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I. Transformation

Given a viewing sphere of unit radius centered at point
O, as shown in Fig. 1, the FoV is modeled as a plane seg-
ment ABCD tangential to the sphere at the center O′ of the
FoV. We get O′ by the head information we recorded from
the HMD.

Figure 1. Example of a viewport

To determine the pixels in the FoV, we use the pinhole
camera model, i.e. a scene view is formed by projecting
3D points onto the image plane ABCD using a perspective
transformation. If we uniformly span the spherical coordi-
nates in the visible region of the sphere and pass rays from
O to the points on the sphere, they will intersect the plane
ABCD with non-uniform spacing between the pixels. We
refer to this as the forward projection. In order to compute
a uniform grid of pixels in the FoV, we start with the desired
locations in the FoV and reverse the mapping to compute
corresponding locations on the sphere. We refer to this as
the backward projection.

II. Special Saliency Detection in FoV

Given a panorama image and gaze orientation, we gen-
erate the FoV image through the forward projection men-
tioned in Sec. I. After that, SalNet [1] is deployed to detect
the saliency region, which is regarded as candidates of gaze
orientations in upcoming frames. To align the saliency map-
s in FOV scale with that of global scale, we transform the

saliency maps in FOV scale back to panorama with back-
ward projection. The whole pipeline is depicted in Fig. 2.

III. Optical Flow Estimation in FoV
Unlike special saliency detection in FoV, we employ an-

other strategy to estimate optical flow in FoV. It is worth
noting that for points in unit sphere, their corresponding
points in plane ABCD is non-uniform spread, so the pixels
around the edge are stretched, which causes the optical flow
in edge part is usually larger than that on object. As a re-
sult, the estimated optical flow with FOV image is incorrect
compared with the real scene. Therefore, we directly esti-
mate the optical flow in panorama image, then we do the
element-wise product between the optical flow in panorama
and FoV mask, and use it as an optical flow estimation in
FOV scale, as shown in Fig. 3.

IV. Intersection Angle Error
For a given gaze point (x, y), where x is latitude and

y is longitude, its coordinate in the unit sphere is P =
(cosx cos y, cosx sin y, sinx), then for a ground truth gaze
point (x, y) and its predicted gaze point (x̂, ŷ), we can get
corresponding coordinates in unit sphere as P and P̂, the
intersection angle error between them can be computed as

d = arccos (< P, P̂ >)

where <,> is inner product.

V. Examples of Our Dataset
Fig. 4 show some typical 360◦ videos. Our dataset in-

cludes natural scenes and wild animals, underwater scenes,
driving a plane, water activities, extreme sports, ball sport-
s, music and dance, concert and shows. Some videos are
captured with a fixed camera view, while some are shotted
with a moving camera that would probably introduce more
variance in eye fixation across different users.

VI. Examples of Scan Path
Fig. 5 shows more examples of viewers’ scan paths dur-

ing the first 40 frames. As shown in these scan paths, the

1



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
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215

CVPR
#2529

CVPR
#2529

CVPR 2018 Submission #2529. CONFIDENTIAL REVIEW COPY. DO NOT DISTRIBUTE.

Forward projection SalNet

FoV FoV

Backward project

Figure 2. The pipeline of saliency detection in FoV

FlowNet2

FoV

FoV

Element-wise productPanorama image t

Panorama image t+1

Figure 3. The pipeline of optical flow estimation in FoV

viewers follow some pattern to explore the scene in VR
rather than randomly watching. So we can infer a user’s
gaze points in future frames based on its history scan path.

References
[1] J. Pan, E. Sayrol, X. Giroinieto, K. Mcguinness, and N. E. O-

connor. Shallow and deep convolutional networks for saliency
prediction. pages 598–606, 2016. 1

2



216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269

270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323

CVPR
#2529

CVPR
#2529

CVPR 2018 Submission #2529. CONFIDENTIAL REVIEW COPY. DO NOT DISTRIBUTE.

Nature and

Wild Animals 

Underwater 

Scenes

Driving 

A Plane

Water 

Activities

Extreme 

Sports

Ball 

Sports

Music 

and Dance

Concert

Shows 

Figure 4. The examples of our Dataset
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Figure 5. Some examples of viewers’ scan path
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