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The rapid growth of computer graphics in human daily life has inspired researchers to 

maximize image understanding and discover new methods for visualizing 3D objects. 

However, the image quality is constrained by the depth cue limitations of 3D objects produced 

by 3D displays. The advent of the holographic hologram pyramid display offers better image 

quality due to its ability to visualize 3D data with satisfactory depth. In this paper, we present 

a new visualization method named the “opacity influenced inconstant method” that exploits 

the custom surface rendering technique to enhance understanding of massive 3D objects for a 

hologram pyramid display. An algorithm is developed by adding an opacity variable and 

manipulating the intensity and position of the other variables to enhance the depth cues of a 

3D object. The opacity value has the ability to show the inner structure of an object to be 

visualized if it is available. Our results show significant enhancement on the depth cues of the 

3D object that presents as a hologram floating inside a transparent pyramid. The results 

of a survey conducted on computer graphics students shows that the quality of the hologram 

was preferred when it was compared to the previous method. In addition, the depth cues of the 

3D object were reported to be enhanced by the opacity influenced inconstant method when 

compared to the previous and standard studies. 
 

Keywords: 3D visualization, depth cue, Phong shading, 3D holographic display, surface 

Rendering.  

خلاصـةال  
ان التطور السريع في مجال رسوم الحاسوب في حياتنا اليومية اعطى الحافز للكثير من الباحثين لتوضيح وزيادة دقة 

ة بعدة عوامل منها العمق او البعد دالصور الرقمية وكذلك الاشكال ثلاثية الابعاد. بالرغم من ذلك, فان جودة الصور محد

المعروضة على الشاشة ثلاثية الابعاد. ان اختراع الهرم الهولوكرافي )هرم شفاف( ممكن ان يوفر دقة اكبر الثالث للصورة 

للصور وذلك لقابليته على اعطاء احساس بعمق الصوره او بعدها الثالث. في هذة الدراسة , قمنا بتطوير تقنية تم تسميتها 

مسح الصور السطحية لتحسين شكل وبعد الشكل الثلاثي الابعاد. تم "طريقة متغير الشفافية" وذلك من خلال تعديل تقنية 

تطوير خوارزمية بواسطه اضافة متغير الشفافية  والتلاعب في شدة وموقع المتغيرات الاخرى في هذة الخوارزمية  

يه للشكل الثلاثي الابعاد لتحسين عمق وتفاصيل الشكل الثلاثي الابعاد. متغير الشفافية له القابليه على اظهار المكونات الداخل

في حالة توفرها. نتائج الدراسة اعطت تحسن كبير في عمق الصوره الطافيه على شكل هولوكرام معروض في الهرم 

الشفاف. تم اجراء استطلاع للراي على طلبة رسوم الحاسوب وبعد تحليل النتائج وجد ان جودة الهولوكرام بالطريقه التي تم 

كانت اكبر من جودة الصور بالطريقة السابقة. بالاضافة الى ان عمق الشكل ثلاثي الابعاد تم تحسينه  استخدامها في الدراسة

 باستخدام طريقة متغير الشفافية عند مقارنتها بالدراسات السابقة.

 
Introduction 
The depth cues are the ability of the humans to 

perceive depth in sensed images. These cues 

classified to monocular cues (3D information 

from a single eye) and binocular cues (3D 

information from two eyes). The human visual 

system interprets depth information in a sensed 

image by using all the available cues 

automatically [1]. Numerous researchers 

proposed methods to improve the rendering 

quality by applying shadows, illumination, and 
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transparency like [2] who proposed various 

types of directional lights to enhance visual 

perception of 3D data. 

The human brain uses four major physical 

depth cues to gain true 3D sensation. The first, 

accommodation, is the process of changing the 

eye’s lens shape by the eye muscles when 

focused on an image of a 3D object in a scene. 

The second, convergence, is the measurement 

of the distance that the eyes have to cross to see 

a 3D object concurrently. The third, motion 

parallax, compares the relative motions of 

different elements in a 3D scene to offer depth 

cues. And finally, binocular disparity is the 

differences in images acquired by the left and 

right eyes. 

The traditional 2D display devices can show 

only flat images that lack the third dimension 

(depth information). However, the physical 

world around us is three-dimensional. The flat 

images limit the human ability to perceive and 

to understand the complexity of real-world 

objects. Various technologies for visualizing a 

3D object on displays have been demonstrated 

and refined such as stereoscopic, 

autostereoscopic or holographic type. The main 

conflict of these technologies is providing all 

the depth cues that the human eyes can observe 

to show an object with natural properties [3]. 

