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V‡rkecogpvg."nc"fkurqpkdknkfcf"fg"wp"gngogpvq"h‡ukeq"eqpgevcfq"c"
wp"qtfgpcfqt."ogfkcpvg"uw"eqttgurqpfkgpvg"uqhvyctg"fg"eqpvtqn."
tgrtgugpvc" gn" ukuvgoc" tgcn" gp" gn" swg" ug" dcucp" ncu" rtƒevkecu" fg"
ncdqtcvqtkq0"Rctc"qdvgpgt"wp"oc{qt"itcfq"fg"kpvgtceek„p"eqp"guvg"
tgewtuq"nqecn."guvfi"q"pq"h‡ukecogpvg"fkurqpkdng"gp"gn"ncdqtcvqtkq."
fgdg"fkug‚ctug"{"fgucttqnnctug"wp"kpuvtwogpvq"xktvwcn"swg"rgtokvc"
glgewvct" wp" ukuvgoc" ukowncfq" *hkiwtc" 3+0" Gu" ow{" korqtvcpvg"
fguvcect" swg" gn" qdlgvkxq" fkfƒevkeq" pq" u„nq" gu" gn" eqpvtqn" fg"
ukuvgocu."ukpq"vcodkfip"oglqtct"nqu"eqpqekokgpvqu"fgn"guvwfkcpvg0"
Rqt" guvc" tc¦„p." ug" fgdgp" gpvgpfgt" nqu" eqpegrvqu" vg„tkequ" {"
eqortgpfgt" gn" hwpekqpcokgpvq" cpvgu" fg" kpvgtcevwct" eqp" gn"
ukuvgoc"tgcn0"Gp"guvg"ugpvkfq."gn"eqpegrvq"fg"kpuvtwogpvq"xktvwcn"
pq" fgdg" gpvgpfgtug" u„nq" eqoq" wp"ogtq" ukowncfqt." ukpq" swg" gn"
qdlgvkxq" gu" cdqtfct" gn" guvwfkq" fg" nqu" rctƒogvtqu" h‡ukequ" fgufg"
fkhgtgpvgu"rwpvqu"fg"xkuvc0"Rctc"gnnq."gn"kpuvtwogpvq"xktvwcn"fgdg"
korngogpvct" wp" eqorngvq" oqfgnq" ocvgoƒvkeq" swg" fguetkdc" nc"
eqpfwevc"fgn"ukuvgoc0"Nqu"eqpvtqngu"fg"nc"kpvgthc¦"xktvwcn."nkicfqu"
c"ncu"xctkcdngu""{"gewcekqpgu"gzrtgucfcu"ogfkcpvg"wp"ngpiwclg"fg"
rtqitcocek„p." fgdgp" vgpgt" gn" curgevq" pgeguctkq" rctc"
kpvgtceekqpct" eqp" gn" wuwctkq" fg" wpc" hqtoc"fkfƒevkec" g" kpvwkvkxc0"
Nc" rtqitcocek„p" fg" guvg" vkrq" fg" crnkecekqpgu" ug" jceg"
pqtocnogpvg" wucpfq" wp" uqhvyctg" itƒhkeq" fg" cnvq" pkxgn" eqoq"
NcdXkgyVO."Ocvncd̶1Ukownkpm"q"crrngvu"fg"Lcxc0"
"
Nc" ecrcekfcf" fg" eqpvtqn" c" fkuvcpekc" c‚cfkfc" c" nqu" kpuvtwogpvqu"
xktvwcngu." fc" eqoq" tguwnvcfq" nc" korngogpvcek„p" fg" wp"
kpuvtwogpvq" tgoqvq0"Csw‡." gn"fkug‚q"fkfƒevkeq"fg" nc" kpvgthc¦"fg"
wuwctkq"pq"gu"gugpekcn."ukpq"swg"gn"qdlgvkxq"rtkpekrcn"gu"rgtokvkt"
cn" guvwfkcpvg" gn" eqpvtqn" fgn" ukuvgoc" h‡ukeq" fg" hqtoc" tgoqvc0" Nc"
eqowpkecek„p" c" vtcxfiu" fg" Kpvgtpgv" uqdtg" gn" gzrgtkogpvq" gp"
vkgorq"tgcn"eqdtc"gurgekcn"tgngxcpekc."{c"swg"rgtokvg"gpxkct"nqu"
rctƒogvtqu" fg" eqpvtqn" {" tgekdkt" gn" guvcfq" fgn" ukuvgoc0" Nc"
eqpgzk„p"fg"Kpvgtpgv"gpvtg"nqu"wuwctkqu"{"gn"tgewtuq"tgoqvq"rwgfg"
ugt"eqpukfgtcfc"eqoq"wpc"pwdg"enkgpvg/ugtxkfqt"*hkiwtc"3+"dcucfc"
gp"tgfgu"fg"eqowpkecek„p"vkrq"VER1KR0"C"rguct"fg"nqu"rtqdngocu"
fg" eqpiguvk„p" {" fg" nqu" tgvctfqu" pq" fgvgtokp‡uvkequ" swg" rwgfcp"
chgevct" cn" eqpvtqn" gp" vkgorq" tgcn" fg" nqu" kpuvtwogpvqu." tguwnvc"
kfgcn"rctc"qhtgegt"gn"ceeguq"c"ewcnswkgt"qtfgpcfqt"eqpgevcfq"c"nc"
tgf0" Nc" gngeek„p" fg" guvc" ctswkvgevwtc" ug" fgdg" c" uw" itcp" wuq"
gzvgpfkfq"{"ugpeknng¦."fqpfg"wp"rtqvqeqnq"qtkgpvcfq"c"eqpgzk„p"
lwgic"wp"rcrgn"hwpfcogpvcn"gp"gn"fizkvq"fg"nc"eqowpkecek„p0"
"
Cpvg" nc" rqukdknkfcf" fg" wp" ceeguq" ukownvƒpgq" uqdtg" gn" ukuvgoc"
tgoqvq" rqt" rctvg" fg" wp" itwrq" o¿nvkrng" fg" wuwctkqu." tguwnvc"
pgeguctkq"etgct"wp"gurcekq"rtkxcfq"swg"ictcpvkeg" nc"ugiwtkfcf"g"
kpvgitkfcf" htgpvg" cn" okuoq" gzrgtkogpvq" h‡ukeq0" Nc"
korngogpvcek„p" gp" nqu" ncdqtcvqtkqu" tgoqvqu" fg" nqu" ukuvgocu" fg"
ceeguq." " rtqrqtekqpc" wp" ogecpkuoq" fg" eqpvtqn" xgtkhkecfq" {"
ugiwtq"fg" nqu"wuwctkqu"fwtcpvg" gn" vkgorq"swg"fwtg" nc" cevkxkfcf0"
Rqt" qvtq" ncfq." ogfkcpvg" nqu" ukuvgocu" fg" tgugtxc." ug" rwgfg"
uqnkekvct"{"rncpkhkect"gn"wuq"fg"nqu" kpuvtwogpvqu"xktvwcngu"rqt"wp"
rgtkqfq"fg"vkgorq"fgvgtokpcfq."gp"hwpek„p"fg"nc"fkurqpkdknkfcf"
fgn" wuwctkq" {" fgn" ncdqtcvqtkq" tgoqvq0" Fg" guvc" hqtoc." ug" gxkvcp"
tguvtkeekqpgu"gp"gn"wuq"fg"nqu"tgewtuqu"rqt"rctvg"fg"qvtqu"rqukdngu"
wuwctkqu0"
"
Gn" ukiwkgpvg" rcuq" eqpukuvg" gp" fkug‚ct" gn" gpvqtpq"fg" crtgpfk¦clg"
xktvwcn0" C" fkhgtgpekc" fgn" eqpegrvq" fg" ncdqtcvqtkqu" tgoqvq." guvc"
ecrc" kpvgitc" vcpvq" gn" kpuvtwogpvq" xktvwcn" eqoq" nqu" ocvgtkcngu"
fkfƒevkequ"gp"wp"gpvqtpq"dcucfq"gp"ygd0"Wp"fkug‚q"eqttgevq"fgn"
gpvqtpq" xktvwcn" qtkgpvcfq" cn" eqpvgpkfq." kpvgitcfq" q" crq{cfq"

