‘CIRJIET

International Research Journal of Innovations in Engineering and Technology (IRJIET)

ISSN (online): 2581-3048
Volume 10, Issue 9, pp 169-178, September-2026
https://doi.org/10.47001/IRJIET/2026.109018

Screening Urban Visual Corridors for Elevated
Railways: An Approach Based on a Viewing
Orientation Transition Point

"Hoang Vin Tai, **Lé Thi Thanh Hing

12Hanoi University of Mining and Geology, Hanoi, Vietnam
*Corresponding Author: lethithanhhang@humg.edu.vn; *Co-author: hoangvantai@humg.edu.vn

Abstract - At the concept-planning stage, planners need to
identify which viewing directions should be examined for
elongated structures and whether the dominant viewing
direction changes with distance. This study proposes a
dual-control workflow with a transition point g*, defined
as the height-normalized distance at which the end face
and long side occupy comparable portions of the image
frame. Cét Linh Station is modeled from OpenStreetMap;
scenarios varying massing ratio, height, and lower-level
openness are used to examine result stability. The results
show that distance alone is insufficient for selecting a
viewing direction: near zones require attention to the end
face and lower-level openness, zones around the transition
point requires both directions to be retained, while farther
zones require control of the continuous extension of the
long side. The two modeling approaches produce similar
transition points, while increasing lower-level openness
shifts the transition point outward. The workflow enables
planners to screen visual corridors and rapidly test
massing alternatives before detailed modeling. A pilot
check using one calibrated field image produced a value
within the model sensitivity range. g* is a comparative
indicator under a common camera rule, not a perceptual
threshold or a basis for permitting decisions.

Keywords: viewing orientation transition point; visual impact
screening; urban massing; frame occupancy ratio; virtual
viewpoint; elevated railway station.

Symbols:

VOR: proportion of the image frame occupied by the station;
OR: proportion of the background occluded by the station;

R: VOR ratio of the long side to the end face;

g = dC/H: distance to the station center normalized by height;
g*: pointat R =1;

0: vertical viewing angle;

H: station roof height;

di and dC: distances to the station outline and center;

z0: elevation at which the solid portion begins.
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I. INTRODUCTION

Urban transport infrastructure is both a technical system
and a component of the city image. Overpasses, elevated
railways, and stations create large volumes that appear from
multiple viewing directions and can alter the relationship
between pedestrians, street edges, vegetation, and the skyline.
A structure may become a positive orientation landmark, but it
may also obscure a background object, disrupt street-wall
continuity, or create an overwhelming impression at close
range. Visual impact should therefore be considered together
with massing and spatial organization, rather than addressed
only through materials or facade decoration after the scheme
has been determined.

Visual impact assessment guidelines emphasize
identifying observers, selecting viewpoints, describing
baseline conditions, and comparing project-induced change
[1]. Practice, however, remains diverse: some studies rely
mainly on expert judgment, whereas others use GIS, three-
dimensional models, or image analysis [2], [3], [4]. For
planners, the gap between computational modeling and design
decisions remains important. An indicator that is too complex
is difficult to use at the concept stage; conversely, purely
qualitative judgments are difficult to verify and reproduce.

Perspective images depend simultaneously on camera
position, camera orientation, the image plane, and object
geometry. If two alternatives use different focal lengths or
elevation angles, their results may differ even when both
drawings appear plausible. The study therefore uses
perspective projection as a measurement plane with
standardized camera settings and frame-clipping rules.

The study aims to establish a viewpoint-based assessment
workflow that is accessible to architects and planners while
retaining a clear geometric basis. Three indicators are selected:
VOR, OR, and 6. The analysis focuses on relationships among
building massing, distance, viewing direction, and the urban
context; traffic operations are outside the scope of the study.
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To address this need, the study proposes the transition
point g*. It can be understood as the position at which the end
face and long side occupy equal portions of the image frame.
Before this position, the end face may dominate; beyond it, the
long side may dominate. The point is embedded in a dual-
control procedure: one sample keeps the same setback from
the station outline to reflect spatial organization, while the
other keeps the same distance to the station center to separate,
to some extent, the effect of distance from the geometry of an
elongated mass. A parameter experiment further tests the point
as massing ratio and lower-level openness change. The output
helps planners answer three questions at the concept stage:
which corridors should be examined first, when both
directions need to be retained, and which massing
modifications are worth carrying into comparison.

