
Computer Graphics
Lecture 10B


Specular Reflection

 



Goals
• Know what a specular surface looks like.


• Know how to implement the Phong 
reflection model.


• Know how to implement the Blinn-Phong 
reflection model.


• Know what to do with multiple lights.



Not all surfaces are Lambertian

Image: https://www.lovelifedrawing.com/artist-eye-training-highlights-reflections/



Not all surfaces are Lambertian

Image: https://www.lovelifedrawing.com/artist-eye-training-highlights-reflections/

Key observation: the specular highlight is not pointing straight towards the light.



Specular Reflection
Specular surfaces appear 
brighter near "mirror" 
configuration


Phong reflection: specular 
reflection is a function of the 
angle between mirror direction r 
and view direction v.
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Phong Reflection
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Not physically accurate, but perceptually "okay", and intuitive:
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Blinn-Phong Reflection
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A little less physically inaccurate, still perceptually "okay", and 
less intuitive:
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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 sharpness

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
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Computing ⃗h
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Computing ⃗h

bisector(~v, ~̀) =
~v + ~̀

||~v + ~̀||
<latexit sha1_base64="leecpiXOdDFknt7/hIJwmfInXCM="></latexit>
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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>
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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>
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Putting it all Together: 
Blinn-Phong Reflection Model

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

reflection 

specular

reflectionlight reflected

diffuse coefficient

(surface brightness 

and color) 

light

intensity

normal

light

direction
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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>
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function shade_light(light, hitrec,...)In code:



What if there are multiple lights?
Light is additive - add them together:

L =
# lightsX

i=1

kdImax(0,~n · ~li) + ksImax(0,~n · ~hi)
p

<latexit sha1_base64="1T5z00xwvWwyZYnsqEHcrf1xex4="></latexit>

In code:



What if there are multiple lights?
Light is additive - add them together:

L =
# lightsX

i=1

kdImax(0,~n · ~li) + ksImax(0,~n · ~hi)
p

<latexit sha1_base64="1T5z00xwvWwyZYnsqEHcrf1xex4="></latexit>

In code:
function determine_color(hitrec, ray, scene, ...):



What if there are multiple lights?
Light is additive - add them together:

L =
# lightsX

i=1

kdImax(0,~n · ~li) + ksImax(0,~n · ~hi)
p

<latexit sha1_base64="1T5z00xwvWwyZYnsqEHcrf1xex4="></latexit>

In code:
function determine_color(hitrec, ray, scene, ...):
    color = black



What if there are multiple lights?
Light is additive - add them together:

L =
# lightsX

i=1

kdImax(0,~n · ~li) + ksImax(0,~n · ~hi)
p

<latexit sha1_base64="1T5z00xwvWwyZYnsqEHcrf1xex4="></latexit>

In code:
function determine_color(hitrec, ray, scene, ...):
    color = black
    for light in scene.lights:



What if there are multiple lights?
Light is additive - add them together:

L =
# lightsX

i=1

kdImax(0,~n · ~li) + ksImax(0,~n · ~hi)
p

<latexit sha1_base64="1T5z00xwvWwyZYnsqEHcrf1xex4="></latexit>

In code:
function determine_color(hitrec, ray, scene, ...):
    color = black
    for light in scene.lights:
        color += shade_light(light, hitrec, ...)



A disclaimer about point lights
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r
intensity 
here: I/r2

I

1

intensity 
here:

A disclaimer about point lights

In A2, we're ignoring the factor of         , for ease of modeling.1/r2
<latexit sha1_base64="XltsawRg3nKD+OwguwE9Tq2VGHM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU01a8eNW9OKxgmkLbSyb7aZdutmE3Y1QQn+DFw+KePUHefPfuE2DqPXBwOO9GWbm+TFnStv2p1VYWl5ZXSuulzY2t7Z3yrt7LRUlklCXRDySHR8rypmgrmaa004sKQ59Ttv++Hrmtx+oVCwSd3oSUy/EQ8ECRrA2kuucyPtav1yxq3YGtEicnFQgR7Nf/ugNIpKEVGjCsVJdx461l2KpGeF0WuolisaYjPGQdg0VOKTKS7Njp+jIKAMURNKU0ChTf06kOFRqEvqmM8R6pP56M/E/r5vo4MJLmYgTTQWZLwoSjnSEZp+jAZOUaD4xBBPJzK2IjLDERJt8SlkIlzOcfb+8SFq1qlOv1m9PK42rPI4iHMAhHIMD59CAG2iCCwQYPMIzvFjCerJerbd5a8HKZ/bhF6z3L/f2jkU=</latexit>