ogfkcpvg" nqu" tgewtuqu" fg" crtgpfk¦clg" gngevt„pkeq" cukuvkfq"
crtqrkcfqu" *eqoq" rqt" glgornq" eqpvgpkfqu" fkfƒevkequ."
cevkxkfcfgu" rtqitcocfcu" q" vctgcu" gp" n‡pgc+." rgtokvg" c" nqu"
wuwctkqu" fkurqpgt" fg" ncdqtcvqtkqu" xktvwcngu" cfgoƒu" fg" nqu"
vtcfkekqpcngu0"Gp"ewcpvq"c"nc"guvtwevwtc"{"nc"ocpgtc"gp"nc"swg"nqu"
eqpvgpkfqu" ug" fgdgp" rtgugpvct" cn" guvwfkcpvg." fiuvqu" rwgfgp"
qticpk¦ctug"fg"fkhgtgpvgu"hqtocu<"
̇" Guvtwevwtc" nkpgcn0"Gu" nc" hqtoc"oƒu" ugpeknnc" fg" qticpk¦ct" nc"

kphqtocek„p0" Gn" guvwfkcpvg" gu" iwkcfq" gp" wp" ¿pkeq" ugpvkfq."
tgfwekgpfq" ncu" qrekqpgu" {" rgtokvkfipfqng" pcxgict"
¿pkecogpvg"jcekc"fgncpvg"q"jcekc"cvtƒu0"

̇" Guvtwevwtc" gp" ƒtdqn0" Ewcpfq" nqu" eqpegrvqu" uqp" xctkcfqu" {"
gzvgpuqu"gp"p¿ogtq." nc" kphqtocek„p"rwgfg"qticpk¦ctug"rqt"
vgocu"swg"gn"cnwopq"xc"gzrnqtcpfq"ugi¿p"uwu"pgegukfcfgu0"

̇" Guvtwevwtc" etw¦cfc0" Nqu" gpncegu" c" nqu" eqpvgpkfqu" guvƒp"
gpvtgnc¦cfqu" {" gn" wuwctkq" rwgfg" fgekfkt" gn" ugpvkfq" fg" nc"
pcxgicek„p"gp"hwpek„p"fg"uwu"kpswkgvwfgu0""

"
Nc" kphtcguvtwevwtc" pgeguctkc" rctc" etgct" wp" ncdqtcvqtkq" xktvwcn"
ugt‡c" kpuwhkekgpvg" ukp" nc" rtgugpekc" fg" wp" ukuvgoc" fg" iguvk„p" fgn"
eqpvgpkfq"*EOU+0"Guvq"pq"gu"oƒu"swg"wpc"crnkecek„p"fg"ugtxkfqt"
fgucttqnncfc"gp"wp"ngpiwclg"fg"rtqitcocek„p"*RJR."ZON."lcxc."
gve0+."swg"ug"wvknk¦c"rctc"nc"iguvk„p"{"fkuvtkdwek„p"fg"cevkxkfcfgu"
hqtocvkxcu" c" vtcxfiu" fg" Kpvgtpgv0" Eqoq" wpc" fg" ncu" ogvcu"
rtkpekrcngu"c"ugiwkt."nc"oglqtc"fg"nqu"eqpqekokgpvqu"fgn"cnwopq"
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66 Diseño de Laboratorios Virtuales y/o Remotos. Un Caso Práctico

