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1. Proof of Equation 4 in Section 4.2

The posterior distribution of r is given by

p(?"|s,0, XT‘;W) X eXp(wr(r‘XHWr)—i_
Grs(r, 8| Wis) + ¢ro(r,0[Wio)). (1)

Here, we have

1. The unary potential v, (r|x, ) is assumed to be a linear
functional of x,. for each predicate r, then we can write
¥, (r|x,) := alx,. Combining the linear function-
als for all categories, we can form a coefficient matrix
W, = [a] ,al, .., afw]. Thus, ¥, (r|x.; W,.) =

lfWrxr.

2. Both r and s be categorical variables. Hence, the
potential ¢, can be represented by a matrix of size
|R| x |O], where R is the set of all relationship pred-
icates while O is the set of all object categories. Par-
ticularly, let 1,. and 1, be indicator vectors for r and s,
then we have ¢,.5(r, s|W,.s) = 17W 1.

3. Likewise, the potential ¢,, can also be character-
ized by a matrix W ,, such that ¢,.,(r,0|W,,) =
1I'w,,1,.

Let q,.(r) = p(r|s, 0,x,; W), then Eq.(1) can be rewritten:

a,(r) <cexp (1IW,x, +17W,, 1, +17W,,1,) (2)
=exp (1] (W,x, + W, 1, + W,,1,)). (3

This equation can be interpreted as follows. The expression
e = W,x, + W1, + W,,1, is a vector of length |R|,
and the operator 17 e takes the r-th entry. q,. is comprised
of the normalized exponents of these entries, and thus can
be written as

qr = U(Wrxr + Wrs]-s + Wro]-()) (4)

Here, o is the softmax function that produces a vector of
normalized exponents. This completes the proof.
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Figure 1: The network for pair filtering.

2. Pair Filter

As mentioned in the paper, we use a simple network to
filter out part of the pairs before feeding them to the main
DR-Net for further analysis. Here are some technical de-
tails about the network. Figure 1 shows the architecture of
this network. The network comprises three convolutional
layers followed by three fully-connected layers. These lay-
ers are interleaved with ReLU activations. It is designed
to be relatively shallow, so that it can perform the filtering
with low cost. To train this network, we randomly sample
pairs of bounding boxes from each training image, treating
those with 0.5 IoU (or above) with any ground-truth pairs
as positive samples, and the rest as negative samples.

In testing, from n detected objects, we can form n(n—1)
pairs. We use this filter to remove 40% of them, retaining
60%. This filtering rate was chosen empirically based on
the overall empirical performance on a validation set.

