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In this paper, we present the "Around the SmartPhone" interaction technique for manipulating 3D elements displayed on a distant screen. The design of the technique is based on the selection of the most appropriate value for characteristics useful to discriminate existing tactile and tangible techniques for 3D manipulations. We perform two user studies to compare this around-device technique for translating and rotating 3D objects, with two existing tangible and tactile solutions, in terms of performance and user's preference. The literature establishes that the tactile technique evaluated is the best tactile technique among the existing tactile techniques for 3D manipulation. Despite this result, our user study reveals that the two others perform significantly better. In addition, when feedback visibility is preserved, the around-device technique offers similar performance results than the tangible one. Finally, the around-device technique is significantly preferred over the two others in every condition.

INTRODUCTION

Using 3D content in interactive environment is becoming more and more frequent. 3D interactive virtual environments (3DVE) tend to get out of the sole hands of 3D experts using dedicated devices [START_REF] Gomes De Sá | Virtual reality as a tool for verification of assembly and maintenance processes[END_REF]. Indeed 3DVE can now be found in many private activities such as on web sites to assist house furniture selection [START_REF] Lee | 3D interaction using mobile device on 3D environments with large screen[END_REF], in daily mobile contexts [START_REF] Magliocchetti | I-MOVE: towards the use of a mobile 3D GeoBrowser framework for urban mobility decision making[END_REF] and to play public 3D games [START_REF] Vajk | Using a Mobile Phone as a "Wii-like" Controller for Playing Games on a Large Public Display[END_REF]; in professional contexts to visualize scientific 3D data [START_REF] Song | WYSIWYF:exploring and annotating volume data with a tangible handheld device[END_REF], to explore 3D data during meetings [START_REF] Jeon | Interaction with large ubiquitous displays using cameraequipped mobile phones[END_REF] or to create and edit 3D model [START_REF] De Araùjo | Mockup builder: direct 3D modeling on and above the surface in a continuous interaction space[END_REF]; and even in museums [START_REF] Marton | IsoCam: Interactive Visual Exploration of Massive Cultural Heritage Models on Large Projection Setups[END_REF].

Using a smartphone for supporting the interaction with 3DVE in such everyday life situations presents many potential benefits: providing a multi-sensor remote interaction control thus avoiding occlusion; exploiting a personal and familiar device; displaying additional feedback on the smartphone screen. The use of smartphone to interact with 3D content on distant display has already been considered for example to manipulate a slice plane [START_REF] Song | WYSIWYF:exploring and annotating volume data with a tangible handheld device[END_REF], to navigate, select or manipulate a 3D object [START_REF] Bergé | Exploring smartphone-based interaction with overview+detail interfaces on 3D public displays[END_REF][START_REF] Kratz | PalmSpace: continuous around-device gestures vs. multitouch for 3D rotation tasks on mobile devices[END_REF][START_REF] Lee | 3D interaction using mobile device on 3D environments with large screen[END_REF]. Combinations of finger movements [START_REF] Telkenaroglu | Dual-Finger 3D Interaction Techniques for mobile devices[END_REF], device orientations [START_REF] Lee | 3D interaction using mobile device on 3D environments with large screen[END_REF] and gesture around the device [START_REF] Kratz | PalmSpace: continuous around-device gestures vs. multitouch for 3D rotation tasks on mobile devices[END_REF] represent many alternatives for implementing smartphone-based techniques for 3D interaction. Among these works, less attention has been paid to the combined use of around-device techniques, based on a smartphone, with a 3D scene displayed on a distant screen. And yet, "around the smartphone" interaction techniques have already been successfully explored in other settings [START_REF] Jones | Around device interaction for multiscale navigation[END_REF][START_REF] Ketabdar | MagiWrite: Towards Touchless Digit Entry Using 3D Space Around Mobile Devices[END_REF]. The goal of our work is thus to design, implement and evaluate a new interaction technique involving gestures around a smartphone to manipulate a 3D object displayed on a distant screen.