Figura 1. Diagrama de diseño de un laboratorio virtual.
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"

fwtcpvg" uw" hqtocek„p" tgswkgtg" nc" gzkuvgpekc" fg" wp" o„fwnq" fg"
ugiwkokgpvq" {" cwvqgxcnwcek„p" kpvgitcfq" eqp" ncu" cevkxkfcfgu" fg"
crtgpfk¦clg" *NOU+0" Rqt" qvtq" ncfq." rctc" nqu" fqegpvgu" gu"
kortguekpfkdng" qdvgpgt" wpc" tgcnkogpvcek„p" fgn" tgpfkokgpvq" fg"
nqu" cnwopqu" *vguv" fg" ucvkuhceek„p." tguwnvcfqu." qrkpkqpgu." gve0+0"
Guvc"eqorngvc""kphqtocek„p"rgtokvg"ugiwkt."fgvgevct"{"tgeqpfwekt"
ncu"cevkxkfcfgu"rtƒevkecu"gp"hcxqt"fg"wp"oglqt"crtqxgejcokgpvq0"
Fg" ectc" c" nqu" cnwopqu." nqu" glgtekekqu" fg" cwvqeqortqdcek„p"
*qrek„p" o¿nvkrng." xgtfcfgtq/hcnuq." gve0+" rgtokvgp" eqpvtcuvct"
cfgewcfcogpvg"nc"gxqnwek„p"{"nqu"eqpqekokgpvqu"cfswktkfqu0"
"

50" NGT<"WP"NCDQTCVQTKQ"XKTVWCN"EQP"HKPGU"
GFWECVKXQU"["FG"KPXGUVKICEKïP"

Nc" kpxguvkicek„p" gortgpfkfc" eqp" guvg" rtq{gevq" uwtig" fg" nc"
kpkekcvkxc"fgn"Itwrq"fg"Kpxguvkicek„p"Eqpvtqn"{"Tqd„vkec"*VGR/
3;4+" fgpvtq" fgn" Fgrctvcogpvq" fg" Kpigpkgt‡c" Gngevt„pkec."
Ukuvgocu" Kphqtoƒvkequ" {" Cwvqoƒvkec" fg" nc" Wpkxgtukfcf" fg"
Jwgnxc"*WJW+0"Eqoq"rctvg"fg"wp"rtq{gevq"gfwecvkxq"gp"octejc"
oƒu"cornkq"hkpcpekcfq"eqp"tgewtuqu"fgn"Itwrq."Fgrctvcogpvq"{"
Rtq{gevqu"fg"Kppqxcek„p"Fqegpvg"fg"nc"WJW."gn"qdlgvkxq"hkpcn"gu"
fkurqpgt"fg"wp"Ncdqtcvqtkq"fg"Gpuc{q"fg"Tqdqvu"*NGT+""uqdtg"gn"
swg"gzrgtkogpvct"eqp"ukuvgocu"tgcngu"c"fkuvcpekc0"Gn"rtq{gevq"fg"
kpxguvkicek„p" rgtukiwg" xctkqu" hkpgu" hwpfcogpvcnogpvg"
gfwecvkxqu<"
c0" Fgucttqnnct"ncu"eqorgvgpekcu"itwrcngu"g"kpfkxkfwcngu"fg"nqu"

guvwfkcpvgu" c" vtcxfiu" fg" cevkxkfcfgu" fg" hqtocek„p" swg.""
fgucttqnncfcu" gp" wp" gpvqtpq" fg" crtgpfk¦clg" eqpuvtwevkxkuvc."
guvfip"kpeqtrqtcfcu"c"nc"fqegpekc"wpkxgtukvctkc"*hkiwtc"4+0"

d0" Rgtokvkt" c" nqu" cnwopqu" rtcevkect" {" oglqtct" nqu" eqpegrvqu"
vg„tkequ" tgncekqpcfqu" eqp" nqu" ecorqu" fg" nc" ekpgoƒvkec"
fktgevc"g"kpxgtuc"fg"ocpkrwncfqtgu"tqd„vkequ."ekpgoƒvkec"fg"
xgj‡ewnqu" o„xkngu." eqowpkecekqpgu" kpcnƒodtkecu" {" xkuk„p"
ctvkhkekcn0"

e0" Tgcn¦ct" nc" oqvkxcek„p" fgn" cnwopq" ogfkcpvg" gn" wuq" fg"
kpuvtwogpvqu"xktvwcngu"{"tgewtuqu"fg"crtgpfk¦clg"gngevt„pkeq"
cukuvkfq"qtkgpvcfqu"cn"eqpvgpkfq0"

"
Rctc" gn" nqitq" fg" nqu" qdlgvkxqu" rgfci„ikequ" cpvgtkqtgu." gn"
fgucttqnnq"fgn"rtq{gevq"fg"kpxguvkicek„p"jc"tgswgtkfq"gn"rcuq"fg"
xctkcu" gvcrcu0"Eqp" gn" qdlgvkxq" hkpcn"fg" cdtkt" c" nqu" guvwfkcpvgu" g"
kpxguvkicfqtgu"gn"wuq"fg"fkhgtgpvgu" kpuvtwogpvqu"xktvwcngu"gp"wp"
ncdqtcvqtkq" c" fkuvcpekc." nqu" rknctgu" egpvtcngu" gp" nqu" swg" ug" dcuc"
guvg"rtq{gevq"uqp<"
̇" Fgucttqnnq"{"eqpuvtweek„p"fg"wpc"rncvchqtoc"ownvkrtqr„ukvq"

fg" gpuc{q"fgpqokpcfc"XCPVGT" *Xgj‡ewnq"Cwv„pqoq"pq"
Vtkrwncfq" Gurgekcnk¦cfq" gp" Tgeqpqekokgpvq+." fqpfg"
guvwfkcpvgu" fg" itcfq" {" rquitcfq" gp" Kpigpkgt‡c" rwgfcp""
rtqdct"vfiepkecu"{"vgepqnqi‡cu"gp"nqu"ecorqu"fg"nc"Tqd„vkec"
{"nc"Cwvqoƒvkec"*hkiwtc"5+0"

̇" Fgucttqnnq"g"korngogpvcek„p"fg"kpuvtwogpvqu"xktvwcngu0"Ncu"
crnkecekqpgu" kpvgtcevkxcu." eqpgevcfcu" c" nqu" ukuvgocu" tgcngu"
fg" ncdqtcvqtkq."jcp" ukfq"rtqitcocfcu"eqp"NcdXkgyVO" rctc"
rgtokvkt" wp" eqpvtqn" hƒekn." cokicdng" g" kpvwkvkxq" uqdtg" nqu"
gzrgtkogpvqu" tgoqvqu" *hkiwtcu" 6/9+0" Eqoq" tguwnvcfq." nqu"
kpuvtwogpvqu" xktvwcngu" rgtokvgp" c" nqu" wuwctkqu" eqortgpfgt"
oglqt" nqu" rctƒogvtqu" h‡ukequ" {" hcoknkctk¦ctug" eqp" gn"
eqorqtvcokgpvq" fg" nqu" ukuvgocu" cpvgu" fg" eqpgevctug" cn"
gzrgtkogpvq"h‡ukeq"tgcn0"

