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* Abstract * Overview of the Model e Full Model  Continuous vs. Instantaneous Spatial Updating
Goal: Model spatial In this paper, we attempt to model spatial orientation ] Spatial behavior and spatial perception are the main components of the perception- e Legand At least one spatial Embedding these two spatial updating processes
orientation pro- processes by analyzing their logical and functional c action cycle and constitute the top and bottom part of the framework, respectively (see | A - B updating process is into a framework of logical connections allows to
cesses relations. This leads to a network of necessary pre- § Figures to the left and below). Meaningful spatial behavior 1s essentially based and log- | Sate . Spatial Ztir;“:;ﬁicient e required for clearly disambiguate between them: Either of these
requisites and sufficient conditions for spatial orien- / \ ically dependent on spatial perception, and is mediated by several possible spatial ori- G%ﬁfézﬁf;;ed rOCESSEs Orientation B is necessary condition for A quick&intuitive spa- processes may enable (i.e., is a logical prerequisite
tation, spatial presence, and spatial updating. More T entation processes. . ;’]"(')tthg”g”noof‘A tial orientation for) quick & intuitive spatial orientation (see Figure
ifically, the logical re of the framework . . . Only 1nstantan atial ating, however
Avoroach: Analvze specilically, the logical structure ol the ©Wo 5 At the bottom part of the framework, we distinguish mainly between two branches, a LG Ayl , 3). Only 1ns cous spatial updating, however,
pp : 444 allows to clearly disambiguate between comple- > kS : : : : : : qualitative: Only instantaneous allows for accurate & precise spatial orientation, as
logical relations 1o . Lk : ¢ — —@5 relative motion branch on the left side and an absolute location branch on the right side B is impaired => A also impaired : : -+ is based on the localizat d identificati f
mentary spatial orientation processes like continu- 3 = : the more B is imoaired. the more A is impaired spatial updating 1t 1S based on the localization and 1dentification o
. . . 3 (see Figure below). paired, p . . .
ous vs. Instantaneous spatial updating. The frame- U U | Spatial allows for re- landmarks embedded 1nto a consistent scene. This
work proved especially well-suited for analyzing ® Spatial A'g);aet?at['c Behavior orientation has specific implications that can be experimentally
Results: Framework situations where certain processes related to spatial = Behavior Memory | Spatial ./adaptab'e tested and controlled.
of necessary and suf- orientation were impaired, as 1s often the case 1n a Learning _ abstract strategies : 1 .
/ : Y 4 / , , palted, Q quick & accurate & mental spatial reasoning, First test of the As a first test of the model, we performed a series of
ficient conditions for  Virtual Reality applications. It further enables us to = adaptable abstract intuitive precise Spata’ ! , , , vt ,
ol ori : . g g _ imagination model were success- spatial updating experiments in different virtual
spatial orientation derive new hypotheses and testable predictions strategies . . .
Reality ful environments. For example, we selectively disabled
Allocentric quick &  accurate & Check |~ R either the relative motion branch or absolute loca-
_ Spatial Soatial intuitive precise J tion branch by either removing all useful landmarks
* Introduction Memory | =P - by eliminati
/| Learning (Riecke et al., VSS 2002) or by eliminating all
ST : : : S motion cues 1n a "teleport" condition, respectively
Findings from spatial orientation and navigation G- 2:glgalcl . ’
) , , , atial Egocentric 1S11 'shi
experiments are typically rather diverse and highly B Fﬁl -~ = —— Dlsttnguzshtng (Rlecke et a.l., OPAM 2002). .In the la.tter teleport
. ehavio Frame between continuous experiment, instantaneous spatial updating was able
task-dependent. In this paper, we attempted to ) D o .
: : : : Obligatory and instantaneous to compensate for the missing motion information
model the undeﬂymg spatlal orientation processes Spatial Orientation Processes Behavior spatial updatin and resulting lack of continuous spatial updatin
by analyzing their logical and functional relations. —— P ——— motion prediction (Reflexes) P P & . Wiing Jadt uous 5p b S
. proved useful without any significant decrease in performance.
This eventually led to a network of necessary pre- y . . .
requisites and sufficient conditions for spatial orien- | , : : : - This confirmed our distinction between continuous
1 : : b _ ‘ Continuous Spatial Orientation Processes Instantaneous o N and instantaneous spatial updating as two separate
tation, spatial presence, and spatial updating. Spatial Spatial ! Spatial Piloting Cognition
. . . . Updating Updating processes that can serve as a mutual backup-system.
