
Computer Graphics
Lecture 8

Shading 

Mirror Reflection 
Shadows



Announcements



Announcements
• HW1 is out - due next Monday



Announcements
• HW1 is out - due next Monday

• HW1 Problems 3 and 4 will help with A2 TODO 9 and 8.



Announcements
• HW1 is out - due next Monday

• HW1 Problems 3 and 4 will help with A2 TODO 9 and 8.

• A2 is now due Friday 2/7
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Shading
What does the color of a pixel depend on?


• surface normal


• surface properties (color, shininess, ...)


• eye direction


• light direction (for each light)

stored in or calculated from object

stored in 
object

calculated from viewing ray and 
intersection point 

calculated from light and 
intersection point 



Ray-Sphere: Code Sketch
function ray_intersect(ray, sphere, tmin, tmax):

• Use last lecture's math to find +/- t


• If no real solutions, return nothing


• Otherwise, return closest t that lies between tmin 
and tmax

• Also return info needed for shading - store in a 
HitRecord struct.

In A2: t, intersection point, normal, texture coordinate, object



Ray-Scene: Code Sketch

find_intersection(ray, scene):
  closest_t = Inf # closest intersection t
  closest_rec = nothing # HitRecord for intersection
  for obj in scene:
    t, rec = ray_intersect(ray, obj, 1, closest_t)
    if rec != nothing:
      closest_t = t
      closest_rec = rec
  return closest_t, closest_rec

Brute force: check all objects. 
There are better ways - more on this later.



Ray Tracing: Code Sketch
scene = model_scene()

for each pixel (i,j):

    ray = get_view_ray(i, j)

    t, rec = find_intersection(ray, scene)

    if rec != nothing:

      canvas[i,j] = obj.color

    else:

      canvas[i,j] = scene.bgcolor
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Ray Tracing: Code Sketch
scene = model_scene()

for each pixel (i,j):

    ray = get_view_ray(i, j)

    t, rec = find_intersection(ray, scene)

    if rec != nothing:

      canvas[i,j] = obj.color

    else:

      canvas[i,j] = scene.bgcolor

Let's work on this.



Light Sources
• Where does light come from?


• Two simple kinds of sources:


• point source: defined by a 3D position


• directional source: defined by a 3D direction vector



Diffuse (Lambertian) Reflection

• On a diffuse surface, light scatters 
uniformly in all directions.


• No dependence on view direction.


• Many surfaces are approximately 
diffuse:


• matte painted surfaces, projector screens,


• anything that doesn't look "shiny" 



Diffuse (Lambertian) Reflection

• whiteboard
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Diffuse (Lambertian) Reflection

The top face of a cube 
receives some 

amount of light.

Rotated 60º, the same 
face receives half the 

light.

l n
Q

Light per unit area is 
proportional to 
cos ✓ = ~n · ~̀

<latexit sha1_base64="afKoPR9fTwlBuxK5ptXcYSs+KpI=">AAACD3icbVDJSgNBEO2JW4xb1KOXxqB4ChMjLgch6MVjBLNAJoSeTiVp0tM9dNcEwpA/8OKvePGgiFev3vwbJwuixgcFr9+roqueH0ph0XU/ndTC4tLySno1s7a+sbmV3d6pWh0ZDhWupTZ1n1mQQkEFBUqohwZY4Euo+f3rsV8bgLFCqzschtAMWFeJjuAME6mVPfS4ttTDHiCjl9QbAI/ViHq8rXH68kDKUSubc/PuBHSeFGYkR2Yot7IfXlvzKACFXDJrGwU3xGbMDAouYZTxIgsh433WhUZCFQvANuPJPSN6kCht2tEmKYV0ov6ciFlg7TDwk86AYc/+9cbif14jws55MxYqjBAUn37UiSRFTcfh0LYwwFEOE8K4EcmulPeYYRyTCDOTEC7GOP0+eZ5Uj/OFYr54e5IrXc3iSJM9sk+OSIGckRK5IWVSIZzck0fyTF6cB+fJeXXepq0pZzazS37Bef8Chrucfw==</latexit>



!
Diffuse (Lambertian) Shading

• The full model:

diffusely 
reflected light

diffuse 
coefficient

light intensity

why max?

Ld = kdImax(0,~n · ~̀)
<latexit sha1_base64="J947lLkTIJqEPbhz/i51mFA60KI=">AAACFnicbVDLSgMxFM3UV62vqks3wSJU0DK14mMhFN0ouKhgH9ApJZO5bUMzmSHJFMvQr3Djr7hxoYhbceffmD4QtR5IODnnXm7ucUPOlLbtTysxMzs3v5BcTC0tr6yupdc3KiqIJIUyDXggay5RwJmAsmaaQy2UQHyXQ9XtXgz9ag+kYoG41f0QGj5pC9ZilGgjNdP7100Pn+Guua+w45O7rL2HnR7QWAywQ71Aj18OcD7YbaYzds4eAU+T/IRk0ASlZvrD8QIa+SA05USpet4OdSMmUjPKYZByIgUhoV3ShrqhgvigGvForQHeMYqHW4E0R2g8Un92xMRXqu+7ptInuqP+ekPxP68e6dZJI2YijDQIOh7UijjWAR5mhD0mgWreN4RQycxfMe0QSag2SaZGIZwOcfS98jSpHOTyhVzh5jBTPJ/EkURbaBtlUR4doyK6RCVURhTdo0f0jF6sB+vJerXexqUJa9KziX7Bev8CTBOdxw==</latexit>



!
Diffuse (Lambertian) Shading

• The full model:

diffusely 
reflected light

diffuse 
coefficient

light intensity

why max?