̇" Fkug‚q" fg" cevkxkfcfgu" fg" hqtocek„p" kpeqtrqtcfcu" c" nc"
fqegpekc" wpkxgtukvctkc0" Gn" gpvqtpq" xktvwcn" eqpvkgpg" gn"
ocvgtkcn" {" nqu" tgewtuqu" fkfƒevkequ" pgeguctkqu" rctc" swg" nqu"
cnwopqu" rwgfcp" rctvkekrct" fg" uwu" rtqrkqu" gzrgtkogpvqu" {"
guvwfkctnqu" gp" wp" gpvqtpq" fg" crtgpfk¦clg" iwkcfq"

"
"

Hkiwtc"40"Guvwfkcpvgu"fg"nc"WJW"tgcnk¦cpfq"gp"itwrq"gn"oqpvclg"fg"nc"
rncvchqtoc"tqd„vkec"XCPVGT0"

"
"
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ふ;ぶ"

"
"

Hkiwtc"50"*c+"Rtqvqvkrq"fg"xgj‡ewnq"XCPVGT"*d+"eqp"wp"dtc¦q"tqd„vkeq"
kpeqtrqtcfq0"

"

"
"

Hkiwtc"60"Kpuvtwogpvq"xktvwcn"fg"eqpvtqn"fg"nc"rncvchqtoc"o„xkn"tqd„vkec0"
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Figura 2. Estudiantes de la UHU realizando en grupo el montaje 

de la plataforma robótica VANTER.

Figura 3. (a) Prototipo de vehículo VANTER (b) con un

brazo robótico incorporado.

Figura 4. Instrumento virtual de control de la plataforma 

móvil robótica.
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*cevwcnogpvg"gp"Oqqfng+0"
̇" Fkug‚q" fg" wpc" rncvchqtoc" ygd" ogfkcpvg" wp" iguvqt" fg"

eqpvgpkfqu" *cevwcnogpvg" gp" Lqqonc+0" Uw" fkug‚q"oqfwnct" {"
uw" ectcevgt‡uvkec" cukpet„pkec" {" fkpƒokec" *hqtqu." pqvkekcu."
ctv‡ewnqu" {" x‡fgqu+" rgtokvgp" pq" u„nq" tgecdct" kphqtocek„p."
ukpq"igpgtct"eqpvgpkfq0"

̇" Cfgewcek„p"fg"wp"Ncdqtcvqtkq"fg"Gpuc{q"fg"Tqdqvu"*NGT+"
fqpfg" cndgtict" nqu" gzrgtkogpvqu" h‡ukequ" tgcngu" {" tgcnk¦ct"
cevkxkfcfgu"rtƒevkecu"fg"ncdqtcvqtkq0"NGT"guvƒ"wdkecfq"gp"nc"
Guewgnc"Rqnkvfiepkec"Uwrgtkqt"fg"nc"WJW0"

̇" Kpvgitcek„p" fgn" gpvqtpq" xktvwcn" eqp" wp" ukuvgoc" fg" tgugtxcu"
fgn" ncdqtcvqtkq" tgoqvq" *dcucfq" gp" OTDU+0" Gn" ceeguq"
xgtkhkecfq"{"ugiwtq"rqukdknkvc"gn"wuq"fg"ncu"jgttcokgpvcu"fg"
hqtoc"swg"pq"ug"nkokvg"c"qvtqu"wuwctkqu0"

̇" Fkug‚q" fg" nc" kphtcguvtwevwtc" fg" tgf0" Ncu" ectcevgt‡uvkecu" fg"
nqu" " ogfkqu" fg" eqowpkecek„p" {" uw" eqpgzk„p" c" Kpvgtpgv."
rgtokvg" c" nqu" guvwfkcpvgu" tgrtqfwekt" ncu" rtƒevkecu" gp" uwu"
jqictgu"{"eqorctvkt"nqu"tgewtuqu"ukp"nkokvcekqpgu0"
"

503"Rncvchqtoc"Tqd„vkec"Ownvkrtqr„ukvq"

