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1 Dataset statistics and visualizations

We provide further details about the DTD?2. Figure 1 shows the long-trail
distribution of words and phrases in the dataset. Descriptions of categories
such as “dots”, “lines”, “crystalline” and “checkers” are simpler than those of
“spiralled”, “interlaced” and “crosshatched” as indicated by the number of unique
words and phrases for each category. More examples of images and annotations
from the dataset are shown in Figure 5, 6, and 7.

2 Comparison of ResNet101 features from different layers

We compare features from layer-block 1 to 4 of ResNet101 in the classifier model,
as shown in Table 1. Higher layer features perform better for phrase retrieval. For
image retrieval, better performance is achieved with the combination of features
from different layers. We select to use the features from layer 2 and 4 for all
classifiers and metric learning models in all experiments with the classifier and
the metric learning model.

3 Performance on different categories and phrases

Here we take a closer look at the performance of our models on different tasks
on different phrases (Figure 2) and texture categories (Figure 3). The texture
category is the category of the image in DTD. As seen in Figure 2-middle, the
performance is correlated with the frequency of phrases, especially for image
retrieval. As seen in Figure 3, we have better phrase retrieval performance on
simpler categories that come with smaller vocabulary size.

4 Generated textures for analysis

Figure 4 shows the synthetically generated images and descriptions used in the
experiments in Section 5.3. Each image is manually separated into two color
regions which are systematically varied. In each row of the figure we system-
atically vary different attributes such as the foreground attribute, foreground
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Fig. 1. More Statics of DTD?. On the top (middle) we show the histogram of
word(phrase) frequency, where the x labels display some of the words(phrases) with their
rankings in the dataset. On the bottom we show the number of unique words and phrases
used to describe each DTD category, where we only count frequent words(phrases) that
occur at least 5(10) times in training subset.

and background color, etc. This is a simple yet effective way to generate natural
textures. Note how the texture properties are still maintained in each image,
such as shading and winkles of zebra stripes. This is much more challenging to
do the same with natural images of scenes and objects.
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Table 1. Performance on phrase retrieval and image retrieval on DTD?. “Classifier:
Feat z” stands for the classifier with image features from ResNet layer block z (or a
concatenation of two layers.)

Task: I Phrase Retrieval Image Retrieval
Data Split] Model [MAP MRR P@5 P@20 R@5 R@20|MAP MRR P@5 P@20 R@5 R@20
Classifier: Feat 1 13.10 37.20 16.05 10.68 4.94 13.04]10.64 25.06 11.57 9.37 6.13 17.78
Classifier: Feat 2 17.65 44.91 22.41 14.59 6.85 17.60|13.00 29.24 14.60 11.08 8.52 22.54
Classifier: Feat 3 26.43 60.52 32.47 20.71 9.93 25.0015.62 31.79 17.28 13.34 9.42 28.52
Validation|Classifier: Feat 4 26.51 59.24 33.07 20.84 10.07 25.16 |15.85 33.06 17.83 13.02 9.94 27.28
Classifier: Feat 1,4 25.78 58.28 31.58 20.31 9.55 24.4415.85 32.35 18.35 13.51 10.24 28.03

Classifier: Feat 2,4
Classifier: Feat 3,4

26.57 59.19 32.65 21.11 9.99 25.50
26.66 60.38 32.20 21.22 9.81 25.68

16.19 32.53 17.47 13.56 10.63 28.69
16.04 31.18 17.59 13.50 10.33 28.32

Classifier: Feat 2,4

Test  |MetricLearning: BERT

27.12 61.28 33.50 21.71 16.07 41.48
31.77 74.12 41.70 23.60 20.17 45.04

14.75 33.94 18.75 16.02 6.47 19.32
13.50 31.12 16.52 14.57 5.24 17.32

Phrase retrieval AP: Trlplet

Image retrieval AP Triplet

Image retrieval with description
MRR: Triplet-desc
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Fig.2. DTD? test set performance per phrase on each task with selected
models. Color of phrases represents the metric performance: blue is better and red

is worse, as indicated in the color bars. Font sizes are proportional to square root of
phrase frequencies.
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Fig. 3. DTD? test set performance per category on each task with our best
model. Phrase retrieval: AP on our metric learning model; Image retrieval with phrase
input: AP on our classifier; Image retrieval with description input: MRR on our metric
learning model(description input); Captioning: METEOR on Show-Attend-Tell model.
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Fig. 4. Original and generated texture images. The first row shows original images
and their DTD categories. The rest rows are generated descriptions and images by
sampling and modifying colors. The left 5 columns are images of Type A (foreground and
background); the right 5 are Type B (no obvious foreground/background distinction).
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[1] marbled, smooth, white, tan, brown, wood