We first review existing smartphone-based interaction techniques with 3D environments displayed on the smartphone and on distant screens. Secondly, we describe a tangible and a tactile smartphone-based interaction technique to manipulate 3D objects: each one is representative of one of these two classes of existing interaction techniques based on a smartphone in such 3D task. We then describe four characteristics related to the specificities of the context and through which exiting tactile and tangible techniques can be analyzed and discriminated. Based on these characteristics, we design a new technique, "Around the SmartPhone" (ASP), which involves hand gestures around the smartphone to manipulate 3D elements displayed on a distant screen. A first user study with training session and a complementary user study ensuring a more realistic use of the smartphone, compare the three techniques in terms of performance, usability and user's preference. Results reveal that our around-device technique (ASP) performs far better than the tactile solution (OSP). Moreover, ASP technique offers equivalent performance than the tangible solution (WSP). In addition, ASP is largely identified as the preferred technique among the three considered.

RELATED WORK

Many interaction techniques exist in virtual reality (VR) to support 3D manipulations (i.e. 3D elements translations and rotations), such as World-in-Miniature, Virtual Hand or Go-Go techniques [START_REF] Bowman | 3D User Interfaces: Theory and Practice[END_REF]. More advanced forms of interaction include tangible interfaces such as the Hinckley's puppet [START_REF] Hinckley | Passive real-world interface props for neurosurgical visualization[END_REF] and the Cubic Mouse [START_REF] Frohlich | Cubic-Mouse-based interaction in virtual environments[END_REF]. In this section, we specifically focus on other advanced interaction techniques in which smartphones have been involved to manipulate 3D objects.
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- be accelerated. Regarding ASP, using a constant C/D gain simplifies the use of the technique and limits the learning difficulties. A one to one C/D gain for ASP and WSP is thus used. Now regarding OSP, adopting a constant C/D gain is conform to the initial implementation of the technique [START_REF] Telkenaroglu | Dual-Finger 3D Interaction Techniques for mobile devices[END_REF]: to fit with the 3D environment used in our user study, the adopted C/D gain resulted from a preliminary study allowing the users to adjust the C/D gain to allow a comfortable use of the technique.

Gesture mapping and clutching mechanism. Kratz [21] defined four different mappings of hand gestures onto the orientation of a virtual object, that are also applicable to the translation task: absolute control, scaled absolute control, relative control and rate control. The three techniques considered adopt a relative control. This is again in line with the implementation of OSP provided by the authors. Regarding WSP and ASP a relative control induces the presence of clutching and provides more fluidity in the manipulation: whatever the initial position and orientations of the manipulated object, it can be further translated or rotated without having to reposition the dominant hand in the previously reached configuration. Visual aids. Many works explored visual aids for guiding and helping the user during the interaction process [START_REF] Bowman | 3D User Interfaces: Theory and Practice[END_REF]. The three interaction techniques includes visual aids to ease the perception of the 3D scene frame of reference: the axes of the 3D scene frame of reference are represented on the 3D manipulated object, thus reproducing the feedback provided in modeler software like Maya when manipulating an object. Additional aids are also provided to guide the use of the techniques, i.e. to help performing the appropriate user's input movements. For the OSP technique, fingers contact are displayed on the smartphone to visualize if they are considered joint or apart as originally designed in the Dual-Finger technique [START_REF] Telkenaroglu | Dual-Finger 3D Interaction Techniques for mobile devices[END_REF]. When performing rotations with ASP, a representation of the user's hand position around the smartphone is displayed as a black sphere around the manipulated object in the 3D scene. This is intended to help the user in virtually grabbing one specific vertex of the 3D manipulated object (Figure 4-center). In addition, a wireframe sphere is displayed around the 3D manipulated object: (Figure 4-center).

The goal is double: to encourage the user in performing hand movements close to the smartphone and therefore better feel that the smartphone is the center of the rotations; to give the impression that when the hand is moving around the smartphone, it is also stroking the digital wireframe sphere and thus rotating the 3D object included in the sphere.

Hardware and software tracking solutions. To support the user experiment, we built a proof-of-concept prototype for WSP and ASP based on the use of an extra tool to localize the smartphone and the user's hand in 6D, as described in section 6.3. The discussion (section 9) mentions alternate embedded solutions. For the WSP technique, the position and the orientation of the smartphone are captured by the tracking system. We used quaternion representation of the orientation of the smartphone in order to implement a relative control of the rotation movement.

For the translation of the ASP technique, the position of the user dominant-hand (H SP ) is measured with regards to the smartphone position and orientation. Regarding the rotation performed with ASP, converting the position of H SP into an orientation is a technical issue specific to this technique. Our solution relies on the use of axis-angle representation and Rodrigues formula. At each frame, we compute the 3D rotation matrix required to transform the previous H SP into the current H SP .

