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(57) Séng ché & cép dén phwong phap va may nhim muc tiéu kha ning trong
mdi trudng 4o ba chidu, thiét bj va phuong tién luu trit. Phuong phéap dugc dé cap
bao goém: hién thi giao dién ngudi dung cta chuong trinh tng dung, giao dién
ngudi ding bao gdm anh méi trudng 4o va bang didu khién nhdm muc tidu kha
ning, anh moi truedng 4o 13 4nh quan sat méi trudng 4o ba chiéu bang viée st dung
géc nhin trén dudi th ba, va bang didu khién nhim muc tiéu kha ning 1a bang
didu khién hai chiéu duoc bd tri trén 16p trén clia anh mai trudng 4o va dugc sir
dung d& phéng thich kha ning; nhan thao tac kéo trén bang diéu khién nhim muc
tidu kha ning, thao tac kéo bao gém diém thao tac thir nhit va diém thao tac thi
hai duoc bb trf trén bang diéu khién nhim muc tiéu kha ning, diém thao tac tha
nhit 12 diém thao tac khéi dau cla thao tc kéo, va diém thao tac thit hai la diém
thao tac hién thdi cia thao tic kéo; phan héi lai thao tac kéo, hién thi bd chi béo
nhim muc tiéu kha ning ba chiéu trong anh méi trudng 4o, huéng nhim muc tiéu
kha ning cia bd chi bdo nhim muc tiéu kha ning ba chiéu 14 song song vdi hudng
kéo cua thao tac kéo trong giao dién ngudi ding. Theo sang ché, viéc bé tri bang
diéu khién nhdm muc tiéu kha ning cho phép hudng nhiam muc tiéu kha ning
duoc hién thi trong anh méi trudng 4o nhit quan véi hudng kéo bsi ngudi ding.

Hién thi giao dién ngwdi diing (UT) clia chuong trinh tmg dung, UT bao gbém anh méi
trudng do va bang diéu khién nhim muc tiéu kha ning, anh moi trrdmg do la anh duoe |
thu nhén bing viéc quan sit méi truémg 4o ba chiéu tir gée nhin cla ngudi thit ba, bang JUQ
diéu khién nhim muc tiéu khd ning 1a bang didu khién hai chiéu duoc tao cdu hinh dé

sir dung kha niang, va bang diéu khién nhim muc tiéu kha nang dugc bé tri trén 16p
trén clia Anh moi trwong ao

Nhin thao téc kéo trén bang diéu khién nhim muc tiéu kha nang, thao tic kéo bao gdm

diém thao tdc thir nhit va diém thao téc thi hai duoc bb tri trén bang didu khién nhim J04

muc tiéu kha ning, didm thao tdc thir nhét 13 diém thao tic ban diu cia thao tac kéo, va
diém thao tac thir hai 1 diém thao tac hién thoi cia thao tic kéo

Hién thi bd chi bio nhdm muc tiéu kha ning ba chiéu trong anh méi truémg ao phan
héi lai thao tic kéo, huéng nhim muc tiéu kha ning cia b chi bio nhdm muc tiéu kha
ning ba chiéu li song song véi hudng kéo cia thao tac kéo trong UI, va huéng kéo 1a
huwémg chi tir diém thao tac thit nhét t&i diém thao tac thir hai.
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Linh vue k§ thuit dwoe dé cap

Sang ché nay d& cap t6i linh vuc tuong tac gitta ngudi va may tinh, va cu
thé 14, t61 phuwong phép va may nhim muc tiéu kha ning trong mdi trudng 4o ba
chiéu, thiét bi, va phuong tién luu trit.

Tinh trang k§ thuit ciia sang ché

P4u trudng chién dau truc tuyén nhiéu ngudi choi (MOBA) 1a dang trd
choi kha phé bién. Trong dang tro choi ndy, moi ngudi ding diéu khién nhan vt
4o duoc lwa chon bang viée st dung giao dién ngudi dung (user interface, viét tat
la UI).

Theo k¥ thuét lién quan, nhu dugc thé hién trén Fig.1, thiét bi dau cudi hién
thi UI 10. UI 10 bao gém anh mai trudng 4o 12 va bang diéu khién xoay 14. Nguoi
dung thuc hién thao tac kéo trén bang diéu khién xoay 14, dé diéu khién hudng
st dung khé ndng trong méi truong ao ba chiéu.

Phuong phap nhim muc tiéu kha ning cé tinh chinh x4c twong d6i thap
trong sudt qua trinh nhdm muc tiéu kha ning, va hiéu qua tuong téc gitra ngudi
va may tinh twong ddi thap.

Ban chit ki thuit ciia sang ché

Cac phuong an cua sang ché @& xuat phuong phap va may nhém muc tiéu
khé ning trong mdi trudng 4o ba chiéu, thiét bi, va phuong tién luu trit, ma c6 thé
nang cao tinh chinh x4c trong sudt qué trinh nhém muc tiéu kha ning va nang cao
hiéu qua tuong tac gitta nguodi va may tinh. Céc giai phap k¥ thuat nhu dudi day:

Theo khia canh cta sang ché, phuong phap nhim muc tiéu kha ning trong
ba chidu dugc dé xuit, 4p dung duoc cho thiét bi may tinh, phuwong phép bao gom
cac budc:

hién thi giao dién ngudi dung (UI) ctia chuong trinh tng dung, UT bao gbém
anh moi trudng 4o va bang didu khién nhim muc tiéu kha ning, anh méi trudong
40 1 anh duogc thu nhan bing viéc quan sat méi trudng do ba chidu tir géc nhin
ctia ngudi tht ba, bang diéu khién nham muc tiéu kha nang 1 bang diéu khién hai
chidu dugc tao cdu hinh dé st dung kha nang, va bang didu khién nhim muc tiéu
kha nang duoc bb tri trén 16p trén chia anh méi trudng ao;
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nhén thao tac kéo trén bang diéu khién nhdm muc tiéu kha ning, thao tac
kéo bao gdm diém thao tac thir nhét va diém thao tac thir hai ma duoc bd tri trén
bang diéu khién nhdm muc tiéu kha ning, diém thao tac thir nhét 12 diém thao tac
ban d4u ctia thao tac kéo, va diém thao tic tht hai 13 diém thao téc hién thoi ctia
thao tac kéo; va

hién thi bd chi bao nhdm muc tiéu kha ning ba chiéu trong anh moi truong
40 phan hoi lai thao tac kéo, huéng nhim muc tiéu kha ning ctia bd chi bao nham
muc tiéu kha ning ba chiéu 13 song song véi hudng kéo ctia thao tac kéo trong UI,
va huéng kéo 13 huéng chi tir diém thao tac thi nhit téi diém thao tac thi hai.

Theo khia canh khac ctia sang ché, phwong phap nhim muc tiéu kha ning
trong méi trudng 4o ba chidu duge d& xuit, 4p dung duoc cho thiét bi may tinh
duoc tao cAu hinh véi hodc duoc kétndi v6i bd phan nhim muc tiéu vat ly, phuong
phap bao gdm cac budc:

hién thi giao dién ngudi dung (UT) cua chuong trinh tmg dung, Ul bao gbm
anh moi truong 4o, va anh moi trudng do 1a anh dugc thu nhan bang viéc quan sat
moi trudng 4o ba chibu tir géc nhin clia nguoi thir ba;

nhén thao tic nhim muc tiéu trén bd phan nhdm muc tiéu vt ly, thao tac
nhim muc tiéu bao gém vi tri thao tac tht nhat va vi tri thao tac thir hai ma duoc
kich hoat trén bo phan nhdm muc tiéu vat 1y, vi tri thao tac thir nhét 13 vi tri thao
tdc ban dau cda thao tic nhdm muc tiéu, va vi tri thao tac thi hai 1a vi tri thao tac
hién tho1 cta thao tac nhdm muc tiéu; va

hién thi bd chi bao nhim muc tiéu kha ning ba chiéu trong anh mdi trudng
ao phan hdi lai thao tac nhdm muc tiéu, huéng nhim muc tiéu kha niang ctia bd
chi bao nhim muc tiéu kha ning ba chiéu 1 song song v&i hudéng nhim muc tiéu
ctia thao tac nhim muc tiéu trong UL, va huéng nhim muc tiéu 12 huéng chi tir vi
tri thao téc thi nhét t6i vi tri thao tac thir hai.

Theo khia canh khéc cta sang ché, mdy nhidm muc tiéu kha ning trong moi
trudong ao ba chiéu dugc dé xuit, ap dung dugc cho thiét bi may tinh, méy bao
gdm:

mddun hién thi, dugc tao ciu hinh dé hién thi giao dién nguoi dung (UI)
cua chuong trinh tng dung, Ul bao gdm anh méi trudng 4o va bang didu khién
nhim muc tiéu kha ning, 4anh moéi truong 4o 1a anh duge thu nhan bang viéc quan
sat mdi trudong 4o ba chidu tir géc nhin cta ngudi thi ba, bang diéu khién nhim
muc tiéu kha ning 13 bang diéu khién hai chiéu duoc tao ciu hinh dé str dung kha
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ning, va bang didu khién nhim muc tiéu kha ning duoc bb tri trén 16p trén cia
anh moi trudng ao;

modun nhén, dugce tao cdu hinh d& nhan thao tac kéo trén bang didu khién
nhdm muc tiéu kha nang, thao tac kéo bao gém diém thao tac thir nhét va diém
thao tac thir hai ma duogc bd tri trén bang didu khién nhim muc tiéu kha ning,
didm thao tac thit nhét 12 diém thao tic ban dau cia thao tac kéo, va diém thao tac
thtt hai 13 diém thao tac hién thoi cta thao tac kéo; va

mddun hién thi con duoc tao cAu hinh d8 hién thi bd chi bio nhim muc tiéu
khé ning ba chiéu trong 4nh méi trudng 4o phan héi lai thao tac kéo, huéng nhim
muc tiéu kha nang cia b chi bao nham muc tiéu kha nang ba chiéu 1a song song
véi hudng kéo cia thao tac kéo trong Ul, va hudng kéo 1a hudng chi tir diém thao
tac thit nhét t6i diém thao tac thir hai.

Theo khia canh khac cta sang che, may nham muc ti€u kha ning trong mo1
truong ao ba chiéu dugce cung cap, ap dung dugce cho thiét bi may tinh dugc tao
cau hinh v6i hodc dugce két ndi v6i b phan nham muc ti€u vat ly, may bao gom:

modun hién thi, duoc tao cAu hinh dé hién thi giao dién ngudi dung (UI)
cta chuong trinh tng dung, Ul bao gdm anh moi trudng 4o, va dnh mdi trudng ao
14 anh dugc thu nhan bang viéc quan sat mdi trudng ao ba chiéu tir géc nhin cia
nguoi thi ba;

modun nhan, dugc tao cAu hinh dé nhan thao tac nhdm muc tiéu trén bd
phan nhdm muc tiéu vat 1y, thao tic nham muc tiéu bao gbm Vi tri thao tac thir
nht va vi tri thao tac th hai ma dugc kich hoat trén b phan nhim muc tidu vét
1y, vi trf thao tac thir nhat 14 vi trf thao tac ban dau ctia thao tdc nhim muyc tiéu, va
vi tri thao tac thi hai 1a vi tri thao tac hién thoi cta thao tac nhim muc tiéu; va

modun hién thi con duge tao cdu hinh dé hién thi bd chi bio nhim muc tiéu
kha ning ba chiéu trong anh mdi truong 4o phan hdi lai thao téc nhim muc tiéu,
huéng nhdm muc tiéu kha ning ctia bd chi bio nhdm muc tiéu kha ning ba chiéu
1a song song v&i hudng nhim muc tiéu cia thao tac nhim muc tiéu trong U, va
huéng nhdm muc tiéu 1a hudng chi tir vi tri thao tac thir nhat t&i vi tri thao tac thi
hai.

Theo khia canh khéc cua sang ché, thiét bi may tinh duoc cung cép, bao
gdm bo xir Iy va bd nhd, bd nhé luu trit it nhat mot 18nh, it nhat mot chuong trinh,
tap hop mi, hodc tap hop 1énh, it nhat mot 1énh, it nhat mot chuong trinh, tap hop
ma, hodc tap hop 1énh duogc tai va dugc thuc hién bdi bd xir Iy dé thuc hién phuong
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phap nhim muc tiéu kha ning trong méi trudng do ba chiéu theo khia canh da
duoc d& cap.

Theo khia canh khac ctia sang ché, thiét bi méy tinh khac duoc dua ra, bao
gdm bo xtt Iy, bé nhd, va bd phan nhim muc tiéu vat 1y, bd nhé luu trit it nhit
mdt 1énh, it nhat mot chuong trinh, tip hop ma, hoic tip hop 1énh, it nhat mot
1énh, it nhat mot chuong trinh, tdp hop ma, hodc tap hop 1é€nh duogc tai va dugce
thuc hién béi bd xtr Iy dé thuc hién phuong phap nhim muc tiéu kha ning trong
mdi trudng 4o ba chiéu theo khia canh di dugc dé cap.

Theo khia canh khac cua sang ché, phuong tién luu trit doc duge boi may
tinh duoc dua ra, luu trit it nhat mét 1énh, it nhat mot chuong trinh, tdp hop ma,
hodc tap hop 1énh, it nhat mét 1énh, it nhat mét chwong trinh, tdp hop ma, hodc
tap hop 1énh duogc tai va dugc thuc hién boi bo xir ly dé thuc hién phuong phép
nhdm muc tiéu kha ning trong méi trudng 4o ba chidu theo khia canh da dugc dé
cap.

Theo khia canh khac cua sang ché, két qua chuong trinh mdy tinh hoic
chwong trinh méy tinh dwoc dua ra, két qua chuong trinh may tinh hodc chuong
trinh may tinh bao gdm céc 1énh mdy tinh, cac 1énh mdy tinh dugc luu trit trong
phuong tién luu trit doc dugc bdi may tinh. Bo xtr ly cua thiét bi may tinh doc cac
1énh may tinh tir phuong tién luu trir doc dugce bdi may tinh va thuc hién cac 1énh
maéy tinh dé khién thiét bi may tinh dé thuc hién phuong phap nham muc tiéu kha
nang trong mai trudng 4o ba chiéu theo phuong an bat ky trong sb cac phuong an
cta sang ché.

Céc giai phap k¥ thuat dugc cung cap theo cac phuong 4n cla sang ché tao
nén it nhit cac hiéu qua c6 loi duéi day:

Bing viéc khién hudng nhim muc tidu kha ning ctia bo chi bao nhim muc
tiéu kha ning ba chiéu trong UI song song véi hudng kéo ctia thao tac kéo, huéng
nhim muc tiéu kha ning duoc quan sat boi ngudi dung khép véi dong tac tay cla
ngudi ding, bing cach dé nang cao tinh chinh xéac clia viéc nham muc tiéu kha
ning. Céc thao tac chinh stra khéng can thiét dugc giam xudng, do d6 hiéu qua
tuong tac gitta nguoi va may tinh ciing dugc nang cao t¢i mot mic do nhét dinh.

Mo ta van tat cac hinh vé

Nham md ta cac giai phap k§ thuat theo cac phuong an ctia sang ché 13 rang
hon, phan dudi day gi6i thiéu vin tit cac hinh v& kém theo dugc yéu cau dé mé
ta cac phuong an. Hién nhién, cac hinh v& kém theo trong phan mo ta dudi day
chi thé hién mot sé phuong 4n cta sang ché, va ngudi ¢ hiéu biét trung binh vé

4
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k§ thuat tuong tmg van cé thé rit ra cic hinh v& kém theo khéc tir cac hinh v&
kém theo ndy ma khéng can nd luc sang tao.

Fig.1 14 so db vé giao dién ctia phwong phép nhim muc tiéu kha ning trong
mdi trudng 4o ba chiéu theo k¥ thuat lién quan.

Fig.2 12 so d6 khdi cdu tric vé hé théng may tinh theo phuong 4n mau cia
sang ché.

Fig.3 13 luu dd v& phuong phap nhim muc tiéu kha ning trong mdi trudng
40 ba chiéu theo phuong 4n miu ctia sang ché.

Fig.4 13 so d6 vé giao dién ctia phuong phap nhim muc tiéu kha nang trong
mdi trudng 4o ba chiu theo phuong 4n mau khac cua sang ché.

Fig.5 13 so d6 vé giao dién ctia phuwong phap nhém muc tiéu kha ning trong
moi trudng 4o ba chiéu theo phuwong 4n mau khac ctia sang ché.

Fig.6 14 so d6 vé giao dién ctia phuong phap nhim muc tiéu kha nang trong
mdi trudng 4o ba chiéu theo phuong an mau khéc cia séng ché.

Fig.7 1a so d6 vé giao dién ctia phwong phap nhdm muyc tiéu kha ning trong
mdi trudng 4o ba chiu theo phuong an mau khéc cia sang ché.

Fig.8 12 so dd vé giao dién ctia phwong phap nhim muc tiéu kha néng trong
mdi truong 4o ba chidu theo phuong an mau khéc ctia séang ché.

Fig.9 1a luu d6 vé& phuong phap nhim muc tiéu kha ning trong mdi trudng
40 ba chiéu theo phuong 4n mAu khac ctia sang ché.

Fig.10 14 so d6 vé giao dién ctia phuong phép nhim muc tiéu kha ning
trong moi trudng ao ba chiéu theo phuong 4n mau khac ctia sang ché.

Fig.11 13 so dd vé giao dién ctia phuong phap nhdm muc tiéu kha ning
trong méi trudng 4o ba chiéu theo phurong 4n mau khac clia sang ché.

Fig.12 1a so d6 vé giao dién ciia phuong phép nhim muc tiéu kha ning
trong méi trudng o ba chidu theo phuong 4n mau khac ctia sang ché.

Fig.13 13 so d6 vé giao dién ctia phuong phap nhim muc tiéu kha ning
trong méi trudng 4o ba chiéu theo phwong 4n mau khac cia séng ché.

Fig.14 1a luu d6 vé phuong phap nhim muc tiéu kha ning trong méi truong
40 ba chiéu theo phuong 4n miu khéc ctia sang ché.

Fig.15 1a Ivu d6 vé phuong phap nhim muc tiéu kha ning trong moi truong
40 ba chiéu theo phuong 4n mAu khéc ctia sang ché.
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Fig.16 13 so d6 khéi ctia phuong phép nhim muc tiéu kha ning trong moi
trudng 4o ba chidu theo phwong 4n miu khéc ctia sang ché.

Fig.17 14 Iuu db vé& phuong phap nham muc tiéu kha ning trong mdi trudng
40 ba chiéu theo phuong 4n miu khac ciia sang ché.

Fig.18 la so d0 vé may nham muc tiéu kha ning trong moéi truong 4o ba
chiéu theo phuong 4n mau cia sang ché.

Fig.19 la so d0 vé may nham muyc tiéu kha nang trong moi truong 4o ba
chiéu theo phuong an mau khac cua sang cheé.

Fig.20 1a so d0 vé may nham muc tiéu kha ning trong moi truong 4o ba
chiéu theo phuong an mau khéc ctia sang che.

Fig.21 1a so d0 cau trac cta thiét bi may tinh theo phuwong 4n mau cua sang
ché.
MG ta chi tiet sang che

Nhim khién cdc muc dich, cdc giai phap k¥ thuét, va cac uu diém cuia sang
ché 16 rang hon, phan dudi diy con mo ta chi tiet cac cach thuc hién cua sang ché
véi tham chiéu téi cac hinh v€ kém theo.

Thi nhat, mot vai thuat ngit dugc bao gém trong sang ché dugc mo ta.

MBbi trudng o ba chidu: thé gidi 4o duoc hién thi (hodc dugc cung cip) béi
chuong trinh tng dung khi hoat dong trén thiét bi dau cudi. Thé gi6i ao cd thé 1a
mdi trudng duge mé phong cia thé gidi thuc, hodc c6 thé 12 méi trudng ba chidu
nira md phong nira hu ciu, hodc ¢6 thé 12 méi trudng ba chidu hoan toan hu cAu.
Mbt cach tity chon, thé gidi 4o con duoc st dung cho chién déu thé gidi o gitta
it nhét hai nhan vt 4o, va cac ngudn tai nguyén 4o kha dung cho it nhit hai nhan
vét 40 dugc cung cp trong thé gidi 4o0. Mot cach tly chon, thé gidi 40 bao gém
ban dd hinh vudng. Ban d6 hinh vuéng bao gém ving géc trai dudi va ving géc
phai trén 1a ddi xtmg. Cac vai trd 4o ctia hai bén dbi 1ap chiém gift cac ving tuong
tmg, va muc dich cia mdi bén 1a tiéu diét cong trinh muc tidu sau bén trong ving
ctia dbi thu dé danh chién thing.

Nhén vat 4o: dbi twong di chuyén dugc trong thé gidi 4o. Pbi tuong di
chuyén duoc c6 thé 1a it nhat mot trong s6 nguoi ao, dong vat o, va nguoi hoat
hinh. M6t cach tity chon, khi thé gi6i do 1a thé gidi 4o ba chibu, nhan vat o c6 thé
12 mé hinh ba chidu. Mdi nhén vt 4o ¢6 hinh dang va dung lugng trong thé gi6i
40 ba chiéu, va chiém gitt mot sd khéng gian trong thé gidi 4o ba chidu. Mot cach
tuy chon, nhan vat 4o 1a nhan vat ba chiéu duge ciu trac dua trén k¥ thuat xuong
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nguoi ba chiéu. Nhén vAt 40 mic cac trang phuc khéac nhau dé thé hién céc dién
mao khéc nhau. Theo mot sd phuong an, nhan vat 4o cé thé lwa chon dugc thuc
hién béng viéc st dung mé hinh 2,5 chiéu hodic mé hinh 2 chiéu. Piéu nay khong
giéi han theo phuong 4n nay cua sang ché.

Pau truong chién diu truc tuyén nhidu nguoi choi (MOBA): cac doi 4o
khéc nhau trén it nhét hai trai dbi 1ap chiém giit cac ving ban db tuong tng trén
ban dd dugc cung cép trong moi trudng 4o, va canh tranh 13n nhau st dung cac
diéu kién chién thing cu thé 1am cac muc tiéu. Cac diéu kién chién thing bao gom,
nhung khong gi6i han & it nht mot trong s6 cac diéu kién sau: chiém giit cac phio
dai hodc tiéu diét cac phao dai cta cac trai dbi 1ap, giét cac nhan vat do trong céc
trai dbi 1ap, dam bao tu sdng s6t trong vién canh va thoi gian dugc quy dinh, chiém
hitu ngudn tai nguyén cu thé, va dat nhidu diém hon dbi thu trong thoi gian dugc
quy dinh. Tro choi du trudng chién ddu c6 thé din ra theo cac vong. Ban dd
gibng nhau hodc céc ban db khac nhau c6 thé dugc st dung theo cic vong khéc
nhau cta tro choi dau truong chién d4u. Mdi d6i 4o bao gém mét hodc nhiéu nhan
vat 4o, vi du, 1 nhén vat do, 3 nhan vat ao, hoac 5 nhéan vat ao.