[2] smooth, brown marble, wood design, multiple layers,
different shades

[3] wood-grained, spots, lines, wavy, brown

[4] brown marbled, layered, stratified, smooth, hard, cold
[5] marbled organic textile material

[1] smeared, painted, strokes, green, blue, yellow, red

[2] straight lines, moving images, green and light yellow

[3] green, black, brown, yellow, white

[4] dirty, blur, splotch, splodge, besmirch

[5] smeared painting with mixed colors, black, green, brown, yellow

[1] black and white squares interlace and repeat, chessboard
pattern, 64 squares

[2] wood, wood grain, painted, game, black

[3] black and yellow checkered tessellation, shiny, smooth
[4] wooden texture, light brown and black alternated squares
[5] squared, black and brown, wooden, medium

[1] black, white, red, brown spiralled repetitive painted
pattern

{ [2] spiralled, swirled, tunnel, black, red

[3] black, red, white, ongoing, smooth, mesmeric

[4] spiral shape, black, grey, white, yellow

[5] spiralled, swirled, points, corkscrew, tunnel

[1] creamy, black, striped, parallel, looking like zebra type design
[2] black, white, ruffled, animal like, symmetry, snaky

[3] black, white, patterned, zebra, rough

[4] black and white stripes, soft texture

[5] white and black, zebra-like stripes on a leather surface

[1] looks like a leaf that is black and white

[2] vein, veiny, black, white, stem

[3] black and white veined leaf image

[4] veined, lined, cracked, black, white

[5] branched, bifurcated, marbled, venous, fibrous

[1] white, wavy, squared, threaded, curtains

[2] white color, cloth material, soft, transparent, hand
crafted, home décor, multiple numbers

[3] light, mesh, white material

(4] 1 sheer, th h,
gauzelike, fine, ultra-fine

[5] gauzy, meshed, netted, white, thin

[1] wavy, flowery, black and white, delicate, detailed

& [2] black and white, old world, patterned, floral, cotton

[3] black and white, paisley, swirly, curly, design on a cloth
[4] the surface of the background are white in colour with

i paisley black surface pattern on it

[1] brown color, equal size, equal spaced, home decor, hand made
[2] interlaced, braided, brown with specks of black, decorated,
ropelike

[3] brown pieces of wood woven vertically closely together

[4] brown woven material symmetrical

[5] unwrinkled, wooden, opaque, shiny, brown surface

[1] wrinkled, tan crinkled, crackled, crushed yellow tan,
black crevices on brown

[2] crinkled, worn, papery

[3] brown, papery, wrinkled, old, used, rough, crinkled
[4] paper,brown color,folded,soft,thin,waste

[5] randomly creased brown flat surface

[1] joined hexagon, 3d, black background

[2] honeycombed consistent grid pattern; metallic reflective and
organized

[3] rowed, clustered, col: d,h bed, d

[4] car transmission cover, hexagon shaped, heavy, dark figured,
metal like appearance, tiny patterned image with some dimension

" [1] soft, malleable, lined, keeps you warm, pink

[2] strips white wrinkle black folded

[3] insert,pinch,wrap,seam,push,pleat

[4] pleated, folded, fanned, light pink, vertical lines
[5] white color,cloth materialhome decor,equal
size,equally spaced

| [1] rough leathery braided material that is light brown

[2] braided, twisted, interwoven, interlaced, moss green, fuzzy
% [3] woven strands of loose green fabric, braided strips of soft
material

