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Material property classification Methods

Images
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Material property classification Methods

Affordances

Properties Questions
soft − rough If you felt this material on your skin

would it feel soft or rough?

flexible − stiff If you folded or draped this material
would it be stiff or flexible?

absorbent − repellent Would you use this material to repel
water or would you use it to absorb
water?

warm − cool Would clothes made of this material
keep you warm or cool?
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Material property classification Results

Consensus
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Material property classification Results

Associations
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Material property classification Results

Correspondence analysis

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15
16

17

18
19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

3940

41
42

43

44

45

46

47

48

49

50

51
52

53

54

55
56

57

58
59

60

61
62

63

64

65

66

67

68

69

70

71

72

73

74

75
76

77

78

79

80

81

82
83

84

85

86

87

88

89

90

91

92
93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123
124

125

126
127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147
148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169170

171

172
173 174

175

176

177

178

179
180 181

182

183

184

185

186

187 188

189

190

191

192

193

194195

196

197

198

199

200

201

202

203

204

205

206

207
208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227
228

229
230

231

232

233

234

235

236237

238

239 240

241

242

243

244

245

246

247

248

249
250

251

252

253

254

255

256

Soft

Rough
Stiff Flex

Warm

Cool

Wrep

Wabs

CA1

C
A
2

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2
-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

MARTIN GIESEL & QASIM ZAIDI Rapid Sensing of Material Affordances



Frequency band analysis

Soft vs. rough
6.5 − 15.2 cpd

Spatial frequency (cpd)
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Frequency band analysis

Undulated vs. flat
0.5 − 2.3 cpd

Spatial frequency (cpd)
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Frequency band analysis

Thin vs. Thick
2.3 − 4.3 cpd

Spatial frequency (cpd)
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Frequency band manipulations Methods

Frequency band manipulations

Spatial frequency bands
0.5− 12.3 cpd: Undulation (flexibility) band

2.3− 14.3 cpd: Thickness band

6.5− 15.2 cpd: Roughness band

Multiplicative scaling of frequency band

= FFT−1
(
|FFT

( )
|×

)
Constant total energy
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Frequency band manipulations Examples

Undulation (flexibility) band
0.5 − 2.3 cpd

INFLATE ←→ DEFLATE
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Movie_volume.mov
Media File (video/quicktime)



Frequency band manipulations Examples

Thickness band
2.3 − 4.3 cpd

THICKER ←→ THINNER
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Movie_thick.mov
Media File (video/quicktime)



Frequency band manipulations Examples

Roughness band
6.5 − 15.2 cpd

ROUGHER ←→ SOFTER
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Movie_rough.mov
Media File (video/quicktime)



Frequency band manipulations Examples

Transfer of structures
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Frequency band manipulations Examples

Transfer of structures

& Φ2
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Frequency band manipulations Examples

Transfer of structures

( + ) &Φ2
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Adaptation experiment Methods

Stimuli

Vo
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Th
ic

kn
es

s
R

ou
gh

ne
ss

MARTIN GIESEL & QASIM ZAIDI Rapid Sensing of Material Affordances



Adaptation experiment Methods

Procedure

After adaptation, decide 
which of the two images is 

thicker. Press key.

Which of the two images  
was thicker?

0.8s

60s/10s

0.25s

2s
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Movie_adapt2.mov
Media File (video/quicktime)



Adaptation experiment Results

Results
preadapt
postadapt
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Adaptation experiment Results

Results
preadapt
postadapt
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Control experiments Distance experiment

Retinal versus material spatial frequency

equal
far
near
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Control experiments Distance experiment

Retinal versus material spatial frequency
equal
far
near
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Control experiments Distance experiment

Retinal versus material spatial frequency

equal
far
near
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Control experiments Material property ranking

Material property ranking
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Control experiments Material property ranking

Undulation (Flexibility)
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Control experiments Material property ranking

Thickness
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Control experiments Material property ranking

Roughness
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Control experiments Material property ranking

Validation of frequency bands from ranking data
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Control experiments Material property ranking

Material rankings and affordances

Material properties

C
o
rr
el
a
ti
o
n

Rough
Flexible
Warm
Repellent

Undulation Thickness Roughness
-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

MARTIN GIESEL & QASIM ZAIDI Rapid Sensing of Material Affordances



Limitations and outlook

Limitations

Homogeneous, texture-like materials

Fronto-parallel presentation

Narrow range of distances

Limitations imposed by the contrast sensitivity for spatial
frequencies and cross-band masking effects

Role of structure
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Limitations and outlook Structure and energy

Structure

SOFT

ROUGH
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Conclusion

Conclusion

Spatial frequency information plays a role in the perception of
material properties and material affordances.

The results demonstrate the importance of spatial structure and
scale as opposed to global image statistics.

Structure at specific spatial scales might be directly related to
certain material properties.

The method of frequency manipulation could be useful for fast and
efficient material editing.
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Thank you

Supported by NEI grants EY07556 & EY13312 to QZ, and
DFG Research Fellowship GI 806/1-1 to MG.

MARTIN GIESEL & QASIM ZAIDI Rapid Sensing of Material Affordances



Additional material Consensus

Consensus
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Additional material Associated affordances

Associated affordances
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Additional material Structure vs. noise

Manipulation of noise and synthetic texture
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Additional material Spectral weighting functions

Joint frequency manipulations
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Additional material Paper sorting data

Undulation Thickness Roughness
Undulation 1.00
Thickness 0.28 1.00
Roughness -0.35 0.21 1.00

Wt χ2 df p
Undulation 0.619 297 160 < 0.01
Thickness 0.651 312 160 < 0.01
Roughness 0.692 332 160 < 0.01

Undulated ∼ Thick Undulated ∼ Rough Thick ∼ Rough
Obs. 1 0.162 −0.185 0.202
Obs. 2 0.248 −0.096 0.257
Obs. 3 0.132 −0.293 0.160
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Additional material Spatial implementation

Implementation in the spatial domain

Simoncelli, E. P. & Freeman, W. T. (1995). The steerable pyramid: A flexible architecture for
multi-scale derivative computation. International Conference on Image Processing, Vol. 3, IEEE
Computer Society.
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Additional material Spatial implementation

Implementation in the spatial domain
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