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[Abstract]

Ambient Occlusion (AO) is a core technique that enhances depth perception and shape recognition by
darkening regions where ambient light is less likely to reach, such as creases and cavities. However,
screen-space ambient occlusion (SSAO) assumes mesh connectivity, making it difficult to apply directly
to point-set data lacking explicit surface structure. This study proposes an efficient AO computation
framework for point sets by combining normal estimation, spherical neighborhood search, planar position
evaluation, and normal—directional angle weighting, with min-max normalization and an adjustable
intensity parameter to control shading. The system is implemented in Unity3D, representing points as
small spherical objects and evaluating local geometric relationships through dot-product and angular
calculations to assign AO intensity. Experiments on various point models demonstrate consistent and
stable shading effects under different intensity levels. In summary, the proposed method enables accurate
and coherent AO visualization without mesh connectivity, offering practical benefits for real-time

visualization, scanned-data rendering, and game/VR applications.
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I. Introduction
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III. The Proposed Scheme

1. Algorithm Overview
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Fig. 1. Point-based AO overview: for each point P,
sample a hemisphere of radius r; neighbors np weight
shading by the angle between direction and normal.
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2. Ambient Occlusion in Points
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Fig. 2. Normal-hemisphere setup around point P;
random directions are classified by the sign of n « d.
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Fig. 3. Neighbor selection: points inside radius r and on
the normal plane are highlighted for AO contribution.
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Fig. 4. Connecting the three neighbors with the smallest
2 (d,n) reveals directional occlusion around P.
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2.2. Calculating Neighbor Points in Range
AO 7142 Hotetr] 9all 7|1& EQIE P Zwio] &
o1%-g WA AEFICE 2 Aol (1) 7 WS Y

T} (2) WA R st HRlE AR Wit

Algorithm 1 In Sphere

1:
2:

3
4:
5:

6:
(g

8:
9:

Input: Position vector of reference object P = (P, Py, P;)
Position vector of adjacent object nP = (nP,,nP,,nP.)

3: Output: Euclidean distance squared between P and nP
5 dx < nP, — P,

dy < nP,— P,

dz 'an P~

EuclideanDistanceSquared < da? + dy? + dz*

return EuclideanDistanceSquared

Fig. 5. Pseudocode for determining whether neighboring

points lie within the spherical range of radius r.

Algorithm 2 Calculate ’lane Equation

1z

<)

Input: normal (the normal vector of the reference particle), I> (position of
the reference particle), nl” (position of the adjacent particle)

: Output: EQPres (calculated plane equation result) and classification
(plane classification result)

3:
4: [/ The normal vector of the plane is the same as the normal vector of P
5: // The point on the plane is the position of I’

6: // Caleulate the constant D using the point I

7 D« —(normal(0] x P[0] + normal[l] x P[1] +normal[2] x I’[2])

9: // Substitute the point nP into the plane equation
10: EQPres « normal(0] x nl’[0] + normal(1] x nl’[1] + normal (2] x n/’[2] + D

12: // Classify based on the value of EQP’res
13: if 0 < EQPres <1 then

14: classification < ”On the plane”

15: else if KQP’res ~( then

16: classification ¢ " Perpendicular to the plane”
17: else

18: classification < ”Below the plane”

19: end if

20:

21: return EQPres, classification

Fi

g. 6. Pseudocode for checking if neighboring points are

located on or below the reference plane using the plane

equation Ax+ By+ Cz+D=0.
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—(Azp+Brp+ Czp)). 0% o2 Zm
(m y,2) S HHA Ax+ By+ Cz+ Doj| tids}o]
55 GRlsic 2Pt 0o J1e4E Bl ot
R, ol e 9, 408 B ofafo] Six]
gt} o] 2N Fig 69 SAEE(7A E: D
AL 109R & OiY-F2 &0, 127219/ & 7]
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2.3. Calculating Angles and Expressing Ambient
Occlusion Lighting Effects
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Algorithm 3 Calculate Angle

: Input: p (position of the reference particle), np (position of the adjacent
particle), normal (the normal vector), neighbors, k (the index of the neigh-
bor), _particles, angleList

2: Output: Sorted angleList with angle values and adjacent particle positions

4: Veel P « [np|0] — p[0],np[1] — p[1], np[2] — p[2]] > Compute the vector from
P tonr

5: dir < neighbors(k]— >, os —, articles[k]— >, os > Compute the vector
from the neighboring particle to the reference particle

6: dir.Normalize() > Normalize the direction vector

8 theta < dir -normal > Compute the dot product of the direction vector
and the normal vector

9: theta < arccos(theta) x

180.0 5 Convert the angle from radians to degrees

11: angleList « angleList.add(6, [np[0], np[1],np[2]]) > Add the angle and the
adjacent particle position to the list

13: angleList.sort() > Sort the angle list in ascending order

Fig. 7. Pseudocode for calculating the angle between the
normal and direction vectors. The algorithm computes the
normalized dot product between n and d, stores each
angle in a list, and sorts them to identify minimum and
maximum values.
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NormAngle = min(@) "

max(6)—
HRIES] 7t min(9)9 max(h)& XA o]
QIE 5 A|4-2|} 7*57*0@‘ st i
B /d&o] E|cigh(255)S 3 =
3}‘34, Value TH2to]E|(0-1 Afo]) & Foff HA]
& OjulE 2AT 4 Qlrt. o] UR9] gL Fig.
9] oJatzeof AAIE Hiel o],

o 4Wnl & et = AR

* 59} &1 ValueE o] &3 F& 27

s o3 Ao g Hgk 9 AO Pk Agor 1

™ A Mo Jm
C) H:I O?‘u

Algorithm 4 Draw Angle
1: Input: _particles (list of particles), allminAngle (minimum angle), Value
(constant)
2: Output: Normalized values and weight w
3: for all p in _particles do

