KHO MAT KHUAT
HIDDEN SURFACE REMOVAL

Cac dang khac nhau cua van fie khd mat khuat

Cac thuat toan khd mat khuat (HSR)
» Back-face detection
e Painter’s algorithm
* Ray casting
o Z-buffer
« Scan-line

e Area subdivision




Dan nhap

« Khi chieu canh cua ta td khong gian 3 chieu xuong
khong gian 2 chieu (screen space) doc theo truc z, cac
Aiem nam tren cung mot tia chieu se co chung mot anh.

« Van fiel la khi hien tho, ta phai chon mau thich hép cho
Aiem nay. Mau fio phai la mau cua fioi t66ng ma ta that
sO thay Addc (gan ta nhat) chd khong phai Aoi tddng bo
che khuat (béi fioi t66ng khac).

« Khi muon co hinh anh that ta khong the khong khé mat
khuat (xem vi du ben dooi)
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Cac dang khac nhau cua van fie khd mat khuat

« Cac mat co the quay léng lai voi ngddi quan sat (Back-
face)
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e Cac mat co the chong len nhau
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e Cac mat co the cat nhau
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Back-face detection
« Khong hien tho cac mat héong ra td vo tri quan sat
Mot polygon quay l6ng lai viewer neu v+N>0.
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e Ta co the ap dung phep “NORMAL TEST” tren fie kiem
tra voi cac phep chieu khac nhau ?

eye space canonical/NDC
Veve = Neve > 0 Vioc = Nuoc < 0
* Khi nao ta phai ap dung phep back-face culling ?
« Chi phi cho cong viec nay tren n polygon la bao nhieu ?

e Giai quyet xong bai toan back-face culling ta fia giai
guyet xong bai toan HSR choa ?

D0 nhien la choa. Trong rat nhieu canh cac mat chong
len nhau. Ta phai giai quyet bang cach khac.
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Depth sorting
 Con goi la Painter’s algorithm

 Sap xep cac mat theo thd td to xa fien gan (giam dan
theo o sau) theo vo tri sau nhat cua moi mat.

e Scan convert tong mat theo thd to nay.
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Depth Sort

 Tuy nhien, khong phai bao gié ta cung co the sap xep
theo Ao sau (xem hinh dooi)

* Giai quyet van fie nay nho the nao ?
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X0 ly cac vodng mac khi tinh ino sau

 Khi sap xep cac mat theo Ao sau, co nhieu tinh huong
xac nonh rat kho.
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« Thuat toan sap xep theo fio sau co the cai Aat nho sau:
1. Khai fiong viec sap xep theo vo tri z nho nhat (xa)
2. Giai quyet cac mo6 ho:
(a) So sanh theo toa o X
(b) So sanh theo toa fio Y
(c) Kiem tra P co hoan toan nam ve 1 phia cua Q ?
(d) Kiem tra Q co hoan toan nam ve 1 phia cua P ?
(e) So sanh hinh chieu len X-Y (Polygon Intersection)
(f) Hoan vo hoac tach cac polygon
3. Scan convert t0 xa fien gan.
* Mot so I6u y ve Painter’'s Algorithm
¢ Co o phdc tap O(nlogn)

¢ Cac polygon cat nhau phai fi6dc chia thanh cac polygon
con.

¢ Phai tinh toan tren mai pixel cua moi polygon.

¢ Viec xac fionh o sau cua cac mat khong Aén gian




Ray casting

« TO view point phong cac tia fien moi fiiem tren view
plane.