Ld = kdImax(0,~n · ~̀)
<latexit sha1_base64="J947lLkTIJqEPbhz/i51mFA60KI=">AAACFnicbVDLSgMxFM3UV62vqks3wSJU0DK14mMhFN0ouKhgH9ApJZO5bUMzmSHJFMvQr3Djr7hxoYhbceffmD4QtR5IODnnXm7ucUPOlLbtTysxMzs3v5BcTC0tr6yupdc3KiqIJIUyDXggay5RwJmAsmaaQy2UQHyXQ9XtXgz9ag+kYoG41f0QGj5pC9ZilGgjNdP7100Pn+Guua+w45O7rL2HnR7QWAywQ71Aj18OcD7YbaYzds4eAU+T/IRk0ASlZvrD8QIa+SA05USpet4OdSMmUjPKYZByIgUhoV3ShrqhgvigGvForQHeMYqHW4E0R2g8Un92xMRXqu+7ptInuqP+ekPxP68e6dZJI2YijDQIOh7UijjWAR5mhD0mgWreN4RQycxfMe0QSag2SaZGIZwOcfS98jSpHOTyhVzh5jBTPJ/EkURbaBtlUR4doyK6RCVURhTdo0f0jF6sB+vJerXexqUJa9KziX7Bev8CTBOdxw==</latexit>

~̀
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Ld = kdImax(~n · ~̀)
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!
Diffuse (Lambertian) Shading

For colored objects,        is a 3-vector of R, G, and B reflectances. kd



Exercise: Diffuse Reflection



Let's talk shinies.
• How does a mirror interact with light?

(whiteboard)



Specular Reflection
• What about non-mirror 

shiny surfaces?


• They appear brighter 
near "mirror" configuration


• Phong reflection: specular 
reflection is a function of 
angle between r and v.

v
l n



Specular Reflection
• Blinn-Phong: specular reflection is a 

function of angle between half-way vector 
between view and light and the normal.


• h = bisector(v, l)


• Reflected light proportional to 
n

v

h
A

l

specular exponent: 
determines shininess

ks max(0,~n · ~h)p
<latexit sha1_base64="Rdtn8PokMBYq8Jhloc4UVXMW/lY=">AAACDHicbVDLSgMxFM34rPVVdekmWIQKUqZWfOyKblxWsA/ojCWTybShmcyQZIplmA9w46+4caGIWz/AnX9jZjqIWg8ETs45l+QeJ2RUKtP8NObmFxaXlgsrxdW19Y3N0tZ2WwaRwKSFAxaIroMkYZSTlqKKkW4oCPIdRjrO6DL1O2MiJA34jZqExPbRgFOPYqS01C+VR30JLR/dVcxDaI0JjnliYTdQ08swObgNdcqsmhngLKnlpAxyNPulD8sNcOQTrjBDUvZqZqjsGAlFMSNJ0YokCREeoQHpacqRT6QdZ8skcF8rLvQCoQ9XMFN/TsTIl3LiOzrpIzWUf71U/M/rRco7s2PKw0gRjqcPeRGDKoBpM9ClgmDFJpogLKj+K8RDJBBWur9iVsJ5ipPvlWdJ+6haq1fr18flxkVeRwHsgj1QATVwChrgCjRBC2BwDx7BM3gxHown49V4m0bnjHxmB/yC8f4Fyj2a+g==</latexit>

specular coefficient:

determines strength of 

 specularity term



Effect of p



ks

p



Putting it all Together: 
Blinn-Phong Reflection Model

Usually surfaces have both diffuse and specular 
components, so we'll combine the two:

L = Ld + Ls

= kdImax(0,~n ·~l) + ksImax(0,~n · ~h)p
<latexit sha1_base64="sxVBb5N/5HQAsWiAPwWG//dWEcc="></latexit>

diffuse

reflection 

specular

reflection

diffuse coefficient

(surface brightness 

and color) 

light

intensity

normal

light

direction

specular coefficient

(strength [and color]


of specularity)

half-vector

between l and v

specular exponent

(sharpness of specularity)

light reflected



Mirror Reflection
What does a camera see when it looks at a mirror?

l

x

e

Can we do this using the tools we already have?
(Exercise 2)



Mirror Reflection

l
n

r

What does a camera see when it looks at a mirror?

Can we do this using the tools we already have?
x

e

find_intersection(ray, scene)



Mirror Reflection

l n
r

What does a camera see when it looks at a mirror?

compute r
ray = Ray(x, r)

find_intersection(ray, scene)

x

e



Recursion!?
traceray(ray, scene):

    t, rec = find_intersection(ray, scene)

    if rec.obj is a mirror:

      compute r, the reflection direction

      mirror_ray = Ray(rec.x, r)

      return traceray(mirror_ray, scene)

    # other cases, ...



Mirror Coefficient
• Most surfaces aren't perfect mirrors. Object 

stores a mirror coefficient k_m between 0 
and 1.


• "Local color" computed as usual


• "reflected color" computed recursively


• Final color: k_m * reflected + (1-k_m) * local


