‘ Skala,V.: Hidden-Line, Hidden-Surface and Hidden-Contouring Problem Solutions by the Modified Bresenham's Algorithm,
Int.Conf. Algoritmy'89, pp. 280-288, Vysoké Tatry 1989

- 280 -

Hidden-Line, Nidden-Burface and Hiddan—Contouring
Problem Solutions by the Modified Bromanham‘sm Algoritha

) Vaclav 8kala
Computer Ecience Dupartment,Technical University.Hsjedleho sady 14,30814 Plden

1. Iatroduction

Boletions of pany enginecering problems result in fundtions of two variablem
vhich can be given either by an explicit function doucrlption or by a table of
function valuae. Funtticons have usually been dimplayed on a diaplay ecreen or
have besn drawn on a plotter in several menners. The known maethods have been
baved eithar on 4rawing contours drawn Ln axonometric projectian {31 or on
drawing functions of twn variables with respact to visibility ([12]1-([14]). Rach
mathod of diaplaying muet have iLts own spaclsliged alqorithea, which bhas not
bean aimple so far. In all cates the problem of displaying has been complicated
not only by an anormous volume of data but sleo from the point of view of
programes and their atructure. Many algorithms have been published in literakture
but thay differ from each other.

In the following paragraphe a unifying approssh toc the Hidden-Lina.
Hidden-Burface and Hidden-Contouring problems will be shown., It iz based on a
rodification of the Hremanham's algorithm for the straight line drawing. The
advantaga of the suggestad wolution is a wsimpla hardware implementation,
especially with devicee controlled by microprocessors. the proposed algorithma
are fast and they do not use floating-point oparationa et all.

3

2. Hidden-Line Problem Bolutlon

Lat us have an explicit funotion of two varlables x end § Yyef (x,2)
where: x& < an , bx > and SEL oz ; bx >
and we want to display this functian by uming a reaster device, e¢.9. & raster
display or a piottar, For many soiantifieo probldms it is ancugh to ahow the
bohaviour of the given function by drawing funotion allces acaording to the n

and 3 exes, ©.9. the curvas:

y=f {(x, '-i) lale..ins
whare| 2d < ag , by > and agmpld<sl<, ., .<gpc=ba
and the curven

y=t (25, 8") jely. )l

vharet s&< ag , bz > aend aEexldxld..,.(pawbx

The givan function cen bas representeqd eoithar by an aezplicit !unctl“
spacification or by s tabls of the function values for grid pointe in the =«
plane. If the functicn is rather complex Lt can be vary difficuit to ieagl
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tha behaviour ot)th- function bacause mome parte are invisible. Tha problen hos
been very succesafully solved by ({61.[12]u[141).sonot{ues the muthod is colled
thae rléﬁttng Horizaont Kethod.

The prlnciple-o! the knovn solution is gererally sikple. If two slices
parallel te tha x-azis are drawn then the space between thess two slicos i a
atrip of invieibility, The strip Lo actuslly part of & surface of the gliven
function. Let us supposa thaT CUTved are drawn from the foreground to tha
background. Now if tha third curve should bhe drawn {(far from the observer) it
ia obviwus that thoss parte that pasm through the strip of invieibility are
tnviaeible and therafars thay should not ba drawn, see fig.2.1.

Hew HaskTop

7
Haoshibnttom

Figure 2.1.
Furthar the following abbreviations will be umed:
. MaskTop HT NaakBottom HB

If the problem i{s analyzed in datail, it ip obvious that thare is a
necasmity to reprasent borders of the atrip of inviaibllity. It can ba wade by
inkroducing HaskTop and HamkBottom funotions. The real reprasentation of these
funotions can ba temporarily omitted. Mow, tha problem of drawing tha curvawu
with respect ko vigibility bacomes very BiEpple am it is shown ia algoritham
Z2.1., bacause only those parte of tha curves, tha pointas of which are lying
out3ide the strip of invieibility, are drawn, In [6] the problem is straightly
solved and the demcription of the mathod i sasy to understand.

atart vharat o io tha nueber of slices of
the function £
HT 1= -0 min, max are functions whoeoa
HR t= +@ twvo arquaents are functiono
L and the rosults ara
K 1w 1 functions too
b

DRAW FUNCTION f ( x , g, )

with respect to ths i
visibility for xe<ax,bx>
MTimmawr { MT , £ (x + 3 } )} for all x }
MBi=gin (HB , £ (x , 2 ) } for all x

|+

and.

