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Computer Vision — What?

158 257 087 231 255 249 253 042 251 255 187 253 247 163
236 245 109 D66 180 251 255 252 083 253 255 144 125 073
158 254 055 D6 235 255 251 237 114 24B 088 234 241 254
088 222 132 245 245 181 105 231 244 095 252 037 255 253
200 0BD D75 156 221 180 247 222 185 D38 142 247 258 248
145 085 062 200 035 239 225 255 246 028 042 243 253 253
133 117 248 153 179 211 250 255 156 183 255 247 245
223 157 142 207 168 224 253 255 157 255 191 246 249
180 188 142 227 247 075 063 135 075 114 168 021 128
253 236 124 255 D53 083 084 059 032 069 054 087 094
038 D40 036 037 DB4 145 052 D46 D37 032 D45 108 128
046 032 042 091 170 084 095 035 D62 049 097 135
059 049 019 044 034 052 084 036 035 034 042 057 063
070 D48 D24 030 D51 084 041 D76 D32 D42 D74 D97 052

067 D40 D29 039 027 052 063 092 035 D60 107 117 092

B8 EEEE8IgEE
§

065 050 030 081 032 057 068 D838 033 060 079 098 OBB
055 071 DB6 D23 022 039 D66 068 029 D36 035 D43 103 055
033 074 D49 030 042 049 076 088 037 031 031 076 084 125
048 057 D32 026 042 040 060 080 084 O30 030 076 08% 081
036 052 D67 D26 083 051 081 065 029 D33 D39 D49 095 128
047 035 D38 040 051 D45 D43 086 D43 028 D38 D41 067 078
053 055 0535 027 054 050 047 042 041 033 038 038 044 (46

088 097 089 0B6 085 080 082 083 085 083 081 086 085 084

101 104 087 100 104 092 D93 094 093 08B 037 079 078 079 079 085 076 080 080 0BZ 0B1 1071 099 D83 098 034 034 043 028

039 094 D68 D79 0BO 086 08% 101 097 094 108 096 095 097
079 089 D83 D79 0B3 D86 077 078 031 D81 020 DS2 074 075
034 085 118 077 082 066 071 078 031 061 D13 D39 055 (44

052 083 D60 D62 048 D53 053 045 040 031 013 022 045 023 034 094 O30 048 032 040 D17 062 0B2 071 08B 068 023 031 032

031 080 054 045 016 048 064 037 D41 D43 016 038 036 036

043 078 022 D36 033 047 071 043 039 D43 D21 D40 041 045

081 072 D32 D35 027 024 061 028 D52 056 027 D42 034 020 D30 085 D40 026 032 057 D35 038 04D D71 D41 070 D84 D82 100

025 077 D33 D28 M9 023 057 035 016 DSD 023 D58 025 028 043 031 D43 D20 067 077 084 102 102 115 098 102 099 D96 096

137 250 253 233 235 230 235 188 120 090 123 140 146 235
243 255 235 254 235 246 194 045 092 181 096 245 086 211
253 235 250 213 233 123 087 235 032 D31 132 153 038 137
255 255 255 255 231 248 253 255 095 DS1 072 224 D26 169
258 245 235 285 235 255 258 040 235 DBO D86 233 030 142
063 253 255 230 247 186 151 038 252 135 137 184 255 210
D82 245 250 255 235 199 229 021 021 2335 235 242 037 082
114 248 251 255 255 255 236 076 031 D30 255 218 198 182
226 234 255 235 235 230 254 196 135 230 235 255 165 255
147 069 230 255 249 254 243 253 029 285 190 177 219 1B6
134 250 064 035 031 030 D36 070 038 D45 D24 042 DB4 07
137 036 032 034 047 D41 D33 037 020 D26 043 025 037 D44
106 063 047 117 044 072 DE7 064 030 084 062 028 058 038
D29 085 DBB D58 068 D72 DEB 042 029 D33 DED 029 D61 D7D
086 063 071 076 072 077 030 060 025 D39 047 03D D40 047
084 087 044 D38 068 068 D55 032 081 D45 D81 024 030 045
083 079 078 D31 080 083 DBO 057 031 D61 D48 023 D40 101
077 098 034 DEB 069 048 0B6 040 037 D37 D67 M6 D46 030
068 075 087 D&4 035 035 DB3 032 067 D63 084 022 044 028