Trd choi MOBA: trd choi trong d6 mot vai phao dai duge cung cap trong
thé gi6i 40, va cac ngudi diing clia cac trai khac nhau diéu khién cac nhan vat 4o
dé chién d4u trong thé gidi 4o, chiém giit cac phéo dai hodc tiéu diét cac phao dai
cla trai doi 1ap. Vi du, trong tro choi MOBA, céac nguoi dung co thé dugc chia
thanh hai trai d6i 1ap. Céc nhén vat o duoc diéu khién boi cac ngudi dung duge
phan tan trong thé gidi 4o dé canh tranh 13n nhau, va didu kién chién thing 12 tiéu
diét hodc chiém giit tit ca cac phdo dai ké dich. Tro choi MOBA dién ra theo cac
vong. Khoang thoi gian ciia mot vong tro choi MOBA 1a tir thot diém ma trod choi
bit dAu t61 thoi didm ma dat duoc didu kién chién thang.

Anh méi trudng 4o: anh duge thu nhan bing viée quan sat moi trudng ao
ba chiéu tir géc nhin ctia nguoi thir ba. Mt cach tiy chon, géc nhin mot phén tu
la goc 45 d6. Camera ao ndi chung dugc bd tri trong man hinh tro choi, va néi
dung man hinh tr6 choi dugc chyp anh bdi camera 4o 1a anh moi truong ao dugc
thé hién béi giao dién ngudi ding (UT). Trong trd choi 3D géc nhin thit ba, camera
40 c6 thé chup anh ndi dung man hinh tro choi bao gém c4c nhn vat 4o, va hién
thi cac nhan vat ao trén anh méi truong ao. Theo vi du khéc, trong mot sb tro choi
khéng ¢6 cac nhan vat a0, chuyén dong va quay cua camera 4o cé thé duoc didu
khién truc tiép, dé nang cép anh tro choi duoc thé hién boi UL

Kha nang: kha nang nhan vat dugc sé hitu bdi nhan vat do trong moi truong
4o ba chiéu, ma cé thé tao nén hiéu ing trén cac nhan vat do cua trai khac. Kha
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ning c6 thé 14 kha nang tan céng, kha ning phong thi, kha ning cé muc tiéu cu
thé, kha ning tAn céng doan thé, kha ning ma tao nén hiéu img bay trén cac nhan
vat ao cua trai khac, hodc kha nang ma tao nén hiéu ing lam chém trén c4c nhan
vit 40 cua trai khac, ma khong gi6i han theo sang ché.

Kha nang duoc dinh muc tiéu: kha nang nhéan vat ma dugc dinh muc tiéu
va duge s& hitu boi nhan vét 4o trong méi trudng 4o ba chidu. Kha nang c6 thé 1a
kha nang tao nén hiéu Ung trén nhan vat 4o don cua trai khac hodc co thé 1a kha
ning tao nén hiéu tmg trén nhiéu nhan vat 4o cua trai khac. Kha nang c6 thé lya
chon dugc phan loai thanh kha nang bét ky trong s6: kha nang dugc dinh muc tidu
hinh quat, kha nang dugc dinh muc tiéu duong théng, kha nang dugc dinh muc
tiéu hinh tron, va kha ning dugc dinh muc tiéu diém theo céc cach nhim muc tiéu
khac nhau.

Trong cac thuat ngir vé dang biéu dién, kha ning duge dinh muc tiéu cé thé
la kha nang ma nhan vat 4o giit phu kién dé tn cong truc tiép cac nhan vat 4o cta
trai khac, ching han nhu thiét dat tht nhat 14 thiéu dét, va vi tri bi tAn cong boi
nhan vat 4o khac theo céac vi tri dugc chi khac nhau. Kha nang dugc dinh muc tiéu
c6 thé lua chon 13 kha nidng ma nhén vat 4o tha ra phu kién trong tay dé tao nén
hiéu ing lam chadm hodc hi¢u Uing tAn cdng trén cac nhan vat ao cua trai khac dugc
va cham bdi phu kién. Kha néng dugc dinh muc tiéu co6 thé tao nén cac hiéu ung
trén céc nhan vat 4o khac nhau cta trai d6i 14p theo cac hudéng khac nhau trong
d6 nhéan vat ao tha ra phu kién. Kha nang dugc dinh muc tiéu co thé lua chon 1a
stir dung phép thuét theo hudng dugc quy dinh bdi nhan vat ao gilt phu kién, va
phép thuat c6 thé 1a doéng bang, thiéu dbt, lam cham, hodc tan cong. Vi tri dé nhan
vat ao st dung phép thuéat khac nhau theo cac vi tri dugc nhdm muc tiéu khéc
nhau.

Bang diéu khién nhim muc tiéu kha ning: bang diéu khién hai chiéu ma
duoc bd tri trén 16p trén ctia &nh moi trudng 4o va duogc tao cAu hinh dé st dung
kha ning. Vi du, bang diéu khién nhdm muc tiéu kha ning 13 bang diéu khién
nhim muc tiéu xoay. Bang diéu khién nhim muc tiéu xoay bao gdm vong trong
va vong ngoai. Vong trong ¢ thé duoc kéo béi ngudi ding, va vong ngoai dugc
c¢d dinh. Khi nguoi dung thuc hién thao tac kéo, vong trong cé thé tao nén sy dich
chuyén. Khi sy dich chuyén ctia vong trong trong pham vi cu ly cta ving khéng
hoat dong, viéc nhim muc tiéu kha nang cd thé khong duogc kich hoat. Khi su dich
chuyén ctia vong trong vuot qua cu ly cta ving khong hoat dong, viéc nhdm muc
tiéu kha nang dugc bat dau va dugc kich hoat. Khi su dich chuyén ctia vong trong
vuot qua vong ngoai, Viéc st dung kha nang dugce hiy bd. Vi dy, nguoi dung ¢
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thé st dung kha ning bang viéc cham vao bang diéu khién nhim muc tiéu xoay
trén man hinh cta thiét bi dau cubi ma trén d6 chuong trinh ing dung dugc cai
dat, va thiét bi dau cubi c6 thé 1a thiét bj ddu cudi c6 thé cham dugc chang han
nhu dién thoai di dong hodc may tinh bang.

Bo phan nhim muc tiéu vét 1y: thiét bi ma duoc két ndi véi thiét bi dau cudi
va duoc tao cau hinh dé chup qu§ dao clia dong tac cua tay hodc chi khac cia
nguoi dung. Vi du, bo phan nhim muc tiéu vat 1y bao gém nut hodc can diéu khién
vat Iy. Vi dy, bd phan nhim muc tiéu vat 1y bao gdm can diéu khién tro choi véi
cam bién gia tdc. Vi dy, bd phan nhim muc tiéu vat ly bao gém mdt hodc nhiéu
camera v6i kha ning nhan biét khong gian.

B6 chi b4ao nhdm muc tiéu kha ning ba chiéu: bd chi bdo ma dugc sir dung
dé chi bao huéng nhim muc tiéu kha ning va khoang cach trudc khi kha ning
duoc dinh muc tiéu duge st dung trong méi trudng 4o ba chiéu. Huéng kha ning
ctia bd chi bdo nhim muc tiéu kha ning ba chidu 1a c6 thé thay doi duge va duoc
x4c dinh theo hudng nhdm muc tiéu khi ngudi dung thao tac bang diéu khién
nhim muc tiéu kha niang. Khoang cach kha ning ctia bd chi bao nhim muc tiéu
kha nang ba chiu ¢ thé dugc xac dinh dong theo khoang cach cua thao tac kéo
duoc thuc hién boi ngudi ding trén bang diéu khién nhim muc tiéu kha nang hodc
c6 thé dugc c¢b dinh, ma duge thiét dat tu déng baoi chuong trinh tng dung. Trong
cac thuat nglr vé dang biéu dién, bo chi bao nh&m muc tiéu kha ning ba chiéu ¢
thé 14 bd chi bao duge hién thi trén mit dat cia moi truong 4o ba chiéu, chiéu cao
ctia nguc nhan vat ao hoac vi tri chiéu cao khac song song v&i mat dat trong moi
trudng 4o ba chidu, vi tri chi tir nhan vat 4o t6i mat dat trong mdi trudng 4o ba
chiéu, hodc vi tri chi tir nhan vat 4o téi chiéu cao khac trong moi trudng ao ba
chiéu va dugce str dung dé chi bao huéng va khoang cach kha ning.

Hudng kéo: hudng trong dé nguoi dung thuc hién thao tac kéo trén bang
didu khién nham muc tiéu kha nang. Thao tac kéo dugc thuc hién bdi ngudi dung
trén bang didu khién nhim muc tiéu kha ning c6 thé 12 kéo hodc c6 thé 1a thao tac
cham khac ma khién bang diéu khién nhim muc tiéu kha ning di chuyén. Diém
thao tac ban dau cua thao tac kéo duge goi 1a diém thao tac thir nhét, va diém thao
tac hién thoi cta thao tac kéo dugc goi la diém thao tac thi hai. Hudng cua thao
tac kéo duogc thuc hién béi ngudi ding 13 hudng chi tir diém thao tac thir nhét t6i
diém thao téc thit hai.

Hudéng nhim muc tiéu: huéng trong dé ngudi dung thuc hién thao tic nhim
muc tiéu trén bo phan nham muc tiéu vat ly. Thao tac nhim muc tiéu duge thuc
hién boi nguoi dung trén bd phan nhim muc tidu vat Iy c6 thé 13 nhan va giit (long
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pressing) hodic c6 thé 13 thao tac nhan khac ma khién bo phan nhim muc tidu vat
ly di chuyén. Vi trf thao tac ban dau cia thao tdc nhidm muc tiéu duge goi la vi tri
thao tac thir nhét, va vi trf thao tac hién thoi cia thao tdc nhim muc tiéu dugc goi
1a vi tri thao tac thir hai. Huéng nhdm muc tiéu cia thao tic nhadm muc tidu duge
thuc hién bdi nguoi dung la hudng chi tir vi tri thao tac thir nhét t6i vi tri thao tac
thir hai.

Huéng kha ning: hudng tai d6 kha ning cua nhén vat 4o nhim muc tiéu
trong méi trudng 4o ba chidu. Hudng kha ning va hudéng nhim muc tiéu kha ning
1a khéc nhau, huéng kha nang 12 huéng tai d6 kha ning ctia nhan vat o nham
muc tiéu trong méi truong 4o ba chiéu va duoc tinh boi chwong trinh tmg dung,
huéng nhdm muc tiéu kha ning 13 huéng nhim muc tiéu kha ning dugc hién thi
trén b chi bdo nhim muc tiéu kha ning ba chiéu trén anh méi trudng 4o, va anh
moi truong 4o 1a anh dugce thu nhén bang viéc quan sat moi trudng 4o ba chiéu tir
gdc nhin cla nguoi thir ba (goc 45 do). Vi dy, hudng kha néng trong anh dugc thu
nhén bing viéc quan sat méi trudng ao tlr géc nhin ctia ngudi thit ba (goc 90 do)
va huéng nhdm muc tiéu kha ning trong anh duge thu nhan bang viéc quan sat
moi truong 4o ba chidu tir géc nhin cta ngudi thir ba (géc 45 do) 1a khéac nhau, va
c6 do 1éch nhat dinh.

Hudng nhdm muc tiéu kha nang: huéng nhim muc tiéu kha ning dugc hién
thi trén bd chi bdo nhdm muc tiéu kha ning ba chiéu trén anh moi trudng do. Vi
du, huéng nhdm muc tiéu kha ning 1a huéng nhdm muc tiéu kha ning ctia nhan
vat do duogc hién thi trong Ul va khac véi hudng kha néng cua nhén vat ao trong
mdi trudng ao ba chibu. Vi du, huéng nhdm muc tiéu kha ning 13 song song véi
huéng kéo cia thao tac kéo. Vi du, huéng nhdm muc tiéu kha ning 13 song song
v6i huéng nhim muc tiéu cta thao tac nhim muc tiéu.

Ving khong hoat déng: viéc nhdm muc tiéu kha ning chi dugc bét dau va
dugce kich hoat khi khoang céch gitra diém thao tac thir nhat va diém thao tac thi
hai 16n hon so véi tri sb duge ¢b dinh. Vi du, nhdm muc tiéu kha ning co thé
khéng duge kich hoat khi khoang céch gifta diém thao tac thd nhat va diém thao
tac thi hai 14 it hon so v6i tri s6 dugc ¢b dinh. Vung st dung diém thao tac tht
nhit [am trung tAm ctia vong tron va tri sb duge ¢d dinh 1am ban kinh dugc goi 1a
vung khong hoat dong.

Trong trd choi MOBA dién hinh, huéng kéo ctia nguoi ding la nhat quan
v6i huéng ma nhén vat do st dung kha ning trong moi trudng ao ba chiéu. Tuy
nhién, trén Ul, hudng nhim muc tiéu kha nang cua bd chi bao nh&m muc tiéu kha
nang ba chiéu duoc hién thi trong anh méi trudng 4o sau khi chuyén dbi tir goc
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nhin ctia ngudi thir ba c6 thé tao nén d6 1éch nhit dinh v&i hudng kéo trén bang
diéu khién nhim muc tiéu kha ning. Su 16ch c6 thé ting d6 khé tro choi ciia ngudi
ding theo quy trinh trd choi t6i mot mtc d6 nhat dinh. Ké ca khi su léch dugc
phat hién va ngudi ding du dinh thay dbi hudng kéo bang viéc diéu chinh vj tri
clia ngdn tay dé khién hudng nhim muc tiéu kha ning cta bd chi bao nhim muc
tiéu kha ning ba chidu dugc hién thi cudi ciing trong UT 14 huéng ngudi dung du
dinh dat t4i, kha kho d6i véi ngudi dung sir dung dién thoai di dong man hinh nhé
dé thao tac, va ngudi ding khéng thé didu khién chinh xac géc ctia huéng kéo ma
cin duogc didu chinh boi ngudi ding. Do d6, huéng nham muc tiéu kha ning va
hudng kéo tao nén su 1éch, tinh chinh xac cua viéc nham muc tiéu kha nang dugc
giam xubng, va hiéu qua tuong tac gitra nguoi va may tinh ciing dugc giam xubng.

Phuong 4n cta sang ché dé xuét phuong phap nhiam muc tiéu kha ning
trong méi trudng 4o ba chidu, dé khién huéng nham muc tiéu kha ning duoc hién
thi trong anh mai trudng 4o 1a nhét quan véi huéng kéo clia nguoi dung, bang
cach d6 nang cao tinh chinh xéc cua viéc nhim muc tiéu kha ning, va cling nang
cao hiéu qua tuong tac gifta ngudi va may tinh.

Ngoai ra, theo phuong phap nhdm muc tiéu kha nang trong méi trudng 4o
ba chiu duoc cung cap theo phuong 4n niy clia séang ché, khoang céch sir dung
clia nhan vat 0, cu thé, khoang cach cta bd chi bdo nhim muc tiéu kha nang ba
chidu ¢6 thé duoc c¢b dinh hodc ¢6 thé dugc xac dinh dong theo khoang cach béi
bang diéu khién nhém muc tiéu kha ning duoc kéo bdi ngudi ding, bang cach d6
nang cao hiéu qua tuong tac gitra ngudi va may tinh.

Fig.2 13 so dd khdi chu tric vé hé théng may tinh theo phuong 4n mau ctia
sang ché. Hé théng may tinh 200 bao gdm thiét bi dau cudi 220, may chi 240, va
thiét bi dau cudi khac 260.

Chuong trinh Umg dung hd trg moi trudng 4o duge cai dit va hoat dong trén
thiét bi dau cudi 220. Chuong trinh tng dung c6 thé 1a chuong trinh bét ky trong
sd: chuong trinh tng dung thuc té a0 (virtual reality, viét tat 1a VR), chuong trinh
ban dd ba chiéu, chuong trinh gia 14p quéan doi, trd choi ban sing géc nhin thir
nhét (first-person shooting, viét tit 1a FPS), tro choi MOBA, va tro choi sinh ton
dAu sting nhiéu ngudi choi. Theo phuong an nay, vi du trong d6 chwong trinh tmg
dung 1a tré6 choi MOBA dugc st dung dé mo ta. Thiét bi dau cudi 220 14 thiét bi
dau cudi duge str dung béi ngudi ding. Ngudi ding sir dung thiét bi dau cudi 220
dé diéu khién nhan vat 4o trong méi trudng 4o dé thuc hién cac hanh déng. Cac
hanh d6ng bao gdm, nhung khong gi6i han &, it nhit mot trong sb: diéu chinh tu
thé co thé, truon, di bd, chay, dap xe, nhay, lai xe, ban sung, ném, st dung vii khi

11



51657 12/70

40 dé tAn cong nhan vat 4o khac, va st dung vil khi 4o dé tin cong nhan vat 4o
khac théng qua dét kich. Vi du, nhan vét 4o 13 hinh v& 4o, ching han nhu d6i
tuong hinh v€ dugc gia 1ap hodc dbi tuong hinh vé hoat hinh. Vi du, nhéan vit 4o
la dong vat ao, chéng han nhu nhan vat dong vat dugce gia 1ap hodc nhan vat dong
vat hoat hinh. Vi dy, nhan vt 4o la cay ao, chrfmg han nhu nhén vat cdy duoc gia
lap hoac nhan vét cay hoat hinh.

Thiét bi dau cubi 220 duoc két nbi véi may cha 240 béng viéc st dung
mang khong day hodc mang cé day.

May chii 240 bao gdm it nhit mot trong s6 mot may chu, nhiéu may chu,
nén tang tinh todn dam mAy, va trung tim 4o héa. Vi du, may chii 240 bao gdm
bo x1r ly 244 va bo nhd 242. BO nhé 242 bao gém modun truy cap 2421 va mddun
chién d4u 2423. M4y chi1 240 dugc tao cau hinh dé cung cap cac dich vu phat sau
cho chuong trinh tng dung hd tro méi trudng 4o ba chiéu. Mot cach tiy chon,
may chu 240 dam nhiém c6ng viéc tinh toan co s&, va thiét bi dau cudi 220 dam
nhiém cong viéc tinh toan thur yéu; ¢6 thé Ivya chon, may chu 240 ddm nhiém cOng
viéc tinh toan thir yéu, va thiét bi ddu cubi 220 dam nhiém cdng viéc tinh toan co
s&; ¢6 thé lua chon, viéc hop tac tinh toan dugc thuc hién bing viéc st dung kién
tric tinh todn duoc phan bé gitta may chi 240 va thiét bi dau cudi 220.

Mét cach tiry chon, con ¢6 mot hodc nhidu thiét bi dau cudi khac 260, cu
thé, cac thiét bi dAu cudi tuong Gmg v6i 1ap trinh vién. Nén tang dé phat trién va
hiéu chinh chuong trinh ing dung hd tro moi trudng do dugc cai dit trén thiét bi
dAu cubi khac 260. Lap trinh vién c6 thé hiéu chinh va nang cip chuong trinh tmg
dung trén thiét bi dau cudi khac 260 va truyén goi cai dit chuong trinh tmg dung
duoc nang cip t6i may chi 240 thong qua mang c6 day hodc khong day. Thiét bi
dau cudi 220 c6 thé tai xubng goi cai dit chuong trinh img dung tir may chi 240
dé nang cip chuong trinh ing dung.

Thiét bi dau cudi khac 260 duoc két ndi véi may chu 240 bang viée st dung
mang khong day hoac mang c6 day.

Mot cach tiy chon, chuong trinh Gmg dung dugc cai dat trén thiét bi dau
cubi 220 1a chuong trinh tmg dung ctia nén tang hé thdng diéu khién Android/iOS.
Thiét bi dau cudi 220 ndi chung c6 thé @ cap dén mot trong sb céc thiét bi dau
cubi. Theo phwong 4n nay, chi ¢6 thiét bi dau cudi 220 va thiét bi dau cudi khac
260 duoc st dung lam vi du d& mé ta. Thiét bj dau cubi 220 va thiét bi dau cubi
khac 260 1a cta cung loai thiét bi hodc cua céc loai thiét bi khac nhau. Loai thiét
bi bao gdm it nhat mot trong sd: thiét bi thuc té ting cuong (augmented reality,
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viét tat 1a AR), thiét bi VR, thiét bi c6 thé deo dugc théng minh, dién thoai théng
minh, may tinh bang, may doc sach dién tt, may choi audio nhém céc chuyén gia
anh dong 16p III (Moving Picture Experts Group Audio Layer III, viét tit 3 MP3),
may choi audio nhém cac chuyén gia anh dong 16p IV (Moving Picture Experts
Group Audio Layer IV, viét tit 13 MP4), may tinh xach tay laptop, va may tinh
ban. Phuong 4n duéi day dugc mb ta bang viée sit dung vi du trong d6 thiét bi
dau cubi bao gém dién thoai thong minh.

Ngudi c¢6 hidu biét trung binh v& linh vic k§ thudt twong ting c6 thé thay
rang c6 thé c6 nhiéu hoic it cac thiét bi dau cudi hon. Vi du, c6 thé chi c6 mét
thiét bi dau cudi, hogc c6 thé c6 hang té hogic hang tram cac thiét bi diu cudi hodc
nhiéu hon. Sé luong va loai thiét bi cua céc thiét bi dau cubi khong gidi han theo
c4c phuong 4n cua sang ché.

Fig.3 13 luu d6 vé& phuong phap nhim muc tiéu kha ning trong méi trudng
40 ba chiéu theo phuong 4n miu ciia sang ché. Phuong phap cé thé duoc thuc
hién béi thiét bi may tinh, va thiét bi may tinh c6 thé 12 thiét bi dau cudi, may chu,
hosc thiét bi diu cudi va may chu, trong d6 thiét bi dau cudi c6 thé 1a thiét bi dau
cudi 220 trén Fig.2 va may chu c6 thé 1a may chu 240 trén Fig.2. Vi du trong d6
phuong phép dugc thuc hién baoi thiét bi dau cubi duogc st dung, va phuong phap
bao gbém céc budc:

Budgc 302: Hién thi giao dién nguoi dung (UI) ctia chuong trinh tng dung,
Ul bao gdm anh mdi truong o va bang didu khién nhim muc tiéu kha ning, anh
mdi trudng 4o 13 anh dugc thu nhan bang viéc quan sat moi trudong ao ba chiéu tir
géc nhin cla ngudi tht ba, bang didu khién nhdm muc tiéu kha ning 12 bang diéu
khién hai chiéu dugc tao ciu hinh dé su dung kha nang, va bang diéu khién nhim
muc tiéu kha ning dugc bd tri trén 16p trén ctia anh mdi trudng 4o.

Sau khi vong chién d4u duoc bét ddu boi ngudi ding, thiét bi dau cubi hién
thi UL Vi du, khi chuong trinh g dung 1a chuong trinh tro choi cua loat MOBA,
chién d4u 1a chién ddu 1V1, chién ddu 5V5, chién d4u xép hang, chién dau xép
cép, hodc chién d4u gitta ngudi va may tinh.