According to the review that was conducted on 

the previous studies on 3D display technology, 

stereoscopic displays have controversy with 

accommodation and convergence cues but can 

afford binocular parallax only [4]. It limits the 

number of views of horizontal parallax only or 

two views. In addition, these types of displays 

need additional equipment to be viewed such 

as special glasses. Autostereoscopic displays 

can gain 3D perception without the need for 

such equipment but they reduce 3D resolution 

[5, 6]. Moreover, Autostereoscopic displays 

shear distortion and limit the relief depth range 

but can acquire the best depth with the 

stereoscopic cues [7]. However, holographic 

displays offer the opportunity for users to 

perceive 3D images in natural depth perception 

and are considered as the next generation of 3D 

display technology. Holographic displays 

provide all depth cues that human eyes can 

observe and support full parallax [8, 9]. The 

hologram pyramid display can create hologram 

with worthy depth and its simple, cheap and 

allows moving the eyes freely without need to 

wear any kind of viewing device. 

In previous work, we have shown that 

hologram delivered via hologram pyramid 

display could enhance the shape perception by 

proposing new lighting position [10]. 

Rendering for such displays requires an 

appropriate color, projector, and design to 

make the hologram appear in the correct 

position, clear, and understandable. We 

employed mobile phone and tablet to project 

our 3D data placed under the hologram 

pyramid display. Moreover, two different sizes 

of the pyramid were employed that support 

four view of the object from different position.  

Accordingly, the main contributions of this 

study include: 

 Developing a lighting system that 

manipulates intensities of lights over 

distance to enhance shape perception and 

produce proper light for projecting our 3D 

object on the hologram pyramid. 

 Adding transparency to 3D model to 

enhance the third dimension (depth) cues 

for our volumetric data. 

 Creating four viewports to contain four 

views of the 3D object from a different 

angle for hologram pyramid which requires 

In this paper, we present a 3D data 

visualization that enhances the depth cues of 

3D data for the viewer of a transparent 

hologram pyramid display. It is based on the 

combination of a lighting hologram style, 3D 

hologram rendering with customized rendering 

technique named as opacity influenced 

inconstant method. Recent advances in 3D 

display design prove that can create hologram 

with worthy depth and its simple, cheap and 

allows Multiview moving the eyes freely 

without need to wear any kind of viewing 

device [11]. 

In the following sections, we will discuss the 

previous solutions to the problem, our 

proposed solution for the current problem and 
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its implementation as well as evaluation. It 

starts with Section 2 which gives an overview 

of several previous technical elements and 

algorithms for the previous works of the 3D 

displays and 3D visualization. Section 3 

presents the methodology and the design of our 

proposed method to enhance the depth cues. 

Section 4 discusses the experiment, the results 

and discussion related to the experiment. 

Finally, we highlight the conclusion and future 

works from this study in section 5. 

 

Related Work 

The following review shows the high impact of 

the depth cue on human vision, 3D displays 

and the latest study to enhance the depth cues 

in the human perspective. 

 

3D display technology:  

3D display has rapidly become important in 

computer graphics, visualization, virtual 

reality, and computer gaming. The 

improvements have been in speed, resolution, 

and economy where earliest technologies have 

been enhanced, and new ones have been 

developed. It has developed and become 

significantly cheap and, produced 3D 

interaction in real-time [12]. The world around 

us is three-dimensional whilst traditional 

display technologies are missing depth 

information by showing only two-dimensional 

images (flat images).   

The real world is significantly limited by the 

human’s ability to observe and understand the 

complex objects [8]. Patterson [13] provides 

recommendations for designing 3D displays 

and reviews a number of important perceptual 

factors associated with 3-D viewing. Mikkola, 

Boev, & Gotchev is studied the relative 

importance of different depth cues on a 

portable auto-stereoscopic display with 

extensive subjective experiments [14]. Cutting 

& Vishton are reported a quantitative analysis 

of the effect of different depth cues on human 

depth perception [15]. The sensitivity of 

humans for different depth cues is analyzed as 

applicable to 3-D viewing on stereoscopic 

displays is investigated by [16].  

The depth cues in the human visual perception 

of 3D displays are discussed the visual comfort 

and image quality. The analysis is concentrated 

on near-range depth cues, depth-range 

capabilities, compared visual performance of 

stereoscopic and holographic displays, and 

evaluated the depth limitations of 3D displays. 