Perception Relative Motion Absolute Location Spatia
: : Branch Egocentric Branch spatio Presence & ! :
e Logical Modeling (Path Integration- ReFference (Landmark- N Shatlo - Immersion e Conclusions
rame |
. . o e path N / / . . . .
How does logical modeling work? For example, 1t 1s based) based) integration ., R l . Benefits of the This framework 1s intended as a working hypothe-
Ego-Motion evident that ego-motion perception cannot occur - / model: ses that can assist in analyzing spatial situations and
Perception without some kind of motion perception or sensa- Object/ 5 | , Consistency . experimental results. It provides a coherent repre-
: . : : Landmark N Check o Provides a coher- 0 for the | ber of : 1 )
tion. That 1s, intact ego-motion perception seems to Ego-Motion oot/ e ont representation sentation for the large number of experimental para
l logically depend on intact motion perception (NO Spatial Memory Perception t AND ¥ A AND A P digms and results and can thus allow for a unifying
. . L . atia \ . . . .
motion perception ==> NO ego-motion percep- \. il ‘/ / o Helps to structure big picture that might help to structure and clarify
Motion tion). Conversely, if we observe intact ego-motion Perception U scientific reasoning our reasoning and discussions. In particular, 1t
Perception perception, we can conclude that motion perception h | o Can b gy proved helpful in understanding the implications 1f
must also be itact, which can be represented as ego- Figure 2: Overview of logical model I |/ I ’ er‘;’:e tee;fleb o o fe “ certain processes related to spatial orientation are
motion perception ==> motion perception (as not B 2 main branches: rel-  The left "relative motion branch" is The right "absolute location branch" . | Localization dentification dictions P impaired or defunct (see, ¢.g., Riecke, 2003., part
==>notA<=—=>A==>B). ative motion branch based on path integration of perceived constitutes an alternative approach to 5 e'\fget'gt?on cHoceniIe V). Furthermore, the human factors issues
Legend vs. absolute location motions. It 1s responsible for generat- finding ones way around, by using land- Frame what? o Pinpoints potential involved 1n all ertual Reality appllcatlpns can I?e
strict: A ° B branch ing the perception of ego-motion (e.g., marks as reference points. Object/land- (primary} causes of spatial tackled by analyzing the relevant s%mulauon and dis-
glz Suchc,er: Cor(])(:]ig'?'n foft;)BA Vection) and the continuous updating mark memory 1S hereby mvolved in the - L;)n%renC;/rk orientation Pr ob- play parametel‘s necessary for qUICk and effortless
IS hecessary C Iiton 10r . . o o . . . it where * * » » » . > »
without B no A of'the self-location in space. recognition of salient features in the envi- ELlilenE) = lems (in VR in par- spatlal orientation: Most 1mport2mtly, any apphga-
not B ;nznrlo;fAB o loment of A ronment. S elative Mot [ ticular) tion that does not epable automatic spathl upc!atmg
qualitative: elative Motion | Xk should decrease quick and effortless spatial orienta-
tE:jieSr:gfsiéeg Tn:; QrggSﬁri]fgmr;dA s impaired Spatial updating as In addition to the left and right branch, we propose a third pathway that is responsible Branch p——" Absolute Location S % ?, tion performance and hence unnecessarily increase
, . . . . . . . alla c.2 .. .
necessary prerequi- for robust and automated spatial orientation. That 1s, 1f we want to know where we are (Path Integration perﬁepﬁon Branch o %’ cognitive load. Only future research, however, will
. . . . . SitefOV robust & without having to think much about lt, we need some Proccess that allows for qU.iCk & 'based) (Land mark'based) 8';1 ; enable us to rigorgusly test the proposed logical
Information flow vs. logical representation of perception-action loop : L . . . . O . .
automated spatial intuitive spatial orientation and prevents us from getting lost, even when we do not con- Figure 3: Full logical model framework and refine or extend it where appropri-
Shsorvo: @bserv@ orientation stantly pay attention. To achieve this, some automated process (called "automatic spa- S ate.
