENC);
MoveManual((unsigned char)m_iCurrAxis, m_iComboSpeed * 10);

SetTimer(TIMER_ID_MANUAL, TIMER_MANUAL_PERIOD, 0);
dwPrevTick = dwCurTick;

void CManualMoveDlg: :StopManual()
{

m_iCurrAxis = -1;
KillTimer (TIMER_ID_MANUAL);
CloseManual();

void CManualMoveDlg: :0nButtonOpenGropper()
{

}

OpenGripper();



void CManualMoveDlg: :0nButtonCloseGropper()

{
CloseGripper();
}
[/ === oo oo
void CManualMoveDlg: :OnTimer (UINT nIDEvent)
{
if(nIDEvent == TIMER_ID INIT)
{
StopInitTimer(FALSE);
}
if(nIDEvent == TIMER_ID_MANUAL)
{
MoveManual(m_iCurrAxis, m_iComboSpeed * 10);
}
CDialog: :OnTimer(nIDEvent);
}
F
void CManualMoveDlg::StartInitTimer()
{
SetWindowText("Initialization please wait ...");
DisableAll();
SetTimer (TIMER_ID_INIT, 15000, 0);
}
[/ === m e oo -
void CManualMoveDlg: :StopInitTimer(BOOL bIsDone)
{
SetWindowText("Manual Movement™);
DisableAll(FALSE);
KillTimer(TIMER_ID_INIT);
}
[/ == mm oo moooooo- oo
void CManualMoveDlg::DisableAll(BOOL bIsDisable)
{
CWnd* pWnd = this->GetWindow(GW_CHILD);
while( pWnd )
{
pWnd->EnableWindow(!bIsDisable);
pWnd = pWnd->GetWindow(GW_HWNDNEXT) ;
}
}
void CManualMoveDlg: :0nBnClickedButtonHoming()
{
Home('A', (CallBackFun)&HomingNotif);
}

afx_msg LRESULT CManualMoveDlg: :OnHoming(WPARAM wParam, LPARAM 1Param)
{

UCHAR ucHomingNotifCode = (UCHAR)wParam;

if(ucHomingNotifCode == HOME_NOTIF_FINISH)

{

AfxMessageBox("Homing completed");



void CManualMoveDlg: :0nBnClickedButtonl()//teach point function

return 0;

WatchMotion((CallBackFun) MotionEnd);//enable motion detection moe

DefineVector('A',"TEST",100);//creation of point vector

long* plCoorArray = new long[5];

Teach("TEST",10,plCoorArray,5,ABS_XYZ_A);//push the array into the

369000; //X axis
0;//Y axis
403000;//Z axis
-63000;//Pitch axis
0;//roll axis

}

{

the robot
// the scale is mm
plCoorArray[@0] =
plCoorArray[1] =
plCoorArray[2] =
plCoorArray[3] =
plCoorArray[4] =

vector to creat a point

**point number 5

plCoorArray[@] = 41458;
plCoorArray[1] = 378042;
plCoorArray[2] = 68734;
plCoorArray[3] = -45734;
plCoorArray[4] = 3584;
Teach("TEST",11,plCoorArray,5,ABS_XYZ_A);
plCoorArray[@] = 76539;
plCoorArray[1l] = 584170;
plCoorArray[2] = 228876;
plCoorArray[3] = -11397;
plCoorArray[4] = 1290;

Teach("TEST",12,plCoorArray,5,ABS_XYZ_A);

plCoorArray[@] = 169000-360000+190000;
plCoorArray[1l] = ©+100000+100000;
plCoorArray[2] = 503000-303000+17000;
plCoorArray[3] = -63000;

plCoorArray[4] = ©+10000;
Teach("TEST",13,plCoorArray,5,ABS_XYZ_A);
plCoorArray[@] = -314204;

plCoorArray[1l] = 241291;

plCoorArray[2] = 221390;

plCoorArray[3] = -92401;

plCoorArray[4] = 0 ;

Teach("TEST", 14, plCoorArray, 5, ABS_XYZ_A);
plCoorArray[@] = 169000 - 360000 + 260000;
plCoorArray[l] = © + 100000 + 265000;
plCoorArray[2] = 503000 - 203000 + 137000;
plCoorArray[3] = -33000;

plCoorArray[4] = © + 10000;

