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1. Terrain Curvature

2. Tkinter (Graphical User Interface Programming)
3. Hill shading

4. Horizontal Angle

5. Vertical Angle

6. Digital Elevation Model (DEMs)
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Orthogonal

Lamberts Cosine Law

Gray Value

Directional Shading

Diffuse Reflection

Gray Tone

Geographic Information System

NogapwdE



4 Si999095 1 0l 352,85 9 5,9 $3998,90

5 Sglite o 4 s lganls iales sl a5 (Yo A ol ol oo )] golin) ccands g (slodits o ol
lgs o,Lal ol 4 asldl jd a8 conl (63,190 Sl [0 (6o, 509, D9 e slap 3 ioles gl jobaio 4 5
s Ao Sl & 00 b (1S 3BT VYN 0l)65) oaad ol ) gy —aples gl sl 1
(VA8 by 9 CalB) 5,8 oo @8 (i) Jlslo )3 Jobo jo ol |y Claseio plo g disl ud cax
(Vo ¥ puingd 9 h3iS) (o)W g (s 3,509, {0 (ig2) (2l8)] (098) Joo )3 cad ool Slowlna
bl g Sy Slyess 9 LSS, (Ll g (Vo8 Fe v A ¢ JiS) o sl okl b (39, el ytales
(ol E838) y95 e Nz Sl odlitul b (e e (85 Ve e ) «KidyeuS g (ISR (S)
5 oonidd) (S e Clea oS 5 hwgi (1dg) —ale Sbul (1390 (Jug 5 (e VoA (LS VLA
Foslial b (Giabe (V¥ «SidyouS” 9 (S) b9y~ Jse (595 32 slows sloJe Jlosl (Ve 2V S
sl e 53 sniS pusal SuST (608,80 ol by sl 4 e bl eolatwl {(VAAR (lg) 0niSTy (sladslu
Lo ol 203 )58 (654 towl 485 plosl (V- +V) ohlSen 5 S5 gren 5013l b oS pgusye
G (VY e 5 S ST) sl laipo yo (ST G20 5 (1S 9295 s g lowol gy B iy
T Slilge & gy —al sbul & glose (VAAY 1g5) ind on ks |y hedygi G Cabn o lais oS
(e 5 gusl) sl 039 () JSB Glales bas)lgeal Sials 5l plidan 5 wlausly axgi (S81,595)18
a5 polaw olidyy Sty 5 (Simod 63V YA+ md blsl 5 VAV+ dmd 315l 5 (VAAY (yp5m 1AVD
OAd o ballgy gAMb By cad LS Sl (b olaw (olidgy g M gikae (ulSl A 1 ool b
S, ekl b olidg) iales (VAVA S g pgr DAY (y98) 23 L)l (e JSE 5 2l
Mt lo by 5 gt les 5 by Gglts o9 slaand] 8 olog bsi g arie (slwesSTy Sl e
S5 Sl g (e (S (VAR (uagn) WS (o § Sl (e s (mdge Ginles CMSULe Sl oS
IS pel Uil ool Y (liSn 5 lipgl) cunl TSy laiznia agslgenl il o slaib,
Sl sixio o 45 o 3l 5 ipp by —aile gl g 350 Jlosl ol s (59, g2 ppsSl el (VO
sl ol s plis g5 4o 5 Sglite (SlaiSs) 5 A8 o (shizaskss |y Lih I izt ol i e odal STy
T 13 s gy el o0 )] e e )ls (iludier p (sl (550 slaihyy S e
bslypoal (Siale (YOY Suigdg) S oo siluil )98 mie b ISP L) 0w e Bl
oS opdy plsl s slajlo g8y 5 (5)0CBL o pld 8515550 (sla )il ¢ SIS slalidle s b Wlg e
9 52 DOV S5 g Ggudnly V8 () Cusl QL3 I8l e (3 39290 laylil (5 eSS 5 (S
Oy abe Jie 555 p SO Sl b g (Jlizs (o) b lags)lgenl () (Sjale (VAT (ggu sl VoY ol
ol 2 (Voo F iGagp 9 (52) Nedie @ig ghaw Sllug g eli) el p LS, & G900 p w2l L6
(Bl ng gohw n CwliS sbul g )8 wite jl edlatul b &5 oSS g S dagby) dsgecme (g
boad abS i) ()5 (5sdodyge bily b Jolee M8 oo (gilu)lStl 1) (o Sodghyge o)lse g dap bl
e Sl Ghaled oS GlB)] 5 gonal 3 oddgshe slaonl g as jl ogrge Sldlas Bilgw (8)5k0)