Our images so far:

larger ks
<latexit sha1_base64="aZ0tnsmPLh5Z5kHzSUKOJQSYnW0=">AAAB6nicbVDLSsNAFL2pr1pfUZduBovgqiRWfOyKblxWtA9oQ5lMJ+3QySTMTIQS+gluXCji1i9y5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEvZ7G1AvxSLCAEayNdDcZqIFddWpODrRI3IJUoUBzYH/0hxFJQio04VipnuvE2kux1IxwOqv0E0VjTCZ4RHuGChxS5aX5qTN0ZJQhCiJpSmiUqz8nUhwqNQ190xliPVZ/vUz8z+slOrjwUibiRFNB5ouChCMdoexvNGSSEs2nhmAimbkVkTGWmGiTTiUP4TLD2ffLi6R9UnPrtfrtabVxVcRRhgM4hGNw4RwacANNaAGBETzCM7xY3HqyXq23eWvJKmb24Res9y90so4M</latexit>

smaller ks
<latexit sha1_base64="aZ0tnsmPLh5Z5kHzSUKOJQSYnW0=">AAAB6nicbVDLSsNAFL2pr1pfUZduBovgqiRWfOyKblxWtA9oQ5lMJ+3QySTMTIQS+gluXCji1i9y5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEvZ7G1AvxSLCAEayNdDcZqIFddWpODrRI3IJUoUBzYH/0hxFJQio04VipnuvE2kux1IxwOqv0E0VjTCZ4RHuGChxS5aX5qTN0ZJQhCiJpSmiUqz8nUhwqNQ190xliPVZ/vUz8z+slOrjwUibiRFNB5ouChCMdoexvNGSSEs2nhmAimbkVkTGWmGiTTiUP4TLD2ffLi6R9UnPrtfrtabVxVcRRhgM4hGNw4RwacANNaAGBETzCM7xY3HqyXq23eWvJKmb24Res9y90so4M</latexit>

p
<latexit sha1_base64="JiODETqvgZIAPoeIkHzlP0YV7oI=">AAAB6HicbVDJSgNBEK2JW4xb1KOXxiB4CjMqLregF48JmAWSIfR0apI2PQvdPUII+QIvHhTx6id582/smQyixgcFj/eqqKrnxYIrbdufVmFpeWV1rbhe2tjc2t4p7+61VJRIhk0WiUh2PKpQ8BCbmmuBnVgiDTyBbW98k/rtB5SKR+GdnsToBnQYcp8zqo3UiPvlil21M5BF4uSkAjnq/fJHbxCxJMBQM0GV6jp2rN0plZozgbNSL1EYUzamQ+waGtIAlTvNDp2RI6MMiB9JU6EmmfpzYkoDpSaBZzoDqkfqr5eK/3ndRPuX7pSHcaIxZPNFfiKIjkj6NRlwiUyLiSGUSW5uJWxEJWXaZFPKQrhKcf798iJpnVSd0+pp46xSu87jKMIBHMIxOHABNbiFOjSBAcIjPMOLdW89Wa/W27y1YOUz+/AL1vsX8uGNKw==</latexit>

smaller p
<latexit sha1_base64="JiODETqvgZIAPoeIkHzlP0YV7oI=">AAAB6HicbVDJSgNBEK2JW4xb1KOXxiB4CjMqLregF48JmAWSIfR0apI2PQvdPUII+QIvHhTx6id582/smQyixgcFj/eqqKrnxYIrbdufVmFpeWV1rbhe2tjc2t4p7+61VJRIhk0WiUh2PKpQ8BCbmmuBnVgiDTyBbW98k/rtB5SKR+GdnsToBnQYcp8zqo3UiPvlil21M5BF4uSkAjnq/fJHbxCxJMBQM0GV6jp2rN0plZozgbNSL1EYUzamQ+waGtIAlTvNDp2RI6MMiB9JU6EmmfpzYkoDpSaBZzoDqkfqr5eK/3ndRPuX7pSHcaIxZPNFfiKIjkj6NRlwiUyLiSGUSW5uJWxEJWXaZFPKQrhKcf798iJpnVSd0+pp46xSu87jKMIBHMIxOHABNbiFOjSBAcIjPMOLdW89Wa/W27y1YOUz+/AL1vsX8uGNKw==</latexit>

larger red ks
<latexit sha1_base64="aZ0tnsmPLh5Z5kHzSUKOJQSYnW0=">AAAB6nicbVDLSsNAFL2pr1pfUZduBovgqiRWfOyKblxWtA9oQ5lMJ+3QySTMTIQS+gluXCji1i9y5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEvZ7G1AvxSLCAEayNdDcZqIFddWpODrRI3IJUoUBzYH/0hxFJQio04VipnuvE2kux1IxwOqv0E0VjTCZ4RHuGChxS5aX5qTN0ZJQhCiJpSmiUqz8nUhwqNQ190xliPVZ/vUz8z+slOrjwUibiRFNB5ouChCMdoexvNGSSEs2nhmAimbkVkTGWmGiTTiUP4TLD2ffLi6R9UnPrtfrtabVxVcRRhgM4hGNw4RwacANNaAGBETzCM7xY3HqyXq23eWvJKmb24Res9y90so4M</latexit>