Vi du, UI bao gdm hai phan ndi dung: anh méi trudng 4o va ving hién thi
& trén (head-up display, viét tit la HUD). Anh méi truong ao 12 anh duoc thu nhan
b&i camera a0 thu céc thanh phéan trong méi trudng 4o ba chiéu, va ving HUD
bao gdbm mot hodic nhiu thanh phan UI dugc chdng 1én trén anh méi trudng 4o.

Mot cach tuy chon, anh moi truong 4o la anh dugce thu nhan béng viéc quan
sat moi trudng 4o ba chidu tir gée nhin ciia ngudi thir ba. Camera 40 néi chung
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dugc bb tri trong man hinh trd choi, va ndi dung man hinh trd choi dugce chup anh
b&i camera 4o 13 anh trd choi duge thé hién bai UL Trong tro choi 3D géc nhin
thi ba, d6i tuong 4o trong méi trudng 4o ba chiéu cé thé dugc quan sét tir cac goc
khac nhau bang viéc sir dung camera 40. Mot cach tiy chon, camera 4o c6 thé
khong duogc hién thi thuc té trong anh moi trudng ao dugc hién thi boi chuong
trinh Gng dung. Camera 4o ¢ thé chup anh nodi dung man hinh tro choi bao gém
cac nhan vat 4o, va cac nhan vt ao duogc hién thi trén UI. Theo vi du khéc, trong
mdt sb cac trd choi khéng c6 cac nhan vat 4o, chuyén dong va quay clia camera
40 c6 thé duge diéu khién truc tiép, dé nang cép &nh trd choi duge thé hién béi
UL

MO0t cach tuy chon, moi truong ao dugc hién thi bdi anh moéi truong 4o bao
gom it nhat mot trong so cac thanh phan sau day: nui, dong bang, song, ho, bién,
sa mac, dam lay, cat lun, bau troi, cdy, cong trinh, phuong tién, va nhan vat.

Vi du, khi nhan vat 4o di chuyén hodc quay, anh méi trudng 4o thay dbi
mdt cach pht hop. Nhén v4t 4o c6 thé nim trong pham vi anh mdi trudng ao hoic
c6 thé khéng ndm trong pham vi anh méi trudng ao.

Mot céch tiy chon, ving HUD bao gdm: céc thanh phan hién thi théng tin
duoc st dung dé hién thi thong tin va cac thanh phan chirc ning diéu khién duoc
str dung dé tuong tac gitta ngudi va may tinh. Vi du, cac thanh phan hién thi thong
tin bao gém: cac thanh phén duoc st dung dé hién thi thong tin chang han nhu
ving thong tin ban bé, bang diém, ving théng tin thiét bi, va ving diém nhan vat
40. Vi duy, c4c thanh phan chirc ning bang diéu khién bao gdm: cac thanh phan
duoc st dung dé tuong tac gilta nguoi va may tinh chéng han nhu bd tin hiéu diéu
khién, bang diéu khién trd chuyén, ving tién xu, trang bi dugc khuyén nghi, bang
diéu khién kha ning cta nhan vt a0, bang diéu khién chirc ning tdn cong cua
nhan vt 4o, bang diéu khién kha ning triéu hdi, bang diéu khién kha ning chita
tri, bang didu khién kha ning truyén téng vé thap, va bang diéu khién nhim muc
tiéu kha nang.

Theo cac phuong 4n cua sang ché, ving HUD bao gdm bang diéu khién
nhim muc tiéu kha ning, va bang diéu khién nhim muc tiéu kha ning 1a bang
diéu khién hai chiéu duoc tao cAu hinh dé su dung kha nang dugc dinh muc tiéu.
Nghia 14, theo quy trinh st dung kha ning dugc dinh muc tiéu, ngudi ding can sir
dung bang didu khién nhdm muc tiéu kha ning dé thuc hién nhdm muc tiéu kha
nang. Ngudi ding c6 thé kéo bang diéu khién nhdm muc tiéu kha ning duogc hién
thi trén man hinh cua thiét bj dau cudi thong qua thao tic cham.
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Vi du, bang diéu khién nhdm muc tiéu kha ning 14 bang didu khién nhim
muc tiéu xoay. Nhu duoc thé hién trén Fig.4, bang diéu khién nhdm muc tiéu x0ay
bao gdm vong trong 42 va vong ngoai 44. Vong trong 42 c6 thé duoc kéo, va vong
ngoai dugc ¢ dinh hoic duge ¢b dinh twong dbi. Khi vong trong 42 dugc kéo
trong pham vi vong ngoai 44, thao tac dugc coi la thao tac hgp 1¢; va khi vong
trong 42 dugc kéo ra ngoai vong ngoai 44, thao tac dugc coi la thao tac khong
hop 1€ hoac thao tac hiy bo stir dung.

Thiét bi dau cudi 14 thiét bi dugc cung cép v6i man hinh cdm Ung, chéng
han nhu dién thoai thong minh, bang diéu khién trd choi, hodc may tinh bang.

Bude 304: Nhan thao tac kéo trén bang diéu khién nham muc tiéu kha ning,
thao tac kéo bao gdm diém thao tac thir nhit va diém thao tac thit hai dugc bd tri
trén bang diéu khién nhim muc tiéu kha nang, diém thao tac thi nhat 13 diém thao
tac ban dAu cta thao tac kéo, va diém thao tac thr hai 13 diém thao téc hién thoi
cua thao tac kéo.

Thiét bi dau cudi nhan thao tac kéo trén bang diéu khién nham muc tiéu kha
nang.

Vi du, thao tac kéo duge thuc hién boi ngudi dung trén bang diéu khién
nhdm muc tiéu kha nang c6 thé 1a thao tic ma nhin vong trong 42 thtr nhét va kéo
vong trong vé phia hudng trung tdm, hodc c6 thé 1a thao tac khéc chéng han nhu
nhép, cham, trugt ma cé thé khién bang diéu khién nhdm muc tiéu kha nang tao
nén su dich chuyén nhét dinh.

Theo c4c phuong 4n clia sdng ché, diém thao tac dé cip dén diém ctia di€ém
cham cla thao tac kéo dugc sap xép trén bang diéu khién nham muc tiéu kha nang.

Theo cach thuc hién kha thi, phan hoi lai réng diém cham cta thao tac kéo
duoc b tri trong pham vi cu ly duoc bao phii ciia bang didu khién nhdm muc tiéu
kha nang, diém thao tac hién thoi trung voi diém cham hién thoi cta thao tac
cham.

Theo céach thuc hién kha thi, phan hdi lai rang diém cham cua thao tac kéo
duoc bd tri ngoai cy ly duge bao phu cua bang diéu khién nhdm muc tiéu kha
ning, diém thao tac hién thoi 12 diém giao cta duong két ndi gitra diém trung tim
cua bang diéu khién nhadm muc tiéu kha nang va diém cham hién thoi cua thao tac
cham va vong ngoai cta bang diéu khién nhim muc tiéu kha ning. C6 thé lua
chon, phan hoi lai ré‘mg diém cham cta thao tac kéo dugc bd tri ngoai cu ly duoc
bao phu ciia bang diéu khién nhim muc tiéu kha ning, diém thao tac hién thoi 1a
diém giao cua dudng két ndi gitta diém cham ban dau cia thao tac kéo va diém
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cham hién thoi cia thao tac cham va vong ngoai cua bang diéu khién nhim muc
tiéu kha nang.

Budc 306: Hién thi bd chi bao nhim muc tiéu kha ning ba chiéu trong anh
mdi trudng 4o phan hdi lai thao tac kéo, hudng nham muc tiéu kha ning cia bd
chi bdo nhdm muc tiéu kha ning ba chiéu 13 song song véi hudng kéo ctia thao
tac kéo trong UI, va hudng kéo 13 hudng chi tir diém thao tac thir nhat t&i diém
thao tac thir hai.

Bo chi bao nhim muc tiéu kha ning ba chidu duoc sir dung dé chi béo
huédng va khoang cach kha nang ctia nhan vt ao trong anh moi truong ao. Theo
cac kha nang dugc dinh muc ti€u khac nhau, bd chi bao nhidm muc tiéu kha ning
ba chiéu c6 thé 13 bo chi bao nhim muc tiéu don miii tén mot chiéu, bd chi bao
nhdm muc tiéu da mii tén mot chiéu, bd chi bao nh&m muc tiéu hinh quat, bo chi
béo nhdm muc tiéu hinh tron, hodc bd chi bao hinh dang khac va dugc sir dung dé
chi bao hudng kha nang (va khoang cach) ciia nhan vat 4o.

Nhu duge thé hién trén Fig.5, thiét bi ddu cubi hién thi UI 40, va sau khi
ngudi dung thuc hién thao tac kéo trén vong trong 42 cua bang diéu khién nham
muc tiéu kha nang, bd chi bao nh&m muc tiéu don mii tén mot chiéu c6 thé duoc
hién thi dudi chan ctia nhan vat 4o trong UI 40. BS chi bao nhém muc tiéu don
mii tén mot chidu bao gdm: dudng nhim muc tiéu mii tén 51 va khoang cach st
dung 16n nhit 52. Trong anh mdi trudng 4o, dudng nhim muc tiéu miii tén 51 bao
gbm hudng nhim muc tiéu kha ning 53; va trong ving HUD, diém thao tac thi
nhat trude khi kéo va diém thao téc thit hai sau khi kéo tao nén huéng kéo 43 &
vong trong 42. Trong toan bd Ul huéng nhim muc tiéu kha ning 53 va huéng
kéo 43 1a song song vdi nhau.

Nhu duge thé hién trén Fig.6, thiét bi dau cubi hién thi UI 40, va sau khi
ngudi ding thue hién thao tac kéo trén vong trong 42 clia bang diéu khién nham
muc tiéu kha ning, bd chi bdo nhdm muc tiéu da mili tén mot chiéu c6 thé dugc
hién thi duéi chan cta nhan vat 4o trong UI 40. B0 chi bao nhdm muc tiéu da miii
tén mot chidu bao gdm: ba dudng nhim muc tiéu mii tén 54 va khoang céch sir
dung 16n nhét 52. Trong anh mdi trudng 40, ba dudng nhim muc tiéu mili tén 54
bao gdm huéng nhdm muc tiéu kha ning 53; va trong ving HUD, diém thao tac
thtt nht trude khi kéo va diém thao tac thir hai sau khi kéo tao nén huéng kéo 43
& vong trong 42. Trong toan bd U, huéng nhim muc tiéu kha ning 53 va huéng
kéo 43 la song song véi nhau.
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Nhu duge thé hién trén Fig.7, thiét bi diu cudi hién thi UI 40, va sau khi
ngudi ding thuc hién thao tac kéo trén vong trong 42 cia bang diéu khién nhim
muc tiéu kha ning, bd chi bdo nhidm muc tiéu hinh quat c6 thé dugc hién thi duéi
chén ctia nhan vat 4o trong UI 40. B6 chi bio nhdm muc tiéu hinh quat bao gdm:
ving nhdm muc tiéu hinh quat 55 va khoang cach st dung 16n nhét 52. Trong anh
mdi trudng 4o, ving nhdm muc tiéu hinh quat 55 bao gdm huéng nhdm muc tiéu
kha nang 53; va trong ving HUD, diém thao tac thir nhat trudc khi kéo va diém
thao tac thi hai sau khi kéo tao nén hudng kéo 43 & vong trong 42. Trong toan b
Ul, huéng nham muc tiéu kha ning 53 va hudng kéo 43 13 song song véi nhau.

Nhu duoc thé hién trén Fig.8, thiét bi dau cubi hién thi UT 40, va sau khi
nguoi dung thuc hién thao tac kéo trén vong trong 42 cia bang diéu khién nhim
muc tiéu khé ning, bd chi bao nhém muc tiéu hinh quat ¢6 thé dugc hién thi duéi
chan ctia nhan vat ao trong UI 40. BS chi bao nhim muc tiéu hinh quat bao gém:
ving nhim muc tiéu hinh tron 56 va khoang cach st dung 1én nhit 52. Trong anh
mdi trudng 40, ving nhim muc tiéu hinh quat 56 bao gdm huéng nhiam muc tiéu
kha nang 53; va trong ving HUD, diém thao tac thi nhét trude khi kéo va diém
thao tac thir hai sau khi kéo tao nén hudng kéo 43 & vong trong 42. Trong toan bd
Ul, huéng nhim muc tiéu kha ning 53 va huéng kéo 43 1 song song v6i nhau.

Huéng nhim muc tiéu kha ning 53 c6 thé khong dugc hién thi rd rang. Khi
hudéng nhidm muc tiéu kha nang 53 khong dugc hién thi, huodng nhdm muc tiéu
kha ning 53 c6 thé dugc xac dinh theo chd dimg cia nhan vat 4o va diém trung
tam cda vung dugc thuc hién chirc néng thuc té sau khi kha nang duoc st dung.

Hudng kéo 43 ¢6 thé ciing khong duoc hién thi rd rang. Khi huéng kéo 43
khong dugc hién thi, hudéng kéo 43 ¢6 thé dugc xé4c dinh theo diém thao tac thi
nhét trude khi kéo va diém thao tac thi hai sau khi kéo & vong trong 42.

Phan d3 duogc dé cép dugc mo ta bé‘mg viéc st dung duy nhét vi du trong do
bang diéu khién nhdm muc tiéu kha ning 1a bang diéu khién nhim muc tiéu xoay,
va dang ctia bang diéu khién nham muc tiéu kha nang khong gidi han theo phuong
4n nay dugc cung cip ma chirc ning ctia viéc nhim muc tiéu kha ning c6 thé ducfc
thuc hién.

Dua trén phdn mé ta & trén, theo phuong phap dugc cung cip theo phuong
4n ndy, bang viéc khién hudng nhim muc tiéu kha nang ctia bd chi bao nhidm muc
tiéu kha nang ba chiéu trong UI song song v6i hudng kéo ciia thao tac kéo, hudéng
nham muc tiéu kha ning duoc quan sat boi nguoi dung khép véi dong tac tay cua
ngudi ding, bang cach d6 nang cao tinh chinh x4c ctia viéc nhim muc tiéu kha
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ning. Céc thao tac chinh sira khong cén thiét duoc giam xudng, do d6 hidu qua
tuong tac gifta nguoi va may tinh cling dugc ning cao t6i mot mic do nhét dinh.

Fig.9 14 luu db v& phuong phap nhdm muc tiéu kha ning trong mdi trudng
40 ba chilu theo phuong 4n mAu khéc cla sang ché. Phuong phap c6 thé duoc
thuc hién boi thiét bi may tinh, va thiét bi may tinh c6 thé 1a thiét bi dau cubi, may
chil, hodic thiét bi diu cudi va may chu, trong d6 thiét bi diu cudi c6 thé 14 thiét b
dau cudi 220 trén Fig.2 va may chu c6 thé 1a may chil 240 trén Fig.2. Vi du trong
d6 phuong phap duoc thuc hién boi thiét bi dau cubi dugc st dung, va phuong
phap bao gdém cac budc:

Buée 902: Hién thi giao dién nguoi dung (UI) ctia chuong trinh tmg dung,
Ul bao gdm anh mdi trudng 4o va bang diéu khién nhim muc tiéu kha ning, anh
mdi trudng 40 13 anh duogc thu nhan bang viéc quan sét moi trudng 4o ba chiéu tir
géc nhin ciia ngudi tht ba, bang didu khién nhiam muc tiéu kha ning 12 bang didu
khién hai chidu dugc tao ciu hinh dé sir dung kha ning, va bang diéu khién nhim
muc tiéu kha ning dugc bb tri trén 16p trén ctia anh méi trudng &o.

Thiét bj dau cudi hién thi UI cta chuong trinh tng dung, UI bao gém anh
mdi trudng 30 va ving HUD, va bang diéu khién nhdm muc tiéu kha ning 1a thanh
phén cta ving HUD. Ving HUD dugc b trf trén 16p trén clia anh mdi trudng o
va khong thay dbi cuing véi céc thay di ctia méi trudng 4o ba chiéu.

Bang diéu khién nhdm muc tiéu kha ning 1 bang diéu khién hai chidu ma
duoc bb tri trén 16p trén cla anh moi trudng 4o va dugc tao cAu hinh dé st dung
kha ning, va dugc tao ra boi vong trong va vong ngoai cung nhau. Nguoi dung
c6 thé kéo vong trong, nhung trung tAm clia vong trong khong thé vuot qua ving
clia vong ngoai. Ngoai ra, viéc nhdm muc tidu kha ning co thé chi duoc kich hoat
khi khoang cach cua thao tac kéo ciia nguoi dung 16n hon so vé1 ban kinh cua
ving khong hoat dong. Viéc nhim muc tiéu kha ning khong thé duoc kich hoat
khi khoang céach thao tac kéo cia nguoi dung it hon so véi ban kinh cda vung
khong hoat dong. '

Nhu duoc thé hién trén Fig.10, bang diéu khién nhdm muc tiéu kha nang
40 dugc tao ra boi vong trong 42 va vong ngoai 44 cung nhau. Vung khong hoat
dong 00 ton tai gifta vong trong 42 va vong ngodi, va ving khong hoat déng 00
16n hon mdt cht so véi vong trong 42. Theo cach thuc hién kha thi, ngudi dung
c6 thé kéo vong trong 42, nhung trung tAm vi tri cia vong trong 42 khong thé vuot
qua ving ma trong dé vong ngoai 44 dugc bd tri. Theo cach thuc hién kha thi
khac, trung tdm vi tri ctia vong trong 42 c6 thé vuot qua ving trong d6 vong ngoai
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44 dugc b tri, nhung thao tac nhu vay dugc coi 1a thao tac khong hop 1€ hoac
thao tac huy bo.

Budc 904: Nhén thao tac kéo trén bang diéu khién nhdm muc tiéu kha ning,
thao tac kéo bao gdm diém thao tac thir nhét va diém thao tac thi hai ma dugc bd
trf trén bang diéu khién nhim muc tiéu kha ning, diém thao tac thi nhét 13 diém
thao tic ban dau cta thao tic kéo, va diém thao tac thi hai 14 diém thao tac hién
thoi cua thao tac kéo.

Vi du, nhu duge thé hién trén Fig.10, diém thao tic ban du cia thao tac
kéo 1a diém thao tac thi nhit 01, va diém thao tac hién thoi cua thao tac kéo 1a
diém thao tac thir hai 02. Diém thao tac thi nhét 01 13 diém trung tim ctia vong
ngoai 44. Piém thao tac thir hai 02 1 diém trung tdm clia vong trong 42.

Buéc 906: Xéc dinh vecto nhim muc tiéu chi tir diém thao tac thit nhét t6i

diém thao tac thir hai phan hdi lai thao tac kéo.

Thiét bi dau cudi xac dinh vecto nhim muc tiéu chi tir diém thao tac thi
nhat t6i diém thao téc tht hai phan hdi lai thao tac kéo. Vi du, nhu dugc thé hién
trén Fig.10, vecto chi tir diém thao tac thi nhét 01 t6i diém thao tac thi hai 02 13
vecto nhidm muc tiéu 03.

Vi dy, thao tac kéo dugc thuc hién boi ngudi ding trén bang didu khién
nhdm muc tiéu kha ning c6 thé 13 thao tac nhén va giit vong trong 42 va kéo vong
trong vé phia hudng trung tdm, hodc ¢6 thé 1a thao tac khac chéng han nhu nhép,
cham, truot ma c6 thé khién bang didu khién nhdm muc tiéu kha ning trong Ul
tao nén su dich chuyén nhét dinh. Piém thao tac thu nhat 01 13 vi tri trong Ul duogc
cham dau tién béi thao tac kéo, diém thao tac thi hai 02 1 vi tri clia thao tac kéo
tai thoi didm hién thoi, va thiét bi ddu cubi xac dinh vecto nhim muc tiéu chi tir
diém thao tac thir nhit 01 t&i diém thao tac thir hai 02.

Budc 908: Tinh, bﬁmg viéc st dung diém trung tdm trén Ul lam diém tham
chiéu thtr nhit, diém tham chiéu tht hai duoc chi sau khi diém tham chiéu tha

nhat va vecto nham muc ti€u dugc bo sung.

Thiét bi diu cudi sir dung diém trung tdm cua UI lam diém tham chiéu tht
nhat, va tinh diém tham chiéu tht hai dugc chi sau khi diém tham chiéu thir nhét
va vecto nhdm muc tiéu duoc bd sung. Nhu duogc thé hién trén Fig.11, thiét bi dau
cubi st dung diém trung tAm 04 cua UI lam diém tham chiéu th& nhét, va tinh
diém tham chiéu th hai dugc chi 05 sau khi diém tham chiéu thir nhat 04 va vecto
nhdm muc tiéu 03 duogc bd sung.
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Vi dy, thao tac kéo dugc thuc hién boi nguoi dung trén bang diéu khién
nhim muc tiéu kha ning c6 thé 1a thao tac nhin va giit vong trong va kéo vong
trong vé phia hudng trung tAm, hodc c6 thé 1a thao tac khac ching han nhu nhép,
cham, trugt ma cé thé khién bang diéu khién nhadm muc tiéu kha nang trong Ul
tao nén sy dich chuyén nhét dinh. Piém thao tac thi nhét 13 vi tri trong UI duoc
cham du tién boi thao tac kéo. Thiét bi ddu cudi tinh diém tham chiéu thir hai

dugc chi sau khi diém tham chiéu thir nhat va vecto nham muc ti€u dugce bd sung.

Bude 910: Chuyén dbi diém tham chiéu thir nhat thanh diém tham chiéu
thir ba trong méi trudng 4o ba chidu bang viéc st dung ma tran bién ddi nguoc,
va chuyén dbi diém tham chiéu thir hai thanh diém tham chiéu th@ tu trong moi
trudng 4o ba chiéu bing viéc st dung ma trén bién d6i nguoc.

Thiét bi dau cudi chuyén dbi diém tham chiéu thtr nhét thanh diém tham
chiéu thir ba trong méi trudng 4o ba chidu bang viéc st dung ma tran bién d6i
ngugc, va chuyén dbi didm tham chiéu thir hai thanh diém tham chiéu th tu trong
mdi trudng 4o ba chiéu bang viéce st dung ma tran bién dbi nguoc.

Ma tran bién déi nguoc 1a ma tran bién dbi duge sir dung dé thuc hién bién
d6i hé théng toa d6. Theo phuong 4n nay, ma tran bién dbi nguoc duoc st dung
dé chuyén ddi diém trén hé théng toa do hai chiéu (vi du, mat phing tao anh cla
camera 40) trong d6 anh mai trudng 4o duoc bb tri thanh diém trén nén tang s
dung (vi du, mit d4t trong méi truong ao ba chiéu) ciia nhan vt o theo hé théng
toa do ba chiéu trong d6 méi trudng 4o ba chidu dugce bd tri. Cong thic nhu dudi
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tran bén ngoai camera ciia camera 40, (u,v) 1a diém theo hé théng toa d6 hai
chiédu, va (X,.Y,,Z,) 13 diém theo hé théng toa dd ba chiéu.
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Vi dy, nhu dugc thé hién trén Fig.12, thiét bi dau cudi chuyén dbi diém
tham chiéu thtr nhat 04 thanh diém tham chiéu tha ba 07 trong méi trudng 4o ba
chiu bang viéc sir dung ma tran bién dbi nguoc, va chuyén dbi diém tham chiéu
thir hai 05 thanh diém tham chiéu tht tu 08 trong méi trudng 4o ba chidu bang
viée str dung ma tran bién d6i nguoc.