1. Sky View

2. Red-Green-Blue (RGB)

3. Diffusion Curve Algorithm

4. Multidirectional Visibility Index
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# Row and Column
row = DEM.shape[8] ; column = DEM.shape[1]
r_code = @
for r in range(row=2):
r_codet+=1
c_code = O
for ¢ inm range(celumn=2):
tMoving window Definition (3x3)
c_codet=]1
canter =DEM[r_code,c_code] ;3 N =DEM[r_code=1,c_code]
ME =DEM[r_code=1,c_code+l] ; NW =DEM[r_code=1,c_code=1]
S =DEM[r_code+l,c_cade] ; SE =DEM[r_code+l,c_code+1]
SW =DEM[r_code+l,c_code-1] ; W =DEM[r_code,c_code-1]
E =DEM[r_code+l,c_code]

zl =MW ; a=HNW; zd = W s d =W 327 = SW ; g = SW
z2 = N it b=HN ; z5 = center ; e = center 28 = 5% : h =5
z3 =NE ; c =NE ; z6 = E + f=E ;3z9 = 5E ; i = SE

ASCI Js8 51 ool b (g piwy (s Ud b (0310 0 49 bgopo (gl oS axhad LY JSG

1. Analytical Hill-Shading
2. Digital Surface Model (DSM)
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Azdmuth = 215.0 3 z_factor = 1.8
Zenith_deg = ge-Altitude
Zenith_rad = Zenith_deg*x(math.pi/flce.o

Azimuth_math = 368.0 — Azimuth + @@
Af Azdimuth_math >= 366.0:

Azimuth_math = Azdimuth_math—3c6.0
Azimuth_rad = Azimuth_math * math.pi/flzo.o

dz_dx = ((c+2xf+i)—(a+tzxd+g)) f(S*xcellsize)

dz_dy = ((g+z*xh+i)—(a+tzxb+c)) f(S*cellsize)

Slope_rad = math.atan(z_factor*((dz_dx)**x2+{dz_dy)xx2)xxa .5}
Af dz_dx '= @:

Aspect_rad = math.atan2(dz_dy,—1*xdz_dx)
it Aspect_rad < o:
Aspect_rad = 2xmath.pi+Aspect_rad
Af dz_dx == @:

Af dz_dy»o:
Aspect_rad = math.pifz
elif dz_dy<e:
Aspect_rad = (2Z*math.pi)—(math.pi/f2)

else:
Aspect_rad = Aspect_rad
Hillshade_wvalue = 255.8*x((math.cos(Zenith_rad)*math.cos(Slope_rad))+3

(math.sin(Zenith_rad)*math.sin(3lope_rad)?
*math.cos(Azimuth_rad-Aspect_rad)))
if Hillshade_wvalus <o:
Hillshade_wvalue = @
Hillshade.write(str(Hillshade_value)+"' ')
Hillshade.write( 1)
Hillshade.close()

S ¥ 13 ¥ S oo Byois U (6w sl b 43 Hill-shade dwloce 4 bt o (ygisly S dalad .Y JSUS

) N . s YRS | . R -

(AFDA) cupss Ca (Sl 8 @595 U1 owleol 2 Cogou il guonaas

a5 Jlaiy s gt (Fgeril dugl e Sliee lgis 05 b Slea SlglE @i (120 90 9 93 1AV
Gogly dulo 5950 Y byl 2,5 o0 JB Slglb i b Can g 2908 55 e Sl Bgly (Jde cnl 3 b

Amd e Ui 1) (pbg) —ale o Jde dnS > j95 e (ool
[f ASpmery = 0and < 90 — Az = Aspae + 270
[f AS g > 90 and <270 — Az = Aspagp + 90 v)
I ASpex s = 270 and < 360 — Az = Aspy s — 90
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1. Aspect Frequency Distribution Analysis
2. Modal

3. Bi-Modal

4. Multi-Modal
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Zl1 =HW :a=HW ;& Z4 =W rd =W JET = SW ; g = SW
Z2 = N s b=H  Eb = center ; e = center ;288 =5 ; h =58
Z3 =HE :c=HE ; Z6 = E ; £E=E ;89 = SE ¢ 1 = BE
dz dx = ((c+2%f+i) - (a+2*d+qg) ) / (B¥cellsize)

dz dy ((g+2%h+i) - (a+2%b+a) ) / (B¥cellsize)
Slope rad = math.atan(z_ factor¥((dz dx)**2+(dz_dy) **2) **0.5)
if dz dx != 0O:
Aspect rad = math.atan?(dz dy,-1+*dz_dx)
if Aspect rad < O:
Aspect rad = 2*math.pit+Aspect rad
if dz dx = O:
if dz_dy>0:
Aspect rad = math.pi/2
elif dz dy<0:
Aspect rad = (Z*math.pi) - (math.pi/2)
elze:
Aspect rad = Aspect rad
Aspect deg = Aspect_pad*:1BU.Dfmath.pi}
if Aspect deg>=Angle start and Aspect deg< Angle end:
list aspect count[aspects]+=1
index max = list aspect count.index(max(list aspect count))
Aspect Max = 0

for 1 in range(int(index max)):
Aspect Max+=35

if Aspect Max>=0 and Aspect Max<=30:
Aspect Max+=270.0

elif Aspect Ma=x>90 and Aspect Max<270.0:
Aspect Max+=50.0

elif Aspect Max»>=270.0 and Aspect Max<= 360.0:

