Amplifying Spatial Rotations in 3D Interfaces
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ABSTRACT Let g, be the orientation of a multiple DOF input device:

We have derived the generic equations for the zero-order
control-display gain that allow for linear and non-linear
amplification of spatial rotations in 3D user interfaces.

Sample 3D interaction techniques have been implementedyhered, is the momentary axis of rotation add is the
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for 3D viewpoint control and object manipulation. angle. The zero-order C-D gain should amplify the angle of
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The concept of control-display (C-D) gain is fundamental therefore, the basic equation of the zero-order C-D gain for
in human-machine interfaces requiring continuous control spatial rotations is a power function of the form:

by an operator. Regardless of whether humans steer a car, '
use a computer mouse, or manipulate objects in virtual re- Qg = qé‘ , (2)
ality (VR), C-D gain mappings work beyond the scenes, hereq, is the device rotatiory, is the displayed rotation,

transforming the user inputs captured by input devices intogngk is the C-D gain coefficient. Compare this with a zero-
the movements of controlled elements. Consequently, thergyqer C-D gain equation for positioning [1]:

is a vast body of research that has been investigating C-D
mappings and their implications on user performance [1]. Dy =KD,

In this paper, we extend previous research on manual conWnereDcis the controller displacement aiy is the dis-
trol by deriving generic zero-order C-D gain equations for placement of the display element. Instead of multiplying by

3D rotations and implementing them as interaction tech-K We take the device rotations in powerkpfoecause un-
niques. Although C-D gain mappings have been routinely“ke translations they are combined by_ mulnphcatlon. For
used with multiple degree-of-freedom (DOF) input devices, €%@MPple, to double the amount of rotation defined.bye
their use has been limited only to position and navigation "@ve tomultiply gc by itself, i.e., take it in the power of two.
tasks. When it comes to 3D rotations, most researchers aQuaterniong. defines the orientation relative to the initial
well as producers of commercial devices and software haveorientation of the device. Sometimes, however, it might be
used only the most basic one-to-one mapping. In fact, weuseful to calculate the C-D gain relativeatoy desired ori-
are not aware of any previous attempts to develop interacentationg,. The following equation allows this to be done:
tion techniques that use other forms of C-D mappings for “1\k

multiple DOF input devices in 3D rotation task. Aa =(Aco™)" Go- ©)

C-D MAPPINGS FOR SPATIAL ROTATION Notice that Eq. 3 is identical to Shoemakslarp function
Rotations in 3D space are significantly more confusing thenused for quaternion interpolation [2]. Indeed, while Shoe-
they appear, since they do not follow familiar laws of makeinterpolatesquaternions using a great arc on a qua-
Euclidean geometry. The standard mathematical representernion 3-sphere, wextrapolate orientation g. using the
tation for rotations that we will be using here involves great arc connectingyandg.

guaternions For our purposes, we need only few basic
facts about quaternions; a detailed discussion can be foun
in [2]. 1) A quaterniorg is a four-dimensional vector often
represented as a pait, v), where w is a real number and

gquations 2 and 3 “scale” device rotations uniformly. In
some applications, however, it might be very useful to ap-
ply non-linear mappings that maintain a small C-D ratio

is a 3D vector. 2) Given quaterniogendg, we can cal- (and, therefore, a better accuracy) close to the initial orien-
culate their multiplicatioryq, length ¢, and inversey®. 3) tationqo, and that increase this ratio (and the speed of rota-
The rotation about unit axi@ by angled can be repre-  tion) as the user rotates the device further fggm
sented as a unit quaternion in two equal forms: To introduce non-linear C-D mappings, we define the dis-
9. 9 94 tance between rotatiomg andq, as the angle of the small-
q= (smEu,cosE) =e? 1) est rotation connecting. andq,. This angle can be calcu-

. . lated asw = 2arcosined:-qp), whereq.-go denotes their dot
4) The rotation of a vector about axisl by angles can be  5rqqyct [2]. Now, to develop a non-linear C-D mapping for
computed as" = qvq™ and the sequence of rotations g, spatial rotations, we simply replace the coefficieirt Eqgs.
can be computed as their multiplicatigu;. 2 and 3 with non-linear functidd(c):



1 if < w, both the orientation of his own face and the orientation of
4) the virtual viewpoint, represented as a kabuki mask.