Teach("TEST", 15, plCoorArray, 5, ABS_XYZ_A);
plCoorArray[@] = -240715;

plCoorArray[1] = 99135;

plCoorArray[2] = 31402;

plCoorArray[3] = -92616;

plCoorArray[4] = -28351;

Teach("TEST", 16, plCoorArray, 5, ABS_XYZ_A);
plCoorArray[@] = -298226;

plCoorArray[1] = 91573;

plCoorArray[2] = 28571;

plCoorArray[3] = -92616;

plCoorArray[4] = -8745;

Teach("TEST", 17, plCoorArray, 5, ABS_XYZ_A);
plCoorArray[@] = -355770;

plCoorArray[1l] = 96204;

for



plCoorArray[2] 30283;
plCoorArray[3] -87168;
plCoorArray[4] = -17060;
Teach("TEST", 18, plCoorArray, 5, ABS_XYZ_A);

plCoorArray[@] = -242363;
plCoorArray[1] = 187357;
plCoorArray[2] = 33462;
plCoorArray[3] = -87526;
plCoorArray[4] = -41863;

Teach("TEST", 19, plCoorArray, 5, ABS_XYZ_A);
plCoorArray[@] = -307207;

plCoorArray[1l] = 177786;
plCoorArray[2] = 31031;
plCoorArray[3] = -87132;

plCoorArray[4] = -32186;
Teach("TEST", 20, plCoorArray, 5, ABS_XYZ_A);

plCoorArray[@] = -357623;
plCoorArray[1] = 176383;
plCoorArray[2] = 30330;

plCoorArray[3] = -87132;

plCoorArray[4] = -32186;
Teach("TEST", 21, plCoorArray, 5, ABS_XYZ_A);

void CManualMoveDlg: :0nBnClickedButton2()
{
model2on = 0;
adapWorkisOn = 0;
finish_work = 1;
modellon = 1;
for (int i = 0; i < 7; i++)//init
time_diff[i] = 0;
for (int i = 0; 1 < 2; i++)
for (int j = 0; j < 7; j++)
stoper[i][j] = NULL;
std::thread tl(work);//enable model 1
tl.detach();

}

void CManualMoveDlg::Change_robot_move(){//change the static variable that
tell is the robot finshed his work

if (robot_move == 1){

robot_move = 0;

}
else{
robot_move = 1;
}
}
void CManualMoveDlg: :0nBnClickedButton4()//emerngy stop
{
Stop('&');//& = all axis
stop=1;
stopmodel2 = 0;
finish_work = 0;
}

void CManualMoveDlg: :0nBnClickedButton5()
{



takepart();

}
void work()//the function that gives the human a part
{
do{
while (robot_move == 1)
Sleep(150);
Speed('A', 100);
OpenGripper();

robot_move = 1;
while (robot_move&&!stop){
if (tasksnumlast < floor((target - 11) / 22) &&
adapWorkisOn == 1){//if the human changed is speed and the robot can do anther
secondary work
workdiste = 1;
goto end;

Sleep(150);

}

double tempw;

sleeplast += 1000;

tempw = target - 23 - 22 * (tasksnumlast - 1) - 9;//create
target time

while (sleeplast < (int)(tempw *
1000)8&&adapWorkisOn==18&&partnum!=1){

Sleep(150);
sleeplast +=
tempw = target - 23 - 22 * (tasksnumlast - 1) - 9;

}
if (stop) goto end;
MoveJoint("TEST", 13, NULL, ©);//go to position 13
robot_move = 1;
while (robot_move&&!stop){
if (tasksnumlast < floor((target - 11) / 22)
&& adapWorkisOn == 1){
workdiste = 1;
goto end;

}

Sleep(150);
}
sleeplast += 3000;
tempw = target - 23 - 22 * (tasksnumlast - 1) - 9;
while (sleeplast < (int)(tempw * 1000) && adapWorkisOn

1 && partnum != 1){

Sleep(150);
sleeplast += 150;
tempw = target - 23 - 22 * (tasksnumlast - 1) - 9;
}
if (stop) goto end;
MoveJoint("TEST", 11, NULL, ©);
robot_move = 1;
while (robot_move&&!stop){
if (tasksnumlast < floor((target - 13) / 22)
&& adapWorkisOn == 1){
workdiste = 1;
goto end;



}

Sleep(150);
}
sleeplast += 2000;
tempw = target - 23 - 22 * (tasksnumlast - 1) - 9;
while (sleeplast < (int)(tempw * 1000) && adapWorkisOn ==
1 && partnum != 1){//check if the robot need to wait some more