Aspect Max-=50.0
Azimmth = Aspect Max
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1. Un-Weighted Multidirectional Light Source
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£ WOLS Model
Mleitnde = 45.0 ;g _factor = 1.0

Bzimmtk = 0
T code = 0
for T in Tange{oow-2):
T_codst=l
 code = 0
print 'Process Done = ,l:':_l:ﬂde,-"_'lm:l:rw”*l[!l:.[!

for & in range (colnmn-2) -
Mear Hillchads Valne = 0.0
for Directiors irn cangs{1B0, 361):
ABzimmth+=l
#orAing window Defiritior {3x3)
c_codet=1
center =DEM[r code,c code] ; H =DEM[r code-1,c code]
HE =DEM[r_code-l,c codetl] ; W =DEM[r_code-1,c_code-1]
5 =DEM[r_codetl,c_code] ; SE =DEM[x_codetl,c codetl]
S0 =DIEM[r codetl,c code-1] ; W =DEM[r code,c code-1]
E =DEM[zr codetl c code]
Zl=H1 a=H7 ;8 =W rd= 2T =
Il = H :b=H ; 5 = cepter ; & = center ;Ef =
Z3=HE :c=HE ;: EE=E f =
Zerith deg = S0-Altitunde
Zerith rad = Berith deg* (math.pi/160.0)
Agimmth math = 360.0 - Asimmth + 30
if Azimmth math >= 360.0:
Agimmth math = Azimmth math-360.0
Agimmth rad = Asimmtk matk * math.pi/160.0
ds du = (({c+2*E+i) - (at+2*dig)) /(F*cellsise)
ds dy = ({g+2*h+i) - (a+2*b+e) )/ {Froellsise)
Slﬂp-e_ra.d = mﬂ'..-:l.:ﬂr.l:!_':a.l::or* { l:d.'z_dzl **2+l:d.'z_dy! =Ry aE] 5
if ds_du != O:
.h@-er.:_:a.d = math._ atanrd l:d.'z_dy. -l*d.lz_dz]
it Aspect rad < O:
Aspect tad = 2*math. pitAspect rtad
it de dw = O
it de dyeD:
Aspect tad = math.pif2
=lif de_dy<l:
hs_p-:r_:_:-u.d = {2*matk.pi) -{math.pi/2)
Aspect tad = Aspect_rad
}f.i_'L'LsJ'.a.de_'valnc = 255.0% { {math. msl{!-u‘.i.ﬂ‘._:ad! *math . msl:S.la:p-:_:adJ 1+
{math. s..i:.l{!-u‘.i.ﬂ‘._:ad! *math . s..iJ'.l:Slap-:_:adJ *math . msﬂhimn:}‘._:a.d—h@-er.:_:ad! 1
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HyympLs-direct = Tas ()

1. Weighted Multidirectional Light Source
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Hyp s =(Hapeso) % (Hs or Hy) *)
_ (Hakgg)+(Hs or Hy)
Hyg = 3 (v)
(HagegoXW)+(Hg or Hyy)
Hy 5 = Wl ")

Hs o A )9 qie &)l b gy —alo Joo Hazrso oS8 )5 g (Sa0b Joo Hyrar (Jgoyd opl o &S
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# 55M Model = 8§
Azimuth = 315.0
Azimuth = 315.0
Zenith deg = 90-Altitude
Zenith rad = Zenith deg* (math.pi/180.0)
dz dx ((c+2*f+i)—Ta+2*d+g))/(8*cellsize)
di_dy ((g+2%*h+i) - (a+2*%b+c) ) / (B*cellsize)
Slgpe rad = math.atan(z factor*((dz dx)**2+(dz dy)**2)#*=*0.5)
Slcpe:deg = Slope rad f_(IS0.0/matthi) N
dz _dx != 0:
Aspect rad = math.atan2(dz dy,-1*dz dx)
Aspect rad < 0:
Aspect rad = 2*math.pi+Aspect rad
dz dx = 0:
dz_dy>0:
Aspect rad = math.pi/2
dz_dy<0:
Aspect rad = (2*math.pi) - (math.pi/2)

lope Shading Model

Aspect rad = Aspect rad

Azimuth math = 360.0 - Azimuth + 90

Azimuth math >= 360.0:

Azimuth math= Azimuth math-360.0
Azimuth rad = Azimuth math * math.pi/180.0
Hillshade value = 255.0*((math.cos(Zenith_rad)*math.ccs(Slcpe_rad))+\

(math.sin(Zenith rad)*math.sin(Slope rad)*math.cos(Azimuth rad-Aspect rad)))
Hillshade value <0:
Hillshade value = 0

VLSI Jao a1 baipo gl o5 51 wise & JSUS

1. Vertical Light Source Illumination
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# S8M Model = Slope Shading Model
Azimuth = 315.0
Azimuth = 315.0
Zenith deg = 90-Altitude
Zenith rad = Zenith deg* (math.pi/180.0)
dz dx = ((c+2*f+i) - (a+2%d+g))/ (B*cellsize)
di_dy = ((g+2*h+i) - (a+2%b+c)) / (B8*cellsize)
Slgpe_rad = math.atan(z_ factor*((dz_dx) **2+(dz_dy) **2) **0.5)
Slope deg = Slope rad * (180.0/math.pi)
dz dx 1= 0:
A;bect rad = math.atan2(dz dy,-1*dz dx)
Aspgct_rad < 0: - -
Aspect rad = 2*math.pi+Aspect rad
dz dx = 0: -
T dz dy>0:
Agbect_rad = math.pi/2
dz dy<0:
Aspgct_rad = (2*math.pi) - (math.pi/2)

Aspect rad = Aspect rad
Azimuth math = 360.0 - Azimuth + 90
Azimuth math >= 360.0:
Azimutﬂimath= Azimuth math-360.0
Azimuth rad = Azimuth math * math.pi/180.0
Hillshade value = 255.0%*((math.cos(Zenith rad)*math.cos (Slope rad))+\
- {math.sin{Zenith:rad)*math.sin(Slope:rad)*math.cos(Azimuth_rad—Aspect_rad)))
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1. Slope Shading Model
2. Sinusoidal Light Source fluctuation
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# SLSF modeling
# Stage 1
Azimuth stage 1 = Azimuth stage 1* (math.pi / 180.0)

Azimuth stage 2 = Azimuth stage 2% (math.pi / 180.0)

Azimuth stage 3 = Azimuth stage 3* (math.pi / 180.0)

Azimuth stage 4 = Azimuth stage 4% (math.pi / 180.0)

Hillshade_sta.ge 1 = 255.0%( (math.cos (Zenith rad) *math.cos (Slope_ra.d) ) +\

225

270 315 360

(math.gin (Zenith_rad) *math.sin (Sloﬁe_rad) *math.cos (Azimuth_stage_l —Aspect_rad) 1)

Hillshade stage 1 <0:
Hillshade stage 1 = 0
# Stage 2
Hillshade stage 2 = 255.0%*((math.cos(Zenith rad) *math.cos(Slope rad) I EaY

(math.sin(Zenith rad)*math.sin(Slope rad)*math.cos(Azimuth stage 2-Aspect rad)))

Hillshade stage 2 <0:
Hillshade stage 2 = 0
# stage 3
Hillshade stage 3 = 255.0%((math.cos(Zenith rad)*math.cos(Slope rad) ) +\

(math.sin(Zenith rad)*math.sin(Slope_ rad)*math.cos (Azimuth stage 3-Aspect rad)))

Hillshade stage 3 <0:
Hillshade stage 3 = 0
# stage 4
Hillshade_stage_d = 255.0%*( (math.cos (Zenith_rad) *math.cos (Slope_ra.d) ) +\

(math.sin(Zenith rad)*math.sin(Slope rad)*math.cos(Azimuth stage 4-Aspect rad)))

Hillshade stage 4 <O0:
Hillshade stage 4 = 0

# Writting resuts

Stage l.write(str(Hillshade stage 1)+' ')

Stage 2.write(str(Hillshade stage 2)+' ')

Stage 3.write(str(Hillshade stage 3)+' ')

Stage 4.write(str(Hillshade stage 4)+' ')
Standard.write (str(Hillshade standard values)+' ')

SLSF Jn 4 bg1pe (9l 38 51 (o 3+ JSb
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Minimal Curvature = Mean ¢, — Unsphericitypyp (V%)
Maximal Curvature = Mean (. + Unsphericity;, . (YY)

Horizontal excess Curvature = Unsphericitycy., — Differencial . (YA)
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Total Gaussian Curvature = Mean " — Unsphericitycyp (Y+)

Total Gaussian Curvature = ——o— (¥Y)
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Total Accumulation Curvature = Mean . ° — Differencial ,p° (YY)

Total Ring Curvature = Unsphericitygyy, - — Differencial qyp,- (YY)
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Terrain Curvature Shading Models (TCSMs)
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