USER STUDY

The study includes two distinct sessions: the first (resp. second) session consisted in applying 3D translations (resp. rotations) to a 3D object. For these two sessions, the goal of this study is to evaluate and compare the performance, usability and user preference of the three techniques introduced in the previous section. We hypothesize that the around-device technique (ASP) will be more efficient than OSP and WSP because hand gestures are easier to perform, control and understand. ASP will also be preferred over the two others because it is more comfortable to use given the possibility to freely adjust the position and orientations of the smartphone.

Task and Mapping

For the two sessions, participants were instructed to perform the task as quickly and accurately as possible. For the three interactions techniques, participants start and validate each trial by pressing the same button displayed on the smartphone screen.

During the 3D translation task, we asked participants to reach a 3D spherical target in a 3D environment by translating a small 3D spherical cursor (Figure 4-left). The spherical target is always displayed in the center of a 3D cube delimiting the 3D environment. A representation of the axes is attached to the spherical cursor. In addition, stars representing the center of the spherical cursor are projected on two planes of the 3D scene contour. These visual aids are displayed in blue. The same visual aids related to the target sphere are displayed in red. These visual aids provide the user with a support to accurately move and position the object.

The initial position of the spherical cursor is situated in one of the 8 different directions (combining equal x, y and z translations) at two different distances (12.99 and 8.66 units) from the spherical target. The spherical cursor has a fixed radius of 0.5 units. We implemented two different spherical target radiuses (0.5 and 1.7 units) to produce 4 Index of Difficulties (2.6, 3.11, 4.19 and 4.75 bits). The participant can validate the 3D translation task when the cursor collides with the spherical target.

During the 3D rotation task, we asked participants to rotate a tetrahedral cursor until it fits the orientation of the tetrahedral target (Figure 4-center). The two tetrahedral centers are always located in the center of the 3D environment. Spheres of different colors are attached to the vertices of the tetrahedral form. The tetrahedral target is always displayed in green with a fixed orientation. In contrast, the tetrahedral cursor is displayed in brown. These visual aids provide the participant with indications to correctly interpret the current and targeted orientations of the 3D objects.

The initial orientation of the tetrahedral cursor is a combination of rotation axes (XY, XZ, YX, and XYZ) with one of the two angle values (50° and 100°), giving a total of 8 different starting orientations. The participant can validate the 3D orientation task when all the colored spheres of the tetrahedral cursor collide with the corresponding colored spheres of the tetrahedral target. 
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COMPL ENHANCIN

The [START_REF] Parsons | Inability to reason about an object's orientation using an axis and angle of rotation[END_REF]. Although the input frames of reference of WSP and ASP are respectively world reference and the smartphone, we did not observe in these studies significant difference between the users' performance with WSP and ASP. We believe that the design of ASP provides an original and appropriate solution to cope with such frame of reference mismatch issues because the smartphone can be seen as a physical landmark. This landmark contributes to overcome the arbitrary relationship between the two frames of reference because it reifies the coordinate system in which gestures has to be performed to move an object in 6DOF. This hypothesis is in line with previous work related to bimanual interaction [START_REF] Guiard | Asymmetric division of labor in human skilled bimanual action: the kinematic chain as a model[END_REF]. Future works are required to precisely establish under which conditions an arounddevice technique provides a better support for interacting with a distantly rendered 3D scene, and especially for situations involving predefined and high mismatches of frames of reference, similar to those involved in Ware's experiment [START_REF] Ware | Frames of reference in virtual object rotation[END_REF].

DOF combination and input space were more limited in OSP than in ASP and WSP. We believe that this is partly responsible for the low OSP performance results. The visibility of the feedback provided by the smartphone was not concretely evaluated in our study, since no dynamic information relevant to the task was provided to users. However, the complementary user study clearly established the effect of this characteristic on the performances.

Finally, one limitation of our study is the detection mechanisms of the hand and smartphone motions in the WSP and ASP techniques: the technology used in this study is external to the smartphone and will very unlikely be available in many places. But, this solution was used to ensure robust and accurate measures to support the evaluation of the technique. Thinking in terms of a proof-of-Concept version of the technique might however rely on many existing solutions: proximity sensors on some Samsung devices already allow page browsing based on hand-motions detection; camera resolution are always increasing on current smartphone; small depth camera sensor [START_REF] Kratz | PalmSpace: continuous around-device gestures vs. multitouch for 3D rotation tasks on mobile devices[END_REF] also constitute an alternative.