Mot céch tiry chon, diém tham chidu thtt nhit va diém tham chiéu thit hai
12 c4c diém trén anh moi trudng o, va diém tham chiéu th ba va diém tham chiéu
thi tu 14 céc diém trén mit phing str dung (vi du, mat dat) trong méi trudng 4o ba
chiéu.

Budc 912: Xac dinh vecto chi tir diém tham chiéu thtr ba t6i diém tham
chiéu tht tu nhu vecto nhim muc tiéu kha nang cua bd chi bao nhdm muc tiéu
kha ning ba chiéu trong méi trudng 4o ba chiéu.

Thiét bi ddu cudi xac dinh vecto chi tir diém tham chiéu thir ba téi diém
tham chiéu tht tu nhu vecto nhdm muc tiéu kha ning ctia bd chi bao nhdm muc
tiéu kha niang ba chidu trong méi trudng 4o ba chidu. Vecto nhim muc tiéu kha
nang duoc st dung dé chi bao hudng nhim muc tiéu ctia kha ning. Mot cach tiry
chon, vecto nhdm muc tiéu kha nang co thé khong dugc sir dung dé chi bao khoang
cach st dung cua kha ning va chi dugc st dung dé chi bao huéng nham muyc tiéu.

Vi du, nhu duoc thé hién trén Fig.12, vecto chi tu diém tham chiéu thi ba
07 t6i diém tham chiéu thi tu 08 13 vecto nhdm muc tiéu kha nang 09 cua bo chi
b4o nhdm muc tiéu kha ning ba chidu trong méi truong ao ba chiéu. Vecto chi
duogce st dung dé chi bao huéng nham muc tiéu.

Buéc 914: Hién thi bo chi bio nhim muc tiéu kha ning ba chiéu theo vecto
nhdm muc tiéu kha ning, huéng nhdm muc tiéu kha ning cta bd chi bao nham
muc tiéu kha ning ba chiéu 13 song song véi huéng kéo clia thao tac kéo trong UI,
va hudng kéo 12 hudng chi tir diém thao tac thir nhét t6i diém thao tac thiy hai.

Thiét bi dAu cudi hién thi bd chi bao nhim muc tiéu kha nang ba chiéu theo
vecto nhim muc tiéu kha nang. BS chi bao nhdm muc tiéu kha ning c6 thé 1a bd
chi bado nhdm muc tiéu xoay, bd chi bdo nhim muc tiéu don miii tén mét chiéu,
bd chi bdo nhim muc tiéu hinh quat, hoac bd chi béo nhdm muc tiéu da mii tén
mot chiéu.

Nhu dugc thé hién trén Fig.13, b chi bao nhdm muc tiéu kha nang ba chiéu
56 duoc hién thi theo vecto nhim muc tiéu 03, va huéng 53 clia bd chi bao nhim
muc tiéu kha nang ba chiéu khong duogc hién thj r& rang. Huéng 53 ctia bd chi bao
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nhim muc tiéu kha ning 13 song song véi hudng kéo 03 cia thao tac kéo trong Ul
40.

Budc 916: Stir dung kha nang t6i vi tri muc ti€u phan hdi lai thao tic st
dung dugc nhan.

Vi duy, thao tic st dung 1a thao tdc ma ngon tay cua ngudi dung tha khoi
vong trong 42. Phan hoi lai thao tic st dung duoc nhan, thiét bi dau cudi st dung
kha nang téi vi tri muc ti€u duge chi bdi vecto nhidm muc tiéu.

Vi du, nhan vat 4o 13 phu thuy tin cong, va bd chi bao nhim muc tiéu kha
ning ba chiéu 13 b chi bao nh&m muc tiéu xoay. Thiét bi dau cudi tha ra bung lira
t61 vi tri muc tiéu phan hoi lai bd chi bao nham muc tidu xoay. Vi du, nhan vat 4o
1a phu thiy tAn cdng, va bd chi bao nhdm muc tiéu kha ning ba chidu 1 bd chi
bao nhim muc tiéu don mii tén mot chidu. Thiét bi diu cudi tha ra quat gp téi vi
tri muc ti€u phan hi lai bd chi bio nhdm muc tiéu don mii tén mot chiéu, va khi
quat gdp va cham nhén vt o ctia khac trai, quat gap c6 thé gay sat thuong nhét
dinh t6&i nhan vat ao cta khac trai. Sat thuong cé thé giam theo diém phép thuat,
giam theo diém sinh lyc, giam theo ning luc tin cong, hodc gidm theo ning luc
phong thu.

Vi du, nhan vat 4o 1a hd tro phong thu, va bd chi bao nhim muc tiéu kha
ning ba chiéu 12 b chi bdo nhdm muc tiéu xoay. Thiét bi ddu cudi tha ra vong
tron to1 vi tri muc tiéu phan hdi lai bd chi bdo nhim muc tiéu xoay. Vong tron c6
thé dich chuyén cac nhan vat 4o cla cung trai quay vé ngudn, hodc c6 thé triéu
hdi cac nhan vt 4o clia cling trai téi vi tri ctia vong tron. Vi du, nhan vat 4o 1 hd
trg phong thu, va b chi bao nhdm muc tiéu kha nang ba chiéu 12 bo chi bao nhim
muc tiéu don miii tén mot chiéu. Thiét bi dAu cubi tha ra qua cau t&i vi trf muc
tiéu phan hdi lai bd chi bao nhém muc tidu don mii tén mot chibu, va qua cau co
thé hat tung nhan vat do cia khac trai.

Vi du, nhan vat 4o 1a sat thi nhanh nhen, va bd chi bao nhdm muc tiéu kha
ning ba chiéu c6 thé 1a bo chi bao nhim muc tiéu don mii tén mot chidu. Thiét bi
dAu cudi didu khién nhan vat ao di chuyén vé phia vi tri muc tiéu phan hi lai bd
chi b4o nhdm muc tiéu don miii tén mét chidu. Vi dy, theo quy trinh chuyén dong,
nhén vat 40 c6 thé tang diém sinh luc mién 14 nhan v4t 4o khéc duge va cham. Vi
dy, theo quy trinh chuyén dong, nhan vat ao co thé tao nén hiéu ung lam cham to61
nhan vat 4o khac mién 13 nhan vat 4o khac dugc va cham.

Theo cach thuc hién kha thi, khi diém thao tac thi hai ma nguoi dung két
thuc thao tac kéo la trong pham vi viing duoc ¢ dinh trong UI, thiét bi dau cudi
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huy bé viéc sir dung kha ning, va ving dugc ¢b dinh c6 thé duoc coi 12 ving hiy
b6 kha nang. Tuong tu, khi diém thao tac thit hai cta thao tac kéo clia ngudi dung
khong ndm trong pham vi ving huy bé kha ning, thiét bi dau cudi c6 thé sir dung
kha néng.

Dua trén phan mé ta & trén, theo phuong phap dugc cung cép theo phuong
4n ndy, bang viéc x4c dinh diém tham chiéu thi nhét, diém tham chiéu thit hai, va
diém tham chiéu tht ba va diém tham chiéu thr tu nAm trong mdi truong 4o va
duoc thu nhan thong qua ma tran bién ddi nguogc, vecto chi tir diém tham chiéu
tht ba t6i diém tham chiéu tht tu duoc xac dinh nhu hudng kha ning ctia bd chi
b4o nhém muc tiéu kha nang ba chiéu trong méi trudng 4o. Cudi cling, hudng
nhim muc tiéu kha ning cia bd chi bao nh&m muc tiéu kha ning ba chiéu duoc
hién thi trong anh moéi trudng 4o dugc khién song song véi huéng kéo cua thao
tac kéo thong qua viée sip xép. Do d6, theo sang ché, tinh chinh x4c ctia viéc
nhém muc tiéu kha ning duoc nang cao, va hiéu qua tuong tic gitta ngudi va may
tinh cling dugc nang cao téi mot murc do nhét dinh.

Phuong 4n dé duogc dé cap mé ta truong hop ma huéng nhim muc tiéu cua
bd chi bao nhim muc tiéu kha ning ba chiéu trong anh mai trudng 4o song song
véi hudng kéo cuia thao tac kéo. Tuy nhién, bd chi bao nhidm muc tiéu kha ning
ba chiéu khong chi chi bao hudng ma nhan vat 3o sir dung kha ning, nhung ciing
chi bao khoang cach str dung cia nhan vat ao. Khoang cach sir dung co6 thé duoc
c¢b dinh va la khoang cach st dung duoc c¢b dinh dugc xac dinh béi chuong trinh
img dung theo cic nhén vat ao khac nhau hodc cac kha nang khac nhau. Khoang
cach str dung co thé lya chon 1a ngau nhién va dugc x4c dinh theo khoang cach
gitta diém thao tac thir nhit va diém thao tac thi hai ctia thao tac kéo ctia ngudi
dung.

Nghia 13, bang diéu khién nhim muc tiéu kha ning bao gém khoang cach
nhim muc tiéu 16n nhét, va c6 ty sd thi nhat ctia khoang céch thir nhét gitta diém
thao tac tht nhat va diém thao tac thi hai téi khoang cach nham muc tiéu 16n nhét.
Kha ning bao gdbm khoang cach kha ning 16n nhit trong méi trudong 4o ba chidu,
bd chi bido nhim muc tiéu kha nang ba chiéu bao g?)m diém nham muc tiéu thi
nhit va diém nhdm muc tiéu tht hai trong méi trudng 4o ba chiéu, diém nhém
muc tiéu thi nhét 1a diém ban dau trong subt qua trinh nhdm muc tiéu kha ning,
diém nhdm muc tiéu tht hai 1a diém muc tiéu trong sudt qué trinh nhdm muc tiéu
kha ning, va c6 ty sb thi hai cia khoang cach thir hai giita diém nham muc tiéu
th nhat va diém nham muc tiéu thi hai v6i khoang cach kha ning 16n nhét. Ty
s6 thtr nhét va ty sb th hai 12 giéng nhau.

23



51657 24/70

Fig.14 14 luu d6 vé phuong phép nhim muc tiéu kha ning trong méi trudng
40 ba chidu theo phuong 4n mau khéc cta sang ché. Phuong phép c6 thé dugc
thuc hién boi thiét bi méy tinh, va thiét bi may tinh c6 thé 1a thiét bi dau cudi, may
chu, hodc thiét bi dau cudi va may chu, trong d6 thiét bi dau cudi c6 thé 1a thiét bi
dAu cudi 220 trén Fig.2 va may chu co thé 1a may chii 240 trén Fig.2. Theo phuong
phap nay, khoang céach sir dung cua nhan vat do dugc xac dinh theo khoang céach
gitta diém thao tic thir nhit va diém thao tac thir hai ciia thao tac kéo clia ngudi
dung. Vi du trong d6 phuwong phap dugc thuc hién boi thiét bi dau cudi duge su
dung, va phuong phap bao gdm céc budc:

Budge 1402: Hién thi giao dién ngudi ding (UI) ctia chuong trinh ing dung,
UI bao gdm anh mai trudng 4o va bang diéu khién nhiam muc tiéu kha ning, anh
moi truong 4o 1a anh dugc thu nhén bang viéc quan sat mdi truong 4o ba chidu tir
gdc nhin ciia ngudi thi ba, bang didu khién nhim muc tiéu kha ning 13 bang diéu
khién hai chidu dugc tao cAu hinh dé st dung kha ning, va bang diéu khién nhim
muc tiéu kha ning dugc bd trf trén 16p trén clia anh moi trudng 0.

Budc 1404: Nhén thao téc kéo trén bang didu khién nhim muc tiéu kha
ning, thao tic kéo bao gdbm diém thao tac thir nhat va diém thao tdc tht hai ma
duoc bb tri trén bang didu khidn nhim muc tiéu kha ning, diém thao tic thir nhat
1a didm thao tac ban diu cta thao tac kéo, va diém thao tac thit hai 14 diém thao
tac hién thoi cda thao tac kéo.

Budc 1406: Xac dinh diém vi tri ctia nhan vat ao trong mdi trudong 4o ba
chiéu nhu diém nhim muc tiéu tht nhét.

Thiét bi dau cudi xac dinh diém vi tri ctia nhan vat ao trong moi trudng 4o
ba chiéu nhu diem nham muc tiéu thir nhat.

V{ du, khi nhén vat a0 1a phu thuy tdn cong, diém nhim muc tiéu thir nhat
la vi tri cda phu thuy tAn cong. Vi duy, khi nhan vét 4o la hd trg phong thu, diém
nhim muc tiéu tht nhét 13 vi tri cta hd tro phong thu.

Budc 1408: Thu nhan khoang cach nhim muc tiéu 16n nhét ciia bang didu
khién nhdm muc tiéu kha ning, va tinh ty sé thi nhit ctia khoang cach thir nhat
gitta diém thao tac thir nhat va diém thao tac thir hai v6i khoang cach nhdm muc
tiéu 16n nhét.

Thiét bi d4u cudi thu nhan khoang cach nhim muc tiéu 16n nhit cta bang
diéu khién nhdm muc tiéu kha ning, va tinh ty sb thi nhat cua khoang céch thir
nhét gitta diém thao tac thir nhat va diém thao tac thir hai véi khoang cach nhdm
muc tiéu 16n nhét.
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Vi du, nhu dugc thé hién trén Fig.13, cong thirc 1 nhu duéi day:

|B—A|/AimRadius:]F—Hl/SillRange, trong do|B—4|/ AimRadius | {5 56 thir nhét

ctia khoang cach thir nhat 79 gifta diém thao tac thir nhat va diém thao tac thi hai
v6i khoang cach nhdm muc tiéu 16n nhat 78. Ty s6 thi hai ctia khoang cach thi
hai 77 gifta diém tham chiéu tht ba 07 va diém tham chiéu tht tu 08 véi khoang
cach kha nang 16n nhét 80 1a gidng nhu ty s6 thir nhat di dugc dé cap. SillRange ]y
khoéng céch kha ning 16n nhét 80. Diém H 13 vi tri cua nhan vét 40. Diém va
cham kha ning c6 thé duoc tinh theo cong thirc nhu dudi day:

AimPoint = H+ Normalize(D,—D, ) * (IB - A| / AimRadius) * SillRange _ trong dé

Diém nhim muc tiéu 12 vi trf 98 cta diém F, D, 1a vi trf 07 cta diém tham
chiéu thr ba trong méi trudng 4o ba chidu cia diém tham chiéu thir nhét thong
qua ma trén bién d6i nguoc, D, 14 vi tri 08 cla diém tham chiéu th@ tu trong moi
trudmg 4o ba chiéu cua diém tham chiéu thir hai thong qua ma tran bién dbi nguoc,
va Normalize(D,~D,) 14 vecto don vi chi tir diém tham chiéu th ba 07 téi diém
tham chiéu thi tu 08. Khoang cach nhdm muc tiéu 16n nhat 12 ban kinh vong ngoai
ctia bang diéu khién nhim muyc tiéu kha ning.

Budc 1410: Thu nhan khoang cach kha niang 16n nhét ctia kha ning trong
mdi trudng 4o ba chidu, va tinh tich cta ty sb tha nhét va khoang cach kha ning
16n nhét nhur khoang cach st dung.

Thiét bi dau cudi thu nhan khoang cach kha ning 16n nhit cta kha ning
trong moi trudong 4o ba chiéu, va tinh tich cua ty s6 thi nhét va khoang cach kha
nang 16n nhat nhu khoang cach st dung.

Khoang cach kha ning 1én nhét 13 ban kinh 16n nhit cta kha ning ma nhan
vat 40 c6 thé st dung trong méi trudng 4o ba chiéu. Khoang cach st dung la
khoang céach gitta vi tri clia nhan vat do va vi tri toi diém nhan vat 4o st dung kha
nang.

Vi du, nhu duoc thé hién trén Fig.13, khoang cach gitra vi tri 07 cia nhan
vat 40 va vi trf 98 t6i diém nhan vat ao sir dung kha ning 13 khoang céch st dung
99. Khoang cach sﬁ.’-dung 99 1a tich ctia ty sb thtr nhit va khoang cach kha ning
16n nhat 80.

Vi duy, khoang céach str dung co thé duoc cb dinh. Vi du, mot kha nang triéu
hoi ctia phu thuy tAn cong 1 dé phat ra ngon ltra v6i do dai duoc c¢b dinh. Trong
truomg hop nay, nguoi ding cé thé didu khién huéng ctia ngon lira, nhung khong
thé diéu khién pham vi, cu thé, khoang cach sir dung ctia ngon Itta. Theo vi du
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khéc, mot kha nang triéu hoi cta hd tro phong thu 1a dat khién chén tai vi trf véi
khoéng cach dugc ¢b dinh, va khién chén c6 thé duoc sir dung dé phong thi chdng
lai céc tAn cong cia cac nhan vat 4o cua khac trai. Trong truong hop nay, ngudi
ding c6 thé didu khién hudng cia khién chén, nhung khéng thé didu khién khoang
cach gifta vi tri ctia khién chén va vi trf cia nhan vat 4o.

Vi du, khoang cach sir dung 12 tich ciia ty sb thir nhit va khoang cach kha
ning 16n nhat. Vi du, mot kha ning triéu hdi cta phu thuy tin céng 13 dé déng
bang mot vi tri. Ngudi dung c6 thé kéo bang diéu khién nham muc tiéu kha ning
thong qua thao tac kéo dé khién phu thiy tin céng xac dinh vi tri dé duoc déng
bang theo hudng nhim muc tiéu kha nang cua bo chi bao nham muc tiéu kha nang
ba chidu va st dung tich cta ty sb thir nhét va khoang cach kha ning 16n nhét lam
khoang céch stir dung.

Budc 1412: Bb sung, theo hudng dugc chi béi vecto nham muc tiéu, diém
nh&m muc tiéu tht nhat véi khoang céch st dung, dé thu nhan diém nhim muc
tiéu tht hai ctia bd chi bdo nhim muc tiéu kha ning ba chidu trong subt qua trinh
nham muc tiéu kha ning.

Thiét bi dau cubi bd sung, theo hudng dugc chi béi vecto nhdm muc tiéu,
diém nhim muc tiéu tht nhit véi khoang cach st dung, dé thu nhan diém nham
muc tiéu tht hai cia bd chi bao nhdm muc tidu kha n‘e“mg ba chiéu trong sudt qua
trinh nhim muc tiéu kha ning.

Vi duy, khi khoang céach st dung 1a tri s6 dugc co dinh, nhan vat 4o st dung
veé phia vi tri v&i khoang cach dugc ¢6 dinh theo hudng cia vecto nham muc tiéu.

Vi duy, khi khoang céch st dung la tich cua ty sd thir nhat va khoang cach
kha ning 16n nhét, nhan vét 4o st dung vé phia vi trf v6i khoang céch sir dung
nhét dinh theo hudng ctia vecto nham muc tiéu.

Budc 1414: Hién thi bo chi bao nhim muc tiéu kha nang ba chiéu theo
vecto nhdm muc tiéu kha nang, hudng nhdm muc tiéu kha ndng cua bd chi bdo
nhém muc tiéu kha ning ba chiéu 1a song song véi hudng kéo cla thao tac kéo
trong UL va huéng kéo 13 hudng chi tir diém thao tac thir nhit t6i diém thao tac
thtr hai.

Budc 1416: St dung kha ning téi vi tri muc tiéu phan héi lai thao tac st
dung dugc nhan.

Dua trén phan md ta & trén, theo phwong phap duoc cung cip theo phuong
an nay, béng viéc khién huéng nham muc tiéu kha nang cua bd chi bao nhdm muc
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tiéu kha ning ba chiéu trong UI song song véi hudng kéo ctia thao tac kéo, hudng
nhim muc tiéu kha ning dugc quan sat bi ngudi dung khép véi dong tac tay clia
ngudi ding, bing cach d6 nang cao tinh chinh xé4c clia viée nhim muc tiéu kha
ning. Cac thao tac chinh sira khong can thiét duoc giam xubng, do dé hiéu qua
tuong tac gitta ngudi va may tinh cling dugc nang cao téi mot mirc do nhét dinh.

Theo phuong phap dugc cung cip theo phuong an nay, ty s6 thir nhat clia
khoang céach thir nhét gitta diém thao tac thir nhit va diém thao tac thir hai véi
khoang cach nhim muc tiéu 16n nhét, va tich cta ty s6 thir nhét va khoang cach
kha ning 16n nhat duoc tinh nhu khoang cach st dung. Theo cach ndy, khoang
cach str dung cta nhéan vat ao dugc xac dinh theo khodng cach gitra diém thao tac
tht nhat va diém thao tac tht hai cta thao tac kéo cua ngudi dung, béng cach d6
nang cao hiéu qua tuong tac gitta nguoi va may tinh.

Fig.15 14 luu dd vé phuong phép nhdm muc tiéu kha ning trong moi trudng
40 ba chiéu theo phuong an mau khac cia sang ché. Phuong phép c6 thé duoc
thyc hién boi thiét bi may tinh, va thiét bi may tinh c6 thé 1a thiét bi dau cudi, may
chu, hoic thiét bi dau cudi va may chu, trong d6 thiét bi dau cudi c6 thé 1a thiét b
dAu cudi 220 trén Fig.2 va may chi c6 thé 1a may chi 240 trén Fig.2. Vi du theo
phuong phap dugce thuc hién boi thiét bi dau cudi duogc st dung, va phuong phap
bao gbém céc budc:

Budce 1502: Hién thi giao dién nguoi dung (UI) ctia chuong trinh tmg dung,
Ul bao gém anh mai truong ao va bang diéu khién nhim muc tiéu kha nang, anh
moi trudng ao 1a anh dugc thu nhén béng viéc quan sat moi truong do ba chiéu tir
géc nhin cia ngudi thi ba, bang didu khién nhdm muc tiéu kha nang 13 bang didu
khién hai chiéu dugc tao ciu hinh dé st dung kha nang, va bang diéu khién nham
muc tiéu kha nang dugc bd tri trén 16p trén clia anh méi trudng ao.

Thiét bi dau cudi hién thi Ul ctia chuong trinh tng dung.

Budc 1504: Nhan thao tac kéo trén bang diéu khién nhdm muc tiéu kha
ning, thao tic kéo bao gém diém thao tac thi nhit va diém thao tac thi hai ma
duoc bd tri trén bang didu khién nhim muc tiéu kha ning, diém thao tac thir nhat
12 diém thao tac ban diu cta thao tac kéo, va diém thao tac tht hai 13 diém thao
tac hién thoi cua thao tac kéo.

Thiét bi dau cudi nhan thao tac kéo trén bang didu khién nhim muc tiéu kha
nang.