052 090 D34 D46 045 049 D38 022 055 D28 034 023 D36 D32

244 028 D24 254 249 048 039

234 031 016 180 255 047 029

009 032 028 183 073 035 03

153 034 027 D36 202 D43 038

250 020 D23 253 D36 D33 036

255 043 025 255 130 031 041

255 053 021
255 057 022
152 145 017
18 210 022
022 058 021
045 055 07
088 036 022
049 043 D27
058 053 032
043 088 031
105 D84 057
043 072 036

253
244
204
255
0e
n7
033
032
036
038
038
o3

025 033 033
022 D32 032
040 031 O
037 025 M5
032 028 13
028 026 032
027 023 043
028 D26 D30
027 031 053
029 035 040
024 030 041
020 037 0353

043 083 073 030 029 054 026

042 D84 D38 D26 D28 03B 037

039 051 036 D31 036 DO DB2 030 042 D38 042 030 D30 036 035 0G0 D38 028 025 038 037

048 047 D32 D871 041 OB7 D44 024 047 D41 D37 024 035 044 033 081 038 028 024 036 021

096 102 106 096 114 098 D37 061 052 D48 036 028 035 028 027 081 036 020 026 031 024

090 086 102 D97 094 099 D77 093 096 091 102 063 035 03%
073 077 073 D72 099 072 D16 096 D97 DI6 D81 D61 D32 D34
049 086 035 034 031 038 013 065 078 077 D82 073 027 037

061 094 021 D41 032 040 D17 036 055 059 058 082 014 D28

044 099 134 D47 043 015 110 038 039 D47 075 080 021 071

074 051 015 029 104 102

036 D88 029 018 025 078 066

038 109 D27 012 D24 097 113

034 106 016 015 027 081 109

243 183 140 083 025 020 253 163 019 235 180 212 197

188 236 254 120 041 D32 226 193 043 203 246 255 255

113 247 100 089 140 034 177 160
144 182 218 137 158 018 254 155
117 254 248 112 220 038 255 058
137 255 163 189 225 022 223 031
112 216 021 233 255 033 076 083
052 222 028 219 255 035 157 158
163 131 078 233 072 D31 033 022
255 025 230 255 247 029 149 020
035 023 071 224 235 033 211 032
042 015 020 084 231 031 021 030
041 015 035 034 046 025 033 026
039 D23 D41 D44 034 032 038 035
049 028 034 043 036 027 041 037
034 057 030 053 024 D27 026 038
040 035 022 D41 024 023 030 030
040 D45 023 027 020 033 029 047
02% 045 023 024 022 018 031 037
050 035 D28 022 025 025 021 025
051 035 039 020 064 D19 018 024
043 027 026 023 047 025 015 026
039 032 034 025 043 020 026 021
036 022 D40 025 028 022 027 080
070 026 042 024 073 018 029 112
143 034 048 028 101 D64 D77 128
093 031 045 D50 085 067 140 121

112 D28 021 025 11B 033 057 068 102 117 117 101 043 090

032 120 071 053 071 030 074 045 113 124 131 132 121 103 124

069 071 075 106 102 110 127 130 131 129 120 124 118 111 072

117 106 105 085 115 113 110 110 108 D86 082 102 127 081

D88 D97 101 099 095 103 090 092 113 D24 038 055 089 086

038 247
D48 119 194
167 D31 044
021 107 033
080 111 228
027 D61 202
127 D62 233
045 DBR 192
038 DSO 070
029 076 145
D34 D33 234
044 D38 145
033 035 235
035 D25 198
027 032 079
031 045 147
036 131
031 D68 081
025 D86 034
023 D82 1
010 047 018
092 D68 048
123 107 145
136 118 113
113 091 120
082 109 082
124 D82 085
083 DBO 090
086 DE2 093