The study develops g* by combining central projection,
two  distance-sampling  schemes, and  massing-ratio
experiments. The contribution lies in recognizing that the
dominant viewing direction can change with distance and
converting this change into a corridor-selection rule at the
concept stage. VOR, OR, and projection are inherited
components; qg*, the dual-control comparison, and the
planning interpretation are proposed in this study.

Il. LITERATURE REVIEW
a) Visual impact assessment

Visual impact assessment (VIA) examines landscape
change for different observer groups and specific locations.
FHWA guidance organizes the process around context,
viewers, existing visual quality, magnitude of change, and
mitigation [1]. Palmer shows that VIA has no single
technique; expert assessment, public surveys, simulation, and
image analysis are commonly combined according to project
objectives [2]. The key is not to seek a universal threshold, but
to make the selection of viewpoints, measured variables, and
interpretation rules transparent.

Landscape guidance also distinguishes the magnitude of
change from the value or sensitivity of the context [5]. This
study measures the geometric component of visual magnitude;
VOR and OR are interpreted together with spatial function,
background objects, and design objectives.

b) Image analysis and three-dimensional modeling

GIS and three-dimensional models can determine how
much of a structure appears in an image frame and how much
background is occluded. Results depend on surface data,
model detail, and observer-point placement [3], [4]. Schofield
and Cox measured the percentage of an image occupied in a
virtual environment [6]; Pardo-Garcia and Mérida-Rodriguez
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measured landscape parameters from projected photographs in
GIS [7]. The review by Misthos et al. indicates a trend toward
combining imagery, terrain, 3D models, and perceptual data
[8]. These studies provide measurement tools but do not
directly answer a common concept-design question for
elongated structures: as an observer moves farther away, when
should attention shift from the end face to the long side? This
study focuses on that question and does not replace assessment
of aesthetic quality.

¢) Research gap and questions

Qualitative assessment is easy to discuss within a design
team but difficult to reproduce; detailed numerical analysis
can require substantial data and software. The study therefore
establishes an intermediate screening step with few variables,
explicit camera rules, and inspectable image outputs. The
central question is whether the position at which the dominant
view shifts from the end face to the long side can be identified,
and whether movement of that position can support
comparison of massing alternatives. Three research
hypotheses are proposed:

Table 1: Research hypotheses
Source: authors

Code | Planning question to be tested

U1 Do frame occupancy and vertical viewing
angle decrease with increasing distance?

Ho Does the preferred direction shift from the end
face to the long side as distance changes?

H3 Does the conclusion remain when massing,
camera settings, and data are changed?

The three hypotheses are tested using 12 primary
viewpoints, 12 control viewpoints, and a massing-ratio
experiment. H1 examines station presence as the observer
moves farther away. H2 determines whether the preferred
direction shifts from the end face to the long side. H3
examines whether these conclusions remain when data,
camera settings, and massing are changed. Statistical measures
are used only to examine trends in the selected sample and do
not represent all viewpoints in the city.

I11. PROBLEM DEFINITION AND STUDY CASE

Céat Linh Station is a terminal station of the elevated
urban railway Line 2A, located around the intersection of Cat
Linh, Hao Nam, Giang V0, and Giang Van Minh streets [9].
The station has three levels and approximately 18,000 m? of
floor area; Line 2A is entirely elevated [10] and commercial
operation began in 2021 [11]. For this study, the relevant
characteristic is the elongated station mass, which has a direct

www.irjiet.com 170



CIRJIET

relationship with several street corridors and pedestrian-scale
spaces.

N
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-

Figure 1: Context of Cat Linh Station and the 250 m study area
Source: Esri World Imagery (basemap); OpenStreetMap (station outline);
authors' editing

This case is suitable for testing the method because the
elevated station has a large longitudinal extent, a direct
relationship with the street level, and multiple approach
directions. Figure 1 presents the spatial context; Figure 2
shows the modeled station mass and the visual-corridor
framework derived from OpenStreetMap data. The set of 26
original photographs was used to identify morphology; one
image with a clear outline was selected for a pilot quantitative
check. Model inputs remain the OSM outline and height
scenarios: the planar geometry is extruded by height to
construct the perspective-projection environment.

d street-level context

Figure 2: Model of Céat Linh elevated station and visual corridor (using
OpenStreetMap data)
Source: OpenStreetMap data; authors' model and editing