« Xac ionh mat gan nhat cat cac tia nay.
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Mot so I6u y ve Ray casting
¢ Co o phoc tap O(plogn) voi p la so pixel tren VP

¢ Non gian ve mat khai niem nhéng khong pho dung
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Z-Buffer

o Xay ddng 2 buffer:
¢ Intensity Buffer: I6u mau cac pixel (init bang mau nen)
¢ Depth (“Z”) Buffer: 16u no sau (init bang no sau max).

e “Ve” tong polygon:

¢ Neu fio sau cua Aiiem tren polygon nho hon fio sau t66ng
dng flang 16u trong Z-Buffer thi cap nhat lai Z-Buffer va
Intensity Buffer.
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e Cac 6u Ailem cua Z-Buffer

¢ Thich hop cai fiat tren phan cong.

¢ Ta co the scan-convert cac polygon theo tho td bat Kky.

¢ Moi lan ta chg phai xet mot polygon

¢ Cho phep tong hép nhieu canh vdi nhau hoac bo sung cac
Aoi tddng MAai vao mot canh phoc tap.

¢ Co the ap dung vdi cac mat cong, cac mat khong co dang
fa giac.
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e Cac nhodc fiiem cua Z-Buffer
¢ Noi hoi bo nhé rat 16n

¢ Co the mat chinh xac khi chuan hoa trong qua trinh tinh
no sau.

nedr
|

Before After
¢ Khong thoc hien nddc phep xo ly anti-alias

¢ Phai scan-convert tat ca cac ioi toong.
Lam the nao fe tinh toan Z-Buffer hieu qua

« Lay y toGng cua phep to mau polygon (theo thuat toan
scanline) khi tinh giao fiiem cua scanline voi cac canh
cua polygon.

e Ta co the thoc hien todng to fie tinh fio sau cho tdng
Aiem tren polygon:
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« Khi fia co z, va z, vdi moi canh, ta co the tinh z, tuan to
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Scan-line

« MO0 rong t6 t6dng cua thuat toan to mau scanline.

e Quet scanline doc theo VP.

* VOi moi scanline xac nonh cac noan dng voi cac mat:
¢ Xac fonh cac giao diem cua scanline voi cac A6dNg bien.
¢ Sap xep cac giao fiiem theo tho to tang dan cua x.

¢ VOi moi Aoan to bang 1 mau (cua mat gan nhat).
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Warnock’s Algorithm
e Bat Aau voi vung la toan bo viewport
 To mot vung neu:
¢ Khong co mat nao giao vbi no: mau nen.
¢ Cheg co duy nhat 1 mat giao vOi no: idn gian
¢ Co mot mat che khuat tat ca cac mat khac trong vung.

* Ng66c lai: chia nho vung lam 4, tiep tuc qui trinh vai
tong vung con.
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BSP Algorithm

« BSP: Binary Space Partitioning

* Thuat toan cung cap mot qui trinh chia nho khong gian
va xac nonh tho to ve cac ioi toong.

« Dung chien 166c chia fie tro:

¢ Ne hien tho cac polygon fiung, ta hien tho cac polygon 6
phia “xa” trodc sau no moi hien tho cac polygon 6 phia
“gan”. (Gan la phia chbda View point)

¢ Ne hien tho fiung cac polygon 6 cung mot phia, ta chon
mot polygon bat ky lam chuan chia va xd ly fiel qui.

e« Xet mot vi du:
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 Bat fau td mat so 3:
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voi d BSP _displayTree(BSP_tree* tree)

{
If ( tree is not enpty )

if ( viewer is in front of root ) {
BSP _di spl ayTree(tree->backChild);
di spl ayPol ygon(tree->root);

BSP _di spl ayTree(tree->front Chil d)

}

el se {
BSP _di splayTree(tree->front Chil d);

/* ignore next line if back-face culling desired */
di spl ayPol ygon(tree->root);
BSP_di spl ayTree(tree->backChil d)

}

Ket luan

 Hidden surface algorithms
¢ Back-face detection
¢ Depth sort
¢ Ray casting
¢ Z-buffer
¢ Scan-line
¢ Area subdivision (Warnock’s)

¢ BSP

e Hardware

¢ Z-buffer

e Software

¢ Depth sort

¢ Scan-line




