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Three-dimensional rotation, including pitching, yawing and
rolling, is an important gesture in 3D interaction, with the
potential to extend the selection capability in large screen
interaction system. For 3D rotation interaction, researchers
indicated the design space of pen tilt [1] and wrist tilt as
input modality [2,3]. However, the combination of freehand
3D rotation gesture has not been fully utilized for menu
control.

Menu selection in 3D user interface has long been a chal-
lenging task. At present, many 3D user interfaces still use
linear menu as their selection technology, which is reported
to have defects in time performance and user fatigue [3].
The reason is that most in-air freechand gestures involve the
movement of shoulder joint and require a larger range of
motion. Rotation information in 3D space has not been
fully explored, although studies have indicated that these
kinds of information could potentially extend the selection
capability [2,4].

In this article, we present a 3D LotusMenu based on the
metaphor of Chinese traditional symbol lotus. As shown in
Figure 1, this menu is controlled by three-dimensional ro-
tation of user’s wrist and elbow. The proprioceptive design
of the menu allows the user to interact intuitively and effec-
tively [5]. We compared user performances in 3D LotusMenu
and traditional three-level linear menu. Results show that
the LotusMenu is significantly faster than the traditional
linear menu, and there is no significant difference in error
In addition, our subjective assess-
ment suggests that LotusMenu technique can significantly
reduce users’ fatigue.

rate between the two.

LotusMenu technique. In order to improve the ability
of interactive selection and efficiency of the 3D interactive
space, as well as to achieve better user performance, we de-
signed the LotusMenu technique based on a metaphor of
mapping user’s hand motion with a lotus. The reasons of
choosing such a metaphor come from two aspects. On one
hand, the lotus petals are distributed in the circumferen-
tial direction around the central axis with a multi-layered
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structure, which fits consistently with the rotation gesture.
This makes the menu intuitive and easy to use. On the other
hand, the lotus image is one of the most important plant dec-
orative pattern in the history of Chinese ornaments. This
well-known ancient pattern naturally has a high degree of
acceptance. Therefore, we believe that this metaphor is af-
fordable for the 3D rotation interaction and familiar to users.

LotusMenu technique corresponds the lotus shape to the
3D rotation interaction. We map the selection of circular
petal groups to the rolling gesture of elbow (Figure 1(a)),
the selection of layered petals to the pitching gesture of wrist
(Figure 1(b)), and the selection of circular lotus seeds to the
yawing gesture of wrist (Figure 1(c)). Since the range of mo-
tion of the wrist rolling gesture is limited [6], and it poses
a higher risk of injury and more discomfort than forearm
rolling (7], we chose to use the forearm instead of the wrist
in the rolling gesture. On this basis, we merge the rolling
gesture of elbow and the pitching gesture of wrist to select
items in first and second level, which corresponds to the se-
lecting of petals in LotusMenu. In this way, there is almost
no shoulder movement in this gesture. So the gesture can be
easily performed within a small range of motion. In addi-
tion, because the rotation of the wrist and arm is merged as
much as possible, the fatigue caused by gestures is further
reduced.

To use the technique, the user first needs to wake up the
LotusMenu, and then directly present a gesture with certain
elbow rolling and wrist pitching angles to select the first and
second level menu item. Finally, the user selects the third
level menu items by yawing his/her wrist. The design of
interaction is within user’s natural working range as well
as direct mapping between hand motion and items. These
allow the user to operate with a natural rhythm without
adding significant cognitive over-head [5]. The interaction
sequence and visual feedback of the LotusMenu are shown
in Figure S1.