Twelve primary viewpoints are arranged along the two
axes of the station outline: north, south, east, and west. Along
each direction, the camera is placed 30 m, 80 m, and 150 m
beyond the nearest station outline, producing viewpoints V01—
V12. To control the difference in distance to the center caused
by the station's nearly 200 m length, another 12 control
cameras are placed on the same four axes at dC = 130 m, 180
m, and 250 m. All cameras are outside the station outline; the
control set is used only to examine H2 and does not replace
the setback sample used for planning interpretation [12].
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IV. RESEARCH METHOD
a) Overall workflow

The workflow begins with the corridors to be examined
in the planning scheme, followed by camera placement and
indicator calculation. The six steps are: (1) obtain the station
outline and background buildings; (2) construct the massing
envelope; (3) place two camera groups using the same rules;
(4) determine frame occupancy, background occlusion, and
vertical viewing angle; (5) locate the transition between the
end face and long side; and (6) test changes in height, camera
settings, background data, and lower-level openness. In each
comparison, only one group of conditions is changed.

b) Viewpoint-sample design

The area centroid C of the station outline is the common
target point. For the primary sample, di is measured from the
nearest exterior face of the station along each axis; dC is
stored separately in the supplementary data package. For the
control sample, dC is fixed at three common levels for all four
directions, while di varies with the station geometry. The
north-south directions view the station end; the east—west
directions view the long side. The dual design separates the
planning question of setback from the geometric effect of an
elongated mass.

The camera center is set at h = 1.60 m; images use a 4:3
frame, horizontal field of view ¢ = 60°, and a base resolution
of 640 x 480 pixels. The camera axis targets the three-
dimensional center of the station mass, so the elevation angle
B varies with position. This is a geometric comparison
standard, not an attempt to reproduce the natural viewing
direction of every pedestrian. All viewpoints use the same
projection and frame-clipping rules; projected areas outside
the frame are not independently scaled to fit the image.

NORTH

———————————

100 m ¢ ) S L o &
Iemm——

Figure 3: Definition of viewing angle () and distance (d)
Source: authors
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Table 2: Design of the two virtual-viewpoint sets
Source: authors

Group Setup Control
. 4 directions x 3|12 primary + 12
Design
levels, two sets control
di = 30/80/150 m; each comparison fixes
Position | dC = 130 / 180 / 250 comparison i
m one distance definition
Camera h = 1.60 m, target at 4:3 frame
mass centroid
I HO = 225 m
Projection (assumed); @ = 60° 640 x 480 px
Outputs S. B, 0: VOR, OR, § raster and tabulated
results

c) Central projection model

The model uses central projection with a pinhole camera.
Each point of the station and background buildings is
projected onto the same image plane; portions outside the
frame are clipped according to a common rule [13]. Figure 3
defines the camera geometry used for the comparison.

In practice, two alternatives can be compared only when
eye height, target point, field of view, and image-frame size
are kept constant. This condition is more important than

requiring users to follow the complete coordinate
transformation.
Image plane
S
b / H
t]:'ll){?lm

nera, FOV, and frame-clipping rule

i |
>

Figure 4: Viewing orientation changes with distance
Source: authors

d) Three visual indicators

VOR is the ratio of the projected station area Si to the
total frame area Fi. The indicator describes the presence of the
structure in the image:

VORI = (Si /Fi) x 100% (1)

OR is the ratio of the area Oi of a preselected background
object that is occluded by the station to the total background
area Bi:

ORi = (Oi / Bi) x 100%  (2)
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In the model, the background is the union of the projected
building masses located behind the station along the viewing
direction. Because the background object changes among
locations, OR is primarily used to compare alternatives at the
same viewpoint. The vertical viewing angle 0 is the angle
formed by the two rays from the observer's eye to the foot and
roof of the nearest station boundary.

The three indicators answer different questions: how
much of the station is present in the frame, how much of the
selected background is occluded, and how far the station
extends vertically in the view. They are interpreted together
with location, spatial function, and the object to be protected
in the planning scheme.