Sleep(150);
sleeplast += 150;
tempw = target - 23 - 22 * (tasksnumlast - 1) - 9;
}
if (stop) goto end;
CloseGripper();
robot_move = 1;
while (robot_move&&!stop){
if (tasksnumlast < floor((target - 16) / 22) &&
adapWorkison == 1){
workdiste = 1;
while (robot_move == 1)
Sleep(150);
OpenGripper();
robot_move = 1;
while (robot_move&&!stop){

Sleep(150);
}
goto end;
}
Sleep(150);

}

tempw = target - 23 - 22 * (tasksnumlast - 1) - 9;

while (sleeplast < (int)(tempw * 1000) && adapWorkisOn ==
1 && partnum != 1){

Sleep(150);
sleeplast += 150;
tempw = target - 23 - 22 * (tasksnumlast - 1) - 9;
}
if (stop) goto end;
MoveJoint ("TEST", 13, NULL, ©);
robot_move = 1;
while (robot_move&&!stop){
if (tasksnumlast < floor((target - 18) / 22) &&
adapWorkisOn == 1){
workdiste = 1;
giveback();
goto end;

}
if (stop) goto end;
MoveJoint ("TEST", 10, NULL, ©);
robot_move = 1;
while (robot_move&&!stop){
if (tasksnumlast < floor((target - 22) / 22) &&
adapWorkisOn == 1){
Stop('&');
giveback();



workdiste = 1;
goto end;

}

Sleep(150);
}
if (stop) goto end;
givepart();
if (modellon == 1){
std::thread t2(detectmodel2);
t2.detach();
}
if (partnum == 1)
timer('S', 0);
else{
timer('P', 0);
time_diff[0] = time_diff[0] +
difftime(stoper[1][@], stoper[0][0]);
timer('S', 0);
}

if (modellon == 1 && partnum != 5){
for (int i = @; i < 2; i++){//secondery task for

model 1
task();
Sleep(10000);
}
end:
while (robot_move == 1)
Sleep(150);
robot_move = 0;
stop = 0;

} while (finish_work&&modellon==1&&partnum!=5);//stop condtion for
model 1

robot_work2 = 0;
model2task = 1;
pins[@][pinscount-1] = clock();

void timer(char action,int X){//function that starts or stops the timmer
if (action == 'S")
time(&stoper[@][X]);
else{

}

time(&stoper[1][X]);

}

void CManualMoveDlg::0nBnClickedButton11()//write the collacted data to txt
file named "example.txt"
{

CString str;

CString model;

if (modellon == 1)

model = "model 1";
if (model2on == 1)

model = "model 2";
if (adapWorkisOn == 1){

model = "model 3";

str.Format(model + "\n Total=%g ", pinsans[81]);



for (int i = 1; i < 81; i++){
if (i%20==0)
str.Format(str + "%g \n", pinsans[i]);
else

str.Format(str + "%g ", pinsans[i]);

}
str.Format(str + "targets \n");
for (int i =1; i < 81; i++){
if (i % 20 == 9)
str.Format(str + "%g \n", targets[i]);
else

str.Format(str + "%g ", targets[i]);

}

ofstream myfile;
myfile.open("example.txt", std::ios_base::app);
if (myfile.is_open())

{
myfile.end;
myfile << str + "\n";
myfile.close();
}
else cout << "Unable to open file";
}
else{

str.Format(model + "\n Total=%g Cube 1=%g Cube 2=%g Cube 3=%g
Cube 4=%g", time_diff[@], time_diff[1], time_diff[2], time_diff[3],
time_diff[4]);

ofstream myfile;

myfile.open("example.txt", std::ios_base::app);

if (myfile.is_open())

{
myfile.end;
myfile << str + "\n";
myfile.close();