Budc 1506: Hién thi bd chi bao nhdm muc tiéu kha ning ba chiéu trong 4nh
mdi trudng 4o phan hoi lai rang khoang cach giita diém thao tac thi nhat va diém
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thao tac thir hai 13 1én hon so véi ngudng ving khong hoat déng, huéng nhim
muc tiéu kha ning ctia b chi bio nhdm muc tiéu kha ning ba chiéu la song song
vé1 hudng kéo cia thao tac kéo trong UI, va hudng kéo 13 hudng chi tu diém thao
tac thtt nhat t6i diém thao tac th hai.

Thiét bi dau cudi hién thi bd chi bao nhdm muc tiéu kha ning ba chiéu trong
anh moéi truong 4o phan hdi lai rang khoang céch gifta diém thao tac thir nhat va
diém thao tac thir hai 1 16n hon so v6i ngudng ving khéng hoat dong.

Vi du, nhu dugc thé hién trén Fig.10, khi nguoi dung thuc hién thao tac
kéo, bd chi bdo nhdm muc tiéu kha ning ba chiéu chi dugc hién thi trong anh moi
trudng 4o khi khoang céch gitra diém thao tac thi nhét 01 va diém thao tac thi
hai 02 ma dugc tao nén dua trén thao tac kéo 1a 16n hon so véi ngudng ving khong
hoat dong 00.

Vi dy, ngudng vung khong hoat dong co thé 12 tri s6 dugc c¢b dinh duoc
thiét dit boi chuong trinh Umg dung hodc co thé 1a céc tri sd khac nhau duoc tao
nén theo cac kha ning khac nhau cua cac nhan vat ao khac nhau.

Vi duy, khi nguoi dung thuc hién thao tac kéo, bd chi bao nhdm muc tiéu
kha ning ba chiéu khéng duogc hién thi trong moi truong ao ba chiéu khi khoang
céch gitta diém thao tac thir nhat va diém thao tac th hai 1a it hon so véi ngudng
vung khong hoat ddng.

Budce 1508: Str dung kha nang t6i vi tri muc tiéu phan hdi lai thao tac str
dung duogc nhan.

Dua trén phan mé ta & trén, theo phuong phéap dugc cung cAp theo phuong
an nay, béng viéc khién hudng nhim muc tiéu kha nang cua bo chi bao nhim muc
tiéu kha ning ba chiéu trong UI song song véi huéng kéo clia thao tic kéo, huéng
nhim muc tiéu kha ning duoc quan sat bai ngudi diung khép véi dong tac tay cua
ngudi dung, bing cach d6 ning cao tinh chinh x4c cta viéc nhim muc tiéu kha
nang. Céc thao tac chinh stra khong can thiét duoc giam xudng, do d6 hidu qua
tuong tac gitta ngudi va may tinh cling dugc ning cao téi mot mic do nhat dinh.

Theo phuong phap duoc cung cip theo phuong 4n nay, ving khéng hoat
dong duoc thiét dat, do d6 bd chi bdo nhdm muc tiéu kha nang ba chiéu chi duogc
kich hoat khi khoang cach giita diém thao tac tht nhat va diém thao tac thir hai
cua thao tac kéo ciia nguoi dung 1a 1én hon so véi ngudng vung khong hoat dong.
Theo cach ndy, trong cac truong hop ma ngudi ding chang may cham bang didu
khién nhim muc tiéu kha nang hoac tam thoi khong du dinh st dung kha nang,
su biéu hién ctia bd chi bao nhim muc tiéu kha ning ba chiéu c6 thé duge tranh
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b.:?mg viéc diéu chinh vi tri ctia diém thao tac thi hai, dé dat muc dich ngan nhan
vat 4o st dung kha ning. Viéc str dung kha ning khong can thiét duoc giam xudng,
do d6 hiéu qua tuong tac gifra nguoi va may tinh dugc nang cao téi mot murc do
nht dinh.

Fig.16 1a so db khéi ctia phuwong phap nham muc tiéu kha ning trong méi
trudng 4o ba chiéu theo phwong 4n méu khéc cia sang ché. Phuong phap con bao
gbm céc budc dudi day:

Budc 802: ngudi ding thuc hién thao tac kéo trén bang diéu khién nhim
muc tiéu kha nang.

Budc 804: Xac dinh xem thao tac kéo vuot qua ngudng vung khong hoat
dong hay khong.

Néu thao tac kéo khong vuot qua ngudng ving khong hoat dong, budce 806
dugc thuc hién.

Néu thao tac kéo vuot qua ngudng ving khong hoat dong, budc 808 dugce
thuc hién.

Budc 806: Hity bo kich hoat bd chi bao nhdm muc tiéu kha ning ba chiéu.

Bude 808: Sip xép hudng kéo cua thao tac kéo téi méi truong &o ba chidu
thong qua ma tran bién ddi nguoc.

Budge 810: Hién thi huéng nhim muc tiéu kha ning cta b chi bdo nhim
muc tiéu kha ning ba chidu trén giao dién nguoi dung (UT).

Theo phuong an da dugc dé cap, phan mé ta duoc tao thanh bang viéc st
dung vi du trong d6 thiét bi dau cudi 1a thiét bi véi man hinh cam tmg. Theo cac
phuong 4n duéi ddy, sy chi rd ndy 1a nham mé ta phuong phép nhim muc tiéu
kha nang cia thiét bi dau cudi duoc két ndi véi b0 phan nhim muc tiéu vat ly. Vi
du, bd phan nhim muc tiéu vat ly bao g(‘A)m ntt hodc can diéu khién vat ly. Vi du,
bd phan nhidm muc tiéu vat ly la cam bién chuyén dong, va cu thé, c6 thé 1a can
diéu khién v6i cam bién gia téc. Can diéu khién c6 thé chup quy dao chuyén dong
ctia ngudi ding sau khi gitr can didu khién. B phan nhim muc tiéu vét 1y c6 thé
c6 thé lua chon 1a mot hodc nhiéu camera d6 sau. Camera d6 siu bao gém kha
nang nhan biét khong gian va c6 thé nhan ra thao tdc nhim muc tiéu dugc dua vao
bang viéc xoay chi ctia ngudi ding.

Fig.17 1a luu d6 vé phuong phép nhim muc tiéu kha ning trong méi truong
40 ba chiéu theo phuong 4n mau khéc clia sang ché.
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Budgc 1702: Hién thi giao dién ngudi ding (UI) ciia chuong trinh img dung,
UI bao gdm anh méi trudng 4o, va anh méi trudng 4o 1a anh duoc thu nhan bang
viéc quan sat méi trudng ao ba chiéu tir géc nhin clia ngudi thit ba.

Budc 1704: Nhan thao tac nhém muc tiéu trén b phan nhim muc tiéu vt
Iy, thao tac nhim muc tiéu bao gdm vi trf thao tic thi nhat va vi tri thao tac thir
hai ma dugc kich hoat trén bd phan nhim muc tiéu vat ly, vi tri thao tac tha nhét
12 vi trf thao tac ban dau cia thao tic nhidm muc tiéu, va vi tri thao tac thi hai 13
vi tri thao tac hién th&i cia thao tac nhim muc tiéu.

Vi du, thiét bi dau cubi dugc két nbi véi bd phan nham muc tiéu vat 1y, va
bd phén nhdm muc tiéu vat ly bao gém nGt hodc can diéu khién vat ly. Vi tri thao
tac thi nhat 12 vi trf thao tac ban dau khi ngudi ding nhén nit hoic thao tac can
didu khién. Vi tri thao tac tha hai 12 vi trf ma nut & lai sau khi nguoi ding nhén vi
trf & lai nGt hodc can diéu khién sau khi can diéu khién duoc thao tac.

Vi du, thiét bi dau cudi duge két ndi voi bd phan nhdm muc tiéu vat ly, bo
phan nham muc tiéu vat 1y 1a can didu khién trong d6 cam bién gia toc dugc cai
dat, va cam bién gia tc ¢ thé chup quy dao cua tay sau khi ngudi dung gitt can
didu khién. Vi tr thao tac tht nhat 13 vi trf khi ngudi dung gitt can diéu khién &
trang thai tinh ban dau, va vi trf thao tac thir hai 13 vi tri ma can diéu khién & lai
tai thoi didm hién thoi sau khi ngudi ding di chuyén can diéu khién.

Vi du, thiét bi dau cubi duoc két ndi v6i bd phan nham muc tidu vat 1y, va
bd phéan nhdm muc tiéu vat ly bao gém mdt hodc nhiéu camera v6i kha nang nhan
biét khong gian. Vi tri thao tac thi nhét 12 vi tri thao tac tay clia nguoi dung &
trang thai tinh ban ddu ma dugc chup bdi camera, va vi tri thao tac tha hai 1a vi
tri ma tay ctia ngudi ding & lai tai thoi diém hién thoi ma dugc chup bsi camera
sau khi tay ctia nguoi dung di chuyén.

Viduy, bo phan nhim muc tiéu vat ly duoc két ndi voi thiét bi dau cudi thong
qua giao dién bus ndi tiép da dang (universal serial bus, viét tit 1a USB), hoic c6
thé duoc két ndi voi thiét bi dau cubi thong qua Bluetooth, va thiét bi dau cudi c6
thé 1a may tinh ban.

Budc 1706: Hién thi bo chi bao nhim muc tiéu kha ning ba chiéu trong anh
moi truong 4o phan hdi lai thao tdc nhdm muc tiéu, huéng nhim muc tiéu kha
nang ctia bo chi bio nham muc tiéu kha ning ba chiéu 1a song song véi huéng
nhim muc tiéu cta thao tdc nhim muc tiéu trong Ul, va hudng nhdm muc tiéu la
huéng chi tir vi tri thao tac th nhat t&i vi tri thao tac thit hai.
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Vi du, thiét bi dau cudi duoc két ndi véi bo phan nham muc tidu vat 1y, va
b6 phén nhdm muc tiéu vat 1y bao gdm nut hodc can diéu khién vat Iy. Vi tri thao
tac thi nhét 13 vi trf thao tac ban dau khi nguoi dung nhan nit hodc thao tic can
diéu khién. Vi tri thao tac thir hai 14 vi trf ma nit & lai sau khi nguoi ding nhén
ntt hodc vi tri & lai cAn diéu khién sau khi can diéu khién dugce thao tac. Vi du,
huéng nhdm muc tiéu chi tir vi trf thao tic ban dau khi ngudi ding nhan nit téi vi
tr{ ma nat & lai sau khi ngudi ding nhin nit, va huéng nhdm muc tiéu kha ning
ctia bd chi bdo nhdm muc tiéu kha nang ba chiéu 14 song song v6i huéng nhim
muc tiéu cua thao tac nhdm muc tiéu trong Ul. Vi dy, hudng nhdm muc tiéu chi
tir vi tri thao tac ban du khi nguoi ding thao tic can diéu khién véi vi tri & lai
ctia cin diéu khién sau khi cin diéu khién dugc thao tic, va hudng nhim muc tiéu
khé ning ctia bd chi bdo nhdm muc tiéu kha ning ba chiéu la song song véi hudng
nhim muc tiéu cta thao tic nhim muc tiéu trong UL.

Vi du, thiét bi dau cudi duge két ndi véi bd phan nham muc tiéu vat 1y, bd
phan nhdm muc tiéu vat 1y 1a can diéu khién trong d6 cam bién gia téc dugc cai
dat, va cam bién gia tdc c6 thé chup qu§ dao tay sau khi ngudi dung gift can diéu
khién. Vi trf thao tac thtt nhét 13 vi trf khi ngudi ding gitr cn diéu khién & trang
théi tinh ban du, va vi tri thao téc thi hai 14 vi trf ma can diéu khién & lai tai thoi
diém hién thoi sau khi ngudi dung di chuyén can diéu khién. Huéng nham muc
tiéu chi tir vi tri khi ngudi ding gitr cn didu khién & trang thai tinh ban dau téi vi
tri ma cn didu khién & lai tai thoi diém hién thoi sau khi nguoi ding di chuyén
cAn diéu khién, va huéng nhim muc tiéu kha nang cua bd chi bao nhim muc tiéu
kha ning ba chidu 1 song song véi hudng nham muc tiéu ctia thao tac nhém muc
tiéu trong UL

Vi dy, thiét bi dAu cudi dugc két ndi v6i bd phan nhim muc tidu vét ly, va
bd phan nhdm muc tiéu vat ly bao gf‘)m mot hodc nhiéu camera v6i kha nang nhan
biét khong gian. Vi trf thao tac thtr nhit 14 vi tri thao tac tay cia ngudi ding &
trang thai tinh ban dau nghia 13 duoc chup boi camera, va vi tri thao tac thir hai 14
vi tri ma tay ctia ngudi dung & lai tai thoi diém hién thoi ma duoc chup boi camera
sau khi tay ctia ngudi dung di chuyén. Huéng nhim muc tiéu chi tir vi trf thao tac
tay ctia nguoi ding & trang thai tinh ban diu ma dugc chup béi camera t6i vi tr
ma tay ctia ngudi ding & lai tai thoi diém hién thoi ma duoc chup boi camera sau
khi tay ctia ngudi ding di chuyén, va huéng nhim muc tiéu kha ning ctia bd chi
bao nham muc tiéu kha ning ba chiéu 1a song song véi huéng nhdm muc tiéu cia
thao tdc nhim muc tiéu trong UL
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Theo phwong 4n nay, bang viéc khién huéng nhim muc tiéu kha ning cia
b6 chi bao nhém muc tiéu kha ning ba chidu trong UI song song véi huéng nhim
muc tiéu cua thao tac nhdm muc tiéu, hudéng nhdm muyc tiéu kha nang dugc quan
sat bai nguoi dung khép vai dong tac tay hoac dong tac chi ciia nguoi dung, bang
cach d6 nang cao tinh chinh x4c cta viéc nhdm muc tiéu kha ning. C4c thao tac
chinh stra khong can thiét duoc giam xubng, do d6 hiéu qua twong tac giita nguoi
va may tinh cling dugc nang cao tdi mot mirc do nhét dinh.

Vi tri thao tac thir nhat dugc mé ta theo phuong 4n nay 1a twong duong véi
diém thao tac thit nhat duoc md ta theo phuong an da dugc de cap, vi tri thao tac
thir hai 13 twong duong véi diém thao tac tht hai dugc mo ta theo phuong 4n da
duogc dé cap, va thao tac nhdm muc tiéu 13 trong duong véi thao tac kéo duge mo
ta theo phuong 4n di duoc dé cap. Theo phuong 4n nay, nguyén tdc nhim muc
tiéu kha nang lién quan 1a tuong tu v6i nguyén tic clia phuwong 4n di duoc dé cap,
ngudi ¢6 hiéu biét trung binh vé linh vuc ky thuat twong tmg c6 thé hiéu phuong
4n ndy v6i tham chiéu t6i phuong 4n da duge d& cap, va cac chi tiét khong dugc
md ta & day 1an nira.

Fig.18 1a so d0 vé may nhdm muc tiéu kha ning trong mdi trudng 4o ba
chiéu theo phuong 4n miu cta sang ché, va may cé thé 4p dung dugc cho thiét bi
may tinh. M4y bao gom:

modun hién thi 1310, duoc tao cAu hinh dé hién thi giao dién ngudi dung
(UI) ctia chuong trinh tmg dung, UI bao gém anh madi trudng 4o va bang didu
khién nhdm muc tiéu kha nang, anh méi trudng 4o 1a anh duoc thu nhan bang viée
quan sat mdi trudong ao ba chidu tir géc nhin ciia ngudi thit ba, bang diéu khién
nhim muc tiéu kha ning la bang didu khién hai chiéu duogc tao chu hinh dé su
dung kha ning, va bang diéu khién nhim muc tiéu kha ning dugc bb tri trén 16p
trén ciia &nh moi trudng ao;

mddun nhan 1320, duoc tao ciu hinh dé nhan thao tac kéo trén bang diéu
khién nhdm muc tiéu kha ning, thao tac kéo bao gém diém thao tac thir nhét va
diém thao tac thr hai ma dugc bd tri trén bang diéu khién nhim muc tiéu kha
nang, diém thao tac thir nhét 12 diém thao tac ban dau cua thao tac kéo, va diém
thao tac tha hai 1a diém thao tac hién thoi cia thao tac kéo; va

Mbdun hién thi 1310 con dugc tao céu hinh dé hién thi bd chi bio nhdm
muc tiéu kha ning ba chiéu trong anh méi trudng 4o phan hdi lai thao tac kéo,
huéng nham muc tiéu kha ning cta bo chi bao nhim muc tiéu kha ning ba chiéu
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1a song song véi hudng kéo cia thao tac kéo trong Ul, va hudng kéo 1a hudng chi
tir diém thao tac thir nhat t6i diém thao tic thi hai.

Dua trén phin mé ta & trén, theo may duoc cung cdp theo phuong 4n nay,
bing viéc khién huéng nhidm muc tiéu kha ning cia bd chi bdo nhim muc tidu
kha ning ba chiéu trong UI song song v6i hudng kéo cia thao tac kéo, huéng
nhim muc tiéu kha ning dugce quan sat bdi nguoi dung khép véi dong tac tay cia
ngudi ding, bang cach dé nang cao tinh chinh x4c ctia viéc nhdm muc tidu kha
ning. Cac thao tac chinh sira khong can thiét duoc giam xudng, do d6 hidu qua
tuong tac gifta nguoi va may tinh cling dugce nang cao téi mot mirc do nhét dinh.

Fig.19 1a so dd v& may nhim muc tiéu kha ning trong moi trudng 4o ba
chidu theo phuong 4n mAu khéc ciia sang ché, va may co thé 4p dung dugc cho
thiét bi may tinh. M4y bao gom:

modun hién thi 1310, dugc tao cAu hinh dé hién thi giao dién ngudi dung
(UI) ctia chuong trinh tmg dung, UI bao gdm anh méi trudng 4o va bang diéu
khién nhdm muc tiéu kha ning, anh mai trudng 4o 13 anh dugc thu nhén béng viéc
quan sat moi truong ao ba chiéu tir géc nhin ctia nguoi thit ba, bang diéu khién
nhém muc tiéu kha ning 12 bang diéu khién hai chidu dugc tao cau hinh & su
dung khé ning, va bang diéu khién nhim muc tiéu kha ning duogc b6 tri trén 16p
trén cda anh moi truong 4o;

mddun nhan 1320, dugc tao cau hinh dé nhan thao tac kéo trén bang diéu
khién nhdm muc tiéu kha nang, thao tic kéo bao gdbm diém thao tac thir nhét va
diém thao tic th hai ma duoc b tri trén bang diéu khién nhim muc tiéu kha
nang, didm thao tac th nhét 14 diém thao tac ban diu cia thao tac kéo, va diém
thao tac tht hai 1a diém thao tac hién thoi cia thao tac kéo; va

mddun hién thi 1310 con duoce tao cdu hinh dé hién thi bo chi bdo nhim
muc tiéu kha ning ba chiéu trong anh moéi trudng 4o phan hdi lai thao tac kéo,
huéng nhdm muc tiéu kha ning cia bd chi bio nhdm muc tiéu kha ning ba chidu
la song song v4i hudng kéo cia thao tac kéo trong Ul, va hudng kéo 1a hudng chi
tir diém thao tac thir nhat téi diém thao téc thit hai.

Theo phuong 4n, mddun hién thi bao gdbm moédun con xac dinh 1312 va

mddun con hién thi 1314.

Moédun con x4c dinh 1312 duoc tao cdu hinh dé x4c dinh, phan hdi lai thao
tac kéo va theo vecto nhdm muc tiéu chi tir diém thao tac thir nhét t6i diém thao
tac thit hai, vecto nhdm muc tiéu kha nang cua bd chi bao nhim muc tiéu kha nang
ba chiéu trong méi trudng 4o ba chidu; va
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médun con hién thi 1314 cdn dugc tao cAu hinh dé hién thi bd chi bao nhim

muc tiéu kha nang ba chiéu theo vecto nham muyc ti€u kha ning.

Dua trén phan mé ta & trén, theo may duogc cung cp theo phuong 4n nay,
bing viéc khién huéng nhidm muc tiéu kha nang cta bd chi bdo nhdm muc tiéu
kha ning ba chiéu trong UI song song véi hudng kéo ctia thao tac kéo, huéng kéo
ctia thao tac kéo 1a hudng chi tir diém thao tac thir nhét t6i diém thao tac thi hai,
huéng nhidm muc tiéu kha nang dugce quan sat boi ngudi dung khép véi dong tac
tay ctia ngudi ding, bang cich d6 nang cao tinh chinh x4c ctia viéc nhém muc tiéu
kha ning. Céc thao tac chinh stra khong can thiét duge giam xubng, do d6 hiéu
qua tuong tac gilta ngudi va may tinh cling dugc nang cao t61i mot muc do nhét
dinh.

Fig.20 1a so d6 vé may nhdm muc tiéu kha niang trong moi trudong ao ba
chiu theo phuong 4n mau khéc ciia sing ché, va may co thé 4p dung duogc cho
thiét bi may tinh. M4y bao gém:

médun hién thi 1310, duge tao cAu hinh dé hién thi giao dién nguoi ding
(UI) ctia chuong trinh Gng dung, UI bao gdm anh méi trudng 4o va bang didu
khién nhdm muc tiéu kha ndng, anh méi trudng 4o 14 4nh dugc thu nhan bang vige
quan sat moi truong 4o ba chiéu tir géc nhin ciia ngudi thir ba, bang didu khién
nhém muc tiéu kha ning 13 bang diéu khién hai chiéu dugc tao cau hinh dé st
dung kha nang, va bang diéu khién nhadm muc tiéu kha nang duoc b tri trén 16p
trén cuia anh moi trudng ao;

médun nhan 1320, duoc tao cAu hinh dé nhan thao tic kéo trén bang diéu
khién nhim muc tiéu kha ning, thao tic kéo bao gdbm diém thao tac thir nhét va
diém thao téc th@ hai ma dwoc bd tri trén bang diéu khién nhim muc tiéu kha
ning, diém thao tac thir nhat 1a diém thao tac ban dau cta thao tac kéo, va diém
thao tac thi hai 13 diém thao tic hién thoi cia thao tac kéo; va

mddun hién thi 1310 con dugce tao ciu hinh dé hién thi bd chi b4do nhim
muc tiéu kha nang ba chiéu trong anh méi trudng 4o phan hdi lai thao tac kéo,
huéng nhdm muc tiéu kha nang cia bd chi bao nhim muc tiéu kha ning ba chiéu
la song song véi hudng kéo cua thao tac kéo trong Ul, va hudng kéo 1a hudng chi
tir diém thao tac thir nht t6i diém thao tac thit hai.

Theo phuong 4n, médun hién thi 1310 bao gdm médun con x4c dinh 1312
va modun con hién thi 1314.