FFB

FRAME OCCUPANCY BACKGROUND OCCLUSION VERTICAL VIEW ANGLE
B H
1 L \
VOR = S/F x 100%  OR = O/B X 100% = e berween the

two boundary rays

Figure 5: Variation of VOR with distance (schematic)
Source: authors

SCENE WITHOUT STATION OVERLAP

Keep camera; obtain & Take O, =56,

SCENE WITH STATION

Extract 5; and /

Figure 6: Key elements in the visual corridor
Source: authors

e) Projected-area delineation and OR procedure

The baseline scenario models the station as a solid prism
from ground level to roof along the OSM outline; this is a
conservative geometric envelope, not an as-built description.
Area Si is the union of the projected roof and side faces after
clipping to the image boundary. To quantify the effect of
lower-level openness, an additional test keeps the roof at 22.5
m while raising the lower boundary of the solid portion z0
through four levels: 0 m, 6 m, 12 m, and 18 m. The 18 m level
is an extreme hypothetical void below rail elevation, not the
actual station form. Vegetation, advertisements, vehicles, and
temporary obstructions are not rasterized.

OR is determined from two scenes using the same
camera: a scene containing only the background masses and a
scene with the station mass added. Background area Bi is
taken from the first scene; the portion of Bi within the
projected station area forms Oi. Coordinates, target point, f3,
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and ¢ are held constant so that the difference arises only from
the presence of the station envelope. Foreground structures are
not subtracted from Si; therefore VOR represents the potential
projected scale of the station, not the proportion actually
visible after all obstructions.

f) Stability checks

Table 3 summarizes tests of station height, field of view,
resolution, background-building height, camera perturbation,
distance definition, and lower-level openness. The tests
identify which conclusions remain when inputs change, rather
than seeking an absolute value applicable to every context
[14].

Differences in VOR and OR are calculated in percentage
points. Spearman’s rank correlation coefficient is used to
examine the direction of change in the indicators as distance
increases [15]. Results are assessed by differences, viewpoint
ordering, and whether the preferred direction changes.

The distance conclusion is considered stable if frame
occupancy continues to decrease as the observer moves away
in all four directions. The viewing-direction conclusion is
considered stable if only one shift from the end face to the
long side occurs within the study range. The transition point
g* is the position at which the two directions have equal frame
occupancy:

Here, R = VOR long / VOR end is the ratio of the
frame-occupancy ratio of the station's long side to that of its
end face. Thus, R < 1 indicates end-face dominance, R = 1
indicates equal occupancy, and R > 1 indicates long-side
dominance.

R(g*) =1, withg*=dC*/H (3)

Table 3: Stability checks
Source: authors

Check Scenario Indicator
Viewi .
_|ewmg 30/80/150m angle difference
distance
Image H = 20.5-245 m;
g 50°-70°; two | value, ranking
geometry .
resolutions
background 16 / 19 /
Context 22m;z0=0/6/12 | VOR, OR, g*
/18 m
position 5 m; . .
Viewpoint direction +3°; two ::?)TJ:]TQ’ transition
distance definitions
. ! . .EXIF IMage, VOR difference;
Field image position  *2 m; L
. o sensitivity range
elevation +1
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Table 4 summarizes results by three distance groups.
Detailed results for the 12 primary and 12 control viewpoints
are moved to the supplementary data so that the discussion
can focus on planning implications.

g) Dimensionless-parameter experiment

To examine the result beyond the Céat Linh case, the
study uses ideal rectangular masses with different length-to-
width and height-to-width ratios. A g* map is generated by
scanning length-to-width ratios from 1.50 to 8.00 at three
groups of height-to-width ratios; the processing code identifies
the position at which the two directions have equal frame
occupancy. The parameter grid is stored in the supplementary
data.

All cases use the same field of view, eye-height/height
ratio, and target direction toward the mass centroid. Closer
than g*, the end face dominates; farther than g*, the long side
dominates. g* is not determined for symmetric masses or
when the long side already dominates at the nearest position.
g* supports massing comparison only under the same camera
setup.

V. DATA AND MODEL CONTROL
a) Measurement framework and source data

OSM data were retrieved on 3 September 2026 within a
500 m window around the station, including the station outline
and surrounding buildings. Most background buildings lack
height attributes; therefore low, baseline, and high scenarios
are used for sensitivity testing. The H1-3 urban zoning plan
[16] supports contextual identification only; assumed heights
are not interpreted as mandatory plot-level standards.

The station outline is approximately 195 m long and 33
m wide, with a length-to-width ratio of 5.91. The plan area
inferred from OSM is close to the published floor area [9],
providing a reasonableness check for the massing envelope at
the screening stage. A roof height of 22.5 m is the baseline
assumption and is tested at two nearby levels; 18 m is only a
test boundary for lower-level openness and is not an as-built
measurement confirmed by this paper.

b) Data control

The control procedure ensures that projected areas do not
exceed the image frame, occluded background does not
exceed the background area, and all ratios remain within valid
ranges. Results for each scenario are stored separately for
rerunning and cross-checking.

www.irjiet.com 173



‘CIRJIET

c) Hypothesis checks

H1 is examined by the trend in each direction. H2 is read
successively at the same setback and at the same distance to
the station center to avoid confusing the effects of station
geometry with distance. H3 changes each input group and
checks whether corridor ordering and g* position remain
stable.