The researchers found, stereoscopic display is 

limited viewing comfort due to the limitation 

of non-consistent convergence-accommodation 

cues and unnatural motion parallax. However, 

holographic displays could show natural 3D 

scenes with unlimited depth and consider 

holography as the preferred option for 3D 

displays [7]. A review on the advancement of 

3D displays (stereoscopic, autostereoscopic, 

volumetric, and holographic) and grouped them 

with respect to their ability to reproduce 

parallax presented by [17]. A state of the art [8] 

of 3D display technologies is compared various 

3D display technologies and evaluated their 

impact on viewers’ depth perception by 

providing a depth cue comparison. The result 

from the comparison found that only 

holographic displays can satisfy the 

psychological and physiological depth cues. A 

classification of visual depth cues, 3D display 

technologies and their applications is 

presented. The study provides guidelines about 

the common characteristics of 3D display 

applications based on constraints, limitations, 

advantages and costs [18]. In 2015, state of the 

art of 3D display technologies is categorized 

3D display technologies to four categories and 

discussed their limitation. Computer-generated 

hologram (CGH) technologies are become a 

dominant direction in 3D display and measured 

to be the next generation of 3D display 

technology [19].  

Agus et al. [20] enhanced 3D data and 

provided real-time visualization on light field 

displays with unlimited size to generate 

dynamic observer independence. A new 

method for creating realistic computer-

generated holograms (CGHs) is proposed using 

a polygon-based method to render specular 

surfaces. Specular reflection was imitated by a 

modified spatial spectrum of the imitated light. 

http://creativecommons.org/licenses/by-nc/4.0/
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The Phong reflection model was utilized to 

control the shadowy shape of the imitated light. 

The technique satisfied fast computation to 

create several specular polygons and was 

significant for creating high-definition 

computer generated holograms (CGHs) [21]. 

Zhang, Zhao, Cao and Jin [22] were presented 

an algorithm for producing 3D computer-

generated holograms (CGHs). The algorithm 

was proved by using multiple shading effects 

and optical reconstruction. Phong reflection 

model employed to simulate the realistic 

lighting influence and calculate holograms. A 

phase-only spatial light modulator (SLM) was 

used in this study to achieve the optical 

reconstruction. Recently, the algorithm 

developed for fully computing holographic 

stereogram to calculate full-parallax (CGHs) 

and to provide all the depth cues of the three 

dimensional scene. A precise accommodation 

cue and occlusion were reconstructed to 

improve the image fidelity [23].  

Nowadays numerous researchers have used 

Pepper's Ghost technique [24] that has been 

measured as the most popular technique to 

produce a holographic illusion and create 

holograms [25, 26].  It has been used in 

playhouse, museums and concerts [26]. The 

technique principle is using special light effects 

with a plate of glass rotated at a 45 degree 

angle to the viewer’s [27]. The holograms 

created by this technique gave a sense of depth 

perception and gave the impression of an 

object floating in the air without the need for 

special glasses. However, the holograms that 

were generated using Pepper's Ghost technique 

were measured as not true three dimensional 

displays because of the conceptions of light 

fields, volumetric, or the reconstruction of light 

wave fronts using diffractive interference [8].  

 

Three-dimensional visualization 

Non-photorealistic rendering (NPR) techniques 

were employed in computer graphics to mimic 

painting, or drawing technical illustration. A 

huge number of researchers were inspired by 

the capability of NPR to offer various visual 

appearances and different styles. In 1998, an 

incredible works are carried out in the field of 

NPR and by proposing NPR lighting model for 

technical illustrations purpose that based on a 

cool-to-warm shading algorithm [28]. Later, 

the same group of researchers is advanced 

shading method to present interactive technical 

illustrations that influences with lights, and 

objects movement or viewer's position. 

Combining their previous study and improved 

with new shading algorithm produces many 

illustration techniques that enhanced the shape 

and depth. Furthermore, it is unsuitable for 

utilize with changing meshes due to relying on 

expensive pre-computation [29]. Browning is 

found that the warm colors enhance the depth 

cue and the cool color reduces it [30]. Birren is 

created color scale by using tones that produces 

from adding gray to specific color or adding 

complement of a color [31]. The shape 

information cleared by highlighting the 3D 

object using Phong rendering and edge lines 

draw in black color. Though, Northrup & 

Markosian is considered this shading algorithm 

complex and not easy to implement [32]. 

Additionally, Lum and Ma are presented an 

approach automating interactive volume 

rendering with NPR by using multi-texturing. 

The enhancements by using NPR include edge 

lines, hue varied shading and color depth 

cueing [33].  