Recognition algorithm. The gesture recognition is based
on Leap Motion’s hand tracking technique. We will use three
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Figure 1 LoutsMenu. (a) Rolling gesture; (b) pitching gesture; (c) yawing gesture.

vectors detected by the detection space of Leap Motion in
the calculation of the recognition algorithm, which are the
arm direction vector (Varm), the five-finger vector (Vangers ),
and the palm normal vector (Vp,,). The 3D rotation inter-
action is calculated by the following algorithm.

e Rolling recognition. In the first level of the menu se-
lection task, user performs the arm movement parallel to
desktop with elbow as axis. We calculate the angle Aggy
between projection vector of direction vector of arm (Varm)
on the XY-plane, which is noted as (Tarm,¥Yarm), and the
left direction (—1, 0):

Zarm (71)
Y xgrm J’» ygrm
In the initial state (St), if Aroy is detected within 10 and
dwelling for 0.8 s, the selection is activated. Then the user
can roll his/her arm to select an item in the first level. We
then calculate Agop every 1/60 s (1 Hz) to linearly map the
value to the actual item in the first level.

(1)

ARoll = arccos

e Pitching recognition. In the second level, the user per-
forms the pitching movement with wrist as pivot point on
the position of arm in previous level. We collect the direc-
tion vector of five fingers (Vangers). We calculate the angle
Apitcnh between the vector of the user’s finger in detection
space of Leap Motion and the projection of it on XY '-plane,
which noted as (Zangers, Yfingers):

|zﬁngers| , (2)
\/(731'-inge1rs)2 + (yﬁngers)2

where zfingers is the altitude of finger tips above XY -plane.
We then calculate Apjtcn every 1/60 s (1 Hz) to linearly map
the value to the actual item in the second level.

e Yawing recognition. In the third level, the user per-
forms the yawing movement when fingers point upward with
wrist as pivot point. We collect the normal vector from the
palm outward (Vp,,,). We calculate the angle Ay,, be-
tween the projection of normal vector on XY -plane, which
noted as (Zp,oy» Ypnor )» and the forward vector (0, 1):

Apitch = arctan

Tpnor . (3)

[ r2 2
anor + ypnor

Avaw = arccos

We then calculate Ayay every 1/60 s (1 Hz) to linearly map
the value to the actual item in the third level.

Experiment. In order to explore the user performance of
LotusMenu, we conducted an experiment to compare Lotus-
Menu with traditional linear menu. We decided to choose
linear menu as experimental comparison because of its high
efficiency and wide acceptance.

e Participants and apparatus. Ten subjects with right-
handedness, 5 females and 5 males, aged between 21 and
24 participated in the experiment. We used a laptop with
a 12.5-inch LED display at 1366 x 768 resolution. We also
used the desktop mode of Leap Motion v2.0 to detect the
movement of the hand and arm.

e Design. A within-subject design was adopted in the
experiment. Participants were required to complete 3x3x3
selection tasks in two menu techniques respectively, with the
Latin squares method to counterbalance the technique order
(Figure S2). Before the formal experiment, the participants
were asked to fully practice until they make themselves mas-
ter of the two techniques.

For each technique of the formal experiment, the partici-
pants were requested to complete 3 blocks, with 27 random
shown target items in each block, which covered all items
of the 3x3x3 hierarchical menu items.
asked to perform all trials as quickly and accurately as pos-
sible. They can take breaks between blocks. It took each
participant about 20 min to complete all trials.

In total, we collected data from 1620 trials (2 tech-
niquesx 3 blocks X 27 menu itemsx 10 participants). For each
trial, we collected task completion time and task error data
under each condition. After completing all trials, the partic-
ipants were asked to complete a questionnaire, which com-
pare the two techniques from four aspects: error-proneness,
speed, fatigue, and easy to learn on a Likert scale, from 1
(least) to 7 (most).

e Result. Paired-T test shows that there is no significant
difference between the two techniques in terms of error rate
(p = 0.487, T = —0.725). But the completion time of Lo-
tusMenu is significantly shorter than the linear menu (p <
0.001, T' = —28.208 (Figure S3)).