Social acceptability issue is a second limitation of around-device techniques. Would a user accept to move his/her hand around the smartphone to interact with a distant display in an office or public context? Recent works started to explore this acceptability question [START_REF] Serrano | Exploring the use of hand-to-face input for interacting with head-worn displays[END_REF] and we will explore it through in-situ evaluation.

CONCLUSION AND FUTURE WORK

In this paper, we presented the first around-device interaction technique ("Around the SmartPhone" -ASP), based on a smartphone and used to manipulate 3D elements displayed on a distant screen. The design was guided by reasoning on four characteristics discriminating existing smartphone-based tactile and tangible interaction techniques with 3DVE.

To evaluate this new interaction technique, we performed two controlled user studies to compare ASP to a tangible ("With the SmartPhone" -WSP) and a tactile ("On the SmartPhone" -OSP) smartphone-based techniques taken from the literature. These evaluations reveal that WSP and ASP perform better than OSP in 3D translation and rotation. WSP and ASP perform similarly in 3D translation. They also perform similarly in 3D rotation when eye-access to the smartphone-screen is maintained all along the task. Otherwise, WSP is significantly faster that ASP but does no longer support an access to additional feedback provided on the smartphone screen.

From a qualitative point of view, ASP is the most attractive and preferred technique. It also minimizes the risk of dropping the smartphone and physically materializes the input frame of reference. This work confirms that an "around the smartphone" interaction technique to control distant 3D is a very good alternative to tactile and tangible solutions: this is in line with results observed when interacting with 3D scenes directly displayed on the smartphone. We also revealed the need to further explore the impact of the smartphone, considered as a physical handled landmark, on the user's ability to cope with mismatch between input and 3D scene frames of reference. In the future, we plan to integrate ASP and WSP techniques in a concrete public scenario in order to observe limitations inherent to an in-situ context and to explore further optimizations of ASP and WSP, such as in [START_REF] Appert | OrthoZoom scroller: 1D multi-scale navigation[END_REF][START_REF] Tsandilas | Modeless pointing with low-precision wrist movements[END_REF], in order to reduce the need for clutching.

Figure 4 .