}

else cout << "Unable to open file";
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child/a gend idle_rob interactions_r idle_rob interaction_ro num_of ¢ car car car car car total_interac Total_idle_
dult er ot_1 obot_2 ot2 bot_1 ards d1 d2 d3 d4 d5 tions time
1 2 189 7 87 4 4 30 106 150 334 11 276
1 1 175 3 187 5 4 54 182 152 314 8 362
1 1 173 5 145 3 4 30 219 113 289 8 318
1 2 170 4 84 4 4 70 175 190 286 8 254
1 2 189 6 74 3 4 82 177 160 274 9 263
1 2 176 5 44 5 4 86 158 155 231 10 220
1 2 195 6 89 5 4 31 180 150 227 11 284
1 2 171 7 71 4 4 61 138 155 215 11 242
1 2 178 5 72 3 4 74 198 150 256 8 250
1 1 180 4 178 2 4 59 227 162 256 6 358
1 1 196 4 176 4 4 61 178 159 251 8 372
1 2 188 4 68 4 4 125 187 201 248 8 256
1 2 178 6 82 5 4 54 137 187 246 11 260
1 2 160 5 73 5 4 67 137 198 243 10 233
1 1 184 4 185 4 4 62 197 139 286 8 369
1 2 179 6 65 3 4 70 188 208 231 9 244
1 2 181 5 82 3 4 59 110 184 229 8 263
1 2 187 5 201 3 4 58 92 133 229 8 388
1 2 112 5 91 5 4 60 134 153 225 10 203
1 2 188 7 71 3 4 85 167 179 223 10 259
1 1 205 5 178 4 4 89 191 159 261 9 383
1 1 165 4 178 3 4 39 158 123 219 7 343
1 1 189 6 199 5 4 70 154 157 216 11 388
1 1 169 3 221 3 4 19 140 168 213 6 390
1 1 179 4 172 4 4 48 190 177 213 8 351
1 2 165 7 150 4 4 41 205 168 207 11 315
1 1 181 5 190 3 4 49 198 127 201 8 371
1 1 119 4 119 2 4 82 141 128 200 6 238
1 2 117 5 130 4 4 46 287 141 198 9 247
1 1 187 4 160 5 4 75 186 119 191 9 347
1 1 195 3 167 3 4 47 167 172 186 6 362
1 2 183 5 77 5 4 88 165 148 181 10 260
1 2 181 5 76 3 4 62 150 168 180 8 257
1 1 202 5 175 3 5 25 167 167 179 182 8 377
1 1 242 5 127 2 4 16 108 129 177 7 369
1 1 194 4 190 4 4 58 184 177 204 8 384
1 1 163 5 160 3 4 101 71 459 170 8 323
1 1 166 4 215 4 4 26 214 111 204 8 381
1 1 249 2 156 3 4 15 164 143 131 5 405
1 1 186 4 152 4 4 69 181 149 131 8 338
1 1 213 7 170 3 4 47 173 149 105 10 383
1 1 227 1 210 2 1 83 3 437
1 1 194 2 182 3 2 51 212 5 376




178 155 106 338 9 333
173 258 100 140 196 5 431
269 201 86 215 6 470
287 244 59 10 531
216 173 26 6 389
205 296 82 140 11 501
196 142 50 407 6 338
225 141 19 294 153 6 366
159 239 92 232 115 6 398
183 183 46 151 170 6 366
139 170 43 235 201 6 309
205 272 102 120 7 477
128 220 45 7 348
193 165 35 10 358
112 197 103 254 152 7 309
256 178 45 130 140 7 434
179 76 81 125 162 7 255
166 168 102 278 169 7 334
163 115 52 138 7 278
198 200 60 182 172 8 398
206 196 81 8 402
242 211 46 8 453
190 210 105 137 8 400
196 179 56 182 8 375
212 203 28 324 8 415
140 188 61 198 134 8 328
155 167 30 252 135 8 322
190 177 59 319 135 8 367
185 179 48 194 168 8 364
177 74 68 193 175 8 251
182 69 82 145 189 8 251
142 220 34 197 190 8 362
172 74 85 151 211 8 246
268 199 185 9 467
162 220 161 9 382
189 186 68 9 375
195 179 66 9 374
185 210 114 85 9 395
185 166 62 176 9 351
189 161 54 167 9 350
196 159 45 200 9 355
170 178 46 224 9 348
182 133 48 255 9 315
238 190 20 268 9 428
194 187 175 172 126 9 381
209 154 48 333 136 9 363
178 147 68 349 166 9 325