¢ [4] some rope is green colored

[1] black, leopard print, animal print, smooth, grungy
[2] furry, soft, textured, patterned, warm

[3] furry, fuzzy, fleecy, downy, woolly,

[4] matted, thick, leopard, furry, tan, spotted, black

[1] big and small dots, colorful dots

[2] dotted, spotted, circles, polka dotted, brown, orange, yellow
[3] irregularly shaped circles, dark, smooth, dry

[4] evenly spaced dots of different size and color, warm cream
tones on a dark brown background

[5] brown, red, small, polka-dots, dotted

[6] brown, orange, yellow, circular, spotted, fabric

[1] marked, dyed, streaked, discolored, and tinted
[2] marbled ,smooth, cold, blue, reflective

[3] marbled, brown and blue, cold, smooth, hard
[4] stained, brown blotched with white circle in the
middle, coffee colored splotched, brown and green
marbled, big brown marks on green and gray

[1] circles dotted blue pink green red yellow

[2] concentric colored circles with shades of red,
pink, yellow, green and blue

[3] multi color, cloth material, soft, equally spaced,
circular shape, multi numbers

[4] multicoloured dotted surface, soft texture

[1] dry land , broken dry mud

[2] grey color, irregular surface, crispy, hard, fractured

[3] cement like rough cracked rock grey in color

[4] dried, damaged, fractured, splintered, split

[5] brown, cracked, black details, many divisions, of a soil

[1] black, yellow, orange, many small hexagons

[2] orange, black, honeycombed, polygon, perforated

[3]t bed pattern with | 1 pods filled with honey

[4] yellow, black white , grey pentagonal holes

[5] yellow, black, honeycombed, small scales, closely arranged, designs
» [6] honey holes, wall with holes ,black balls in some holes, yellow

* background

[1] uniform, teal, lined cloth

[2] green material with small horizontal black stripe, soft
[3] cloth material, green color, stitched, cotton fabric,
horizontally equally spaced lines, soft

[4] pocketed, striped, lines, black and green, patterned
[5] blue, black, lined, parallel, banded

. [1] white color, home decor, smooth, lines, clean, 5
expensive [1] knitted, crocheted, woven, yarned, fuzzy needle-worked

[2] veiny, slick, cold, dry [2] soft gentle rough bumpy and fuzzy

[3] marbled, white, gray, smooth, light gray [3] woven, braided, meshed, knitted, crocheted

[4] veins, st}ands, hbers: scmtchéd, granite [4] pink colour zig zag knitted material, two white hair sticking

[5] white and grey smooth, marbled stone [5] pink, knitted, porous, rough, woven

[1] crosshatched, red, checkered pattern, lined,
geometric pattern

[2] shiny rectangle crosshatched tiled pattern

[3] red crosshatched surface, tiled, shiny, symmetrical,
diagonal rows

[4] red, shiny, crosshatched, square, lines

[5] red with tiny squares all same color glossy

[1] display of stud earrings in square and ball shapes

[2] ornamental, mosaic, shiny, brushed, variety

y [3] black leather or leather-like background studded with silver
and gold colored studs of various shapes and designs

[4] leather with studded metallic frosted and metallized metallic
silver and studded golden square and circular

[5] dark, black, gold, silver, chrome, round, circles,

Fig. 5. More examples from DTD?.
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[1] peach coloured bubbly surface, soft texture
- [2] delicate porous foamy bubbly peachy coloured
[3] brown colour,it was bubbly and it look like coffee bubbles
. [4] foamy, wet, gassy, bouncy, floaty
£y [5] bubbly, dewey, wet, soapy, sudsy

thread and bright, white background

[2] netted interlocked interlaced fastened banded
[3] netted, knotted, brown, interlocked, gapped

[4] barbed, sturdy, wire, square patterns, durable
[5] netted, meshed, lacy, woven, see-through, black

| [1] green, orange, vegetable, plant like round
[2] red color on brown surface, bumpy, distorted shape, grungy

[1] broken, fractured, sharp, jagged and split

[2] a design with some iron with blue color

[3] cracked inorganic textile material

[4] a cracked piece of glass

[5] flat, uneven, unpatterned, hard, opaque surface
[6] dark tinted glass with large cracked center

