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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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Lamberts Cosine Law

Gray Value

Directional Shading

Diffuse Reflection

Gray Tone

Geographic Information System

NogapwdE
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1. Sky View

2. Red-Green-Blue (RGB)

3. Diffusion Curve Algorithm

4. Multidirectional Visibility Index
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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()
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[f ASpmery = 0and < 90 — Az = Aspae + 270
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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

AFDA Jao dloee (5l ooy o5 1 e ¥ S5
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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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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 &) b gy —alo Joo Hazrso oS8 )5 qie (S0l Joo Hyrar (Jgoyd opl o &S
59 W g osdpuomas cpigy —aols Jae Hag (453 Y30 gl g 45,0 ¥0 la))) ojlilinl pbgy —alo Jde
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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 bgipo gl o5 51 ise & 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)+' ')
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1. Hillshading
2. Terrain Curvature
3. Normal Section
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Minimal Curvature = Mean ¢, — Unsphericitypyp (V%)
Maximal Curvature = Mean (. + Unsphericity;, . (YY)

Horizontal excess Curvature = Unsphericitycy., — Differencial . (YA)
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Vertical excess Curvature = Unsphericityy, + Differencial (va)

Total Gaussian Curvature = Mean " — Unsphericitycyp (Y+)

Total Gaussian Curvature = $ (¥Y)
[L+p=+qQ=)*

Total Accumulation Curvature = Mean . ° — Differencial ,p° (YY)

Total Ring Curvature = Unsphericitygyy, - — Differencial qyp,- (YY)
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4 Optical Morphology
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2. Tkinter (Graphical User Interface Programming)
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