199 185 55 176 170 9 384
191 59 68 109 172 9 250
147 146 39 229 176 9 293
181 84 69 138 195 9 265
202 68 50 143 204 9 270
147 234 131 10 381
153 188 87 10 341
174 161 64 10 335
179 159 62 10 338
190 183 27 10 373
187 170 208 155 10 357
175 195 53 196 10 370
179 158 48 321 10 337
234 207 45 304 10 441
133 151 33 384 10 284
157 156 47 218 124 10 313
177 178 62 175 144 10 355
181 64 127 198 156 10 245
192 190 56 189 166 10 382
178 175 7 200 168 10 353
188 70 83 163 170 10 258
203 191 48 188 175 10 394
197 180 48 355 181 10 377
177 66 68 155 190 10 243
147 189 41 424 193 10 336
175 74 99 143 212 10 249
130 193 24 244 281 10 323
185 193 80 150 119 11 378
127 154 41 11 281
197 183 47 190 11 380
175 165 55 159 139 8 340
193 209 16 208 147 11 402
182 184 67 188 151 5 366
143 167 27 198 184 6 310
192 76 74 141 201 11 268
188 65 52 120 208 11 253
180 76 91 143 234 11 256
183 202 49 104 341 11 385
195 176 51 153 12 371
189 191 69 161 12 380
164 148 160 204 199 12 312
196 182 51 158 212 12 378
190 210 105 107 8 400
186 152 69 181 149 181 8 338
121 162 16 155 164 10 283
249 156 15 164 143 181 5 287
166 215 26 164 111 151 8 340




169 221 19 140 168 213 6 390
173 258 60 130 196 5 398
309 211 135 5 346
238 190 20 268 9 377
183 183 46 151 210 6 366
205 272 70 120 4 412
165 178 21 158 123 219 7 343
189 192 13 246 6 381
139 170 33 235 201 6 309
206 177 59 10 312
205 178 67 144 216 224 68 12 383
193 211 75 143 127 71 12 350
182 196 62 171 113 282 7 378
181 205 52 162 106 152 10 386
181 193 72 130 142 174 7 374
186 198 75 156 149 161 11 384
171 196 38 151 153 276 9 367
201 196 47 206 111 238 9 311
202 200 38 163 111 152 12 394
204 212 52 189 217 257 7 416
168 187 47 178 185 182 10 355
189 210 59 180 148 249 8 324
194 194 49 160 136 210 9 346
171 205 48 136 109 337 7 376
165 194 54 129 130 170 10 329
191 193 54 160 120 166 10 384
174 202 50 164 169 183 9 322
190 204 48 189 163 290 11 344
186 199 70 126 177 153 11 314
199 213 69 150 162 148 8 354
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using System;

using System.Collections.Generic;
using System.ComponentModel;
using System.Data;

using System.Drawing;

using System.Ling;

using System.Text;

using System.Threading.Tasks;
using System.Windows.Forms;

namespace WindowsFormsApplicationl

{

public partial class Form1 : Form
public Form1()

InitializeComponent();

}

int minl, secl, milsecl, min2, sec2, milsec2, min3, sec3, milsec3, min4, sec4, milsec4,
flagl, flag2 =0;

intindx1 =1, indx2 =1, indx3 =1;

int[] arrl = new int[20];

int[] arr2 = new int[20];

int[] arr3 = new int[20];

int multipli = 1;

private void buttonl_Click(object sender, EventArgs e)
{

timerl.Start();

timer4.Start();

arrl[0] = 0;

arr2[0] = 0;

arr3[0] = 0;
}
private void button2_Click(object sender, EventArgs e)
{

timer2.Start();
timer3.Stop();

multipli = 2;
flagl = 1;
if (flag2 == 1)
{

flag2 = 0;

arr2[indx2] = sec3 + 60 * min3 - arr2[0];
arr2[0] += arr2[indx2];
indx2++;
}
}

private void button3_Click(object sender, EventArgs e)
{

timer3.Start();

timer2.Stop();

multipli = 4;

flag2 = 1;

if (flagl == 1)
flagl = 0;

arrl[indx1] = sec2 + 60 * min2 - arr1[0];



}

arrl[0] += arrl[indx1];
indx1++;

}

private void timerl_Tick(object sender, EventArgs e)

{

}

labell.Text = minl + ":" + secl +":"+milsecl.ToString();
milsecl+=1*multipli;
if(milsec1>10)1
secl++;
milsec1=0;
}
else
milsecl++;
if (secl > 59)
{
minl++;
secl =0;
}
if (minl == 15 && secl==0 && milsec1==0)
{
string text="";
timer1.Stop();
timer2.Stop();
timer3.Stop();
if (flagl == 1)

arrlfindx1] = sec2 + min2 * 60 - arr1[0];
arrl[0] += arrl[indx1];