blue 

gray 

kd
<latexit sha1_base64="rwh1TUdC+yNt3QfFJvWJv7uYys8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgqiRWfOyKblxWtA9oQ5lMJu3QySTMTIQS+gluXCji1i9y5984SYOo9cCFwzn3cu89XsyZ0rb9aZWWlldW18rrlY3Nre2d6u5eR0WJJLRNIh7JnocV5UzQtmaa014sKQ49Trve5Drzuw9UKhaJez2NqRvikWABI1gb6W4y9IfVml23c6BF4hSkBgVaw+rHwI9IElKhCcdK9R071m6KpWaE01llkCgaYzLBI9o3VOCQKjfNT52hI6P4KIikKaFRrv6cSHGo1DT0TGeI9Vj99TLxP6+f6ODCTZmIE00FmS8KEo50hLK/kc8kJZpPDcFEMnMrImMsMdEmnUoewmWGs++XF0nnpO406o3b01rzqoijDAdwCMfgwDk04QZa0AYCI3iEZ3ixuPVkvVpv89aSVczswy9Y719d9o39</latexit>

kd
<latexit sha1_base64="rwh1TUdC+yNt3QfFJvWJv7uYys8=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgqiRWfOyKblxWtA9oQ5lMJu3QySTMTIQS+gluXCji1i9y5984SYOo9cCFwzn3cu89XsyZ0rb9aZWWlldW18rrlY3Nre2d6u5eR0WJJLRNIh7JnocV5UzQtmaa014sKQ49Trve5Drzuw9UKhaJez2NqRvikWABI1gb6W4y9IfVml23c6BF4hSkBgVaw+rHwI9IElKhCcdK9R071m6KpWaE01llkCgaYzLBI9o3VOCQKjfNT52hI6P4KIikKaFRrv6cSHGo1DT0TGeI9Vj99TLxP6+f6ODCTZmIE00FmS8KEo50hLK/kc8kJZpPDcFEMnMrImMsMdEmnUoewmWGs++XF0nnpO406o3b01rzqoijDAdwCMfgwDk04QZa0AYCI3iEZ3ixuPVkvVpv89aSVczswy9Y719d9o39</latexit>
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Partially-Mirrored Surfaces
Notice the floor is 
gray but also 
mirror-reflective.
Materials can store a 
mirror coefficient: 

fraction of light that is 
reflected in a mirror-

like fashion



Partially-Mirrored Surfaces
Notice the floor is 
gray but also 
mirror-reflective.
Materials can store a 
mirror coefficient: 

fraction of light that is 
reflected in a mirror-

like fashion
L = kmLr + (1� km)(Ld + Ls)

<latexit sha1_base64="5nHS5X6PUlH/TEEEBVxZY7h+s5g=">AAACC3icbVDLSgMxFM3UV62vqks3oUVoEcuMFR8LoejGxSwq2Ae0w5BJ0zY0kxmSjFCG7t34K25cKOLWH3Dn35hpB1HrgcC559zLzT1eyKhUpvlpZBYWl5ZXsqu5tfWNza389k5TBpHApIEDFoi2hyRhlJOGooqRdigI8j1GWt7oKvFbd0RIGvBbNQ6J46MBp32KkdKSmy/Y8AKOXB/aroAHsGTBw6Qsl2y3p2vblWU3XzQr5hRwnlgpKYIUdTf/0e0FOPIJV5ghKTuWGSonRkJRzMgk140kCREeoQHpaMqRT6QTT2+ZwH2t9GA/EPpxBafqz4kY+VKOfU93+kgN5V8vEf/zOpHqnzkx5WGkCMezRf2IQRXAJBjYo4JgxcaaICyo/ivEQyQQVjq+3DSE8wQn3yfPk+ZRxapWqjfHxdplGkcW7IECKAELnIIauAZ10AAY3INH8AxejAfjyXg13matGSOd2QW/YLx/AU2Mlu0=</latexit>
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Partially-Mirrored Surfaces
Notice the floor is 
gray but also 
mirror-reflective.
Materials can store a 
mirror coefficient: 

fraction of light that is 
reflected in a mirror-

like fashion
L = kmLr + (1� km)(Ld + Ls)

<latexit sha1_base64="5nHS5X6PUlH/TEEEBVxZY7h+s5g=">AAACC3icbVDLSgMxFM3UV62vqks3oUVoEcuMFR8LoejGxSwq2Ae0w5BJ0zY0kxmSjFCG7t34K25cKOLWH3Dn35hpB1HrgcC559zLzT1eyKhUpvlpZBYWl5ZXsqu5tfWNza389k5TBpHApIEDFoi2hyRhlJOGooqRdigI8j1GWt7oKvFbd0RIGvBbNQ6J46MBp32KkdKSmy/Y8AKOXB/aroAHsGTBw6Qsl2y3p2vblWU3XzQr5hRwnlgpKYIUdTf/0e0FOPIJV5ghKTuWGSonRkJRzMgk140kCREeoQHpaMqRT6QTT2+ZwH2t9GA/EPpxBafqz4kY+VKOfU93+kgN5V8vEf/zOpHqnzkx5WGkCMezRf2IQRXAJBjYo4JgxcaaICyo/ivEQyQQVjq+3DSE8wQn3yfPk+ZRxapWqjfHxdplGkcW7IECKAELnIIauAZ10AAY3INH8AxejAfjyXg13matGSOd2QW/YLx/AU2Mlu0=</latexit>
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