
Vision Component

» Camera 
» Image formation 
» Image analysis 

» Image transformation 
» Determine scene  
» Determine camera 
» Feature detection 
» Object detection and tracking



Robot Vision Sensors

» Single Perspective Camera 
» Multiple Perspective Cameras (e.g. Stereo 

camera pair) 
» Omnidirectional Camera 
» Depth camera 

» Laser Scanner 
» Infrared camera 
» Structured Light Sensor
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• Camera is often in motion 
• Object may also be in motion
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Transformation

» Reposition an object 
» Also find the operation between two different 

poses 
» x’ = T(x) 

• Move it, Translate 
• Re-orient it, Rotate 
• Re-size it, Scale 
• Skew, etc. 

» Compose sequence of transformations 
» Transform ALL points on the object?
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Semester Schedule for II Semester 2023-24   

Teaching and Academic Activities  
 
S.No.  Event  From 

Date  
Day  To Date  Day  

1  Orientation and Registration of new students 30-12-2023 Saturday 30-12-2023 Saturday 
2  Validation of Registration for continuing students 30-12-2023 Saturday 30-12-2023 Saturday 
3  Commencement of classes 01-01-2024 Monday 01-01-2024 Monday 
4  Last date for submission of re-major test grades 08-01-2024 Monday 08-01-2024 Monday 
5  Last date for course drop 08-01-2024 Monday 08-01-2024 Monday 
6  Late Registration 08-01-2024 Monday 08-01-2024 Monday 
7  Last day for adding courses in lieu of dropped 

courses 10-01-2024 Wednesday 10-01-2024 Wednesday 
8  Finalization of roll lists 11-01-2024 Thursday 11-01-2024 Thursday 
9  GATE examinations (Saturdays and Sundays only) 03-02-2024 Saturday 11-02-2024 Sunday 
10  JAM examination 11-02-2024 Sunday 11-02-2024 Sunday 
11  Last date for filling mid-term course evaluation 

online 18-02-2024 Sunday 18-02-2024 Sunday 
12  MID-TERM EXAM 19-02-2024 Monday 24-02-2024 Saturday 
13  Mid-term evaluation of projects (No classes) 01-03-2024 Friday 02-03-2024 Saturday 
14  Last date to share marks of Mid-term exam 04-03-2024 Monday 04-03-2024 Monday 
15  Class Committee Meetings 11-03-2024 Monday 15-03-2024 Friday 
16  Audit-Withdrawal & change of registration status 15-03-2024 Friday 22-03-2024 Friday 
17  Semester break 23-03-2024 Saturday 31-03-2024 Sunday 
18  Last date for offering courses for next semester 29-03-2024 Friday 29-03-2024 Friday 
19  Pre-registration for next semester 01-04-2024 Monday 08-04-2024 Monday 
20  Last date for submission of project reports (B.Tech., 

M.Sc Major  Projects; Mini, Minor Projects) 25-04-2024 Thursday 25-04-2024 Thursday 
21  Display of Pre-major evaluations 25-04-2024 Thursday 25-04-2024 Thursday 
22  Last Teaching Day 25-04-2024 Thursday 25-04-2024 Thursday 
23  MAJOR TEST 27-04-2024 Saturday 04-05-2024 Saturday 
24  Project Viva-voce (B.Tech., M.Sc, Mini, Minor 

Projects) 06-05-2024 Monday 07-05-2024 Tuesday 
25  Moderation Committee Meetings 13-05-2024 Monday 13-05-2024 Monday 
26  Grades to reach UG/ PG section 15-05-2024 Wednesday 15-05-2024 Wednesday 
27  Last date for submission of Ph.D. progress reports 30-06-2024 Sunday 30-06-2024 Sunday 
28  Last date for Project grades (PG, Dual) 08-07-2024 Monday 08-07-2024 Monday 
29 Last date for sending DTD899 grades to PG section 15-07-2024 Monday 15-07-2024 Monday 

 
  

 Administrative Activities 

S. No.  Event  From Date  Day  To Date  Day  

1  Foundation Day 27-01-2024 Saturday 27-01-2024 Saturday 
2  Starting Date for online applications for PG admission 01-03-2024 Friday 01-03-2024 Friday 
3  Students’ week, Tryst, all fests 23-03-2024 Saturday 31-03-2024 Sunday 
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Goal: Describe T(V) for a general V

aV0+bV1+cV2

Describe a general V

+ cV2

T(V)  = F(V0, V1, V2)



Simple Transform Types

» Rigid body 
– No length changes 

• Translation, Rotation 
» Linear 

– aT(P) + bT(Q) = T(aP+bQ) 
• Rotate, Scale, Reflect, Shear: nxn Matrix-multiplication 

» Affine 
– aT(P) + bT(Q) = T(aP+bQ) + K 
– Preserves parallel lines 
– Translation, Rotation, Scale 
– Linear in projective space: 

• n+1 x n+1 matrix multiplication 
» Projective
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Transformation as Matrix Multiplication

» Affine transformation = 
T(x,y,z) = a1x + b1y + c1z + d1 
                a2x + b2y + c2z + d2 
                a3x + b3y + c3z + d3 

» Same as matrix multiplication 
– Vertices as column vectors 

» Compose: 
– M1 followed by M2, then M3 = [M3 M2 M1 ] VT = M VT 

– Eg Affine is = translate x shear x scale x rotate  
» Remember: Matrix Multiplication is not commutative 

– In general
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Translation

1 0 0 tx 

0 1 0 ty 

0 0 1 tz 

0 0 0 1

x 
y 
z 
1

4th coordinate = Homogeneous Coordinates

Affine transformation
Maps line to line, plane to plane
Preserves parallelism
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Projection of Points

» Intersection of a path with a shape 
» Linear projection: path is a line 
» Path originates at the point 
» We will consider planar shape 
» Line is given by a direction 

– Perspective 
• Line to a given ‘center of projection’ 

– Parallel 
• Line in a  given direction 
• Orthographic, Oblique



Projective Geometry

» n-dimensional projective space is constructed 
from an n+1-dimensional vector space 
– with, aP = P, P = [x1..xn] 
– (0,0,0,…) is undefined 

» The original space is a projection of this n+1-
dimensional vector space 
– x, y, z, w = x/w, y/w, z/w, 1 = affine space 
– Except when w=0: x, y, z, 0 = x/z, y/z, 1, 0 

• Except when z = 0 …  
– w is called the homogeneous coordinate
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Transformations

» n-dimensional real affine space is the set of all points 
parameterized by x = (x1, … , xn)T ∈ n.  

» Affine transformation is expressed as x′ = Ax + b  
» A is a n × n (usually) non-singular matrix  
» b is a n × 1 vector representing a translation.  

» If A is a rotation: AAT = ATA = I 
» If there is no translation, the transformation is Euclidean. 

» Three points define transformations in 3D 
» n + 1 points define affine transformation in n dimensions 
» Affine transformation preserves parallelism and ratios of 

lengths along parallel directions. 
» Euclidean transformation also preserves lengths and angles.  

» Projective transformation does not preserve parallelism, 
and affine transformation is insufficient to represent it.

ℝ
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