088 091 091

245 285
17 288
167 D43
096 238
102
m
259
255
213

16

255
251

g
SEEBEBEREREEYEEE E G

107

022 D66
127 135
131 039
087 D35
085 012
087 039
086 085
083 080
089 D87

047 071 D42 031 033 062 070 D85 090 075 083 093 099 099 103 093 104 084 069 073 082 076 080 DI0 0B4 093 103 085 097 D93 088 089 075 111 0B84 091 096 079 099 036 095 091 088 086 D76 077 073 077

088 090 094 D70 100 0B4 072 078 031 099 106 101 096 0B7 085 082 OBY 023 066 067 DB 079 081 073 088 092 085 074 063 049 070 065 055 06D 081 112 063 0B2 073 076 073 0A3 088 095 091 094 095 095

072 077 075 077 066 067 0GB 065 062 D61 060 066 059 061 DE0 060 063 061 073 069 065 071 030 D45 D45 039 038 029 038 053 074 141 055 0GB 078 102 096 097 093 095 097 095 094 095 D94 099 095 097

UNIVERSITY OF
CAMBRIDGE



CAMBRIDGE

fL
o
ot
=
¥y
e
[
=,
5

-:n E -I:I-

Computer Vision — What?
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Real-time application $ CAMBRIDGE

SegNet

Alex Kendall, Vijay Badrinarayanan, Roberto Cipolla

Try the demo ‘

SegNet

wolutional Encoder-Decoder Architecture for Robust Semantic Pi

Use a random image, upload your own, search for a place, or click on one of the example images in the gallery below. SegNet is trained to classify each
pixel of an urban street image to be one of twelve classes.

Get Random Image

Upload an Image File

Process with SegNet
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1. Background: why and how?

2. 3R’s of Computer Vision:

- Reconstruction
- Registration
- Recognition
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1. How to make machines that see?
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How?
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1 Geometry - Perspective
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2 Probabilistic framework 4% CAMBRIDGE

“Perception is our best guess as to what is in
the world, given our current sensory input and
our prior experience.” Helmholtz (1988)

1. Deal with the ambiguity of the visual world
2. Are able to fuse information
3. Have the ability to learn
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3 Machine Learning
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2 Computer Vision at Cambridge
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Computer Vision: 3R’s ¥ CAMBRIDGE

Reconstruction Recognition Registration

Reconstruction: Recover 3D shape
Recognition: Identify objects

Registration: Compute their position and pose


4F12-Demos/system.mpg

TOSHIBA

ComPUter ViSiOn: 3R,S Leading Innovation >>>
Reconstruction Recognition Registration

Reconstruction: Recover 3D shape
Recognition: Identify objects

Registration: Compute their position and pose


4F12-Demos/system.mpg
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Reconstruction?

Recovery of 3D shape from
Images
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Reconstruction
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Stereo vision
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Stereo vision
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Multl-view stereo

minimize

f(R,T,P)

Camera3

RB’tS

Cameral

Rl’tl

Camera?2

R21t2
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Structure from motion

Input sequence
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Structure from motion

2D features
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Structure from motion

2D track
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Structure from motion

3D points
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3D Models
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Deformable objects:

Real-time photometric stereo
using colour lighting
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Textureless deforming objects

« a method for reconstructing a textureless deforming
object in 2.5d
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Colour Photometric Stereo
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Real-time deformable surfaces €% CAMBRIDGE
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Sample Reconstructions ¥ CAMBRIDGE
Face capture - Example 1
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Original viewpoint Novel viewpoint
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Registration?

Target detection and pose
estimation
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Registration:

Expressive Visual Text-to-
Speech



Registration — alignment of training data
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What is an expressive talking head?