W.W.V [1] white, black, meshed, perforated, parallel
‘ "l [2] meshed, geometrical, wiry, honeycombed, raised
[3] silver color, background black, polygon shape, silver
“ material,merging mash
[4] chain, metal, silver, even, linked

[5] silver color hexagon shape metal mesh

35—
=3
23
=
:..
-

[1] stone hard surface stacked multicolored rough to touch
i [2] uneven, rough, brown, grey, stacked

[5] rough, scratchy, porous, cold, solid, brown, gray

[1] bumpy, rough, gritty, gold, black, veined, lumpy
[2] grainy, soft, textile, opaque, dark, brown surface
[3] branches, strings, roots, brown, yellow

[4] yellow and black veined design, soft texture

S [ 1] twisted fibrous hairy blurry stringy

[2] image too blurry and brown color fish

[3] dirty, grey, brown, white, nubby, yarn-like, thick, worm-
shaped

! [4] tangled, mushy, bumpy, wool like, mushroom colored
texture

_ [1] grey, overlapping scales, dull, tan
[2] scaly, textured, grey, animal, snakeskin
[3] scaly skin texture snake ladder,brown colour circle
[4] equal size equally spaced,multiple numbers,skin,white color
! [5] flaky, furfuraceous, lepidote, scabby and bumpy

[17 hair,brown black

[2] black shiny tangled hairy blurry

[3] weaved looped bottomed blanketed entangled
[4] shaggy, thick, black, disheveled, ratty

[5] black brown curly human hair wig extension

[1] white, rough surface, gauzy, transparent, lacelike
\ [2] soft white cloth
[3] couch, sitting, chair, life, style, white
| [4] light, wrinkly, soft, white, crinkled
[5] see through, strands, white, wavy, grooved
(6] gauzy, folded, woven, pleated, wrinkled, white

[1] green, yellow, black, leaves structure red

(2] veined, branched, sheer, crinkled, skeletons

[3] red, black, veined, lines, rough

[4] yellow, green, transparent, veined, radiant divisions, on a
leaf

[5] orange and yellow, likely cell

[1] straw tangled grassy round clumped
[2] some gross with gold color
[3] grey, yellow, white, black, fibre
[4] beige, brown, thin, long, tough

——
| ——————]
|————— |
== ——]
==———— =
Y]

[1] navy on white, soft and smooth, warm, malleable
[2] organized stripes of thin navy and thick white, arranged

—————— horizontally

——————— [3] lined, parallel, contrasting, parallel, fabric
——————— [4] lined, striped, banded, horizontal, black, white
|

e

[1] dry,multiple numbers, brown color, long thin stacked

[2] hay like, cord, fiber, yarn, stringy, a lot of it, messy,

ightweight, random, unorganized, soft and smooth though
{ [3] its seen like tread fibrous

# (4] rough, dry, lines, tan, mat

| [5] straw, sticks, strands, flattened, strings

5

[1] scaly lotus leaf design with a lime green color

[2] green, yellowish, scaly, overlapped, closely associated
[3] scaly, green, blue, layered, smooth

[4] green, shade, tile, ink, dispel

[1] asphalt, pavement, cracked, hard, painted

[2] lined, concrete, hard, yellow and white

[3] cement floor marked with while line

[4] cement colour road , white lines, crossed, and yellow lines
at the side, cracks on it

[5] porous, hard, stony, grey, cracked, gritty,

“i’ [1] abstract, oval, yellow, orange , pink
[2] blurry, multi color background with paint splotches

[3] impressionist painting, with splashes of different soothing

colors, water like images interesting colors

[4] colorful, blurry, smooth, runny, wet,

[1] marbled colors with red rose, yellow orange, blue, brown
and green

[2] orange, creamy coloured, marbled, splashy, painting

3] marble, glossy, colored, rocky and rough

[4] marbled orange pink hard smooth

[1] small reflective spheres, scattered spherical shapes

[2] airy, sparkly, bouncy, buoyant, and floaty

[3] small bubbles with brown background which looks like the
eye balls

[4] mercury beads, silver, reflective round beads, floating silver
beads, water bubbling around beads