Mbdun con xac dinh 1312 dugc tao cdu hinh dé x4c dinh, phan hdi lai thao
tac kéo va theo vecto nhim muc tiéu chi tir diém thao tac th nhét t6i diém thao
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tac thir hai, vecto nham muc tiéu kha nang ciia bo chi bao nham muc tiéu kha nang
ba chiéu trong moi truong 4o ba chiéu; va

mddun con hién thi 1314 con duge tao cAu hinh dé hién thi bd chi bdo nhadm

muc tiéu kha ning ba chidu theo vecto nhim muc tiéu kha ning.
Theo phuong 4n, mddun con x4c dinh 1312 bao gdm:

don vi con x4c dinh 1312-a, dugc tao ciu hinh dé xac dinh vecto nh&m muc
tidu chi tir diém thao téc thir nhét t6i diém thao tac thir hai;

don vi con tinh 1312-b, dugc tao ciu hinh dé tinh, bang viéc sir dung diém
trung tam trén Ul lam diém tham chiéu thit nhit, diém tham chiéu th& hai duoc
chi sau khi diém tham chiéu th( nhat va vecto nhim muc tiéu dugc bd sung;

don vi con chuyén ddi 1312-c, duoc tao cAu hinh dé chuyén d6i diém tham
chiéu tht nhét thanh diém tham chiéu thi ba trong mdi trudng ao ba chidu bang
viéc st dung ma tran bién dbi nguoc, va chuyén ddi diém tham chiéu tht hai thanh
diém tham chiéu thir tu trong méi trudng 4o ba chidu bang viéc st dung ma trén
bién d6i nguoc; va

don vi con x4c dinh 1312-a con dugc tao cAu hinh dé x4c dinh vecto chi tur
didm tham chiéu thi ba téi diém tham chiéu tht tu nhu vecto nhim muc tiéu kha
ning ciia bd chi bdo nhdm muc tiéu kha ning ba chidu trong méi trudng 4o ba
chiéu.

Theo phuong 4n, bang diéu khién nhdm muc tiéu kha ning bao gbm khoang
cach nhim muc tiéu 16n nhat, va cd ty s thir nhit ciia khoang cach thir nhét gitra
diém thao tac thit nhét va diém thao tac tht hai v6i khoang cach nhim muc tidu
16n nhat; va

kha ning bao gdm khoang cach kha ning 16n nhat trong méi truong 4o ba
chiéu, bd chi bdo nhadm muc tiéu kha nang ba chiéu bao gf)m diém nhdm muc tiéu
th& nhat va diém nhém muc tiéu tht hai ma ndm trong moi trudng ao ba chiéu,
diém nhim muc tiéu th& nhét 1a diém ban dau trong subt qua trinh nhém muc tiéu
kha ning, diém nhim muc tiéu th hai 14 diém dich trong sudt qué trinh nhim
muc tidu kha ning, va c6 ty sb th hai cia khoang cach thit hai gifta diém nhim
muc tiéu thir nhat va diém nhim muc tiéu thi hai véi khoang cach kha ning 16n
nhét,

ty s6 thir nhat va ty s6 tha hai 1a giéng nhau.
Theo phuong an, médun con hién thi 1314 con duoc tao cdu hinh dé x4c

dinh di€m vi tri cia nhan vt ao trong mdi trudng ao ba chiéu nhu diém nham muc
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tiéu thir nhat; x4c dinh diém nhdm muc tiéu thi hai ctia bd chi bao nhim muc tiéu
kha ning ba chiéu trong sudt qu trinh nhdm muc tiéu kha ning theo diém nhim
muc tiéu thir nhit va vecto nhidm muc tiéu kha ning; va hién thi bd chi bao nhim
muc tiéu kha ning ba chiéu theo dim nhdm muc tiéu thit nhat va diém nhim muc
tiéu thit hai.

Theo phuong an, mdédun con hién thi 1314 con duoc tao cdu hinh dé thu
nhan khoéng céch nhdm muc tiéu 16n nhét ctia bang didu khién nhim muc tiéu
kha ning, va tinh ty sb thir nhit ctia khoang cach thir nhét gitta diém thao tac thi
nhit va diém thao tac thit hai véi khoang cach nhim muc tiéu 16n nhét;

mddun con hién thi 1314 con duge tao ciu hinh dé thu nhan khoang cach
kha ning 16n nhit cua kha ning trong méi trudng 4o ba chiéu, va tinh tich cia ty
s6 thir nhét va khoang cach kha ning 16n nhat nhu khoang cach st dung; va

mddun con hién thi 1314 con duge tao cAu hinh dé bd sung, theo hudng
duoc chi béi vecto nhidm muc tiéu, diém nhim muc tiéu thi nhét véi khoang cach
st dung, dé thu nhan diém nhim muc tiéu th hai cta bo chi bao nhém muc tiéu
kha nang ba chiéu trong sudt qua trinh nhdm muc tiéu kha ning.

Theo phuong 4n, mddun hién thi 1310 con duoc tao cdu hinh dé hién thi bo
chi b4o nhim muc tiéu kha ning ba chidu trong 4nh méi trudng do phan héi lai
rang khoang céch gitta diém thao tac thir nhat va diém thao téc thi hai 12 16n hon
so v6i ngudng vung khong hoat dong.

Dua trén phin mé ta & trén, theo may dugc cung cAp theo phuong 4an nay,
bing viéc x4c dinh diém tham chiéu thi nhat, diém tham chiéu thi hai, va diém
tham chiéu tht ba va diém tham chiéu th& tu ma nim trong méi trudng do va duge
thu nhan théng qua ma tran bién ddi ngugc, vecto chi tir diém tham chiéu thit ba
t61 diém tham chiéu tht tu dugc xac dinh nhu huéng kha ning cta bo chi bao
nhim muc tiéu kha ning ba chiéu trong méi trudng 4o. Cudi ciing, hudéng nham
muc tiéu kha nang cda bd chi bao nhém muc tiéu kha ning ba chiéu dugc hién thi
trong anh méi truong ao duoc khién song song v6i hudng kéo cia thao tac kéo
thong qua viéc sip xép. Ty sb thir nhét ctia khoang cach tht nhét gitta diém thao
tac thr nhat va diém thao tac tha hai véi khoang céach nhdm muc tiéu 16n nhét, va
tich cta ty s6 thi nhét va khoang cach kha ning 16n nhit dugc tinh nhu khoang
cach sir dung. Theo cach nay, khoang cach st dung ctia nhan vat ao dugce xac dinh
theo khoang céach gitta diém thao tac thtr nhat va diém thao tic th hai cta thao
tac kéo clia ngudi ding, bang cach d6 nang cao hidu qua tuong tac gitta ngudi va
may tinh.
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Fig.18 13 so d6 vé may nhim muc tiéu kha ning trong moi trudng 4o ba
chiu theo phwong 4n mau khéc cta sang ché, may duoc két nbi voi bo phan nhim
muc tiéu vat Iy, va méay c6 thé ap dung duoc cho thiét bi may tinh. May bao gom:

modun hién thi 1310, dugc tao cAu hinh dé hién thi giao dién ngudi ding
(UI) ciia chuong trinh tmg dung, UI bao gdm anh méi trudng 4o, va anh moi
trueomg 4o 13 anh dugc thu nhan bing viée quan sat méi trudng 4o ba chiéu tir goc
nhin ciia nguodi thir ba;

mdédun nhan 1320, duoc tao cdu hinh dé nhén thao tac nhim muc tiéu trén
bd phan nhdm muc tiéu vat ly, thao tac nham muc tiéu bao gém vi tri thao tac thir
nhét va vi tr thao tac thr hai ma nim trén bd phan nhdm muc tiéu vat ly, vi tri
thao tac tht nhét 1a vi tri thao tac ban dau cua thao tdc nhadm muc tiéu, va vi tri
thao t4c thir hai 1a vi tri thao tac hién thoi cua thao tac nhdm muc tiéu; va

médun hién thi 1310 con duge tao cAu hinh dé hién thi bo chi bao nhim
muc tiéu kha ning ba chiéu trong anh méi truong 4o phan hoi lai thao tdc nhim
muc tiéu, huéng nhdm muc tiéu kha nang cua bd chi bao nh&m muc tiéu kha nang
ba chiéu 14 song song v&i hudng nham muc tiéu clia thao tac nhim muc tiéu trong
UI, va huéng nh&m muc tiéu 1a hudng chi tir vi tri thao tac thi nhét téi vi tri thao
tac thir hai.

Dua trén phin mo ta & trén, theo may dugc cung cap theo phuong 4n nay,
bang viéc khién huéng nhdm muc tiéu kha ning cta bo chi béo nham muc tiéu
kha ning ba chiéu trong UI song song v6i huéng nham muc tiéu ciia thao tac nhim
muc tiéu, huéng nhidm muc tiéu kha nang dugc quan sat bdi ngudi dung khép véi
dong tac tay hodc dong tac chi ciia ngudi ding, bang cach d6 nang cao tinh chinh
x4c clia viée nhdm muc tiéu kha ning. Céc thao tac chinh stra khong can thiét
duoc giam xubng, do d6 hiéu qua tuong tac gilta ngudi va may tinh cling duoc
nang cao téi mot mirc do nhét dinh.

Fig.19 13 so d6 v& may nhim muc tiéu kha ning trong mdi trudng ao ba
chidu theo phuong 4n mau khac ctia sang ché, may dugc két nbi v6i bd phan nham
muc tiéu vat Iy, va may c6 thé 4p dung dugc cho thiét bi may tinh. May bao gom:

m6dun hién thi 1310, dugc tao cau hinh dé hién thi giao dién ngudi dung
(UI) ctia chuong trinh Gng dung, UI bao gdm anh méi trudng 4o, va anh méi
truong 4o 13 anh duoc thu nhén bang viéc quan sat méi trudng ao ba chidu tir goc
nhin cia nguoi thir ba;

mbdun nhan 1320, duoc tao ciu hinh dé nhan thao tdc nhdm muc tiéu trén
bd phéan nham muc tiéu vat ly, thao tac nhim muc tiéu bao gém vi tri thao tac thir
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nhit va vi tri thao tac thir hai ma nim trén bd phan nhim muc tiéu vat 1y, vi tri
thao tac thir nhét 14 vi trf thao tic ban dau cua thao tic nhdm muc tiéu, va vi tri
thao tac thi hai 12 vi tri thao tac hién thdi cta thao tdc nhim muc tiéu; va

modun hién thi 1310 con dugc tao cAu hinh dé hién thi by chi bao nhim
muc tiéu kha ning ba chiu trong 4nh madi truong 4o phan hdi lai thao tic nhdm
muc tiéu, hudng nhdm muc tiéu kha nang cua bd chi bao nhdm muc tiéu kha nang
ba chiéu 14 song song véi huéng nhdm muc tidu cia thao tac nhim muc tiéu trong
UL, va hudng nhdm muc tiéu 1a hudng chi tir vi tri thao tac thir nhat téi vi tri thao
tac thir hai.

Theo phuong 4n, mbdun hién thi bao gdm moédun con x4c dinh 1312 va
modun con hién thi 1314.

mddun con x4c dinh 1312 dugce tao ciu hinh dé x4c dinh, phan hoi lai thao
t4c nhiAm muc tiéu va theo vecto nham muc tiéu chi tr vi tri thao tac thir nhét t6i
vi tri thao tac thir hai, vecto nhdm muc tiéu kha nang cua bd chi bao nhim muc
tiéu kha nang ba chidu trong méi trudng 4o ba chiéu; va

mddun con hién thi 1314 con duoc tao cAu hinh dé hién thi bo chi bao nhim

muc tiéu kha nang ba chiéu theo vecto nham muc tiéu kha nang.

Dua trén phin mo ta & trén, theo may dugc cung cap theo phuong an nay,
béng viéc khién huéng nhim muc tiéu kha nang cua bd chi bao nhdm muc tiéu
kha nang ba chidu trong UI song song véi hudng nhim muc tiéu cta thao tac nhim
muc tiéu, huéng nh&m muc tiéu cua thao tac nham muc tiéu la hudng chi tu vi tri
thao tac thtr nhét t&i vi tri thao tac thir hai, huéng nhdm muc tiéu kha ning duoc
quan sat boi nguoi dung khép véi dong tac tay hodc dong tac chi clia ngudi dung,
bing c4ch d6 nang cao tinh chinh x4c cua viéc nham muc tiéu kha ning. Cac thao
tac chinh stra khong can thiét duoc giam xubng, do d6 hiéu qua tuong tac giita
ngudi va may tinh cing duoc nang cao téi mot mirc do nhét dinh.

Fig.20 la so d6 v& may nhdm muc tiéu kha ning trong moi trudng 4o ba
chiéu theo phuong 4n miu khac ctia sang ché, may duoc két nbi voi bd phan nhim
muc tiéu vat 1y, va may c6 thé 4p dung duoc cho thiét bi may tinh. M4y bao gdm:

moédun hién thi 1310, dugc tao cAu hinh dé hién thi giao dién ngudi ding
(UI) cua chuong trinh tng dung, UI bao gdm anh mdi trudong 4o, va anh méi
truong 4o 12 anh duoc thu nhan bang viée quan sat méi trudng 4o ba chiéu tir géc
nhin cia nguoi thir ba;
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mddun nhan 1320, duoc tao cAu hinh dé nhén thao tac nhim muc tiéu trén
bd phéan nhim muc tiéu vat ly, thao tac nhim muc tiéu bao gé)m vi tri thao tac tha
nhit va vi tri thao tac thir hai ma ndm trén bd phan nhdm muc tiéu vat 1y, vi tri
thao tac tht nhat 13 vi tri thao tac ban dau cia thao tdc nhim muc tiéu, va vi tri
thao tac thir hai 13 vi trf thao tac hién thdi cia thao tac nhdm muc tidu; va

mddun hién thi 1310 con duge tao cAu hinh dé hién thi bo chi bio nhim
muc tiéu kha ning ba chiéu trong 4nh méi trudng 4o phan hdi lai thao tac nhim
muc tiéu, hudng nham muc tiéu kha nang cua bo chi bao nhim muc tiéu kha nang
ba chiéu 14 song song v6i huéng nhdm muc tiéu cia thao téc nhim muc tiéu trong
UI, va hudng nhdm muc tiéu 1a hudng chi tir vi tri thao tac thir nhét téi vi trf thao
tac thir hai.

Theo phuong 4n, médun hién thi 1310 bao gdm mddun con xac dinh 1312
va mddun con hién thi 1314.

Mbdun con xac dinh 1312 duoc tao cAu hinh d& x4c dinh, phan hdi lai thao
t4c nhadm muc tiéu va theo vecto nhdm muc tiéu chi tir vi tri thao tac thir nhét t&i
vi tri thao tac th hai, vecto nhdm muc tiéu kha ning cia bd chi bao nh&m muc
tiéu kha ning ba chiéu trong méi trudng ao ba chidu; va

modun con hién thi 1314 con dugce tao cu hinh dé hién thi bd chi bio nhim

muc tiéu kha ning ba chiéu theo vecto nham muc tiéu kha ning.
Theo phuong an, médun con xac dinh 1312 bao gbm:

don vi con xac dinh 1312-a, dugc tao cAu hinh dé x4c dinh vecto nhidm muc
tiéu chi tir vi tri thao tac thir nhat téi vi tri thao tac thi hai;

don vi con tinh 1312-b, duogc tao cAu hinh dé tinh, béng viéc st dung diém
trung tam trén Ul lam vi tri tham chiéu thr nhét, vi tri tham chiéu th hai dugc
chi sau khi vi trf tham chiéu thir nhét va vecto nhim muc tiéu dugc bd sung;

don vi con chuyén ddi 1312-c, duge tao cAu hinh dé chuyén ddi vi trf tham
chiéu thir nhat thanh vi tr tham chiéu thi ba trong méi truong 4o ba chidu bang
viéc st dung ma tran bién do6i nguoc, va chuyén ddi vi tri tham chiéu tht hai thanh
vi tri tham chiéu th tu trong moi truong ao ba chiéu b::ng viéc st dung ma tran
bién dbi nguoc; va

don vi con xac dinh 1312-a con duoc tao cAu hinh dé x4c dinh vecto chi tir
vi trf tham chiéu thi ba t6i vi trf tham chiéu thir tu nhu vecto nhim muc tiéu kha
nang cua bd chi bdo nhim muc tiéu kha ning ba chiéu trong méi trudng a0 ba
chiéu.
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Theo phuong 4n, bang diéu khién nhim muc tiéu kha ning bao gdm khoang
cach nhim muc tiéu 16n nhét, va c6 ty sb thir nhat cta khoang cach thir nhét gitta
vi tri thao tac thir nhét va vi tri thao tac thtr hai véi khoang céach nhdm muc tiéu
16n nhat; va

kha ning bao gém khoang cach kha ning 16n nhat trong mdi trudng 4o ba
chiéu, bo chi bio nhdm muc tiéu kha nang ba chiéu bao gém vi tri nhdm muc tiéu
th( nhit va vi trf nhdm muc tiéu thi hai ma nim trong moi trudng 4o ba chiéu, vi
tr{ nhdm muc tiéu thtr nhét 14 diém ban diu trong sudt qua trinh nhiam muc tiéu
khéa ning, vi trf nhim muc tiéu thit hai 13 diém dich trong sudt qué trinh nhdm muc
tidu kha ning, va c6 ty s thir hai cia khoang cach thir hai gitra vi tri nhdm muc
tiéu thir nhat va vi trf nhdm muc tiéu thi hai v6i khoang cach kha ning 16n nhét,

ty s6 thir nhét va ty sb th hai 13 giéng nhau.

Theo phuong 4n, m6dun con hién thi 1314 con dugc tao cAu hinh dé xac
dinh diém vi tri ctia nhén vat 4o trong moi truong ao ba chiu nhu vi tri nhim muc
tidu thi nhat; x4c dinh vi trf nhim muc tiéu thi hai cta bd chi bao nhim muc tiéu
kha ning ba chidu trong sudt qua trinh nhiam muc tiéu kha ning theo vi tri nhim
muc tiéu tha nhét va vecto nhdm muc tiéu kha nang; va hién thi bo chi bdo nhim
muc tiéu kha ning ba chiéu theo vi tri nhim muc tiéu tha nhét va vi tri nhim muc
tiéu thi hai.

Theo phuong 4n, médun con hién thi 1314 con dugc tao cAu hinh dé thu
nhén khoang c4ch nhim muc tiéu 16n nhét ctia bd phan nhim muc tidu vat ly, va
tinh ty sb thtr nhét cta khoang céch thir nhét gifta vi tri thao tac thir nhat va vi tri
thao tac thir hai vdi khoang cach nhdm muc tiéu 16n nht;

mddun con hién thi 1314 con duge tao cAu hinh dé thu nhan khoang céach
khé nang 16n nhit cua kha ning trong méi trudng 4o ba chiéu, va tinh tich cua ty
sd thir nhét va khoang cach kha ning 16n nhit nhu khoang cach sir dung; va

modun con hién thi 1314 con duge tao cu hinh dé bd sung, theo hudng
dugc chi bdi vecto nhim muc tiéu, vi tri nhdm muc tiéu thi nhét véi khoang cach
str dung, dé thu nhén vi tri nhdm muc tiéu thtr hai ctia bd chi bdo nhim muc tiéu
kha ning ba chiéu trong subt qua trinh nhim muc tiéu kha ning.

Theo phuong 4n, mddun hién thi 1310 con dugc tao ciu hinh dé hién thi bd
chi bdo nhim muc tiéu kha ning ba chiéu trong anh méi trudng do phan hoi lai
rang khoang cach gifta vi trf thao tac thir nhét va vi trf thao tac thir hai 14 1én hon
so voi ngudng vung khong hoat dong.

40



51657 41/70

Dua trén phan mé ta & trén, theo may duoc cung cip theo phuong 4n nay,
bing viéc xac dinh vi tri tham chiéu th& nhét, vi tri tham chiéu thi hai, va vi tri
tham chiéu thit ba va vi tri tham chiéu th tu ma ndm trong méi trudong ao va duoc
thu nhan théng qua ma tran bién ddi ngugc, vecto chi tir vi tri tham chiéu thtt ba
t6i vi tri tham chiéu thir tu duge xac dinh nhu hudéng kha nang cta bo chi bao
nhim muc tiéu khéa ning ba chiéu trong méi trudng 4o. Cudi cing, hudéng nhim
muc tiéu kha nang cua bo chi bao nham muc tiéu kha nang ba chiéu duoc hién thi
trong anh mai trudng 4o duoc khién song song v6i huéng nhdm muc tiéu ctia thao
tdc nhdm muc tiéu thong qua viée sap xép. Ty sb thir nhit ciia khoang cach thi
nhét gifta vi tri thao tac thir nhat va vi trf thao tac thtr hai v6i khoang cach nhéim
muc tidu 16n nhét, va tich cia ty sé thir nhit va khoang cach kha ning 16n nhét
dugc tinh nhu khoang cach st dung. Theo cach nay, khoang cach st dung cua
nhan vit do duogc xac dinh theo khoang cach gilia vi tri thao tac thir nhét va vi tri
thao téc thtr hai cta thao tdc nhdm muc tidu cta ngudi ding, bang cach d6 nang
cao hi€u qua tuong tac gifta ngudi va may tinh.

Fig.21 14 so dd cAu tric cta thiét bi may tinh theo phuong 4n mau cla sang
ché. Thiét bi may tinh 1600 c6 thé 1a thiét bi dau cudi, chang han nhu dién thoai
théng minh, may tinh bang, may choi MP3, hodc méy choi MP4. Thiét bi may
tinh 1600 c6 thé con dugc goi véi tén khac chang han nhu trang bi ngudi ding
hoic thiét bi dau cudi xach tay.

Néi chung, thiét bi may tinh 1600 bao gém bo xir Iy 1601 va bo nhé 1602.

Bo xir 1y 1601 ¢6 thé bao gdm mot hozc nhidu 161 xur ly, vi du, b xir Iy 4
101 hodc bo x1r Iy 8 16i. Bo xur ly 1601 cd thé duoc thuc hién & it nhat mot dang
phan cimg nhu bo xtt 1y tin hidu s6 (digital signal processor, viét tit 1a DSP), mang
cbng 1ap trinh dugc dang trudng (field-programmable gate array, viét tat 1a
FPGA), va mang 16gic 1ap trinh dugc (programmable logic array, viét tat |a PLA).
Bo xtr Iy 1601 c6 thé lua chon bao gdm b6 xi 1y chinh va bd dong xir Iy. B xtr
Iy chinh 13 bd xtr 1y duoc tao cAu hinh dé xir 1y dir lidu & trang thai dong, ciing
duoc goi 1a don vi xtt Iy trung tAm (central processing unit, viét tit 1a CPU). Bo
dong xtr 1y 1a bd xi Iy nang luong thip duge tao ciu hinh dé xtr 1y dit liéu & trang
thai tinh. Theo mot sb phuong an, b xtr Iy 1601 co thé duoc tich hop v6i don vi
xur Iy dd hoa (graphics processing unit, viét tit 1a GPU). GPU duoc tao cdu hinh
dé dua ra va v& ndi dung ma can duge hién thi trén man hinh hién thi. Theo mdt
36 phuong 4n, bd xtr 1y 1601 c6 thé con bao gdm bd xtt 1y tri tué nhan tao (artificial
intelligence, viét tat 1a Al). B6 xt ly Al dugc tao cAu hinh dé xtr ly cac thao tac
tinh lién quan t61 hoc may.
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B6 nhé 1602 ¢6 thé bao gém mdt hodc nhiéu phuong tién luu trit doc dugce
b&i may tinh. Phuong tién luu trit doc duge boi may tinh c¢6 thé 13 hitu hinh va
khong tam thoi. Bo nhé 1602 c6 thé con bao gém bd nhé truy cdp ngau nhién téc
d6 cao va bd nhé bat kha bién, vi dy, mét hodc nhiéu thiét bi luu trit dia dang tir
hodc céc thiét b bd nhé chép. Theo médt sé phuong 4n, phuong tién luu trit doc
duoc bdi may tinh khong tam thdi theo bd nhé 1602 duoc tao cau hinh dé luu trit
it nhat mot 1énh, it nhat mot 1énh duoc tao cAu hinh dé dugc thyc hién béi bd xir

Iy 1601 dé thuc hién phuong phép duge cung cép theo séng ché.