VI. RESULTS AND PLANNING DISCUSSION

Results are presented in two parts. The first addresses the
planning problem: which corridors should be examined and
which massing changes are worth testing. The second presents
the indicators used to examine that assessment. The baseline
scenario is a solid massing envelope with an assumed height
of 22.5 m; the control set keeps the same distance to the
station center to compare the end face with the long side.

Table 4: Mean results for the solid massing envelope by distance
Source: Authors' calculations

Group n di (m) \(/;T OR (%) | 6(°
Near 4 30 67.26 93.72 | 37.92
Medium 4 80 21.34 55.47 15.79
Far 4 150 10.25 47.53 8.54
All 12 — 32.95 65.57 20.75

Frame occupancy and vertical viewing angle both
decrease as the viewpoint moves farther away. From the 30 m
group to the 150 m group, mean frame occupancy decreases
by approximately 85% and vertical viewing angle by
approximately 78%. From a planning perspective, this
indicates that spaces close to the station should be screened
first, especially pedestrian approaches, intersections, and
openings at pedestrian level. The tested distances are not
control radii or mandatory setbacks.

If the same setback from the station exterior is
maintained, the long side appears consistently more important.
When the same distance to the center is maintained, the end
face dominates at the near position, while the long side
dominates at the two farther positions; the transition point for
the station outline is g* = 7.10. The result indicates that an
elongated structure should not be represented by a single fixed
viewing direction. OR is more sensitive to background
configuration and is therefore suitable mainly for comparing
alternatives at the same location and camera.
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MNORT v03 - end face

A+ V02 — end-face view B - V09 = long-side view

VOR, OR VOR OR
3,2% 3,7% 8,5° 17,5% 78,6% 8,5°

Figure 7: Two viewing directions at the same di = 150 m but different dC
Source: authors

Table 5: Effect of lower-level openness on the preferred viewing direction
Source: authors' calculations

R;dC= | R;dC=| R;dC= .
z0 (m) 130 m 180 m 250 m Transition g*
0 0.42 1.54 2.61 7.10
6 0.42 144 2.45 7.22
12 0.39 1.24 2.08 7.51
18 0.33 0.92 1.55 8.32

Figure 8 shows how massing ratio affects the transition
region. Within the tested range, a long and low mass
maintains end-face dominance farther away; a taller mass
shifts to long-side dominance earlier. For the Cat Linh station
ratio, the ideal rectangular mass and the detailed outline give
similar g* values, 7.17 and 7.10, respectively. This proximity
indicates consistency between the two models in the case
examined, but does not demonstrate broad applicability. For
planners, the map helps identify where both the end face and
long side should be retained in the comparison set.

> G " " de checks Height/width ratio
> ¥ prioritize long-side checks Cat Linh Station |

LW =591 - g* = 7.17 HW = 1.0

w— HW = 1,35

= dC*H

Transition point g*

Length/width ratio L/W

Figure 8: Effects of station volume ratio on visual corridor
Source: authors
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Changing height, field of view, and resolution changes
absolute values but does not change the group of four
viewpoints that should be checked first. Position and camera-
direction perturbations create larger local variations.
Therefore, results are more reliable for corridor ordering;
when comparing specific ratios, planners should keep the
camera, field of view, and frame-clipping rule unchanged.
Check values are provided in the supplementary data.

Background-building height scenarios do not change the
main conclusion, but some points show clear variation in
occlusion. This supports using OR as a site-specific indicator
rather than as a score for directly ranking streets in different
contexts.

Lower-level openness is the design variable with the
clearest effect. When the lower boundary of the solid portion
is raised from 0 m to 18 m, mean frame occupancy decreases
by more than half, while the four priority viewpoints remain
unchanged. g* increases from 7.10 to 8.32 (Table 5), meaning
that the zone requiring attention to the end face extends farther
before the long side becomes dominant. The result supports
testing lower-level openness and visual permeability during
massing formation; it is not sufficient to prescribe a specific
openness ratio.