XCPVGT" jc" ukfq" eqpegdkfq" eqoq" wpc" rncvchqtoc" o„xkn" fg"
ectƒevgt" ownvkfkuekrnkpct." gp" nc" swg" jcp" rctvkekrcfq" cnwopqu"
rgtvgpgekgpvgu"c"fkuvkpvqu"itcfqu"{"gurgekcnkfcfgu"fg"Kpigpkgt‡c0"
Nc" rncvchqtoc." fkug‚cfc" {" eqpuvtwkfc" gp" uw" vqvcnkfcf" *gn"Itwrq"
fg" kpxguvkicek„p" fkurqpg" fg" wp" vcnngt" ogeƒpkeq" fqvcfq" fg" ncu"
oƒswkpcu" {" jgttcokgpvcu" pgeguctkcu+" dclq" nc" fktgeek„p" fg" nqu"
cwvqtgu"fg"guvg"vtcdclq."guvƒ"eqorwguvc"rqt"wp"dtc¦q"ocpkrwncfqt"
{"wp"xgj‡ewnq"tqdqv"o„xkn"*Cpf¿lct"gv"cn0."4227="Cpf¿lct"gv"cn0."
4229+0"Guvc"rncvchqtoc."rqt"uwu"ectcevgt‡uvkecu"fg"eqornglkfcf"{"
fgucttqnnq." nq" fqvcp" eqoq" wp" dcpeq" fg" gpuc{q" ukpiwnct." kfgcn"
rctc" rncpvgct" rtƒevkecu" ownvkrtqr„ukvq" gp" nqu" ecorqu" fg" nc"
cfswkukek„p"{"rtqegucokgpvq"fg"ug‚cngu."rtqitcocek„p"jctfyctg"
{"uqhvyctg."xkuk„p"ctvkhkekcn."rncpkhkecek„p"fg"vctgcu."ugiwkokgpvqu"
fg"ecokpqu."gve0"Uw"ectƒevgt"gfwecvkxq"jc"rtkocfq"kpenwuq"gp"gn"
jgejq" fg" swg" gn" rtqvqvkrq" jc" ukfq" fkug‚cfq" uqdtg" nc" dcug" fg"
ukuvgocu"guvƒpfctgu"cdkgtvqu0"
"
Fwtcpvg"gn"fgucttqnnq"fgn" nc"rncvchqtoc"h‡ukec." ug"jc"rctvkekrcfq"
gp"fkuvkpvqu"Rtq{gevqu"fg"Kppqxcek„p"Fqegpvg"fg"nc"WJW"eqp"gn"
hkp" fg" crnkect" nc" kpxguvkicek„p" c" nc" fqegpekc0" Rqt" wp" ncfq." ug"
fktkik„" wp" rtq{gevq" qtkgpvcfq" c" fgucttqnnct" ncu" eqorgvgpekcu" {"
jcdknkfcfgu" fg" nqu" guvwfkcpvgu" fg" ectc" cn" hwvwtq" rtqhgukqpcn."
ogfkcpvg" gn" vtcdclq" gp" itwrq0" Rqt" qvtq." ug" fktkik„" wp" rtq{gevq"
rctc" rtqoqxgt" nc" gpug‚cp¦c" xktvwcn" c" fkuvcpekc" ogfkcpvg"
ncdqtcvqtkqu" tgoqvqu0" Gp" guvg" ugpvkfq." nc" kornkecek„p" {"
hkpcpekcek„p"swg"crqtvcp"vcpvq"nc"Wpkxgtukfcf"fg"Jwgnxc"eqoq"gn"
Fgrctvcogpvq"{"gn"Itwrq"fg"Kpxguvkicek„p"swg"rctvkekrcp"gp"guvg"
rtq{gevq." pq" u„nq" gu" korqtvcpvg." ukpq" swg" tguwnvc" wp" crq{q"
pgeguctkq"c"nc"jqtc"fg"eqpugiwkt"nqu"qdlgvkxqu"rtqrwguvqu0""
"
Eqoq" eqpugewgpekc." ug" jc" etgcfq" wp" itwrq" fg" vtcdclq"
ownvkfkuekrnkpct" gp" gn" swg." vcpvq" rtqhguqtgu" eqoq" cnwopqu" fg"
Kpigpkgt‡c" fg" fkuvkpvcu" gurgekcnkfcfgu" {" itcfqu." jcp" vtcdclcfq"
eqplwpvcogpvg" gp" nc" tgcnk¦cek„p" fg" wpc" vctgc" eqo¿p0" Guvg"
rtq{gevq"fg"kpxguvkicek„p"ug"jc"fgucttqnncfq"gp"xctkcu"hcugu."rqt"
nq" swg" rctvkgpfq" fg" wp" qdlgvkxq" inqdcn." jc" ukfq" rqukdng" uw"
fkxkuk„p" gp" cevkxkfcfgu" eqtvcu" {" ogpqu" eqornglcu0" Gnnq" jc"
rgtokvkfq" qhgtvct" Rtq{gevqu" Hkp" fg" Ecttgtc" *RHE+" {" Vtcdclqu"
Cecffiokecogpvg"Fktkikfqu"*VCF+"eqp"wpc"fwtcek„p"pq"uwrgtkqt"
c"oƒu"fg"462"jqtcu"*gswkxcngpvg"c"34"etfifkvqu+0"Jcuvc"nc"hgejc."ug"
jcp" tgcnk¦cfq" eqp" fizkvq" 4" VCF" {" 3" RHE" gp" nc" vkvwncek„p" fg"
Kpigpkgt‡c" Vfiepkec" Kphqtoƒvkec" *gurgekcnkfcf" fg" Ukuvgocu+."
fgpqokpcfqu" ÐKorngogpvcek„p" fgn" Rtqvqeqnq" K4E" gp" Tgfgu" fg"

"
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Figura 5. Instrumento virtual del mando de navegación de 

VANTER.

Figura 6. Instrumento virtual de simulación de trayectorias 

volumétricas aplicadas a manipuladores robóticos

Figura 7. Instrumento virtual de control del brazo robótico 

Lynx6.
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OketqeqpvtqncfqtguÑ." ÐKpvgitcek„p" fg" wp" Dtc¦q" Tqd„vkeq"
Ocpkrwncfqt" gp" wp" Xgj‡ewnq" TqxgtÑ" {" ÐQrvkok¦cek„p" fg" nc"
Ectic"fg"Dcvgt‡cu"Ogfkcpvg"Efinwncu"Uqnctgu"FktgeekqpcdnguÑ0"Gp"
nc"cevwcnkfcf."jc{"vtcdclcpfq"6"cnwopqu"dgectkqu."jc{"35"RHE"gp"
fgucttqnnq"{"wpc"Vguku"fqevqtcn"gp"ncu" vkvwncekqpgu"fg" Kpigpkgt‡c"
Kpfwuvtkcn."Kpigpkgt‡c"Kphqtoƒvkec"{"Rquitcfq"*Oƒuvgt"Qhkekcn"fg"
Rquitcfq" gp" Kpigpkgt‡c" fg" Eqpvtqn." Ukuvgocu" Gngevt„pkequ" g"
Kphqtoƒvkec"Kpfwuvtkcn+"tgurgevkxcogpvg0"
"
504""Iguvqtgu"fg"Tgugtxc."Crtgpfk¦clg"{"Eqpvgpkfq"