[5] light honey coloured, bobby, ball type, patched, shinning,
background

', [1] dry, gnarled, green on brown, firm

7 [2] brown, black, hard surface, veined, rough surface

[3] bark, green, grey, mossy, earthy

A [4] surface with ridges and cracks, high-contrast between
ridges and cracks

[1] the old leaf veined picture with background black color
[2] black and white leaf covered in veins some parts cracking
[3] beige large network of veins on black surface

- [4] delicate, brown, black, webbed, tan

[1] hair, black, white, grey, yellow

[2] within the infected locks the lint was a dirty, yellowish
colour, matted on to the seeds, giving a pronounced kidney
effect, while the seed coat was stained brown

[3] matted brown hair material gross

[4] matted, dirty, tangled, brown, stringy

[1] stratified, chalky, stacked, crusty layered, carved
protruding, white waved

[2] white stone close together in stratified layers

[3] dry, white, layered, rough, hard

[4] white stratified surface, rough texture

| [1] spiderwebbed, coleus, fresh, green, maroon, full of life

2] spade-shaped, fresh, green, purple, stalks like lines, etched

S patterns, like branches, light dappled

[3] veined, red splotches, green ruffled, soft points, ruffly edged
i (4] flowers purple green leafy,stems

8 [5] veined plant material that is green and purple

and antique art painting

[2] red and black swirly pattern on a yellow background
[3] twisted, black, brown, red, lines

[4] flat, paper-like, opaque, dull, light, illustrated surface

Fig. 6. More examples from DTD?.



Describing Textures using Natural Language: Supplementary Material

[1] gauzy, striped, ribbon, chiffon, see through
[2] silky, smooth, soft, white lines
[3] soft, transparent, white, silky, tissue, with lines
4] grey parallel stripes, gauzy, shining, white parallel lines,
folded cloth

[1] soft, pink, delicate, fragrant, squidgy
[2] frilly, pink, green, floral, light, earthy
[3] pink soft blurry leafy shaded

[1] honey bee print, phloem, xylem

[2] printed surface as nut shell designed

[3] honeycombed, grey, dented, devoted, indentation

[4] thick pencil, honey comb pattern, beige and gray, pointy,
downward pointing thick pencil columns, v pattern, pyramid
pencil pattern

[5] bumpy, uneven, neat, soft, opaque, light, brown, patterned
surface

| [1] chipped, cracked white paint on light colored wood
[2] cracked peeling dry,brown paper

' [3] ivory, ripped, smooth, rough, patterns,

[4] rough, scratchy, white, jagged, breakable

)| [5] peeling, white, old, grainy, grey

[1] various shades of purple, green, yellow, blue and white
random stripes across a smeared surface

[2] painting with mixed colors in diagonal streaks,
blue,yellow.green,pink

[3] smeared, brushed, painted, smoothed, blended

[4] painterly, green, blue, purple, streaky

[2] gold, small, smooth spikes on black fabric like material
[3] cone shaped studs on back fabric evenly spaced
[4] black ribbed background with silver shiny studs creating a

[1] spaced, stripes, blue, red, even

[2] light green, horizontal, parallel, lined, with red margin, note
book page

[3] lined, striped, ruled, divided, printed

[4] white background horizontal lines equally
spaced,paper.pink vertical line

[1] smeared, dragged, blue, lines, vertical
[2] blue smeared, lined with sloppy edge, streaky
[3] blue smeared painted stroked dubbed

[1] tan, mesh, woven, fibrous, cloth

[2] airy, thin knit,stretchy,linked,

[3] meshed, woven, knit, metallic, copper
[4] curved, neat, metallic, opaque, dull, brown surface

[1] scaly, honeycombed, interlocked, circles, bumpy
[2] snake skin hexagonal shape multi color soft,equally spaced
[3] animal snake print, shiny, black, bubbly, yellow

[1] graphical image, perforated, holes, in, steel plate 3d

[2] thick metal plate with circles of various perforated sizes
[3] holed, grey and metal, steel