Theo mot sb phuong an, thiét bi dién t&r 1600 c6 thé bao gé)m mot cach tuy
chon: giao dién thiét bi ngoai vi 1603 va it nhat mét thiét bi ngoai vi. Cu thé, thiét
bi ngoai vi bao gém: it nhat mot trong s6 hé mach phd tan sb (radio frequency,
viét tit 1a RF) 1604, man hinh hién thi cam tng 1605, bo phén camera 1606, hé
mach audio 1607, bd phan dinh vi 1608, va nguén dién 1609.

Giao dién thiét bi ngoai vi 1603 ¢6 thé dugc tao cdu hinh dé két néi it nhat
mdt thiét bi ngoai vi lién quan t&i dau vao/dau ra (input/output, viét tat 1a I/O) véi
bd xir Iy 1601 va bd nhé 1602. Theo mdt sb phuong 4n, by xir Iy 1601, bd nhé
1602, va giao dién thiét bi ngoai vi 1603 dugc tich hgp trén cung chip hodc bang
mach. Theo mot s6 phuong an khac, mdt hodc hai bo phan bét ky ctia b xu ly
1601, bo nhd 1602, va giao dién thiét bi ngoai vi 1603 co thé duoc thuc hién trén
chip riéng hodc bang mach, ma khéng gidi han theo phuong an nay.

Hé mach RF 1604 duoc tao cdu hinh dé nhéan va truyén tin hiéu RF, ma
cling dugc goi la tin hiéu dién tir. Hé mach RF 1604 truyén thong véi mang truyén
thong va cac thiét bi truyén thong khac thong qua tin hiéu di¢n tu. Hé mach RF
1604 chuyén ddi tin hiéu dién thanh tin hidu dién tir dé truyén, hodc chuyén dbi
tin hiéu dién tir dugc nhéan thanh tin hiéu dién. Mot cach tuy chon, hé mach RF
1604 bao gém: hé théng anten, bg thu phat RF, mot hoac nhiéu bd khuéch dai, bd
diéu hudng, bo tao dao dong, bo xur ly tin hi¢u 30, tap hop chip bo ma hoa/bo giai
ma, thé mddun nhan dang thué bao, va tuong tu. Hé mach RF 1604 c6 thé truyén
thong vai thiét bi dau cudi khac bang viée st dung it nhit mot giao thirc truyén
thong khéng dy. Giao thic truyén théng khong day bao gdm, nhung khéng gidi
han ¢: mang ludi toan cAu, mang do thi, mang ndi bd, céac thé hé cua céc mang
truyén thong di déng (2G, 3G, 4G, va 5G), mang cuc bd khong day, va/hodc mang
khéng day (wireless fidelity, viét tat 1a Wi-Fi). Theo mét sé phuong an, hé mach
RF 1604 c6 thé con bao gdm hé mach lién quan t6i truyén thong truong gan (near
field communication, viét tat 1a NFC), ma khéng giéi han theo sang ché.
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Man hinh hién thi cam tng 1605 dugc tao ciu hinh dé hién thi giao dién
ngudi dung (UI). UI ¢6 thé bao gdm d6 thi, vin ban, biéu tugng, video, va bat ky
su két hop ctia né. Man hinh hién thi cam tmg 1605 ciing ¢ kha nang thu dugc
tin hiéu cam Ung trén hodc bén trén bé mat man hinh hién thi cam ung 1605. Tin
hiéu cam tmng c6 thé duoc sir dung lam tin hiéu diéu khién dé dugc dua vao tdi bo
xtr Iy 1601 dé xir Iy. Man hinh hién thi cam tng 1605 duogc tao cau hinh dé cung
cép nut ao va’hodc ban nut a0, ma cling dugc goi la nit mém va/hoic ban nit
mém. Theo mdt sb phuong an, co thé 14 mot man hinh hién thi cam ung 1605,
duge bd tri trén bang diéu khién phia trudce cua thiét bi dién t&r 1600. Theo mot sb
phuong an khéc, cé thé 12 it nhat hai man hinh hién thi cam ung 1605, dugc b tri
tuong Ung trén cac bé mit khac nhau ctia thiét bi dién t& 1600 hodc duoc thiét ké
¢ hinh dang cé thé gép lai dugc. Van theo mot s6 céc phuong 4n khac, man hinh
hién thi cam tmg 1605 c6 thé 12 man hinh hién thi linh hoat, dwoc bb tri trén bé
mat cong hodc bé mat duoc gép lai ca thiét bi dién tir thiét bi dién tir 1600. K&
c4, man hinh hién thj cam ung 1605 co thé con duoc thiét dit theo mau khong déu
khong dang hinh chit nhat, cu thé, man hinh c6 hinh dang dac biét. Man hinh hién
thi cam tmg 1605 ¢6 thd dugc tao tir vat lidu ching han nhu man hinh tinh thé
16ng (liquid crystal display, viét tit 1a LCD) hozc man hinh di6t phat sang hitu co
(organic light-emitting diode, viét tit 1a OLED).

B phén camera 1606 dugc tao cAu hinh dé thu dugc hinh anh hodc video.
Mot cach tuy chon, bd phan camera 1606 bao gém camera mat trudc va camera
mat sau. N6i chung, camera mat trudc dugc tao cAu hinh dé thuc hién goi video
hodc ty chup chan dung. Camera mat sau dugc tao cAu hinh dé chup anh hodc
video. Theo mdt s6 phuong an, ¢6 it nhat hai camera mit sau, mdi trong s6 d6 1a
mot camera bét ky trong s6 camera chinh, do sdu ctia camera hién trudong, va
camera goc rong, dé thuc hién chic ning 1am mo phong nén bang viéc hop nhét
camera chinh va d¢ sau cua camera hién truong, va cac chtic nang chup anh toan
canh va chup anh VR bang viéc hop nhit camera chinh va camera géc rong. Theo
mdot s6 phuong 4n, bd phan camera 1606 c6 thé con bao gdbm dén nhay. Pén nhay
c6 thé 1a dén nhay nhiét d6 mau don hodc dén nhay nhiét d6 mau d6i. Pén nhay
nhiét d6 mau d6i 1a sy két hop ctia dén nhdy 4nh sang 4m va dén nhay anh sang
lanh, va c6 thé duoc st dung dé bu anh sang dudi cac nhiét dd mau khac nhau.

Hé mach audio 1607 dugc tao cdu hinh dé cung cip giao dién audio gitra
nguoi dung va thiét bi dién tr 1600. Hé mach audio 1607 c6 thé bao gém micro
va loa. Micré duoc tao cdu hinh dé thu cc séng 4m thanh cia ngudi dung va moi
truong, va chuyén ddi cac song am thanh thanh tin hiéu dién dé dua vao bd xur ly
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1601 dé xur 1y, hodac dua vao hé mach RF 1604 dé thuc hién truyén thong giong
néi. Nham muc dich thu 4m thanh ndi hodc giam nhiéu, cé thé ¢c6 nhiéu micrd,
duoc bd tri trong tGng tai cic phan khac nhau cta thiét bi dién tir 1600. micrd cé
thé con 13 micrd mang hoac micr6é thu moi huéng. Loa dugce tao ciu hinh dé
chuyén dbi céc tin hidu dién tir bd xir Iy 1601 hozc hé mach RF 1604 thanh céc
song am thanh. Loa c6 thé 1 loa mang méng thong thudng hoic loa gbm ap dién.
Khi loa 12 loa gbém 4p dién, céc tin hiéu dién khong chi c6 thé duoc chuyén doi
thanh c4c séng Am thanh ma c¢6 thé dugc nghe boi con ngudi, nhung ciing c¢6 thé
duoc chuyén ddi thanh cac séng 4m thanh ma khéng thé duoc nghe boi con ngudi
dé phan loai va cac cong dung khac. Theo mot s6 cac phuong 4n, hé mach audio
1607 c6 thé con bao gdbm dau cim tai nghe.

Bo phan dinh vi 1608 duoc tao cdu hinh dé dinh vi vi tri dia ly hién thoi
cta thiét bj dién tir 1600, dé thyuc hién su diéu hudng hodc dich vu dya vao vi tri
(location based service, viét tit 1a LBS). B& phan dinh vi 1608 c6 thé 1a bo phéan
dinh vi dya trén hé thdng dinh vi toan cdu (Global Positioning System, viét tat la
GPS) ctia M§, hé théng BeiDou ctia Trung Qudc, hé thong GLONASS ctia Nga.

Ngudn dién 1609 dugc tao cdu hinh dé cung cap ning lugng cho cac bo
phan trong thiét bi dién tir 1600. Ngudn dién 1609 c6 thé 13 dong dién xoay chiéu,
dong dién mét chidu, pin thudng, hodc pin sac. Khi ngudn dién 1609 bao gém pin
sac, va pin sac c6 thé 1a pin sac c¢6 ddy hodc pin sac khong day. Pin sac ¢6 day 1a
pin dugc sac thong qua hé mach cé day, va pin sac khong day la pin dugc sac
thong qua cudn khong day. Pin sac ¢6 thé con dugc tao c4u hinh dé hd tro k§ thuat
sac nhanh. |

Theo mot sd phuong an, thiét bi dién t&r 1600 c6 thé cling bao gém mot
hodc nhidu cam bién 1610. Mot hodc nhiéu cam bién 1610 bao gdm, nhung khong
giéi han &: cam bién gia tbe 1611, cam bién hdi chuyén 1612, cam bién ap luc
1613, cam bién vén tay 1614, cam bién dién quang 1615, va cam bién lan can
1616.

Cam bién gia tdc 1611 co thé phat hién gia tdc trén ba truc toa do cta hé
thdng toa d6 duoc thanh 1ap boi thiét bi dién tir 1600. Vi du, cam bién gia tbc
1611 c6 thé duge tao cau hinh dé phét hién cac bd phén cua gia tde trong luc trén
ba truc toa do. BO xtr 1y 1601 ¢6 thé diéu khién, theo theo tin hiéu gia téc trong
luc duoc thu boi cam bién gia tée 1611, man hinh hién thi cam tng 1605 dé hién
thi giao dién nguoi ding theo hinh chiéu khung hoic hinh chiéu phong canh. Cam
bién gia tdc 1611 ¢6 thé con dugce tao cAu hinh dé thu dit liéu chuyén dong cua tro
choi hodc nguoi dung.
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Cam bién hoi chuyén 1612 c6 thé phat hién hudng co thé va géc quay cia
thiét bi dién tir 1600. Cam bién hdi chuyén 1612 c¢6 thé hop tac véi cam bién gia
tdc 1611 dé thu hoat dong 3D duogc thuc hién bdi nguoi dung trén thiét bi dién tir
1600. Bo xtt Iy 1601 c6 thé thuc hién céc chirc ning sau day theo dit liéu dugc thu
boi cam bién hoi chuyén 1612: cam bién chuyén dong (vi du, UI dugc thay dbi
theo thao tac nghiéng cua ngudi ding), su 6n dinh hinh anh trong sudt qua trinh
chup anh, diéu khién trd choi, va sy diéu huéng quén tinh.

Cam bién ap luc 1613 c6 thé dugc bb tri trén khung bén ctia thiét bi dién tir
1600 va/hodc 16p dudi ciia man hinh hién thi cam tmg 1605. Khi cam bién ap luc
1613 dugc bd tri tai khung bén cua thiét bi dién tir 1600, tin hiéu giit ctia nguoi
ding trén thiét bi dién tir 1600 c6 thé dwoc phat hién, va nhén dang tay trai/phai
hodc thao tac nhanh c6 thé duoc thuc hién theo tin hiéu gitt. Khi cam bién ap luc
1613 dugc bb tri tai 16p dudi ciia man hinh hién thi cam tGng 1605, su diéu khién
c6 thé thao tac dugce trén giao dién Ul ¢o thé duoc diéu khién theo thao tac nhéin
cta ngudi dung trén man hinh hién thi cam tng 1605. Su diéu khién c6 thé thao
tac duoc bao gém it nhat mot trong s6 su diéu khién nut, sy diéu khién thanh cudn,
su diéu khién biéu tuong, va didu khién bang chon

Cam bién van tay 1614 dugc tao cAu hinh dé thu van tay cia nguoi ding
dé nhan dang danh tinh ctia nguoi dung theo véan tay duoc thu. Khi nhan dang ma
danh tinh ctia nguoi dung la danh tinh tin cay, bd xr ly 1601 uy quyén cho ngudi
dung thuc hién cac thao tac nhay lién quan. Cac thao tac nhay bao gém: m& khoa
man hinh, quan sat théng tin duoc mé héa, tai xudng phéan mém, thanh toan, thay
dbi thiét dat, va tuong ty. Cam bién van tay 1614 c6 thé dugc bd tri trén mit trude,
mit sau, hodic mit bén cda thiét bi dién ti 1600. Trong truong hop ma nuat vat ly
hoac logo nha cung cép duoc bb tri trén thiét bi dién t&r 1600, cam bién van tay
1614 c6 thé dugc tich hop cung v&i nut vat 1y hodc logo nha cung cép.

Cam bién dién quang 1615 duoc tao c4u hinh dé thu cuong d6 anh sang
xung quanh. Theo phuong 4n, bd xtt Iy 1601 c6 thé didu do séng hién thi ctia man
hinh hién thi cam tng 1605 theo cudng d6 4nh sang xung quanh dugc thu thap
boi cam bién dién quang 1615. Cu thé, khi cudng dd anh sang xung quanh la
tuong dbi cao, d6 sang hién thi cia man hinh hién thi cam tng 1605 duoc ting
1én; va khi cuong d6 4nh sang xung quanh 13 twong d6i thap, d6 sang hién thi ctia
man hinh hién thi cam tng 1605 duoc giam xudng. Theo phuong an khac, bd xir
Iy 1601 c6 thé con diéu chinh dong thong sb camera ctia b phan camera 1606
theo cudng do anh sang xung quanh dugc thu boi cam bién dién quang 1615.
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Cam bién 1an c4n 1616, con duoc goi 1a khoang cach cam bién, néi chung
duoc bd tri trén bé mit trude cta thiét bi dién tir 1600. Cam bién 1an can 1616
duoc tao ciu hinh dé thu khoang cach gifta ngudi dung va mét trude cua thiét bi
dién t&r 1600. Theo phuong 4n, khi cam bién 14n c4n 1616 phat hién thdy ring
khoéang cach gifta ngudi ding va bé mit trude cta thiét bi dién tir 1600 trd nén
nho hon, man hinh hién thi cam tmg 1605 dugc diéu khién béi bd xir 1y 1601
chuyén tir trang thai man hinh bat sang trang thai man hinh tit. Khi cam bién lan
cin 1616 phat hién thy rang khoang cach giita ngudi ding va bé mit trudc cia
thiét bi dién tir 1600 tré nén 16n hon, man hinh hién thi cam tng 1605 duge diéu
khién boi bd xt Iy 1601 chuyén tir trang thai man hinh tit sang trang thai man
hinh bat.

Ngudi ¢6 hidu biét trung binh vé linh vuc k§ thuat tuong ting c6 thé hiéu
ring cAu tric duoc thé hién trén Fig.21 khong ciu thanh giéi han dbi véi thiét bi
dién ttr 1600, va thiét bi dién ti c¢6 thé bao gém nhiéu hodc it cac bd phan hon so
v6i cac thibt bi duoc thé hién trén hinh v&, hosic mét sb cac bd phéan cé thé dugce
két hop, hodc su trién khai bd phan khac nhau c6 thé dugc st dung.

Sang ché con dé xuit phuong tién luu trit doc dugc boi méy tinh, luu trit it
nh4t mot 1énh, it nht mot chuong trinh, tip hop ma, hoic tap hop 1énh, it nhat
mot 1énh, it nhat mot chuong trinh, tdp hop mé, hoac tap hop lénh dugce tai va
dugc thuc hién boi bd xir Iy dé thuc hién phwong phap nhim muc tiéu kha ning
trong mdi trudng 4o ba chiéu dugc cung cip theo cac phuong an phuong phép da
duoc dé cap.

Sang ché con dé xuét két qua chuong trinh may tinh hodc chuong trinh may
tinh. Két qua chwong trinh may tinh hodc chuong trinh méy tinh bao gdm céc 1énh
may tinh, va cac lénh may tinh dugc luu trit trong phuong tién luu trit doc duge
b6i may tinh. BO xit Iy cta thiét bi may tinh doc céc 1énh may tinh tlir phuong tién
luu trit doc duoc bdi may tinh va thuc hién cdc 1énh may tinh dé khién thiét bi
mdy tinh thuc hién phuong phap nhim muc tiéu kha ning trong mdi trudng 40 ba
chidu duogc cung cip theo cac phuong 4n phuong phéap dd dugc dé cép.

Céan hiéu réng "nhidu" duoc dé cap theo dinh rd nghia la hai hoac nhiéu
hon. Va/hodc md ta mbi quan hé lién déi cla cac dbi tuong duoc két hop va cé
nghia 14 ba mbi quan hé co thé ton tai. Vi du, A va/hodc B cé thé thé hién ba
trudong hop sau day: chi A tdn tai, ca A va B ton tai, va chi B ton tai. Ky tu "/"
theo dinh rd nay néi chung chi bdo méi quan hé "hodic" gitta cac dbi trong duoc
két hop.
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Ngudi c6 hiéu biét trung binh vé k¥ thuat twong tng c6 thé hiéu ring tit ca
hodc mét sb bude cua cac phuong an ¢ thé duge thuc hién boi phan cliing hodc
chuong trinh huéng dan phin ctng lién quan. Chuong trinh ¢6 thé dugc luu trit
trong phuong tién luu trit doc duge boi may tinh. Phwong tién luu trit ¢6 thé 12 bo
nh¢ chi, dia dang tir, hodc dia dang quang.

Céc phan mb ta dd duoc dé cap chi 1a cac phuong 4n mau cla sang ché ma
khong nhdm muc dich gi6i han sang ché. Su cai bién, su thay thé tuong duong,
hodc su phét trién bit ky dugc tao ra nim trong nguyén 1y va pham vi ctia sang
ché s& ndm trong pham vi bao ho cua sang ché.

Tham chiéu don lién quan

Pon ndy yéu cdu quyén uu tién ti don sing ché Trung Qubc sd
202010093196.9, c6 tiéu dé 1a "ABILITY AIMING METHOD AND
APPARATUS IN THREE-DIMENSIONAL VIRTUAL ENVIRONMENT,
TERMINAL, AND STORAGE MEDIUM - phuong phap va méy nham muc tiéu
kha nang trong moi truong ao ba chiéu, thiét bi du cudi, va phuong tién luu trit"
dugce ndp vao ngay 14 thang 2 nam 2020 dugc hop nhét tai day nhim vién dan.
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YEU CAU BAO HQ
1. Phuong phap nhim muc tiéu kha ning trong méi trudng ao ba chiéu, duoc thuc
hién boi thiét bj may tinh, phuong phap bao gdm cac bude:

hién thi giao dién ngudi dung (UI) cta chuong trinh tmg dung, UI bao gém
anh moi trudng 4o va bang didu khién nhim muc tiéu kha ning, anh méi truong
40 1a anh duoc thu nhén bang viéc quan sat méi truong ao ba chidu tir géc nhin
cta nguoi thir ba, bang didu khién nhdm muc tiéu kha ning 1a bang diéu khién hai
chiéu dugc tao cAu hinh dé st dung kha nang, va bang diéu khién nhim muc tiéu
kha nang duogc bb tri trén 16p trén ctia anh mai truong 4o;

nhén thao tac kéo trén bang didu khién nhdm muc tiéu kha ning, thao tac
kéo bao gdm diém thao tac thir nhat va diém thao tac thi hai ma duge b tri trén
bang diéu khién nhdm muc tiéu kha ning, diém thao tac thi nhat 1 diém thao tac
ban dAu cta thao tac kéo, va diém thao tac thir hai 14 diém thao tac hién thoi cua
thao tac kéo; va

x4c dinh, phan hi lai thao tac kéo, vecto nhim muc tiéu chi tir diém thao
tac thir nhat t6i diém thao tac thi hai;

tinh, bang viéc st dung diém trung tAm trén UI 1am diém tham chiéu tha
nhat, didm tham chiéu tht hai dugc chi sau khi diém tham chiéu tht nhét va vecto
nhim muc tiéu duogc bd sung;

chuyén dbi didm tham chiéu thir nhat thanh diém tham chiéu tht ba trong
mdi trudng 4o ba chiéu bing viéc st dung ma tran bién d6i nguoc, va chuyén dbi
diém tham chiéu thtr hai thanh diém tham chiéu tht tu trong méi truong 4o ba
chidu bang viéc sir dung ma trén bién d6i nguoc;

x4c dinh vecto chi tir diém tham chiéu thi ba t6i diém tham chiéu tho tu
nhu vecto nhim muc tiéu kha ning ctia bd chi bao nhdm muc tiéu kha ning ba
chidu trong mdi trudmg 4o ba chibu;

hién thi bo chi bdo nhim muc tiéu kha nang ba chiéu theo vecto nhim muc
tiéu kha nang;

trong d6 huéng nhdm muc tiéu kha ning ctia bd chi bao nhim muc tiéu kha
ning ba chiéu 1a song song v6i huéng kéo cua thao tac kéo trong UI, va hudng
kéo 12 huéng chi tir diém thao tac thir nhét téi diém thao tac thi hai.