Gn"wuq"fg"ocvgtkcngu"fkfƒevkequ."jgttcokgpvcu"fg"eqowpkecek„p."
eqncdqtcek„p" {" iguvk„p" gfwecvkxc" tgncekqpcfqu" eqp" nqu"
kpuvtwogpvqu" xktvwcngu." guvƒp" kpvgitcfqu" gp" nc" rncvchqtoc" fg"
gpug‚cp¦c"xktvwcn"fg"nc"WJW0"Guvc"kphqtocek„p."qhtgekfc"c"vtcxfiu"
fg"Oqqfng."guvƒ"ukgpfq"korctvkfc"gp"cukipcvwtcu"fg"Tqd„vkec"fg"
fkhgtgpvgu" Kpigpkgt‡cu" rgtvgpgekgpvgu" cn" Ecorwu" Xktvwcn" fg" nc"
WJW" *hkiwtc" :+0" Vcp" pgeguctkq" tguwnvc" fkurqpgt" fg" wpc"
rncvchqtoc" h‡ukec" uqdtg" nc" swg" gpuc{ct" {" gzrgtkogpvct." eqoq"
fkurqpgt" fg" wp" gpvqtpq" fqpfg" ukvwct" {" jcegt" ceegukdngu" nqu"
kpuvtwogpvqu"xktvwcngu" eqpgevcfqu"c" Kpvgtpgv0"Nc" kfgc"gu" tgetgct"
guegpctkqu" ctvkhkekcngu" eqoq" vgttgpqu." ncdgtkpvqu." ektewkvqu." gve0."
fqpfg" ug" rwgfcp" fkug‚ct" {" rtqdct" rtƒevkecu" tgcngu" ogfkcpvg"
kpuvtwogpvqu"xktvwcngu"eqpgevcfqu"cn"ncdqtcvqtkq"tgoqvq0"Rqt"gnnq"
jc"ukfq"pgeguctkq"cfgewct"wp"gurcekq"tgcn"*NGT+"fqpfg"cndgtict"
gn" gzrgtkogpvq" h‡ukeq0"Cevwcnogpvg." nc" rncvchqtoc" fg" ceeguq" cn"
ncdqtcvqtkq" tgoqvq" *hkiwtc" ;+." guvƒ" korngogpvcfc" ogfkcpvg" wp"
iguvqt" fg" eqpvgpkfqu" fgucttqnncfq" eqp" Lqqonc0" Gn" ukuvgoc" fg"
tgugtxcu." dcucfq" gp" gn" e„fkiq" fg" hwgpvg" cdkgtvq" IRN" *Igpgtcn"
Rwdnke" Nkegpug+" fg" OTDU" *Oggvkpi" Tqqo" Dqqmkpi" U{uvgo+."
vkgpg" eqoq" qdlgvkxq" ictcpvk¦ct" gn" ceeguq" eqpvtqncfq" c" nqu"
kpuvtwogpvqu"tgoqvqu"fgufg"Kpvgtpgv"*hkiwtc"32+0"
"
505""Kphtcguvtwevwtc"fg"Eqowpkecekqpgu"fgn"Ncdqtcvqtkq"

Gn"ukuvgoc"fg"tgfgu"{"ugtxkekqu"ygd"fg"nc"WJW."swg"rwgfg"xgtug"
gp" nc" hkiwtc" 33." rtqrqtekqpc" nqu" gngogpvqu" pgeguctkqu" rctc" gn"
ceeguq" c" fkuvcpekc" rqt" nqu" wuwctkqu0" Tguwnvc" fg" gurgekcn"
tgngxcpekc"nc"n‡pgc"fg"ceeguq"YCP"c"vtcxfiu"fg"nc"tgf"OgvtqNCP."
swg"rtqrqtekqpc"wp"cpejq"fg"dcpfc"dcncpegcfq"fg"4"Idru" vkrq"
Ikicdkv"Gvjgtpgv0"Itcekcu"c"guvc"eqpgzk„p"fg"itcp"ecrcekfcf."gu"
rqukdng"gxkvct"nc"eqpiguvk„p"fg"ncu"eqowpkecekqpgu"{"oglqtct"nqu"
tgvctfqu" fg" eqpvtqn" fg" nqu" ukuvgocu" tgoqvqu0" Ukiwkgpfq" ncu"
fghkpkekqpgu"fg"nqu"ncdqtcvqtkqu"xktvwcngu"{1q"tgoqvqu"rncpvgcfqu"
gp" guvg" vtcdclq." nc" korngogpvcek„p" fg" nqu" ukuvgocu" fg" NGT"
eqodkpc"guvqu"vfitokpqu"gp"uw"eqpegrek„p"oƒu"cornkc."ogfkcpvg"
iguvqtgu"fg"tgugtxc."crtgpfk¦clg"{"eqpvgpkfq0"Fgrgpfkgpfq"fg"nc"
wdkecek„p" fg" nqu" ugtxkekqu" ygd." ug" gpewgpvtcp" eqphkiwtcfcu"
fkhgtgpvgu" rqn‡vkecu" fg" ugiwtkfcf" tguvtkevkxcu" ogfkcpvg" xctkqu"
pkxgngu" fg" eqtvchwgiqu0" Gpvtg" nqu" gswkrqu" fg" tgf" fg" NGT." ug"
fkurqpg" fg" wp" tqwvgt" kpcnƒodtkeq." wp" ugtxkfqt" KPVGN" ZGQP"
G7627"fg"ewƒftwrng"p¿engq"eqp"Ykpfqyu"4225"Ugtxgt."ceeguq"c"
wpc"dcug"fg"fcvqu"O{USN."wpc"eƒoctc"KR"Rcp/vknv"eqp"¦qqo"{"3"
ygdeco"eqp"„rvkec"Ectn"¥gkuuVO0"Gn"qdlgvkxq"gu"fkurqpgt"fg"wp"
guegpctkq" tgcn." ceegukdng"rqt" nqu"wuwctkqu"ogfkcpvg"wp"eqplwpvq"
fg"fktgeekqpgu"KR"r¿dnkecu"{"oqpkvqtk¦cfq"ogfkcpvg"eƒoctcu"swg"
rgtokvcp"wp""ugiwkokgpvq"xkuwcn"fg"nqu"gzrgtkogpvqu0"
"
506""Glgornq"fg"Wuq"fgn"Ncdqtcvqtkq"

Wp"glgornq"fg"hwpekqpcokgpvq"{"cevwcek„p"gp"gn"ncdqtcvqtkq"gu"gn"
swg"ug"owguvtc"gp"nc"hkiwtc"340"Gp"gnnc"ug"tgrtgugpvcp"nqu"rcuqu"
swg" wp" wuwctkq" fgdg" tgeqttgt" rctc" wvknk¦ct" gn" ukuvgoc" NGT0"
Kpfgrgpfkgpvgogpvg"fgn"rgthkn"fgn"wuwctkq." {c" ugc"wp"guvwfkcpvg"

"
"

Hkiwtc":0"Ygd"fg"ceeguq"cn"ukuvgoc"fg"iguvk„p"fgn"crtgpfk¦clg"fg"nc"cukipcvwtc"
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Figura 8. Web de acceso al sistema de gestión del aprendizaje 

de la asignatura de Robótica.