> User inputs a sentence which they wish to be uttered
> User specifies an emotion

Video output is generated
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Our current talking head
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Expressive Visual Text to Speech

NBCNEWS _ LONDON <

% THE FUTURE OF TEXTINGZ™™

LET A "DIGITAL ASSISTANT" DO THE WORK FOR YOU \‘ :
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Demo — XpressiveTalk

- e o

randerson@tg-opti23:/rmt/hmmtts/talkinghead/randerson/s§
oftware/talking_head/TestTalkingHead>
randerson@tg-opti23:/rmt/hmm-tts/talkinghead/randerson/s
oftware/talking_head/TestTalkingHead>
randerson@tg-opti23:/rmt/hnm-tts/talkinghead/randerson/s
oftware/talking_head/TestTalkingHead>
randerson@tg-opti23:/rmt/hmm-tts/talkinghead/randerson/s
oftware/talking_head/TestTalkingHead>
randerson@tg-opti23:/rmt/hmm-tts/talkinghead/randerson/s
oftware/talking_head/TestTalkingHead>
randerson@tg-opti23:/rmt/hmm-tts/talkinghead/randerson/s
oftware/talking_head/TestTalkingHead>
randerson@tg-opti23:/rmt/hmm-tts/talkinghead/randerson/s
ftware/talking_head/TestTalkingHead>
randerson@tg-opti23:/rmt/hmm-tts/talkinghead/randerson/s
oftware/talking_head/TestTalkingHead>
randerson@tg-opti23:/rmt/hmm-tts/talkinghead/randerson/s
oftware/talking_head/TestTalkingHead>
randerson@tg-opti23:/rmt/hnm-tts/talkinghead/randerson/s
ftware/talking_head/TestTalkingHead>
randerson@tg-opti23:/rmt/hnm-tts/talkinghead/randerson/s
ftvare/talking_head/TestTalkingHead> echo hello

ello
randerson@tg-opti23:/rmt/hmm-tts/talkinghead/randerson/s
ftware/talking_head/TestTalkingHead> .fTestTalkinthad.-

Input a sentence: .

TOSHIBA « -
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Slngle-ShOt BOdy Shape I Leading Innovation >>>
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Recognition?
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Recognition

categorical object detection

horses airplanes

tree.  building W S T | sky,
‘ y, B iAo building

road

bicycle ©
<

o)

195




Deep Learning - Class Recognition with CNN

4096
3072
96 feat. of 256 feat. of 512 feat. of 1024 feat. of 1024 feat. of
11x11 size, 5x5 size, 3x3 size 3x3 size 3x3 size,
2x2 pool size 2x2 pool size 2x2 pool size

~ | Convolutional Layer

ﬁwolution with features Rectification (non-linearity) Local Pooling & Subsamplih
Max pool + }

2 fully connected layers

\ W represents the trainable parameters (features) in a layer /




SegNet Architecture

nghllghts
Learns to extract features using an encoder network (e.g. VGG16) and maps features
to pixel wise labels using a decoder network.

» Decoders uses the stored pooling indices in the encoding layer to enable upsampling
its input to double the resolution.

* Non-linear upsampling using pooling indices maintains shape of categories, and

* Reduces the number of parameters in the decoder network by a large margin as
compared to other recent architectures.

Convolutional Encoder-Decoder

Output

Pooling Indices

-

RGB Image | NI Conv + Batch Normalisation + ReLU | Segmentation

B Fooling I Upsampling Softmax

UNIVERSITY OF
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SegNet — training from labelled data
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SegNet predictions on unseen test images - DEMO
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SegNet — Real-time DEMO

SegNet

Alex Kendall, Vijay Badrinarayanan, Roberto Cipolla

Try the demo

SegNet

Convolutional Encoder-Decoder Architecture for Robust Semantic Pixe e Labelling

Use a random image, upload your own, search for a place, or click on one of the example images in the gallery below. SegNet is trained to classify each
pixel of an urban street image to be one of twelve classes.

Select a Country Get Random Image

Upload an Image File

Process with SegNet
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Summary — Computer Vision

1. Background: why and how?

2. 3R’s of Computer Vision:

Registration
Reconstruction

Recognition
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Publications:

Research demos and code:

Research Videos:


http://mi.eng.cam.ac.uk/~cipolla/publications.htm
http://mi.eng.cam.ac.uk/projects/segnet/
http://mi.eng.cam.ac.uk/projects/relocalisation/
https://www.youtube.com/user/ComputerVisionVideos