D\ / \ tial updating" or just "spatial updating') needs to always update our egocentric men- . . . EFERENCES
tal reference frame of the surround during ego-motions, such that 1t stays in close * Continuous vs. Instantaneous Spatlal U pdatlng Riccke BLE. (2003) How itk T il information? Path infearation and soatial wndating studios in Virtual
Perception | Action Perception | @ Action alignment with the physical surround . . . . Reality, Ph.D. hesio, Eberhard-Karlo-Universiti Tabingen. Fakulit fir Physik. vaitabler -
l S ) phy ' “Continuous spatial "Continuous spatial updating" refers to the largely automated and reflex-like process WWW,E'yb_t;legingenfmpg,de/pubhcaﬁon,html?publzzog8, ’ P |
\. / 4 q ualitatively dl_.ff er- We distinguished between four qualitatively different aspects or pI’OpGI’tiCS of spatial updating ” f or incre- of U.pdating our mental egOCGHtTiC reference frame during self-motions based on con- Riecke, B. E. and M. von der Heyde: Qualitative Modeling of Spatial Orientation Processes using Logical Propositions:
World C World > ent aspects of spatial ~ orientation processes: adaptable, quick & intuitive, accurate & precise, and mental transforma- tinuous motion cues. Continuous spatial updating is based on the integration of the per- et Cremm ) Al e b o do/teation Htm1? mabls0) e
(a) Information flow representation (b) Logical connectors representation orientation: abstract strategies. These different aspects of spatial behavior seem to depend logi— tion Of egocentr icr ef- cerved egO-mOtiOn, whereas 1nstantaneous spatial updating 1S based on ObjCCt and Riecke, B. E., von der Heyde, M., & Biilthoff, H. H. (2002). Teleporting works - Spatial updating experiments in Virtual
: o enat - - 41 ' cc ' o Tiibingen. In OPAM, Talk presented at the 10th annual meeting of OPAM, Kansas City, United States. Available:
Figure 2: Perception-action loop, adapted to illustrate the difference between the typically used information flow Cally on different underly%ng S‘Qatlal orientation PTOCESSES and data: structures. We cate- erence f rame §cene recognltlon (See. Flgure 3 ) Ins.tantaneous Spatlal up datlng occurs for example W?,V;f 1%;{)1.tur;bingen.mgg.dlggi%iiiat?on.}ftml?pl?l:r)lliula%nzl.ee e o A AR, TR ST, AR
arrows and our logical connections. (a) In the information flow paradigm, the observer obtains information about the 4 underlying spatial gorized those processes into cognition (abstract mental reasoning), piloting (land- TSt antAneous sna in the moment of waking up after having fallen asleep on a bus: As soon as we look out Riccke, B.E., M. von der Heyde and FLEL Biilthoff: Spatial updating in virtual environments: What are vestibular cucs good
surrounding world though perception. At the same time, the world is influenced by and receives information about the orvientation nro- mark-based navigation), continuous spatial updating and instantaneous spatial : : P of the window and recognize the outside scene, we are automatically re-anchored to for? Journal of Vision 2(7), 421a. http://journalofvision.org/2/7/421/ (2002) Available: www.kyb.tuebingen.mpg.de/publication.
observer through her/his actions. (b) Using logical notations, the graphic looks quite different: The world at the bottom J4 . ? ! . . tial u pddtl ng » fO r , ) , , htmI?publ=628
1s the necessary prerequisite for the observer as well as her/his action and perception, indicated by the logical connec- Cesses: updatlng. The complete framework 1s presented In Flgure 3 for reference. Instead of automatic re- that reference frame. That 1S, WC 1mmed1ately know where we are without any con-
tors ending at the world box. The opposite is true for the action box: All connections to it start there, indicating that any trying to explain the whole framework, we would 1nstead like to focus here on the two : : scious effort and without being able to suppress that re-anchoring (instantaneous spa- |
meaningful action requires an observer that 1s acting, a world (s)he 1s acting upon, and perception of the world, or else , , ’ : : : orientation Of egocen- - : : SUPPORT:
the behavior would be at random. Last but not least, perception implies and logically requires some perceiving entity, Spatlal updatlng PTrocesSes thatarere SPp onsible for robust and effortless Spatlal orienta- ; tial up datlng) of our egocentrlc reference frame. Max Planck Society, European Community (IST-2001-39223, FET Proactive Initiative, project "POEMS" (Perceptually
tric reference frame
represented here as the observer. tion. Oriented Ego-Motion Simulation, www.poems-project.info), and Deutsche Forschungsgemeinschaft (SFB 550, B2).
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