Figura 9. Web de acceso a la plataforma de gestión de 

contenidos del Laboratorio de Ensayo de Robots.

Figura 10. Web de acceso al sistema de reservas del

Laboratorio de Ensayo de Robots.
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fg" nc"WJW"q"wp" wuwctkq" gzvgtpq." rwgfg" ceegfgtug" cn" iguvqt" fg"
eqpvgpkfqu" fg" hqtoc" r¿dnkec" *3" gp" nc" hkiwtc+0" Gn" qdlgvkxq" gu"
igpgtct"{"eqorctvkt"gn"eqpqekokgpvq"c" vtcxfiu"fg"hqtqu."pqvkekcu."
ogoqtkcu" fg" RHE" {" VCF" swg" nqu" wuwctkqu" rwgfgp" crqtvct"
nkdtgogpvg0" Rctc" wuq" tguvtkpikfq" fg" nqu" cnwopqu" fgn" Ecorwu"
Xktvwcn" fg" nc" WJW." ug" jc" xktvwcnk¦cfq" gn" eqpvgpkfq" fg" nc"
cukipcvwtc"fg"Tqd„vkec"c" vtcxfiu"fg"wp"iguvqt"fgn"crtgpfk¦clg" *4"
gp" nc" hkiwtc+0" Ogfkcpvg" guvg" ukuvgoc" fg" gpug‚cp¦c" xktvwcn." nqu"
guvwfkcpvgu"ocvtkewncfqu"rwgfgp"ceegfgt"cn"eqpvgpkfq"vg„tkeq"{"c"
ncu"iw‡cu"rtƒevkecu"wvknk¦cfcu"fwtcpvg"gn"ewtuq"cecffiokeq0"Itcekcu"
c"nc"rtqitcocek„p"fg"cevkxkfcfgu."vcodkfip"gu"rqukdng"eqphkiwtct"
rtwgdcu" fg" cwvqgxcnwcek„p" {" wvknk¦ct" jgttcokgpvcu" fg"
eqowpkecek„p"gp"n‡pgc"eqp"gn"rtqhguqt0""
"
Qvtq" fg" nqu" o„fwnqu" gzkuvgpvgu" gu" gn" ukuvgoc" fg" iguvk„p" fg"
tgugtxcu"*5"gp"nc"hkiwtc+0"Uk"gn"wuwctkq"rgtvgpgeg"c"nc"eqowpkfcf"
fg" nc"WJW."guvƒ" tgikuvtcfq"gp" nc"dcug"fg"fcvqu" egpvtcn" *6" gp" nc"
hkiwtc+0" Gp" gug" ecuq." u„nq" fgdg" guetkdkt" uwu" fcvqu" rgtuqpcngu" {"
ceegfgt"cn"ukuvgoc"OTDU"eqp"uw"ewgpvc"fg"wuwctkq"jcdkvwcn0"Nqu"
cnwopqu" fg" pwgxq" kpitguq" gp" nc" WJW" rwgfgp" uqnkekvct." gnnqu"
okuoqu."gn"cnvc"fg"uw"ewgpvc"fg"wuwctkq"c" nc"Wpkxgtukfcf0"Gp"gn"
ecuq"swg"nc"rgtuqpc"pq"vgpic"wpc"fktgeek„p"fg"eqttgq"fg"nc"WJW."
eqoq"rqt"glgornq"wp"rtqhguqt"kpxkvcfq."ug" ng"jcdknkvc"wp"gpnceg"
eqp"wp"hqtownctkq"swg"fgdg"tgnngpct"{"tgokvktnq"cn"fgrctvcogpvq"
FKGUKC0"Eqp"gn"xkuvq"dwgpq"fgn"Fktgevqt"fgn"Fgrctvcogpvq." ug"
gpx‡c"nc"uqnkekvwf"cn"Ugtxkekq"fg"Kphqtoƒvkec"Egpvtcn"*UKE+"fg" nc"
WJW"rctc" vtcokvct"gn"cnvc"fg" nc"ewgpvc0"Wpc"xg¦"swg"gn"wuwctkq"
jc{c"eqorngvcfq"gn"hqtownctkq"tgekdktƒ"wp"eqttgq"c"nc"fktgeek„p"
gngevt„pkec"swg"jc{c"kpvtqfwekfq0"Gp"fin"ug"kpenw{g"wp"gpnceg"rctc"
nc"cevkxcek„p"fgn"wuwctkq"gp"gn"ukuvgoc"fg"tgugtxcu0"
"
Nqu"cnwopqu" vkgpgp" nc"rqukdknkfcf"fg"pcxgict"rqt" gn" ecngpfctkq"
fg" tgugtxcu." gfkvct" uw" rgthkn" {" ceegfgt" c" nqu"XKu" fwtcpvg" ncu" 46"