}
if (flag2 == 1)
{

arr2[indx2] = sec3 + min3 * 60 - arr2[0];
arr2[0] += arr2[indx2];

}

MessageBox.Show("GAME OVER");

text = " robot 1 idle: *;

foreach (intiin arrl)

if(i>0)
text=text + ", " + i.ToString();

}

text = text + " robot 2 idle: *;
foreach (intiin arr2)

if (i > 0)
text=text + ", " + i.ToString();

}

text = text + " card assembly: ;
foreach (intiin arr3)

if (i >0)

text=text + ", " + i.ToString();
}
MessageBox.Show(text);

private void button4_Click(object sender, EventArgs €)

{



}

multipli = 1;
timer2.Stop();
timer3.Stop();
if (flagl == 1)
{
flagl = 0;
arrlindx1] = sec2 + 60 * min2 - arrl[0];
arrl[0] += arrl[indx1];
indx1++;

}
if (flag2 == 1)
{

flag2 = 0;

arr2[indx2] = sec3 + 60 * min3 - arr2[0];
arr2[0] += arr2[indx2];

indx2++;

}

private void button5_Click(object sender, EventArgs e)

{

}

multipli = 1;
timer2.Stop();
timer3.Stop();

private void button5_Click_1(object sender, EventArgs €)

{

}

timer2.Start();
timer3.Start();

multipli = 6;
flagl = 1;
flag2 = 1;

private void timer2_Tick(object sender, EventArgs e)

{

}

label5. Text = min2 + ":" + sec2 + ":" + milsec2.ToString();
milsec2 +=1;
if (milsec2 > 10)
{
sec2++;
milsec2 = 0;
}
else
milsec2++;
if (sec2 > 59)
{
min2++;
sec2 =0;

}

private void timer3_Tick(object sender, EventArgs e)

{

label6.Text = min3 + ":" + sec3 + ™" + milsec3.ToString();
milsec3 +=1;
if (milsec3 > 10)
{
sec3++;
milsec3 = 0;
}
else
milsec3++;



if (sec3 > 59)
{
min3++;
sec3 =0;
}
}

private void timer4_Tick(object sender, EventArgs e)
{
/Nlabel6.Text = min3 + ":" + sec3 + ":" + milsec3.ToString();
milsec4 += 1;
if (milsec4 > 10)
{
secd++;
milsec4 = 0;
}
else
milsec4++;
if (sec4 > 59)
{
min4d++;
sec4 = 0;
}
}

private void button6_Click(object sender, EventArgs e)

arr3[indx3] = sec4 + min4 * 60 - arr3[0];
arr3[0] += arr3[indx3];
indx3++;
}
}
}
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Ben-Gurion University of the Negev ~ Human Subjects Fesearch Conumnittee

APPLICATION FOR APPROVAL TO USE

HUMANS AS SUBJECTS IN FMPIRICAL STUDY

I. General

Name of Research Project: Human-robot collabration models companson.

To which agency is the proposal being submitted (or has been submitted): Not suported -
Department commitee

Principal Investigator/s (or academic supervisor/s):

Name: EdanYael Name: Someshwar Roy

Department: Industrial Engineering & Department: Industrial Engineering &
Management Management

Academic position: Prof. Academic position: P.H.D student
University Telephone: University Telephone:

Mobile Phone: Mobile Phone:

University Email: yael@bgu.ac.il University Email: someshwar.royi@eudm.eu
Other Email: Other Email:

Name(s) of those conducting the research (if differentfrom above):

Name: Ypal peretz Name: Lior Sayfeld
Department: Industrial Engineering & Department: Industrial Engineering &
Management Management

Academic position: Undergraduate Student Academic position: Undergraduate Student

University Telephone: University Telephone:

Mobile Phone: 0507967532 Mohile Phone: 0544885518



Ben-Gurion University of the Negev ~ Human Subjects Besearch Cornumittes

APPLICATION FOR APPROVAL TO USE

HUMANS AS SUBJECTS IN FEMPIRICAL STUDY

Email:igalperetz@gmail.com Email: sayfeld@gmail.com

I1. Consent to Participate

Are the subjects able to legally consent to participate in the research? Eves [INo
Ifyes, proceedto 1 Ifno, proceedto 2 and completea b, c.