Participants were
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We also compare the subjective perception of the two
menu techniques (Figure S4). Results from the Paired-T test
reveal that users feel that LotusMenu technique can signif-
icantly reduce operating fatigue (p = 0.041, T' = —2.377).
The LotusMenu is also perceived more error prone (p =
0.014, T = 3.051) and less easy to learn than the linear
menu (p = 0.007, T" = —3.473). Differences in the other
aspects are not significantly.

Discussion and future work. Not surprisingly, as a new
technique, it is perceived that LotusMenu needs more time
to get familiar than traditional linear menu. But when users
become experts, they can operate LotusMenu more quickly
than the traditional one, without sacrificing error rate. This
is because when using the linear menu, the users, even the
expert, users, need to complete each menu level with the
corresponding selection and confirmation. In contrast, when
using the LotusMenu technology, the expert users can merge
the 3D rotation gestures to some extent.

Interestingly, although LotusMenu can significantly re-
duce the completion time without sacrificing error rate, the
participants did not feel this benefit. That may be due to
the underestimation of themselves when they face with new
technology [1,8].

Besides, LotusMenu was perceived less fatigue than tradi-
tional linear menu. This is because the LotusMenu requires
less mid-air arm movements, which has been proved to be
one of the main causes of user fatigue in 3D interaction [3].

In the future, we will study user behaviors under different
parameters of LotusMenu. In addition, we will try to design
more 3D rotation widgets in different application environ-
ment, and explore how these widgets work.

Acknowledgements This work was supported by National
Natural Science Foundation of China (Grant Nos. 61972045,
61802379) and Beijing Municipal Social Science Foundation

Sci China Inf Sci

October 2021 Vol. 64 204101:3

(Grant No. 16YTCO033).

Supporting information Videos and other supplemental
documents. The supporting information is available online at
info.scichina.com and link.springer.com. The supporting mate-
rials are published as submitted, without typesetting or editing.
The responsibility for scientific accuracy and content remains
entirely with the authors.

References

1 Lyu F, Tian F, Dai G Z, et al. Tilting-twisting-rolling: a
pen-based technique for compass geometric construction.
Sci China Inf Sci, 2017, 60: 053101

2 Ni T, Bowman D A, North C, et al. Design and evaluation
of freehand menu selection interfaces using tilt and pinch
gestures. Int J Human-Comput Studies, 2011, 69: 551-562

3 Lubos P, Bruder G, Ariza O, et al. Touching the sphere:
leveraging joint-centered kinespheres for spatial user inter-
action. In: Proceedings of the 2016 Symposium on Spatial
User Interaction, Tokyo Japan, 2016. 13-22

4 Abyarjoo F, Barreto A, Abyarjoo S, et al. Monitoring hu-
man wrist rotation in three degrees of freedom. In: Pro-
ceedings of IEEE Southeastcon, Jacksonville, 2013

5 Mine M R, Brooks F P, Sequin C H. Moving objects in
space: exploiting proprioception in virtual-environment in-
teraction. In: Proceedings of the 24th Annual Conference
on Computer Graphics and Interactive Techniques, New
York, 1997. 19-26

6 Rahman M, Gustafson S, Irani P, et al. Tilt techniques:
investigating the dexterity of wrist-based input. In: Pro-
ceedings of the SIGCHI Conference on Human Factors in
Computing Systems, Place, 2009. 1943-1952

7 Khan A A, O’Sullivan L, Gallwey T J. Effects of combined
wrist deviation and forearm rotation on discomfort score.
Ergonomics, 2009, 52: 345-361

8 LyuF, Xi R, Han Y X, et al. MagicMark: a marking menu
using 2D direction and 3D depth information. Sci China
Inf Sci, 2018, 61: 064101


info.scichina.com
link.springer.com
https://doi.org/10.1007/s11432-017-9063-2
https://doi.org/10.1016/j.ijhcs.2011.05.001
https://doi.org/10.1080/00140130802376018
https://doi.org/10.1007/s11432-018-9385-7