. . 7 (p..angle—allminAngle) orr
4: normalVal + - 200—allminAngle) 255.0
5: normalVal < normalVal - Value
i ) _ normalVal
6: w+ 1.0 255.0
7: end for

Fig. 8. Pseudocode for applying AO lighting effects and

adjusting shading intensity. Normalized angles are scaled

by RGB intensity and a global parameter Value to control
overall shading contrast.

IV. Experiment and Results

1. Experimental Setup Overview

A9t 712 Unity3D AollA] ZIEE F4Sphere) 2
HAE 2 Bste] TSR, 7k TAE] ofsf WA
F7F 719k AO 71sAlE ARkt H min-max 7gtetet
Value fj0lE 2 S EE Aojsigict Asie 7t
=3t RGB AURIE Fol A7H Jmg Zsin
Value(0-1)% S8l A chulg xR,

2 ARoIM AgH BQEA B 37 Y15 7|

& g 278 719k gojele] & RRE JJHn 75t
A @2 (sphere), E2{A(torus), {HHt £
Z(mesh £3) 55 A2 HAIZEH #d AMEYsto] A
dotgion], mJE Jiae Y R0 T2t o
50,000~300,0001 ¥ 2 dAstYL) o] HojE= &
2 oY B FdY RS VRS S-S, 4l
T2 A0 T WH3tE Wshe o 28E& £ A7

2. Intensity Parameter Variation

Fig. 9= ValueE 1.0, 0.8, 0.6, 0.52 HaA 7|0 =
U LA AO O] Welg A Auoltt. Value
7h Aopas 89 ZEst oelix| 1, Valuer 742
o ZJet A aa} UerdS SIsicT BEvE
AtiZ 1.0 > 0.8 = 0.6 = 0.5). o]= Aot ZUY=
7k ALgAte] ool wie QBEA 27 Fhse B oyl
2 AlEee RolET 4 e oea 2oy
273 Value 3710 @ 89 4ot GxA0
o] wetole sjAo] AlEolck
* 1t 23k minmax detE 7F JHe] e
77} 0-12 BESfElo], 2y} gvo] e
ARt ValueZh AR A17F &bz chSEc,

. 11
tu

dl

Fig. 9. AO intensity comparison with Value = {1.0, 0.8,
0.6, 0.5} (top-left to bottom-right). Lower Value vyields
weaker shading; higher Value strengthens occlusion.

3. Application to Various Point Models

Fig. 10 N2 CF2 9] ZIIE 0o Aot /]S
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Fig. 10. AO results on diverse point—set models using the
proposed method; stable occlusion across different shapes.

4. Visual Quality Observation
 AXA: 7t IV JpER|Q} FRete] Agoe nd
R0 2R BEple g9 Holr} Ut
o Oiv] Alof4d): 5L FHAME ValueRt 275l B

clg olNl £ 4 9lol, Alet 2Rz /e
o % g £ ofHol hssic,

ot & o]

ARt 71He] m8/d2 &sh7] Yol ZIIE Tli4of T
£ CPU F#311} GPU Compute Shader +319] &2] A|7t
< vlwskeith ZQIE 45 10,000, 50,000, 100,000,
300,000z F7HA71H E45k 2}, CPU & A4t ARE
2 77k oF 18 ms, 85 ms, 170 ms, 540 ms %02 &
#A3s| 715t 8t GPUOJAIE U &=7A0l|A oF 4 ms, 7
ms, 12 ms, 28 ms2 AtjAog A2 =729 Holct
olZ 7|FC= 32 1 GPU= ZRIE 40f e} oF 4.58)
oA Zof 198i7HA] w2 A2| £=E Z/dsilen], 30
ok ZQIE oAM= oF 35 FPS Wje|o] mefQlefo]EE
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V. Experimental Environment

1. Hardware Configuration

A dalidE ZRIEMO] AARE JIY 55 4
o171 $18ll s GPUS ZARRh HI A0l dA 4

Peloict.
* CPU: Intel Core i9-13900K (24 cores, 3.0 GHz)
* GPU: NVIDIA GeForce RTX 4090 (24 GB GDDR6X)
¢ Memory: 64 GB DDR5
* Display: 3840 X 2160 (4K) resolution
¢ Operating System: Windows 11 Pro 64-bit
o] TS HE 27k 248 7H 049l TlojelAlolA
T AO Alitat AlZtehs AAREe 2 A2]517] 9]
5= Alsett:

F2a 4

2. Software Configuration

Aok 719e Unity 2022.3 LTS wAolH 7asgio
O], C# ASUES o &3] 7 LIIEC] PRI HAH-AO 7
=2 Aisigt #2 7ls2 GPU 7H&S E&
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» Engine: Unity 2022.3 (LTS, URP pipeline)
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3. Comparison with Existing AO Methods
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VI. Conclusion
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