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Our supplemental materials provide additional results
including: BLSTM accuracy of each objective for differ-
ent scenes (Section S1), qualitative results of both offline
SG and online BLSTM applied on all the 36 videos (Sec-
tion S2), and WMA qualitative results for 36 videos (Sec-
tion S3).

S1. BLSTM Accuracy

As described in Section 4 of the main paper, we divided
the scenes into pairs, then performed cross-validation where
we take out-of-sample a pair of scenes (one for validation
and another for testing). Under this regime, we have trained
a total of 21 models.

Accuracy is measured as how similar our BLSTM predi-
cation is to the offline smoothed lens motion. Table 1 shows
BLSTM accuracy of each objective for different scenes.
Our accuracy is reasonable, and is especially good for the
global objective. This is because the global objective has
a single region of interest (ROI) and usually involves less
number of lens movements. Compared to other objectives,
51-FP has slightly lower scene accuracy due to the fact it
has 51 ROIs and usually involves more lens movements.

In general, these results show that our proposed BLSTM
is able to learn smoothed lens motion patterns and able to
generalize for different scenes by testing on independent
scenes that have been never seen by the network during
training.

S2. BLSTM Online Performance

BLSTM accuracy described above evaluates the model
based on the offline ground truth data. This accuracy metric
suffers from cumulative error for online evaluations. For ex-
ample, constructing lens movement trajectory for the whole
video using those offline evaluated samples results in prop-
agating the error of any misclassified sample. To that end,
we adopt the trained BLSTM model to predict online stream
data of consecutive lens positions. This online BLSTM re-

Objective Model Scene Accuracy Objective Model Scene Accuracy

Global

G1,8
1 0.892

9-FP

9-FP1,8
1 0.982

8 0.996 8 0.879

G2,7
2 0.961 9-FP2,7

2 0.827
7 0.994 7 0.941

G3,6
3 0.986 9-FP3,6

3 0.875
6 0.988 6 0.954

G4,10
4 0.994 9-FP4,10

4 0.996
10 0.989 10 0.899

G5,9
5 0.993 9-FP5,9

5 0.986
9 0.992 9 0.884

FR

– 1 –

51-FP

51-FP1,8
1 0.716

– 2 – 8 0.888
FR3 3 0.992 51-FP2,7

2 0.824
FR4 4 0.810 7 0.959

– 5 – 51-FP3,6
3 0.924

FR6 6 0.870 6 0.865
FR7 7 0.984 51-FP4,10

4 0.773
FR8 8 0.986 10 0.825

– 9 – 51-FP5,9
5 0.778

FR10 10 0.943 9 0.816

Table 1: BLSTM accuracy of each objective for different
scenes. Overall, scene accuracy for all is mostly high espe-
cially for the global objective, because it always has a single
ROI and usually involves less number of lens movements.
51-FP has slightly lower scene accuracy, because it has 51
ROIs and usually involves more lens movements. Recall,
FR objective can be applied on scenes that have faces and
only 6 scenes contain faces.

ceives the optimal value ot coming from phase difference
module at each time step t where the lens position xt is pre-
dicted based on the previously observed sample Xt−1. In
a repeated way and by receiving ot at a time, our online
BLSTM is able to build the lens movements for the whole
video.

In Fig. 1 and Fig. 2, we present the results of both offline
SG and online BLSTM applied on all the 36 videos as de-
scribed in Section 4 of the main paper. These figures show
the lens positions and the corresponding sharpness values
over time. Total number of lens movements for each method
is shown in the plot’s legend between parentheses.

These qualitative results show that our online BLSTM
produces lens motion trajectories very similar to the offline
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method trajectories used for training. In addition, our online
BLSTM has significantly fewer lens movements compared
to conventional AF algorithms.

S3. WMA Online Performance
In section 4 of the main paper, we only presented WMA

qualitative results of one video. The remaining results of the
online WMA for the 36 videos are presented in Fig. 3 and
Fig. 4. These figures show the lens positions and the corre-
sponding sharpness values over time. The online WMA is
able to suppress the small lens fluctuations of the conven-
tional lens positions while maintaining reasonable sharp-
ness values. The WMA shows a strong ability in preserving
the sharpness of the ROI, because the WMA was designed
in a way to weight lens position by phase difference optimal
value that has the lens position of the maximum sharpness.
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(a) Scene 1, global objective
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(b) Scene 1, 9-FP objective
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(c) Scene 1, 51-FP objective
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(d) Scene 2, global objective
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(e) Scene 2, 9-FP objective
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(f) Scene 2, 51-FP objective
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(g) Scene 3, global objective
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(h) Scene 3, 9-FP objective
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(i) Scene 3, 51-FP objective
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(j) Scene 3, FD objective
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(k) Scene 4, global objective
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(l) Scene 4, 9-FP objective
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(m) Scene 4, 51-FP objective
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(n) Scene 4, FD objective
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(o) Scene 5, global objective
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(p) Scene 5, 9-FP objective
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(q) Scene 5, 51-FP objective
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(r) Scene 6, global objective