2. Phuong phap theo diém 1, trong dé:
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bang diéu khién nhdm muc tiéu kha ning bao gdm khoang cach nhdm muc
tidu 16n nhat, va c6 ty sd thir nhét cia khoang cach thir nhét giita diém thao tac
thir nhét va diém thao tac thir hai v6i khoang cach nhdm muc tiéu 16n nhat; va

kha ning bao gom khoéang cach kha ning 16n nhét trong mai truong ao ba
chiéu, bd chi bao nhim muc tiéu kha ning ba chidu bao gdm diém nhim muc tiéu
thir nhét va diém nhim muc tiéu tht hai nim trong madi trudng 4o ba chidu, diém
nhdm muc tiéu thr nhit 1a diém ban dau trong subt qua trinh nhim muc tiéu kha
ning, diém nhdm muc tiéu tht hai 12 diém dich trong sudt qué trinh nhim muc
tidu kha ning, va c6 ty sd tht hai cua khoang cach thir hai giita diém nhim muc
tidu thtr nhat va diém nhdm muc tiéu thir hai véi khoang cach kha ning 16n nhét,

ty s6 thir nhét va ty sé thir hai 13 giéng nhau.
3. Phuong phap theo diém 2, trong d6 mai trudng 4o ba chiéu bao gdm nhén vét
20 duoc didu khién, va viéc hin thi bd chi bdo nhidm muc tiéu kha ning ba chiéu
theo vecto nhim muc tiéu kha ning bao gdm céc budc:

xé4c dinh diém vi tri cua nhén vét 4o trong moi trrong 4o ba chiéu nhu diém
nham muc tiéu thir nhat;

x4c dinh diém nhdm muc tiéu th\r hai ctia bo chi bao nham muc ti€u kha
ning ba chiéu trong sudt qua trinh nham muc ti€u kha nang theo diém nham muyc
tiéu thr nhat va vecto nham muc ti€éu kha nang; va

hién thi bd chi bao nhidm muc tiéu kha nang ba chiéu theo diém nhim muc
tiéu thir nhat va diém nhim muc tiéu th hai.
4. Phuong phap theo diém 3, trong d6 viée xac dinh diém nhdm muyc tiéu th hai
ctia bd chi bao nhim muc tiéu kha ning ba chidu trong sudt qué trinh nhdm muc
tiéu kha ning theo diém nhim muc tiéu thi nhat va vecto nhdm muc tiéu kha nang
bao gdm céac bude:

thu nhan khoang cach nhim muc tiéu 16n nhat ctia bang diéu khién nhim
muc tiéu kha ning; tinh ty s thir nhét ciia khoang cach thir nhat gitta diém thao
tac thtr nhét va diém thao tac thi hai v6i khoang cach nhdm muc tiéu 16n nhat;

thu nhan khoang cach kha ning 16n nhét cua kha ning trong méi trudng ao
ba chidu; tinh tich ctia ty s thir nhat va khoang cach kha ning 16n nhat nhu khoang
cach str dung; va

bd sung, theo hudng duoc chi boi vecto nhdm muc tiéu, diém nhim muc
tidu thir nht téi khoang cach st dung, dé thu nhan diém nhim muc tiéu thi hai
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ctia bd chi bao nhdm muc tiéu kha ning ba chiéu trong subt qua trinh nhdm muc
tiéu kha nang.

5. Phuong phép theo diém 1, trong d6 budc hién thi bd chi bio nhim muc tiéu
kha nang ba chiéu trong anh mdi trudng ao phan hdi lai thao tac kéo bao gdm
budc:

hién thi bd chi bio nhdm muc tiéu kha ning ba chiéu trong anh mai truong
40 phan hdi lai ring khoang cach gitta diém thao tac thir nhét va diém thao tac thir
hai 1a 16n hon so véi nguéng ving khong hoat dong.

6. Phuong phap nhdm muc tiéu kha ning trong méi trudng 4o ba chiéu, ap dung
duoc cho thiét bi may tinh duge tao ciu hinh véi hodc duoc két ndi véi bd phan
nhdm muc tiéu vt 1y, phuong phép bao gdm céc bude:

hién thi giao dién ngudi dung (UI) ciia chuong trinh tmg dung, Ul bao gdm
anh moi trudng 4o, va anh moi truong 40 12 anh duoc thu nhan bﬁng viéc quan sat
mdi trudng 4o ba chiéu tir goc nhin ctia ngudi thit ba;

nhan thao tac nhim muc tiéu trén bd phan nhim muc tiéu vat ly, thao tac
nhim muc tiéu bao goém vi tri thao tac thir nhat va vi tri thao tac thit hai duoc kich
hoat trén bo phan nhim muc tiéu vat 1y, vi trf thao tac thir nhét 13 vi trf thao tac
ban dAu cta thao tic nhim muc tiéu, va vi trf thao tac thi hai 1a vi tri thao tac hién
thoi ctia thao tic nhdm muc tiéu; va

xac dinh, phan hdi lai thao tdc nhidm muc tiéu, vecto nhdm muc tiéu chi tur
vi tri thao tac th nhét t&i vi trf thao tac thit hai;

tinh, bang viéc sir dung diém trung tdm trén UI lam vi tri tham chiéu thi
nhét, vi trf tham chiéu thi hai duge chi sau khi vi tri tham chiéu tht nhét va vecto
nh&m muc tiéu duge bd sung;

chuyén d6i vi trf tham chiéu th@ nhét thanh vi tri tham chiéu thtt ba trong
mdi trudng 4o ba chiéu bang viéc st dung ma tran bién d6i nguoc, va chuyén do6i
vi tri tham chiéu thir hai thanh vi tri tham chiéu thir tu trong méi trudng 4o ba
chiéu béng viéc st dung ma tran bién d6i nguoc;

x4c dinh vecto chi tir vi trf tham chiéu th ba téi vi tri tham chiéu tha tu
nhu vecto nhim muc tiéu kha ning ctia bd chi bdo nhdm muc tiéu kha ning ba
chiéu trong méi truong 4o ba chiéu;

hién thi bo chi bao nhim muc tiéu kha nang ba chiéu theo vecto nhdm muc
tiéu kha ning; trong d6 hudng nhdm muc tiéu kha ning ctia b chi bdo nhim muc
tiéu kha ning ba chiéu 12 song song v6i huéng nhim muc tiéu cia thao tdc nhdm
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muc tiéu trong UL va huéng nhim muc tiéu 13 huéng chi tir vi trf thao tac thir nhét
td1 vi tri thao tac thir hai.

7. M4y nhdm muc tiéu kha ning trong méi trudng 4o ba chidu, ap dung dugc cho
thiét bi may tinh, may bao gom:

modun hién thi, duoc tao cAu hinh dé hién thi giao dién nguoi dung (UI)
cta chuong trinh tng dung, UI bao gdm anh méi trudng 4o va bang diéu khién
nhdm muc tiéu kha ning, anh méi trudng a0 1 anh duoc thu nhén bang viéc quan
s4t mdi truong 4o ba chiéu tir gbc nhin clia ngudi thit ba, bang didu khién nhim
muc tidu kha ning 14 bang didu khién hai chidu duoc tao cdu hinh dé str dung kha
ning, va bang didu khién nhdm muc tiéu kha ning dugc bd tri trén 16p trén clia
anh moi truong 4o;

modun nhan, duogc tao cAu hinh dé nhan thao tac kéo trén bang diéu khién
nhim muc tiéu kha ning, thao tic kéo bao gém diém thao tac thir nhét va diém
thao tac thtt hai ma duogc bd tri trén bang diéu khién nhidm muc tiéu kha nang,
didm thao tc thtr nhét 13 diém thao tic ban dau cta thao tic kéo, va diém thao tac
tht hai 1 diém thao tac hién thoi cua thao tac kéo;

don vi con xac dinh, dugc tao cAu hinh dé x4c dinh, phan hoi thao tac kéo,
vecto nhim muc tiéu chi tir diém thao tac thir nhit t6i diém thao tac thir hai;

don vi con tinh, dugc tao ciu hinh dé tinh, béng viéc st dung diém trung
tam trén UI 1am diém tham chiéu tht nhét, diém tham chiéu tht hai dugc chi sau
khi diém tham chiéu thtt nhat va vecto nhim muc tiéu dugce bd sung;

don vi con chuyén d6i, dugc tao cau hinh dé chuyén doéi diém tham chiéu
thir nhat thanh diém tham chiéu th( ba trong méi truong 4o ba chiéu bang viéc su
dung ma tran bién doi ngugc, va chuyén doi diém tham chiéu tht hai thanh diém
tham chiéu th{ tu trong moi treong 4o ba chi€u bang viéc sit dung ma trén bién
doi nguoc; va

don vi con x4ac dinh con duogc tao cau hinh dé xac dinh vecto chi tir diém
tham chiéu thi ba téi diém tham chiéu thtr tu nhu vecto nham muc tiéu kha nang
cua bd chi bao nham muc ti€u kha nang ba chiéu trong méi trudong 4o ba chiéu;

modun con hién thi, dugc tao cau hinh dé hién thi bd chi bao nham muc
tiéu kha nang ba chiéu theo vecto nham muc ti€u kha nang;

trong dé huéng nham muc tiéu kha ning ctia bo chi bao nham muc ti€u kha
nang ba chiéu la song song vdi hudng kéo cia thao tac kéo trong Ul, va hudng
kéo la hudng chi tir di€m thao tac thir nhat t6i diém thao tac thir hai.
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8. May nham muc tiéu kha nang trong moi truong 4o ba chiéu, dugce tao cau hinh
v6i hodc dugce két noi vai bo phan nham muc tiéu vat ly, may bao gom:

m6dun hién thi, dugc tao cAu hinh dé hién thi giao dién ngudi ding (UI)
ctia chuong trinh tmg dung, UI bao gdm anh méi trudng 4o, va anh méi trudng a0
1a anh duogc thu nhan bang viée quan sat méi trudng 4o ba chiéu tir géc nhin cua
nguoi thi ba;

mddun nhén, duoc tao ciu hinh dé nhén thao tac nhdm muc tiéu trén bd
phan nhdm muc tiéu vat ly, thao tac nham muc tiéu bao gém vi tri thao tac thi
nhét va vi tri thao tac th hai ma duoc kich hoat trén bo phan nhdm muc tiéu vét
1y, vi tri thao tac thir nhét 12 vi trf thao tac ban dau cua thao tac nham muc tiéu, va
vi tri thao tac thir hai 1a vi tri thao tac hién thoi cua thao tac nhdm muc tiéu;

don vi con x4c dinh, dugc tao cAu hinh dé x4c dinh, phan hdi thao tac kéo,
vecto nhdm muc tiéu chi tir vi tri thao tac thi nhét t6i vi tri thao tac th hai;

don vi con tinh, dugc tao c4u hinh dé tinh, béng viéc st dung diém trung
tam trén UI 1am vi trf tham chiéu th nhét, vi trf tham chiéu thi hai duoc chi sau
khi vi trf tham chiéu thir nhét va vecto nhdm muc tiéu duge bd sung;

don vi con chuyén déi, duoc tao cAu hinh dé chuyén dbi vi tri tham chiéu
thtt nhét thanh vi trf tham chiéu th ba trong méi trudng 4o ba chidu bang viéc st
dung ma tran bién dbi nguoce, va chuyén ddi vi tri tham chiéu tht hai thanh vi tri
tham chiéu thi tu trong méi trudng 4o ba chiéu bang viéc sir dung ma trin bién
ddi nguoc;

don vi con xéc dinh con duogc tao cau hinh dé xac dinh vecto chi tu vi tri
tham chiéu th ba téi vi tri tham chiéu thir tu nhu vecto nham muc tiéu kha nang
ctia bo chi bao nham muc tiéu kha nang ba chiéu trong moi trudng ao ba chiéu;

modun con hién thi, duoc tao cau hinh dé hién thi by chi bdo nham muc
tiéu kha nang ba chiéu theo vecto nham muc ti€u kha nang;

trong d6 huéng nhidm muc tiéu kha ning cia bd chi bao nhim muc tiéu kha
ning ba chiéu la song song v6i huéng nhim muc tiéu cta thao tdc nhdm muc tiéu
trong UL, va hudng nhdm muc tiéu 1a huéng chi tir vi tri thao tac thir nhét t6i vi
tri thao tac th{r hai.

9. Thiét bi dau cudi, bao gdm bd xir Iy va bd nhé, bd nhé luu trit it nhdt mot lénh,
it nhat mot chuong trinh, tdp hop ma, hodc tap hop 1énh, it nhat mét 1énh, it nhit
mot chuong trinh, tdp hop ma, hodc tdp hop 1énh dugc tai va dugc thuc hién boi
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b xir Iy dé thuc hién phuong phép nhim muc tiéu kha ning trong méi trudng 4o
ba chiéu theo diém bat ky trong cac diém tir diém 1 t6i diém 5.

10. Thiét bi dau cubi, bao gdm bd xtr Iy, bd nhé, va bd phan nhim muc tidu vét
1y, b6 nhd luu trit it nhat mot 1énh, it nhat mét chuong trinh, tip hop ma, hodc tap
hop 18nh, it nhat mot 1énh, it nhit mot chuong trinh, tdp hop mé, hodc tap hop
1énh duoc tai va dugc thuc hién bdi b xr ly dé thuc hién phuong phap nhim muc
tiéu kha ning trong méi trudng 4o ba chiéu theo diém 6.

11. Phuong tién luu trit doc dugc boi may tinh, luu trit it nhét mot 1énh, it nhat
mot chuong trinh, tip hop ma, hodc tip hop 1énh, it nhat mét 1énh, it nhat mot
chuong trinh, tap hop ma, hoac tap hop 1énh duoc tai va dugc thue hién béi bd xir
Iy dé thuc hién phuong phap nhim muc tiéu kha ning trong mbi trudong 4o ba
chidu theo diém bét ky trong céc diém tir diém 1 t6i diém 5.

12. Phuong tién luu trlt doc dugce bdi may tinh, luu trir it nhat mot 1énh, it nhét
mot chuong trinh, tdp hop ma, hodc tap hop 1€nh, it nhit mot 1énh, it nhit mét
chuong trinh, tdp hgp ma, hoac tap hop 1énh dugc tai va dugce thuc hién béi bo xir
ly dé thuc hién phuong phap nhim muc tiéu kha ning trong mdi trudng 4o ba
chiéu theo diém 6.
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Hién thi giao dién ngum dung (UI) ctia chuwong trinh tmg dung, UI bao gdm anh méi
trudng 4o va bang didu khién nhim muc tiéu kha hdng, anh mo1i trudong 4o 1a anh dugce
thu nhén bing viéc quan sat mdi trudng 4o ba chidu tir géc nhin ciia ngudi thi ba, bang
didu khién nhim muc tiéu kha ning 13 bang diéu khién hai chidu duoc tao ciu hinh dé

str dung kha ning, va bang diéu khién nhim muc tiéu kha nang duoc bd tri trén 16p

trén cuia anh mo1 trudng ao

Nhan thao tac kéo trén bang didu khién nhdm muyc tiéu kha ning, thao tac kéo bao gom
diém thao tac thir nhit va diém thao tac thir hai dwoc b tri trén bang diéu khién nhim
muc tiéu kha nang, diém thao tac thi nhat 12 diém thao tac ban dau cta thao tac kéo, va
diém thao tac thir hai 1 diém thao tac hién thoi ctia thao tac kéo

Hién thi bd chi bao nhdm muc tiéu kha ning ba chiéu trong 4nh mdi trudng ao phan
hdi 1ai thao tac kéo, hudng nham muc tiéu kha nang cia bd chi bao nhim muc tiéu kha
ning ba chiéu 13 song song véi huéng kéo ciia thao tac kéo trong UT, va huéng kéo 1a
hudng chi tir diém thao tac thu nhit téi diém thao tac thi hai.
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Hién thi giao dién ngudi dung (UI) ctia chwong trinh ing dung, UI bao gdm anh mbi
truong 4o va bang didu khién nham muc tiéu kha ning, anh méi truong 4o 1a anh duge
thu nhan bang viéc quan sat mdi trudng 4o ba chiéu tir géc nhin ctia ngudi thir ba, bang
diéu khién nhim muc tiéu kha ning 13 bang diéu khién hai chiéu duoc tao ciu hinh dé
sir dung kha ning, va bang diéu khién nhim muc tiéu kha ning duoc bb tri trén 16p trén

cua anh mdi trudong ao

(\302

A

Nhén thao téc kéo trén bang didu khién nhdm muc tiéu kha ning, thao tac kéo bao gdbm
di8m thao tac thu nhét va diém thao tac thir hai ma dugc bd tri trén bang diéu khién
nh&m muc tiéu kha nang, diém thao tac thit nhit 12 diém thao tic ban dau cua thao tac
kéo, va diém thao tac thi hai 12 diém thao téc hién thoi cla thao tac kéo

(\304

Xéc dinh vecto nhim muc tiéu chi tir diém thao tac thi nhit t¢i diém thao tac th hai
phan hoi lai thao tac kéo

'\)906

4

Tinh, bing viéc sit dung diém trung tim trén UT 1am diém tham chiéu thi nhat, diém
tham chiéu tht hai dugc chi sau khi diém tham chiéu th nhat va vecto nham muc tiéu
duoc bd sung.

(\308

Chuyén d6i diém tham chiéu tht nhit thanh diém tham chiéu tht ba trong moi truong do
ba chiéu bang viéc str dung ma tran bién d6i nguoc, va chuyén dbi diém tham chiéu thu
hai thanh diém tham chiéu thi tu trong méi trudng 4o ba chidu bang viéc sir dung ma
tran bién d6i newoc

\)‘910

A

Xac dinh vecto chi tir diém tham chiéu thi ba t&1 diém tham chiéu tht tu nhu vecto
nham muc tiéu kha ning cua bd chi bdo nham muyc tiéu kha néng ba chiéu trong moi
truong ao ba chi€u

\)912

Hién thi bo chi bao nhdm muc tiéu kha nang ba chiéu theo vecto nhdm muc tiéu kha
nang, huéng nhim muc tiéu kha ning ctia bd chi bao nhim muyc tiéu kha ning ba chiéu
la song song v6i hudng kéo cua thao tac kéo trong Ul va hudng kéo 1a hudng chi tir
diém thao tac thi nhat t6i diém thao tac thit hai

\)‘914

.

Str dung kha nang téi vi tri muc ti€u phan hdi lai thao tac sir dung duoc nhan

\316

FIG. 9
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Hién thi giao dién nguoi ding (UT) cta chuong trinh tmg dung, UI bao gém anh mbi
trudng 4o va bang didu khién nhim muc tiéu kha nang, anh madi trudng 4o 13 anh duoc
thu nhén bang viéc quan st mdi trudng 4o ba chidu tir géc nhin cia ngudi thi ba, bang
diéu khién nhim muc tidu kha nang l1a bang diéu khién hai chiéu duge tao cdu hinh dé
sir dyng kha ning, va bang didu khién nhdm muc tiéu kha ning dwoc bd tri trén 16p trén

cua anh méi trudng 4o

1402

V.

Nhin thao tac kéo trén bang diéu khién nhim muc tiéu kha ning, thao tac kéo bao gbm
diém thao tac thir nhat va diém thao tac thi hai ma duoc bd tri trén bang didu khién
nhim muc tiéu kha ning, diém thao tic thir nhét 13 diém thao tic ban dau ctia thao tac
kéo, va diém thao tac thi hai 12 diém thao tac hién thoi caa thao tac kéo

1404

A

Xac dinh diém vi tri ciia nhan vat do trong moi truong do ba chicu nhu diém nham muyc
tiéu thir nhat

1406
~)

Thu nhan khoang cach nhim muc tiéu 16n nhit ciia bang didu khién nham muc tiéu kha
ning, va tinh ty s6 thtt nhat cua khoang cach thir nhat giita diém thao téc thit nhat va
diém thao tac thir hai véi khoang cach nham muc tiéu 16n nhat

1408
~)

Thu nhén khoang cach kha ning 16n nhét cia kha nang trong mdi trudng ao ba chiéu,
va tinh tich cta ty s6 thir nhat va khoang cach kha nang 16n nhat nhu khoang céach st
dung

1410

Cong, theo huéng duogc chi boi vecto nham muc tiéu, diém nham muc tiéu thi nhat véi
khoang cach sir dung, d€ thu nhan di€m nham muc tiéu thr hai cia bd chi bao nham
muc tiéu kha nang ba chiéu trong sudt qua trinh nham muc ti€u kha nang

A

Hién thi b6 chi bio nhim muc tiéu kha ning ba chiéu theo vecto nhdm muc tiéu kha
ning, huéng nhim muc tiéu kha ning cia bo chi bo nhim muyc tiéu kha ning ba chiéu
1a song song véi hudng kéo cua thao tac kéo trong Ul, va huéng kéo 1a hudng chi tir
diém thao tac thi nhat t6i diém thao tac thi hai

j!

Str dung kha néang téi1 vi tri muc tiéu phan hdi lai thao tac str dung dugc nhan

FIG. 14
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Hién thi giao dién ngudi dung (UI) ctia chuong trinh tng dung, UI bao gdm anh moi
trudmg 4o va bang diéu khién nhim muc tiéu kha ning, anh méi trudng 4o 13 anh duoc
thu nhan bang viéc quan sat mdi trudng o ba chidu tir géc nhin cia thi ba, bang diéu

khién nhim muc tiéu kha nang la bang diéu khién hai chidu dugc tao cdu hinh dé su

dung kha ning, va bang diéu khién nhim muc tiéu kha ning dugc bd tri trén 16p trén
ctia anh mai trudng 4o

A

Nhan thao tic kéo trén bang diéu khién nhim muc tiéu kha ning, thao tc kéo bao gém
diém thao tac thir nhat va diém thao tac thir hai ma duoc bb tri trén bang diéu khién
nhim muc tiéu kha nang, diém thao tac thir nhét 12 diém thao tac ban diu cua thao tac
kéo, va diém thao tac thi hai 12 diém thao tac hién thoi cta thao tac kéo

!
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1502

1504
~_)

Hién thi b6 chi bdo nhdm muc tiéu kha ning ba chiéu trong anh méi trudng o phan
hdi lai ring khoang cach giira diém thao tac thir nhét va diém thao tac thi hai 13 16n
hon so v&i ngudng ving khéng hoat dong, hudéng nhim muc tiéu kha nang ctia bd chi
bao nhim muc tiéu kha ning ba chidu la song song véi hudng kéo clia thao tac kéo
trong UL, va hudng kéo 12 hudng chi tir diém thao tac thir nhit téi diém thao tac thir hai

1506

)

il

1508

Str dung kha nang t61 vi tri muc tiéu phan hoi lai thao tac st dung dugc nhan.

FIG. 15
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Hién thi giao dién nguoi dimg (UT) ctia chwong trinh ting dyng, UI bao gdm anh méi
trudng 4o, va anh moi treong ao 1a anh dugce thu nhan bang viéc quan sat moi trudng ao
ba chiéu tir goc nhin cia nguoi thi ba.

A
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1702

Nhén thao tac nham muc tiéu trén bo phan nhidm muc tiéu vat 1y, thao tac nham muc
tiéu bao gém vi trf thao tac thi nhat va vi trf thao tac thir hai ma duogc kich hoat trén bd
phéan nhim muc tiéu vét 1y, vi tri thao tac thu nhét 13 vi trf thao tic ban dau cia thao tac

nh&m muc tiéu, va vi trf thao tac thir hai 13 vi tri thao tac hién thoi ciia thao tic nhdm

muc tiéu

1704

o

!

Hién thi bd chi béo nhdm muc tiéu kha ning ba chiéu trong 4nh méi trudng 4o phan hdi
lai thao tac nhim muc tiéu, huéng nhim muc tiéu kha ning ctia bd chi bao nhim muc
tiéu kha nang ba chidu 14 song song v4i huéng nhim muc tiéu cua thao tac nhim muc
tiéu trong UL, va hudng nhdm muc tiéu 1a hudng chi tir vi tri thao tac thi nhét t&i vi tri

thao tac thu hai.
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Mbdun hién thi 1310
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