3. More Examples

The following tables show more examples of our results.
As discussed in the experiment section, the annotations in
data sets are not complete. Some true relationships are
missing in the data sets.
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108 162
109 163
110 164
111 165
112 red 166
113 167
114 168
115 169
116 170
117 above 171
118 172
119 of 173
120 under hold 174
121 175
122 176
123 177
124 beach on man 178
125 179
126 180
127 white small 181
198 under have 189
129 183
130 sky dog collar 184
131 185
132 186
133 on 187
134 have nextto] 188
135 [above in of 189
136 y ellow 190
137 191
138 192
139 green grass on Ieg 193
140 194
141 195
142 black wear wear red 196
143 197
144 198
145 pants oma shirt 199
146 200
147 201
148 have have 202
149 - 203
150 @ehino] on ehin 204
151 205
152 206
153 necklace car 207
154 yellow 208
155 209
156 . . . - L. . 210
157 Table 1: This table lists more samples of scene graph generation, where red edges indicate correct prediction, and black edges indicate 211
wrong prediction.
158 212
159 213
160 214
161 215
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216 X X X X X 270
217 Image Ground truth relationship triplets Top detections not in ground truth 071
218 272
219 273
220 274
221 hat, on, person . 275
( P ) (jacket, on, person)  0.80
222 (glasses, on, person) 276
. (sky, above, person)  0.49
223 (person, wear, jacket) 277
(sky, above, glasses) 0.46
224 (person, wear, hat) . 278
(jeans, on, person) 0.46
225 (pseron, wear, glasses) (person, wear, jeans) 0.4 279
226 (person, stand behind, person) P ’ ) ’ 280
227 281
228 282
229 283
230 284
231 285
232 286
233 287
erson, wear, hat
234 (p ) (hat, on, truck) 0.57 288
(person, next to, truck)
235 . (hat, on, person) 0.53 289
(person, wear, shirt) )
236 . (jacket, on, truck)  0.52 290
(person, front of, traffic light)
237 . . (truck, has, hat) 0.50 291
(traffic light, behind, person) (jacket, on, person) 0,49
238 (truck, next to, person) - O, P ) 292
239 293
240 294
241 295
242 296
243 297
244 298
245 299
246 (shirt, on, person) 0.53 300
247 (person, on, skateboard) (shirt, on, skateboard) 0.53 301
248 (person, wear, shirt) (shirt, on, box) 0.36 302
249 (skateboard, under, person) (skateboard, under, person) 0.26 303
250 (skateboard, under, skirt) 0.21 304
251 305
252 306
253 307
254 308
255 309
256 310
257 311
258 (wheel, on, street) 0.86 312
259 (airplane, has, wheel) (street, has, wheel) 0.77 313
260 (airplane, on, street) (luggage, on, street) 0.52 314
261 (wheel, below, airplane) (street, under, airplane) 0.51 315
262 (wheel, on, airplane)  0.38 316
263 317
264 318
265 319
266 320
267 321
268 Table 2: Examples of visual relationship detection results. Col 1: Input images. Col 2: Ground-truth triplets. Red indicates those 329
269 correctly recalled in the top-50 list. Col 3: Top-5 predictions for each image. Blue indicates predictions that are actually correct but are 303

not included in the annotations. We can observe quite reasonable predictions from the proposed detector. It can often successfully detect
correct relationships that are not annotated.
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324 378
325 Ground truth relationship triplets Top detections not in ground truth 379
326 380
327 381
328 382
329 383
330 (monitor, on, desk) (paper, on, desk) 0.52 384
331 (chair, front of, desk) (desk, under, monitor)  0.42 385
332 (phone, on, desk) (desk, under, mouse)  0.37 386
333 (keyboard, on, desk) (box, on, desk) 0.33 387
334 (mouse, on, desk) (desk, under, phone)  0.31 388
335 389
336 390
337 391
338 392
339 393
340 394
341 395
342 396
o, s, ko e
344 (person, has, p ant ) (persm;, w;,ar, pants) 0.53 398
345 (person, wer, shirt) (shirt, above, pants)  0.45 399
346 (person, behind, person) (shirt, on, phone) 0.39 400
347 T 401
348 402
349 403
350 404
351 405
352 406
353 (monitor, next to, keyboard) 407
354 (keyboard, next to, moqse) (monitor, above, trash can)  0.29 408
355 (keyboard, next to, monitor) . 409
256 (keyboard, front of, monitor) (trash can, under, monitor) 0.25 110
257 (mouse, next to, keyboard) (monitor, above, keyboa.rd) 0.25 1
. (keyboard, front of, monitor) 0.17
358 (person, next to, monitor) 412
. (person, has, keyboard) 0.15
359 (monitor, next to, person) 413
360 (monitor, behind, keyboard) 414
361 415
362 416
363 M7
364 418
365 419
366 . 420
367 (person, wear, shirt) (shoes, on, person)  0.50 421
368 (person, wear, shorts) (sky, above, person) 0.49 422
369 (person, wear, shoes) (shorts, on, person)  0.48 423
370 (person, has, ball) (shorts, on, ball) 0.48 494
371 (shorts, above, shoes) (ball, above, shoes) 0.47 425
372 426
373 427
374 428
375 429
376 Table 3: Continue Table 2 — more detection results. 430
377 431