Figure 9: Pilot quantitative check using image IMG_2723: (a) traced
geometric outline on the image; (b) projected massing envelope in the
calibrated camera. The shaded area indicates the potential outline, not

the surface remaining visible after trees and vehicles
Source: field photograph by the authors and authors' calculations, September
2026

In the central calibrated configuration, image-outline
VOR is 79.8%, while modeled projection is 80.7%, a
difference of 0.9 percentage points (Figure 9). When position
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varies by £2 m and elevation angle by +1°, modeled VOR
ranges from 75.8% to 86.3%; the image value lies within this
range. The result indicates that the model can reasonably
reproduce the station outline in one representative direction,
but this is not an independent validation because position and
elevation angle were still fitted from the image. Trees,
vehicles, and the lower-level void are not subtracted from the
outline; they indicate that the pedestrian-level experience may
be less visually massive than the computed envelope. For
planners, the model is suitable for selecting corridors for early
review, while massing decisions still require consideration of
openness, column rhythm, and actual obstructions.

Zo=18m

remaining solid mass

increasing 2o — reduced solid mass

Mean VOR (° )
decreases by 54.8%
26,0
20,4
14,9
w6 0 m 6 m 12m 18 m
Mean OR (%)
decreases by 95.5%
1,0
0,5
2,9
0m 6 m 12m 18 m

Ranking of the four highest-VOR points remains unchanged

Figure 10: Impact of low-level openness on visual corridor
Source: authors' calculations

VII. USE OF THE METHOD AT THE CONCEPT-
PLANNING STAGE

a) Pilot image-based field check

The September 2026 field campaign produced 26 image
frames; consecutive frames were used only to select a clear
image and are not treated as independent observations. The
pilot check uses the original IMG_2723 image (5,712 x 4,284
pixels). EXIF records a focal length of 5.96 mm, equivalent to
26 mm; the derived horizontal field of view is 67.3°, heading
is 270.2°, and horizontal positioning error is 16.9 m. The
coordinates were used as an initial position and then matched
to the sidewalk edge identified in the image and map.
Elevation angle is not recorded in standard EXIF: an initial
value of 16.5° from phone orientation data was adjusted to 18°
because the handheld device's tilt sensor is subject to
measurement error; the adjustment was checked against the
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roofline, vertical line, and building foot; camera height
remained 1.60 m. To use the same definition as modeled
VOR, the image was traced along the geometric outline from
roof to ground and bridged across portions obscured by trees
and vehicles; it does not represent only the visible surface.
Sensitivity uses position +2 m and elevation angle +1°; OR
was not recalculated because the background object could not
be separated consistently. The initial elevation angle of 16.5°
was taken from the handheld device orientation sensor, but the
sensor value was affected by handheld tilt and was not
sufficiently reliable for image-plane reconstruction. The angle
was therefore refined to 18° by checking the roofline, vertical
building edges, and station ground reference in IMG_2723.
This adjustment is treated as an image-registration step rather
than independent validation.

SAME VIEWPOINT « SAME CAMERA CONFIGURATION

Screening identifies where massing alternatives need further comparison

° Continuous mass
Segmented long edge
. v L
e Low-level openness

Compare VOR, OR, and visual form; not a permitting threshold.

Reference option
for comparison

Creates rhythm and
long-distance visual gaps

Increases permeability
at pedestrian eye level

Figure 11: Field photo IMG_2723 with camera position and viewing angle
Source: field photograph by the authors, September 2026

b) Role in scheme development

The shift of g* with increasing lower-level openness z0 is
particularly relevant to concept planning. In the tested range,
raising zO moves g* outward from 7.10 to 8.32. In practical
terms within this model, greater lower-level permeability
postpones the distance at which the long side becomes visually
dominant, so the end-face-dominant zone extends farther
before the transition occurs. This means that g* is not a fixed
distance determined only by station height and footprint; it
also responds to the openness of the lower level. Therefore,
alternative massing options with different ground-level
permeability should be compared under the same camera rule
rather than assigned a single fixed g* value.

In an experience-based sketching process, a design team
may select a few easily accessible viewpoints and generate
images for a scheme that has already been formed. This
supports aesthetic discussion but may miss changes in the
dominant viewing direction with distance. The proposed
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method is used earlier to screen corridors before investing in
detailed modeling.