Algorithm 2.1,
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The visibility problem haes besen solved by Hatkina [12} introducing mask
' vectors for MaskTop and MagkBottom boundary rapresentations. Several problems

had to be sodlved becauss all computations wers done 4in tha floating point

reprasantation,

3. Proposad Method for Hidden-Line Eolution

In [11) the functiona HaskTop and RaskBottom are repregontad by vectors with
values in the floating point representation. The wvhole process of droving with
reapact to vimibility can be imagined as followe in Z1¢.3.1.

REAL INTEOER
Commme ot e K >
wyaar Hiddaen DRAN algoritha draw raster
-3 funct. [-¥ Line - -3 for line b e
spac., proc. LINE generation atep device
usar’'s level ’ graphics systam leval
o : - -> | < — - >

Figura 3.1.

How a quention might arive if therae are any posamibilities of increasing tha
efficiancy of the hidden-line problem solution. One possibility is to combine
the known Hatkina“es algorithm with the Hresenham's algorithm for drawing
stralght lines diract on tha physigal level.

A molution of the hidden-line problea becomez relatively vo}y simple now
becsusa only the DRAH ETEP procedure must be changed. This procedure must
ganarate coda for physical movement in ordar to take the invisibility inmto
account, Bocause the DRAMW STEP procedure draws one phyesical step it must only
be chaecked whethar the naxt end-point in the ramtar iz insida or outaids of tha
atrip of invieibility. Tha atructure of the proposad methed im shown In

fl1g.3.2.

REAL INTEGER
{ormmmn e ——— >|< ——————————— _— - - >

ysar DRAMW algorithm drav step raater
~A funct. for line with respeoct X

spaa, LINE genaration to visibility daviag
user ‘s leval graphion eyaten ‘level
L e »

Figure 3.2,

It is obvioua that only intager reprasentation for HeakTop and HoskBottom
arrays aro acually nesded. Tha aimplified molution im shown in algoritha 3.1,
Therae are two temporary arrays HLT and H1R for new wasks in order to gat rid of
all very mpeacial problems with near horizontal lines, Spaces were includsed into
identifiars for legibility and in the actual implementatiom vill be ocmitted.
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{ Global variablas )}
CONST res=1023,
VAR xp:yp: INTEGER; {( absolute coordinates }
at,mbi1ARRAY [0..res] OF INTEGER|{( MaskTop & MaskBottoa )
mlt,mlbiARRAY [0..res] OF INTEGER; ( temporary mt & mb }
‘ u,v,ix, iyt INTEGER;
{ Procedure for the first initialization of masks }
PROCEDURE initializey
VAR L1 INTEGER:
BEGIK FOR {i1=0 TO res DO
t BEGIN mlt(i) 1e-maxint;mlb(i) =maxint BMD
END;
{ Procedure for masks satting aftar each slice has }

{ bsen drawn )}
PROCEDURE mset up maskaj
BEGIN mti=mlt;mbi=-mlb END;
{ Draw step with respect to visibility of the gives point )
PROCEDURE draw step)
BEGIN IF yp < mb(xp) THEM switch on (xp,yp)}
IFP yp > mt(xp] THEN switch on (xp,.yp)i
IF yp > mltixp] THEN mlt [xp] i1=ypy
IF yp < mlb(xp] THEN mlb(xp] t=yp
EWD|
{ Procedure for dravwing straight line O<=abum(v}<=abs(u) }
PROCEDURE bresenham)
VAR j.d,a,b: IMTEGER)
BEGIM IF u >= v THEW
BRGIM ( 1.,4.,5.,8, oatant }
atmvéividima-ujbr=a-u-uy
FOR ji1=1l TO u DO
BEGIN IF 4 < 0 THEN di=d+a
ELEE BEGIN ypi=yp+iyjdi=d+b END)
Xpi=xp4ixg

draw step

END
ELEE
BEGIN ( 2.,3.,6.,7. octant }
atsu+ujdi=a-vibima-v-v}
FOR ji1=1 TO v DO
BEGIN IF 4 < 0 THEN di=d4a
BLSE BRGIM xpi=xp+ixidi=d4b EMD,
ypi=yp+iy|
draw step

ENDy

PROCEDURE draw to ( x,y: INTEGER )}

{ drav line with respect to visibility (xp.yp)->(x,y) )}
BEGIN ixi=sign (x-xp)jlyi=sign{y-yp)}
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ut=abs (x-xp) vi=gba (y-yp) )
bresenhem

EXND;

BEGIYN ( pow tha drawlng ltmelf - body of the mein program Y
initialiga}

"1 gsot up masku) { maske must be set up for each slice }
draw to (z.,y); { drav the function amlica }
gota 9

ERD,

Algoritha 3.1.

in the abaove presented slgorithm it ks sssumed that the order of tha drawving
ia from the foraground to the background. Sometimas tha {oreground and the
background are asltdrsd in tha publishaed algorithms., e.g9. In [12]1, and the
terults are wrong; because the ordar in which the curves are drawn ocause a
violation of the glven premises. Thereéfoie tha problem is how to selact the
order of the dfawing if some transformations arm made. It is alwo asaumad that
we ugse only paralel projection snd that vartical lines ramain vertical after
all tranaformations too.