Another technique that we developed allowed to manipu-
wherew0 is the threshold angle and c is a coefficient. This |ate 3D objects using the PolhemU3@F tracker. Virtual
equation has a very simple interpretation. As long as therotations were amplified using the linear C-D gain (Egs. 2
device orientation qc is in a close vicinity of the zero ori- and 3). The technique allowed a large range of object rota-
entation qo, i.e., the distancebetween them is less than tjons to be achieved with single hand movements. If C-D
w0, the C-D gain has a constant ratio of 1. Therefore, thegain was not used, the user would have had to either rotate
rotation is a one-to-one mapping. When the user rotates théhe device with his fingers or use “clutching”; though an
device further thaw0, the C-D gain becomes a non-linear appropriate device design can make this easier [3], using C-
function f of the distanced: the further the user rotates the D gain provides an additional way to solve this problem.

device, the larger the C-D ratio becomes. To insure @Both techniques were preliminarily evaluated during their
smooth transition between the two parts in Eqf daould demonstrati%ns for sim pIe “to 'tasyks These initial e%/alua-
be C1 continuous a0 andf(uw0O) = 1. It is easy to show i howed that th ple “toy folt ' ite intuiti d that
that the function in Eq. 5 satisfies these requirements. lons showed that theé mappings 1€t quite intuiive and tha
most of the users did not have any problems in using them.
INTERACTION TECHNIQUES _ _ ~ Moreover, in the object rotation task, some of the users did
The equations developed in the previous section definenot even notice the difference between the one-to-one map-

generic forms of linear and non-linear C-D mappings for ping and a mapping that doubled the amount of rotations.
spatial rotation. Using these equations, it is easy to develop

a wide range of interaction techniques with desired prOper'lc;]Otlr\:iCsLszl(e)rNsve derived generic zero-order C-D gain man-
ties for various input devices and applications. | this paper, >0 genel ga p
ping functions for spatial rotation tasks. The equations are

For example, we have used these equations to develop generic in the sense that they can be used with any device,
simple 3D interaction technique for viewpoint control in a task, or application requiring continuos spatial rotations.
desktop VR, where the orientation of the viewpoint was More work is required to develop 3D techniques for practi-

controlled by the user’s head tracked by a camera. An im-ca|, rather then “toy” tasks, understand their properties, and
portant problem of using head rotations for interaction in tg conduct formal human factors evaluations.

desktop environments is that the range of rotations that ca

be tracked and used for interaction is severely limited. In-r})V‘VCKNOWhEDEfMIENT‘j K Mackinl h i f Usi
deed, even small head rotations would make viewing the e are thankiul to Jock Mackinlay whose idea of using
desktop screen uncomfortable and, after a certain anglef‘on'“”ear C-D gain for 3D rotation initiated this work.
impossible. In addition, in the case of computer vision, REFERENCES

excessive head rotations increase the tracking errors bel. Knight, J.,Manual control and trackingin Handbook
cause fewer facial features (used for tracking) become visi- 0f human factors G. Salvendy, Editor. 1987, John
ble to the camera. Wiley and Sons. pp. 182-218.

. . . . 2. Shoemake, K.Animating rotations with quaternion
Using non-linear C-D mappings (Egs. 3 and 4) we ampli- curves in SIGGRAPH'851985: ACM., pp. 245-254

fied user’s head rotations and allowed him to control a 3D Zhai. S.. P. Mil d W. Buxtafihe infl ¢
kabuki mask whose orientation corresponded to the orien>- £hah S., P. Milgram, and W. Buxtomhe influence o
muscle groups on performance of multiple degree-of-

tation of the virtual viewpoint (Figure 1). The mask was freedom inputin CHI'96. 1996: ACM. pp. 320-327

registered with the user’s face on a live video stream from
the camera and its orientation was updated in real time as

~ _HB
k= F(O.)) - %f (Ol)) =1+ C(Ol)_wo)z OtherWiSe,

the user rotated his head. Therefore, the user could relate
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Figure 1: The rotation of a head mapped into mask rotations. Top row: the C-D gain was not used; the mask and face rotations
are the same. Bottom row: the C-D gain was used, the mask rotates (non-linearly) further than the user’s face.
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