Planners first mark pedestrian routes, intersections,
public spaces, and background objects that need protection.
Each corridor is then read according to its position relative to
g*: near zones prioritize the end face and lower-level
openness; zones around the transition point retain both
directions; farther zones examine the continuous extension of
the side. Table 6 converts geometric signals into massing tests.

Table 6: From geometric results to planning actions at the concept stage
Source: authors

Planning issue to

Model signal . Concept-stage test
examine
. . Test stepping back
High frame Station mass may Pping .
. the mass, opening
occupancy and | dominate the near
o . . the lower level, or
viewing angle visual field . -
reducing continuity
No single .
. . g . Retain both end face
Viewpoint representative -
L and long side in the
around g* direction can yet be .
comparison set
selected
OR changes Compare
with Result depends on . P
. e alternatives only at
background site-specific context . .
the same viewpoint
and camera

c) Testing massing alternatives under the

configuration

same

After priority corridors are selected, alternatives are
placed at the same camera position for comparison. Three
planning-relevant operations are considered: retaining a
continuous massing envelope as a reference, segmenting the
long side to create rhythm and visual gaps, or opening the
lower level to increase visual permeability. If materials are
changed while projected area remains nearly unchanged, the
indicators may change little; in that case, perspective images
and professional judgment still determine aesthetic quality.

d) Workflow for concept-stage application

At the sketch stage, the workflow consists of:
constructing the massing envelope; marking important
corridors and background objects; placing viewpoints using
the two distance definitions; identifying the preferred
direction; testing massing modifications under the same
camera; and then concentrating field photography on
directions requiring deeper review. OR is compared only
within the same context. This workflow reduces the number of
images that must be generated while retaining directions that
may affect decisions.
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e) Limits of planning interpretation

The three tested distances and the transition point are not
legal boundaries. VOR and OR values should not be used
directly as permitting thresholds. g* varies with massing ratio,
camera setup, and study extent; it only indicates where the
ordering between two directions changes in the stated model.
The method helps identify where to look and which
alternatives to test, but it does not determine which scheme is
aesthetically preferable or compliant with architectural
regulations. Before planning decisions, results should be read
together with existing conditions, regulations, landscape
values, and professional judgment.

VIIl. CONCLUSION

The contribution is the g* transition point within a dual-
control workflow, used to identify changes in the dominant
viewing direction with distance and to select corridors at the
concept stage. The Céat Linh case indicates that near zones
require attention to the end face and lower-level openness;
around g*, both directions should be retained; farther zones
require control of the side extension. A pilot check on one
calibrated image gives 79.8% for the image outline and 80.7%
for the model, but the result remains sensitive to position and
elevation angle. The indicators therefore support screening
and comparison under a common camera. OR is mainly used
at the same viewpoint and should not be used for cross-street
comparison. Planning decisions still require existing
conditions, regulations, landscape values, and professional
expertise.

IX. LIMITATIONS AND FUTURE WORK

The study has three main limitations. First, the massing
envelope and four openness levels do not fully describe
structural components, vegetation, and obstructions. For
curved stations, domed roofs, or fragmented masses,
representative directions should be selected according to
geometric axes and access corridors; each direction pair may
produce a separate transition point rather than a single g*.
Second, most background buildings lack measured heights; 16
m, 19 m, 22 m, and the station height of 22.5 m are assumed
values tested for sensitivity. Therefore, OR is mainly used to
compare alternatives at the same viewpoint. Third, field
checking has calibrated only one image using positioning and
image features, without independent survey control; the 24
modeled cameras on two axes also do not represent the entire
pedestrian network. The results demonstrate consistency only
for the Cat Linh case and do not establish a common g* range
for other structures.

Future research should calibrate multiple images using
independent survey control points while accurately recording
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field of view and elevation angle; it should then add
background-building heights, station components, and
viewpoints along pedestrian networks, intersections, public
spaces, and diagonal approaches. OR should be checked in
photographs only when the background object can be
identified consistently. Replication at stations with different
forms and perceptual surveys will indicate whether g* is
sufficiently stable to serve as a reference indicator in design.

SUPPLEMENTARY DATA

Input data, Python code, and sensitivity scenarios are
provided in CatLinh_visual_screening_reproducibility v1.3.zip.
The package allows reproduction of the main tables, the data
used to construct Figure 8, and the Figure 9 check. The pilot
image-based quantitative check includes the original
IMG_2723 with EXIF, camera parameters, outline vertices
and masks, VOR calculation code, and instructions for
reproducing the 79.8% result.
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