4. Hidden-Surface Problem Bpecification

The problem of the hiddan-surface alimination ie vary oftem solved in a
quite different waym in which aany tricke are employed. Bacaume all the known
mathoda ( for drawing functions of two variables ) do not use the advantage of
the selution in ths raster environment a vary simpls algorithm will be
described. The problem of the hidden-gurface elimination will ba solved in a
very timilar manner to the hidden-line eliminstion ghowmn sbove. The slicas will
ba dArawn agaln from tha foreground to tha background and after draving the

first two slicem two maske for borders and two masks for intensity levels will
ba set up, ses fig.4.1.

Further the following sbbreviationo will ba ugad:

Hask Currant ue Intensity Current Ic
Hask Praviousn ue Intensity Previocuam b
Hamsk Top HT Hask Bottom ]

second Ccurve

MaskFrevious Intensityfurrent

HaskCurrent
MECRI, TP
<5
Figure 4,1,
MashkTop
HoskRot tom MEENT, ICCH] Erd MashHottom
IntansityFPrevigus

strip of *
invisibility first curve
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Tha problem is that the invisible parts of the surface muet bas delatad and
an appropriata visible part of tﬂe gurfage sust be filled by &n appropriata
grey intamaity level. To do thie for all points of esach ocurve an intenaity
lavel i{# needed, Tha intensity level can ba computed as a function of the
normal veotor of the givan surface. In tha given coordinats syaten tha = part
ot'tho normal voctor must be taken, for detaila sea [6).
atart
ptart
¥R ro +
e 1= 60 l
HB 1= +0
Kiml MY (m» ~00
i/
DRAN FUOBCTION f(x.x } draw the frant
with rempect to the sarging
vigibility for r <ax.bx>
and for all x
DE&AM LIHME from
{x,HC[x],IC[x]) to
(xHPIx),IP[x]) with
respect to the visibility DRAW CONTOUR {(p)
and change intenmity with rempesct to
linearly from IC(x] viaibllity
to 1PIx]
pimptla—p = No of contours
HMT 1= max { MY , MNC } for all x }*
KB (= min { MNB , HC } for all x sat up manke HB, MT
IP 1= IC for all = according to rear marginm
He 1= RC for all x of the processed grid
kK » oo Ktaktl gy aktle—k = Ho of grids
j+ L+
and and
Algoritha 4.1. Algorithm 5.1.
visible parts af filling
- HE
HF, IF
HT
ME
MFExy strip of
Hy invisibility
)(1.
Figure 4.2.
that after drawing the first slice the functiona MHaoekTap,

It @eans
HaskBottom (HMaskbottom is equal to

the MHaskTop after the first slice wanm
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drawn) , MaskPrevious and IntensityPrevious are known. If the second slice is
drawn then the functions MaskCurrent and IntesityCurrent are known too. Mow it
is necessary to fill the known part of the surface that is defined by the
functions MaskPrevious and MaskCurrent with an appropriate level of grey.
Because all functions will be reprssented again by vectors for all points in
the x-axis a modified Bresenham’s algorithm can be employed in order to gat
proper intensity levels for all points. It means that for the given =x the
intensity level will be approximated for all possible y, e.g. a 1line will be
drawn from the point (x,MC(x]) to the point (x,MP[x]) and the intensity level
will be slowly changing from IC[x] value to IP(x] value. This must be.performed
for all x. In this way we will get the strip of invisibility. After that
MankTop, MaskBottom are redefined again, see fig.4.2. '

If a third curve is drawn then it will be drawn only outside the strip of
invisibility. But for the hidden surface it is necessary to fill the area
outside the strip of invisibility bestween the praevious curve respresented by MNP
and the current curve rapresented by MC, e.g. it is necessary to fill im only a
visible part of the 1line segment from the point (x,MC(x]) to the peint
(x'MP(x]) with a proper intensity level from intensity IC[x] to intensity
IP[x]. The filling can be done by a modified Bresenham's algorithm again in
order to ensure that the intensity level will be properly chlﬁgcd. It can be
seen that the proposed algorithm does need all the above mentioned vectors. The
whole algorithm (schematically) is shown by algorithm 4.1.