1. Will the subjectzbe askedto sign a consent fonn? e ves r [ Mo

If vou answered no, please explain here:

2. If a subject cannot legally consent (minors, mentally incapaatated, etec.):

a. Will the subject’slegal guardianbe askedto sign a conszent fonm? Cves/ [ w0
If you answered no, please explain here:
b. Will the subjectbe askedto give oral consent? [ ves/ [ mo
c. Are the instructions appropriate to the subjects'level ofunderstanding? [ Jves [ Mo
Cormments:
I11. Discomfort:
3. Will the participants be subjected to physical discomfort? [ Jves/ Mo
4. Will the participants be subjected to psychological discomfort?: [ Jves s No

If vou answered ves to gquestion 3 or 4 above, add here a detailed explanation of the
circumstances

IV. Deception

3. Does the researchinvolve deceiving the subjects? [ Jvess Na

6. Isthedecizion on the part ofthe subject to participate in the study bazed on
deception? (For example, if they are nfonmed only afterthe event oftheir participation.)



Ben-Gurion University of the Negev ~ Human Subjects Eesearch Committee

APPLICATION FOR APPROVAL TO USE

HUMANS AS SUBJECTS IN EMPIRICAL STUDY

DYES f Mo

If vou answered ves to question 5 or 6 above, add here a detailed explanation why deception is
Necessary:

V. Debriefing of Subjects

Ifthe study nvolves any discomfort or deception, it is necessary to personally debrief the subjects
afterthe expenment in order to explain the reazons forthe discomfort and/or deceptionn Ifthe study
doesnotinvelve any discomfort or deception, the subject should be provided, upon completion ofthe

expenment, with a brief written description ofthe study’s objectives.

7. Will the subjectsbe debnefed orally? [ Jves/ No
8. Will the subjectsbe debriefedin writing? [ ves/ B o

Ifyou answerednoto both 7 and § above, explain below: The study dose not involve any disconfort
or deception, the subject will be provided with a brief wirrten description ofthe study objectives.

VI. Compensation for Participation

9. Will the subjectsreceive compensation for participation? Edves / [ 2o
If the compensationis monetary, give details: No.

Other type of compensation detail here: The subjects will recive 1 bonus pointin automotion
COUIsE.

If you answered no to question 9, explain the basis for participation:

VII. Privacyv:

10. Will audio and/orvisualrecordings be made ofthe subjects? Bves s o
11. If yes, are they informed ofthis factin the consent form? Edves [Lmo

12.Will the data collected containidentifying details about the subjects? [ Jves/ No

13. Ifthe data contains identifying details, what steps will youtake to ensure the
confidentiality ofthe mformation? Howwill the databe stored? What will be done with
identifying information orrecordings of the subjects at the end ofthe research?
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Ben-Gunion University of the Negev ~ Human Subjects Eesearch Committee

APPLICATION FOR APPROVAL TO USE

HUMANS AS SUBJECTS TN FMPIRTCAL STUDY

VIII. Withdrawal from the Study:
14. Will subjectsbeinfonmed that they may withdraw

from the study at any time? Edves r [ Mo
15. Will the subjectsincur any loss, monetary or other, if they withdraw from the
study before its completion? [ Jves/ No

If vou answered ves to question 15, specify the loss that will be incurred and why:

IX. Research equipment

16. Does theresearch entail the use of equipment other than standard equipment such as
comiputers, video recording equipment? Eves [No

17.Ifves, doesthe equipment being used meet safety standard for use with

human subjects? Please specify which standards. E ves [INo

The SCORBOT EE4Urobotis a versatile andreliable system for educationaluse.
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APPLICATION FOR APPROVAL TO USE

HUMANS AS SUBJECTS TN FMPIRICAL STUDY

Signatories:
Name: Ygal peretz Position: Researcher Name: Lior sayfeld Position: Researcher
Signature: Date:233.14 Signature: Date:235.14

Title of Research Project: Human-Fobot adaptive collaboration model

Thiz saction iz to ba filled out by a membar of the Heman Subjacts Fessarch Committes only
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Abstract

In order to implement a collaborative human-robot system several factors must be
considered to facilitate smooth work between the two. The main challenge is to
plan the operation of the robot so that it will assist the person and will lead to
successful task performance while working together. This study focuses on
evaluation of performance measures of different populations (men/woman,
children/adults) when they cooperate with a robot, aiming to understand whether
these measures can be used to develop a tool for classifying the human population
while working with the robot so as to enable the robot to adapt to the population. A
parallel study of this study (Peretz, 2017) focused on developing an adaptive
algorithm for the robot operation according to the human experience. In order to
give the robot the ability to adapt to the person it is working with, it is necessary to
develop adaptive algorithms that can change the way the robot works according to

the way the person is working.