 4 Figure 4. Visual aids in the 3D scene for the translation (left) and rotation task (center and right).
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	four discriminati and OSP that usability of the te in 3D is related ansformations w he 3D scene fra ce adopted to ap ts of a 3D envir ce corresponds e user's head. T d the world refer ironmental settin on) and in use. gure 1. ristics ing characteristi according to th echniques. to the coordina will be applied ame of referen pply rotations an ics he ate to sic on haracteristics in discriminating ch d ntroduced and ill lustrated on WS SP T To further refine e the design of f ASP, we now refer to the fo our ed la arger mid-air ge sture amplitude. . r's h hand and arm m movements arou und the smartph hone thus offerin ng he te echnique involv es writ moveme ents while ASP t echnique involv ves nd tr raditional on-s creen interactio on technique. However, WS SP ce Figure 3. ASP Arrow P behavior (tran ws: same conve nslation, rotatio entions than Fig on) and in use. gure 1. th he use of mid d-air gestures w while the OSP P technique is a a above, our ASP technique and the WSP techni ique are based o on In n comparison to o the tactile an nd tangible techn niques introduce ed	Regard Feedba ding OSP, the tr ack visibility is o raditional finger only partially ma r occlusion issu aintained. ue is raised. the use er, the display is no longer readable or ev ven visible. under c certain combinat tions of rotation ns of the devices s handed by if the s smartphone is t translated too fa ar away from th he user and Regard ding WSP, the fe eedback visibilit ty is not always maintained: Regard separat present simulta translat rately a Feedba in such smartph feedbac feedbac object, scene, e the sma ding WSP and O ted: it is impossi t setting. WSP aneously during tion along the Y and rotation can ack visibility is h settings inst hone screen can ck: a 3D detail ck about the ac annotations or etc. In those cas artphone screen OSP, rotations ible to perform allows the th g translations Y axis (joint fing be performed al one huge benefi tead of physica n provide the u l of the distant ccurate position real pictures o ses it is importan since it may affe and translations them simultane hree axes to be or rotations. gers) can only be long one axis on it of involving a al props as in user with differe scene as in [5 and orientation f different parts nt to maintain ey fect the user's tas Feedba s are totally around eously in the constru e controlled domina With OSP, Howev e used sepa-Among nly at a time. feedbac smartphone Availab n [14]. The the ava ent forms of 5], a textual n of the 3D space i movem user's m s of the 3D sk. ye-access to the sma
	he environment. nstantiate them and OSP, and i a in a suitable m manner to fit th me he	Availab ble space in in nput varies amon ng smartphones s and tablets
	refers to the top, etting (cf. Table around-device se a 1).	ght	sizes, b but comes with h a higher we eight and delica ateness, not
	3D object manip e 3D scene fra i.e. the most u efore, it is n ut it is tightly l ame of referen usual one used not one of th linked to the fir zing the fou 4.2 Optimiz 4 ur discrimin nating ce in he c characterist tics I Input frame of reference: ASP P being used in front of a dista ant s screen, the user m may be not perf fectly facing the screen. Therefo ore rst a adopting the wor rld reference as input frame mi ght be disturbin ng: e. denotes the fram ed to manipulate centric and egoc hniques slightl bination of the D uence axis [31] ering not only th me of reference [42] provided aptic frame of re er is manipulate herent combinat ame of reference martphone paral he manipulated havior applies alo frame of referen ference, i.e. the me of reference e elements of a 3 centric metapho y express th Display centrici ], Milgram bett he 3D scene fram e in which user an even clear eference in whic ed. He also show tion of a 3D scen . llel to the dista 3D objects to th ong the other ax nce is then aligne e world referenc if f the user looks at the screen w with an angle of f 45 degrees, han nd in m motions would still have to b be performed p perpendicularly or 3D p parallel to the dis stant screen! ors his ity T The goal of AS SP is to offer a a solution suppo orting the lack of a alignment betwe een the devices used to render the 3D scene an nd p produce the inpu ut controls, i.e. to o support the us se of two differe ent ter fr frames of refere nce for the 3D scene (world r reference) and th he me in nput (smartpho one reference). Therefore, the input frame of r's r eference of ASP P must be attach hed to the smart tphone as in OS SP. rer H However unlike OSP, it is a tru ue 3DOF input f frame of referen ce ch ws ne ant n not limited to t the smartphone e-display axes: the third axis is p perpendicular to the smartphone screen. It adds a benefit: the us ser c can adjust the po osition and orien ntation of the no on-dominant han nd h handling the sm martphone in or rder to allow m more comfortab ble m movements of th he dominant hand d around the sma artphone. he A As a result, for t the translation t ask (Figure 3), translation offse ets xis ce. s smartphone orien ntation and appli ied to the 3D obj ject. ed o of the dominant t hand are thus s computed wit th regards to th he	compat exploiti tible with public ing the space al c spaces and mo ll-around the de obile devices. A evices extends th Alternatively he available space vocabu signific in input and ulary on smartph cantly affect the for example hone [20]. Avai efficiently sup ilable input spa pports input ace can thus usability. Regard ding WSP, the av vailable space is s almost unlimit ted. It is just constra ained by wrist m movement (rotat tion) and by the e size of the user's a arm (translation) ). Regarding OSP P, the space is li imited to the size of the smartphone screen. 4. DE SMA ESIGNING ARTPHONE G THE "AR E" TECHNI ROUND THE E IQUE In this s section, we present the de esign of the "A Around the SmartP Phone" (ASP) te echnique, an arou und-device tech hnique based on a sm martphone and d dedicated to the manipulation of f a 3D scene rendere ed on a distant di display. 4.1 A ASP is elemen handles hand g ASP in Brie s a smartphone nts displayed on s the smartphon gestures, with th ef e based techniqu a distant screen. ne in the non-do he dominant han ue used to man . With ASP the u ominant hand an nd, around the s nipulate 3D user steadily nd performs smartphone. Transla ating (resp. ro otating) the do ominant-hand around the manipu ulated object. smartph hone controls th he translation (r resp. orientation n) of the 3D
	ger to the right o 3D object to th rence is therefor display defines of the smartphon he right of the 3 re attached to th s only 2DOF, ne task (Figure 3), the smartphone e (resp. its cente er) 3D axes (resp. the e origin) of th e input frame of he hen applied to th F For the rotation m materializes the th he 3D object. a r eference around d which hand ro otation offsets a are measured an nd	Unlike smartph hone are not lim PalmSpace [ [21] user's ha and gestures mited to the cont trol of rotations. our AS SP technique is n not dedicated to situation in whic around the In addition, ch 3D scene
	reference for t the third rotatio on	

ronment
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