If we omit for this moment all problems with the initilization then wa can
use all the procedures shown above but the procedures DRAM STEP and SET UP
MAFKS must be changed as it is shown in algorithm 4.2. The actual
implementation is slightly more complex.

PROCEDURE draw step;
BEGIN ( draw step to the point (xp,yp) with intensity 1}
flagi=x0=xp;| xo1=xp}y ‘
IF yp > mlt(xp) THEN ilt[lplu-yp|
IF yp < mlb(xp) THEN mlb(xp) i=yp}
IF yp <= mb(xp] OR yp >= mt(xp] THEN
IF flag THEN fill(xp.yp,mplxp),i,ip(xpl)
{ from the point (xp,yp) with an intensity i to )
{ the point (xp,mplxp)) with an intensity ip(zp))
ELSE switch on(xp,yp,i)
mc [(xp] 1=ypy
fc(np) i=i
END)
PROCEDURE set up masksy
BEGIN mti=mlt ;mbi=mlb)
Bpi=mc)ipi=ic
END
Algorithm 4.2,

The algorithe shown above 1s very simple and clear to wumderstand. MNe have
not dealt with the problem how MP and IP arrays were originally set wup. The
PILL procedure is actually the Bresenham’s algoritha that is modified mo that =z
coordinate is constant, y coordinate is changed with the step 1 and the
intenaity .level is appropriately changed in order to get the whole intensity
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scale from tha curront intenumity rapresented by IC{x] valua ta tha previous
intennity represented by IPlz] value or vice versa: Tha progedure itoelf must
draw only cutside the given strip of invigibtlity that is given by HT and KB

arrays.

%, Hiddon-Contouring Problem 8pecification

The hidden-contouring problam 48 desoribed in litermture vary raraly bacause
it covars several non-trivial tapke. The first 1m the contouring problam
itgalf; the sacond im tha probleln of hidden-line oelimination., The hknown
algorithmo are very complloatad (3], The main offort seowmsm to be spent on tha
part that desls Just with the hidden line removal. The known algorithas Just
uase the algorithe for contouring and hiddan lina removal in the “pipa-line”
way, Tha problam cen be osaEily solved agaln in a very asimilar eanner to the
hidden~line eiimination demcribed asbove. If fig.5.1. i» analymed wvae can aae
thet the problem can be sasily deporibsed as followm. Piratly two m@argine ®uat
ba draen and then ftor oach grid all contours muat be drawn with respect to the
viaibility. Tha contour drawing ordar is substantial becausme tha contours muast
be drawn go that the highar contoure are drawn later on: a.g.1

contour (p) £ contour (p+l) for all p

Khan all contourm for the given grid hava baan drawn it ie pocessary to dravw
"back margins® of the given grid. If any usar needs mmaller grids or sacothly
intarpolata contours he gan subdivide grid mash or heo can employ the uamooth
intarpolation (oome kind of amooth intarpolation can be done direct in the
ragtar environment). The whole problem in nov simplae but wa have to find &
simplie mathod vhich detarmines silhoustting in order to get tha propar outlook.
The silhouatting problem solution (s described in literature very rarely
bacauss of high complexity of ogomputation. Actually it 18 =& problem of
datermining whother the partial devivation of the given function according to
tha observer s eye direction ts zero, The hidden-contouring problem polution
{without the solution of wilhouetting) can be schematically deacribad by the
algoritha 5.1,
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6. Conolumion

The shove presentad algorithas are basad on the Broevenham'p
drawing straight Xines in the raster environment. The algorithes

functions of two varlables aré intended for the use in the raster anvironmant,
e.g9. for raster displaya or digital plotters, The prasented algorithms for
hidden-lina, hidden-surface and hidden-contour removal are vary fast,

aslgorithe for
for draving

easy to
implament and thsy do not naed oparations f{n the floating point represantation
far the dctqrulnlng vhether the line sagaant or itms part im visible or not.

All mentioned algorithas were leplementued on tha 8-bit eicrocomputer with
8080 aicroprocessor running at 3HHa. Presentad ramults were drown in 2 @sc.
approximately fncluding tha vistbllity eolution with the resclution 256x25%6
péfnta with B goloure. Thoe time of function computation, scazling and rotation

is not included, bacause » host compitar wae umed. Tha drazwing wam about 1%%
wlovar than drawing without the solution of the visibility,
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