[4] circle, holes, pattern, plastic, white, strainer

| [5] circles, holes, shiny, silver, metal

[6] holey, porous, bored, drilled, punched

. [1] rocks, spongy texture, different grey and white circles
2 [2] fleck, rocky, gray, dark gray, smooth

& [3] multiple flecked cream and gray stonelike images
- [4] flecked, speckled, dotted, freckled, dusted

9 [5] speckled, spotted, flecked, dapped, mottled, splotched

[1] bubble, water, blue black, grey
[2] bubbly, dewey, soapy, oil slick, multicolored
# [3] bubbly, iridescent, soapy, shiny, poppable

PIW W W T (1] zigzagged, mountains, pointed, valleys, chevrons

[2] white, yellow, green, pink, blue, orange quilted zigzagged
pattern

[3] green, yellow, and pink flowered zigzag patterned quilt

[4] pink, green, yellowish, zigzagged design, white background

Tl of a cloth

)

533

[1] blocky, alternating colors, black and white, smooth, squares
[2] chequered black and white squares in repetitive pattern

[3] chequered, alternating black and white squares, two-toned
checked, squared black blocks on white, geometric dark and
light

[4] chess board pattern,black & white square shaped equal

size tiles equally spaced

surface

. [3] crosshatched, grayscale, black, gray, white

£ [4] black and white crosshatched diagonal pattern, layered,
g shadowy,

Z——————=[1] blue and red horizontal stripes against white background,
————= lined, fabric

———————— [2] white, black, lined, parallel, red

——— % inantly gray lines with a single red line running
——————— horizontally on a white background

———————— [4] white clothing with blue and red horizontal stripes

[1] smooth, intricate, ornate, patterned, interlocked

[2] interlaced, carved wood, pressed metal, diamond gem
shapes, sunburst

[3] hard, solid, brown color, interconnected figures,
geometrical figures

[4] solid, stone, patterned, brown, intricate

v

& v‘: [1] gray, diamond, hard, gapes, flat
OOOON [2] grey, honeycomb, grid, diamonds, symmetrical, waffled
Q “:“‘.4 [3] granted metal, brick and angled edges

0’0 '0‘0‘ [4] grey, metal, grid, diamond shaped, rough

Polese,
0‘0.0.0,:‘ [5] concrete grid, grey in color

IOOONR

bl | “ [1] gauzy white, orange, purple, yellow textile curtain material
o= _ [2] gauzy, white, thin, mesh, light

[3] plastic, shiny, smooth, cold, orange and white

[4] curtains, white, orange, white, black

[5] gauzy, draped, hung, folds, soft material

[1] super thin throw or clothe thats soft and has multiple uses
[2] paisley,orange,white pattern soft

[3] orange fabric with circular circular texture

[4] orange surface with foral pattern

[1] black and white zigzagged, busy, geometric, distorted,

chevron, striped

[2] black and white, cool, zigzag, collar, cool, sketch

[3] black and whit zigzagged, diagonal and vertical, evenly

spaced, optical illusion, symmetrical

[4] parallel lines, small corners,variable angles, inter connected
star, black lines in white surface

M [1] green and white zigzagged lines, symmetrical, smooth,
matte, evenly spaced

m [2] striped, green, white, pointed, zig zag

[3] chevron, patterned, grey and white, large
[4] flat , green and white , bars , points , up and down
[5] striped green white angular regular patterned

[1] damaged mesh with gold color

[2] gold, green, white, snakeskin, design, pattern, or picture
[3] smooth, evenly spaced, diamond shaped, light gold to light
green color, repeating pattern

4 [1] bubbly,pink,blue,circles,yellow
[2] bubbly, bubble, balls, yellow, circles
__[3]all color bubbly looks like small balls with colourful
y [4] acrylic balls or bubbles
[5] bubbly, colorful, multicolored, orange, yellow, green, red

”% [1] sprinkled, salt painted, masked, watercolor, resist
“ [2] white stars, blue background, frothy looking
[3] hard, light blue, grey, and white color, crispy
[4] light blue colour, star shaped white designs, sprinkled,
~ watercolours, painting

Fig. 7. More examples from DTD?.