In this study, a human-robotic system was developed and designed and its
performance was examined in real time. The developed system simulates a
cognitive assembly cell where a person has an assembly task that requires cognitive
resources. The assembly task is performed by the human in the course of ongoing
work of two robots; the person must transfer parts needed for them to continue
their work. The system development included several stages. First, a specification
document was created defining the system that formed the basis of the
development. Then, the work station was established, along with selection of both
the assembly task selected for the human and the kind of cooperation performed
with the robots. Finally, an experiment was conducted and performance measures

were analyzed.

The experiment include 163 industrial engineering students aged 21-29 and 44 high
school students between the ages of 13 and 14. The purpose of the experiments
was to examine the performance measures of populations that differ in gender
(male, female) and age (children versus adults) and to understand if there are

significant differences in their performance measures while executing the



collaborative task. The selected performance measures were the assembly times of
each of the first 4 tasks, total idle time of the two robots and the total number of

interactions with the robot during the experiments.

The results showed significant differences between women and men in the number
of interactions with the robot and overall robots idle time (women performed
better by 17 % and 9% on average respectively). In addition, there were differences
in the assembly time of the first assembly tasks (men performed faster by 19% than
women, add stats). There were also differences between adults and children in the
assembly time of the first assemblies in which the children performed faster than
adults (by 23% for the first assembly, 17% for the second assembly, 21% for the

successful tasks).

The results obtained from the experiments served to create a database to enable
the development of a statistical model, which aims to classify the collaborator to
the population to which he or she belongs (adult / child, women / men). This study
provides an infrastructure for further research that can use such tools to develop
algorithms that will enable the robot to adapt to the human operator based on user
classification. The classification model was tested using 25 subjects (16 adult
students and 9 children) who underwent the experiments and presented 64%
success in classifying the person to the population to which they belong (children /

adults, men / women).
Parts of this study were presented at several conferences:

e Sayfeld L, Peretz Y., Someshwar R., Edan Y. (2014), "Evaluation of human-
robot collaboration models for fluent operations in industrial tasks", RSS
2015 - July 17, 2015 - Sapienza University of Rome.

e Sayfeld L, Peretz Y., Someshwar R., Edan Y. (2014),"Evaluation of human-
robot collaboration models for fluent operations in industrial tasks", ICR

2016 — 5" Israeli Conference of Robotics, April 2016, Herzelia



An article about this research is in advanced writing:

Sayfeld L, Peretz Y., Someshwar R., Edan Y. Performance evaluation of different
populations in human-robot collaborative systems.

Early research was conducted in 2014:

Sayfeld L, Peretz Y. 2014. Testing an adaptive robot using human-robot
collaboration models. Final Project. Department of Industrial Engineering and

Management, BGU

This study was carried out in parallel with the study of (Peretz, 2017), which
examined an adaptive algorithm for human experience in a system that integrates a
human and a robot. The experiments performed in this study were done in parallel
with the experiments performed by (Peretz, 2017) on the same robotic system and
at the same work station, but with various tasks and elements. In addition, the
parallel study dealt with the performance measures of experienced collaborators.
working with a robot in comparison to those who had never experienced such work.

The performance measures examined were similar to those examined in this study.

Peretz, Y. 2017. Adaptive algorithm for human experience in a human-robot
handover task . M.Sc thesis. Dept. of Industrial Engineering and Management, Ben-

Gurion University of the Negev, Beer Sheva, Israel.



Ben-Gurion University of the Negev
Faculty of Engineering Sciences
Department of Industrial Engineering and
Management

JK

Human-robot collaboration:
Performance measures of
different populations working
with a robotic system

Thesis submitted in partial fulfillment of the
requirements for the M.Sc. degree

By
Lior Sayfeld

Under the supervision of: Prof. Yael Edan

June 2017



Ben-Gurion University of the Negev
Faculty of Engineering Sciences
Department of Industrial Engineering and
Management

JK

Human-robot collaboration:
performance measures of
different populations working
with a robotic system

Thesis submitted in partial fulfillment of the
requirements for the M.Sc. degree

Lior Sayfeld
Under the supervision of: Prof. Yael Edan

Author:
Supervisor: Prof. Yael Edan

Chairman of Graduate Studies Committee: Dr. Yisrael Parmet

June 2017