0
10
20
30
40
50

Le
ns

 P
os

iti
on Conv. (lens movements 58)

SG (lens movements 18)
BLSTM-SG (lens movements 15)

0 70 14
0

21
0

28
0

35
0

42
0

49
0

56
0

63
0

70
0

Time (clock cycle)

0.0
0.2
0.4
0.6
0.8
1.0

Sh
ar

pn
es

s

(s) Scene 6, 9-FP objective
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(t) Scene 6, 51-FP objective
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(u) Scene 6, FD objective
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(v) Scene 7, global objective

Figure 1: A comparison of lens positions between the conventional and BLSTM. SF is also shown as this method is used
to train the BLSTM model. The plot above presents the lens positions over time and the one below shows the effect on
sharpness value on the same timeline. Total number of lens movements for each method is shown in the plot’s legend
between parentheses. BLSTM is able to suppress small lens fluctuations without substantially affecting the sharpness.
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(a) Scene 7, 9-FP objective
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(b) Scene 7, 51-FP objective
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(c) Scene 7, FD objective
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(d) Scene 8, global objective
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(e) Scene 8, 9-FP objective
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(f) Scene 8, 51-FP objective
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(g) Scene 8, FD objective
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(h) Scene 9, global objective
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(i) Scene 9, 9-FP objective
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(j) Scene 9, 51-FP objective
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(k) Scene 10, global objective
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(l) Scene 10, 9-FP objective
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(m) Scene 10, 51-FP objective
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(n) Scene 10, FD objective

Figure 2: A comparison of lens positions between the conventional and BLSTM. SF is also shown as this method is used
to train the BLSTM model. The plot above presents the lens positions over time and the one below shows the effect on
sharpness value on the same timeline. Total number of lens movements for each method is shown in the plot’s legend
between parentheses. BLSTM is able to suppress small lens fluctuations without substantially affecting the sharpness.



0
10
20
30
40
50

Le
ns

 P
os

iti
on Conv. (lens movments 49)

WMA (lens movments 48)

0 50 10
0

15
0

20
0

25
0

30
0

35
0

40
0

45
0

50
0

Clock cycle

0.1
0.3
0.5
0.7
0.9

Sh
ar

pn
es

s

(a) Scene 1, global objective
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(b) Scene 1, 9-FP objective
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(c) Scene 1, 51-FP objective
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(d) Scene 2, global objective

0
10
20
30
40
50

Le
ns

 P
os

iti
on Conv. (lens movments 127)

WMA (lens movments 59)

0 50 10
0

15
0

20
0

25
0

30
0

35
0

40
0

45
0

50
0

Clock cycle

0.1
0.3
0.5
0.7
0.9

Sh
ar

pn
es

s

(e) Scene 2, 9-FP objective
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(f) Scene 2, 51-FP objective
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(g) Scene 3, global objective
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(h) Scene 3, 9-FP objective
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(i) Scene 3, 51-FP objective

0
10
20
30
40
50

Le
ns

 P
os

iti
on Conv. (lens movments 17)

WMA (lens movments 11)

0 50 10
0

15
0

20
0

25
0

30
0

35
0

40
0

45
0

50
0

Clock cycle

0.0
0.2
0.4
0.6
0.8
1.0

Sh
ar

pn
es

s

(j) Scene 3, FD objective
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(k) Scene 4, global objective
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(l) Scene 4, 9-FP objective
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(m) Scene 4, 51-FP objective
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(n) Scene 4, FD objective
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(o) Scene 5, global objective
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(p) Scene 5, 9-FP objective
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(q) Scene 5, 51-FP objective
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(r) Scene 6, global objective
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(s) Scene 6, 9-FP objective
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(t) Scene 6, 51-FP objective
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(u) Scene 6, FD objective
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(v) Scene 7, global objective

Figure 3: A comparison of lens positions between the conventional and WMA. The plot above presents the lens positions
over time and the one below shows the effect on sharpness value on the same timeline. Total number of lens movements for
each method is shown in the plot’s legend between parentheses. WMA is able to suppress small lens fluctuations without
substantially affecting the sharpness.
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(a) Scene 7, 9-FP objective
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(b) Scene 7, 51-FP objective
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(c) Scene 7, FD objective
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(d) Scene 8, global objective
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(e) Scene 8, 9-FP objective
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(f) Scene 8, 51-FP objective
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(g) Scene 8, FD objective
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(h) Scene 9, global objective
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(i) Scene 9, 9-FP objective
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(j) Scene 9, 51-FP objective
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(k) Scene 10, global objective
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(l) Scene 10, 9-FP objective
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(m) Scene 10, 51-FP objective
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(n) Scene 10, FD objective

Figure 4: A comparison of lens positions between the conventional and WMA. The plot above presents the lens positions
over time and the one below shows the effect on sharpness value on the same timeline. Total number of lens movements for
each method is shown in the plot’s legend between parentheses. WMA is able to suppress small lens fluctuations without
substantially affecting the sharpness.