jqtcu." nqu" 9" f‡cu" fg" nc" ugocpc0" Gn" ukuvgoc" fkurqpg" fg" wp"
hqtownctkq"rctc"rqfgt"tgcnk¦ct"ecfc"tgugtxc0"Gzkuvg"nc"rqukdknkfcf"
fg" gngikt" gn" p¿ogtq" fg" jqtcu" fg" nc" tgugtxc" gp" hwpek„p" fg" ncu"
jqtcu"fg"rtƒevkecu"*wpc"{"ogfkc."fqu"{"vtgu"jqtcu"eqoq"oƒzkoq+0"
Nc" tgugtxc" rwgfg" gngiktug" fg" hqtoc" ukownvƒpgc" rctc" qvtqu"
kpuvtwogpvqu." ug"rwgfg"rncpkhkect" gn" vkrq"fg" tgrgvkek„p." nc" hgejc"
vqrg"{"uk"ug"fgugc"swg"nc"tgugtxc"ug"tgrkvc"wp"f‡c"fgvgtokpcfq"fg"
nc" ugocpc0" Gn" ukuvgoc" rqft‡c" iguvkqpct" oƒu" fg" 32" vkrqu" fg"
tgugtxcu"uk"hwgtc"pgeguctkq."rgtq"rqt"fghgevq."ug"fghkpgp"4"vkrqu0"
Gn" vkrq" kpvgtpq" ukipkhkec" swg" nc" tgugtxc" u„nq" ugtƒ" cukuvkfc" rqt"
gorngcfqu" fg" ocpvgpkokgpvq" fg" NGT0" Wpc" tgugtxc" gzvgtpc"
rwgfg"ugt"wvknk¦cfc"rqt" nqu" cnwopqu."rtqhguqtgu." kpxguvkicfqtgu."
gve0"Ncu"tgugtxcu"ug"xkuwcnk¦cp"gp"gn"ecngpfctkq"rtkpekrcn"eqp"wp"
eqnqt" eqttgurqpfkgpvg" cn" vkrq" fg" tgugtxc" *c¦wn" {" xgtfg+0" Ecfc"
wuwctkq" fkurqpg" fg" wp" gpnceg" fktgevq" fqpfg" ug" owguvtcp" ncu"
tgugtxcu"swg"c¿p"pq"ug"jcp"rtqfwekfq."cswgnncu"c" ncu"swg"rwgfg"
ceegfgt"{"ncu"swg"{c"ug"tgcnk¦ctqp0"
"
Nc" kpvgitcek„p" fg" ncu" crnkecekqpgu" fg" NcdXkgyVO" gp" nc"
rncvchqtoc" NGT" ug" jc" tgcnk¦cfq" ogfkcpvg" gn" fgucttqnnq" fg" wp"
octeq" eqo¿p" c" vqfqu" nqu"XKu." kpfgrgpfkgpvgogpvg" fgn" vkrq" fg"
rtƒevkec"c"tgcnk¦ct"*7"gp"nc"hkiwtc+0"Fg"guvc"hqtoc."ogfkcpvg"wpc"
jqlc"fg"guvknq"godgdkfc"gp"wpc"rƒikpc"RJR"{"JVON."gu"rqukdng"
cwvqocvk¦ct"gn"rtqeguq"fg"rwdnkecek„p"fg"XKu"{"eqpvgpgt"fkuvkpvcu"
cevkxkfcfgu" fg" crtgpfk¦clg" gp"wpc"okuoc"rncpvknnc" eqo¿p0"Guvg"
octeq" vcodkfip" ug" wvknk¦c" rctc" cndgtict" nqu" qdlgvqu" Hncuj" {" nqu"
ctejkxqu" LcxcUetkrv" pgeguctkqu" rctc" vtcpuokvkt" gn" hnwlq" fg"
koƒigpgu"fgn"ugtxkfqt"fg"oqpkvqtk¦cek„p"*8"gp"nc"hkiwtc+0"Vcpvq"
nc"eƒoctc" KR"eqoq" nc"eƒoctc"ygd." ug"gpewgpvtcp"eqpgevcfcu"cn"
ugtxkfqt"NGT0"
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Figura 11. Arquitectura de comunicaciones del Laboratorio de Ensayo de Robots de la UHU.
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Eqp"gn"qdlgvkxq"fg"rtqrqpgt"guvtcvgikcu"fqegpvgu"dclq"wp"gpvqtpq"
fg" crtgpfk¦clg" eqpuvtwevkxq." gn" vtcdclq" rtgugpvg" tgcnk¦c" wp"
tgeqttkfq" fgufg" gn" ncdqtcvqtkq" vtcfkekqpcn" cn" ncdqtcvqtkq" xktvwcn."
rcucpfq" rqt" gn" ncdqtcvqtkq" tgoqvq0" Ug" cpcnk¦cp" nqu" rtqdngocu"
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fg"Cwvqoƒvkec"eqp"cnwopqu"fg" Kpigpkgt‡c"fg"fkhgtgpvgu"itcfqu0"
Eqoq"glgornq"fg" nc" korngogpvcek„p"fg" kpuvtwogpvqu"xktvwcngu."
wpc" xgtuk„p" fg" fgoquvtcek„p" swg" rgtokvg" glgewvct" ncu"
crnkecekqpgu" ukp" pgegukfcf" fg" swg" nqu" kpuvtwogpvqu" xktvwcngu"
guvfip" eqpgevcfqu" cn" gzrgtkogpvq" tgoqvq." guvƒ" fkurqpkdng" rctc"
fguectict" gp" nc" fktgeek„p<"
jvvr<11yyy0wjw0gu1vqocu0ocvgq1xcpvgt1xcpvgt0jvo" *fguectiwg" gn"
ctejkxq"Ð5F"Tqdqvke"Cto"UkowncvqtÑ+0"
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Rwdnkujkpi0"

Iw¦oƒp."L0N0."Xcticu."J0."Uƒpejg¦."L0."Dgtgpiwgn."O0."Fqtokfq."
U0" {" Tqft‡iwg¦." H0" *4229+0" Gfwecvkqp" Tgugctej" kp"
Gpikpggtkpi" Uvwfkgu<" Kpvgtcevkxkv{." Xktvwcn" cpf" Tgoqvg"
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Kpvgtpcvkqpcn" Lqwtpcn" qh" Gpikpggtkpi" Gfwecvkqp." 43*7+."
9;:/:350"

Ucpetkuv„dcn" G0." Octvkp" U0." Ikn" T0." Rcuvqt" T0." Icte‡c/¥wdkc" L0."
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