In the paper proposed by Sousa, Samavati, and 

Brunn an algorithm and technique for 

rendering triangular surfaces following an edge 

based stroke. This technique integrated 

drawing stroke direction and using light to 

depict shape features. Four stroke are selected 

to draw direction and use spotlighting. Feature 

lines are an important tool in 3D visualization 

to convey shape that significantly affected by 

the light [34]. A novel style of feature lines 

proposed by Xie et al. named as Photic 

Extremum Lines (PELs). Edge detection was 

selected for three dimension shape 

visualization and manipulated with the number, 

type and position of the light [35]. In 2008, a 

weight of illustrative rendering techniques 

combined to improve depth and shape of 

medical data. Many illumination and surface 

http://creativecommons.org/licenses/by-nc/4.0/
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details fused to control the weight for shading 

map [36]. Vergne et al. presented light warping 

approach to improve the view-dependent of 3D 

objects. The light ray warped each point of the 

surface for compressing the reflected light 

patterns [37]. 

Recently, hatching technique introduced in 3D 

scene taking into account three criteria which 

were the lighting, the object geometry, and its 

material to establish a coherent and consistent 

model texture mapping. The criteria offered 

tone, geometric motif orientation and 

geometric motif style respectively. In the 

loading step the triangle adjacency deduced 

easily from any 3D models by indexing the 

model vertices [38]. Lately, Xu, Gingold and 

Singh introduced an interactive modeling tool 

that discretely shaded 2D image to design a 

smooth 3D normal field. Smooth 3D normal 

fields could be gotten quickly for a variety of 

shapes by a toon shaded, or discrete tone 

image, or even de novo. First light directions 

estimated and calculated 3D normal along the 

object silhouette and at intersections from 

different light sources between isophotes. 

Then, the 3D normal propagated smoothly 

along isophotes, and subsequently the interior 

of the shape throughout. A perceptual 

experiment and comparisons to ground truth 

data were conducted to check the validity of 

the approach [39].   

 

Materials and Methods 

The following Figure 1 shows the steps of our 

proposed method and the detail explanation 

presented in the following subsections. 

 
Figure 1: The steps of our proposed method 

The hologram pyramid display 

Our hologram pyramid display technology uses 

a mobile phone or tablet as a projector with 

two different sizes of pyramids. It is based on 

the Pepper's Ghost technique which uses 

special lighting with plate of glass or plastic 

rotated at a 45 degree angle. The pyramid was 

built with four sides of suitable reflective 

plastic, and the projector was placed on the top 

of the pyramid. The four plastic surfaces were 

shaped as a pyramid to support four views of 

the 3D objects. Mostly the hologram pyramid 

display presented very clear holograms in the 

dark environment.  The datasets used in this 

research were standard data from Stanford 

University which was bunny and a pistachio 

object from [40].   

 

Lighting Hologram Style 

The lighting system used in this paper is 

adopted from our previous work. The point 

light was selected because it covers a certain 

space close to the light source by attenuating 

the light intensity [10]. The equation (1) below 

calculates the attenuation based on the distance 

to the light source: 

 

      att = 1.0 / (Kc + Kl * d +Kq * d
2
)        (1)    

     

where d represents the distance between the 

light source and the object and Kc, Kl and Kq 

represent a constant, a linear and a quadratic 

respectively. The constant factor Kc never 

becomes smaller than one because the intensity 

is augmented with certain distances. The 

linear and the quadratic factors multiply with 

distance to decline the intensity. The linear 

factor is less significant when the distance 

grows. On the contrary, the quadratic is less 

significant when the distance is small. Six point 

light sources were added to the object (above, 

upper left, upper right, bottom, lower left and 

lower right) to maximize the shape perception. 

The quadratic factor was removed from the 

attenuation equation due to the fact of the 

quadratic being insignificant at small distances 

compared to the linear factor as shown in 

equation (2). The attenuation equation 

http://creativecommons.org/licenses/by-nc/4.0/
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attenuated the intensity of each point light 

source. 

 

         att = 1.0 / (Kc + Kl * d)                 (2) 

 

Opacity Influenced Inconstant Method 

Opacity influenced inconstant method is 

proposed by adding an additional variable (the 

opacity) to phong shading. The new shading 

method consisted of 4 fundamentals which 

were the ambient, diffuse, specular, and 

opacity. the RGB color of the 3D model is held 

by the ambient variable Ia and other 3 variables 

were diffuse Id, specular  Is, and opacity Io 

variables. Figure 2 shows the union of the 4 

variables proposed to generate the hololighting 

shading method and the 3 variables of phong 

shading.  
 

 
Figure 2: Phong and Hololighting shading variable  

      

Diffuse Variable 

The interaction between the light vector L and 

the surface (normal vector N) give the diffuse 

impact. Figure 3 clarified that impact on 3 

points which are A, B and C. Point A has the 

highest intensity value when the angle θ 

between the surface and lighting vector is close 

to 0. When the angle θ is near 45 point B has 

less intensity. 

A darker intensity got when the angle θ is 

almost 90 degrees at point C. Consequently for 

getting the diffuse variable, the dot product of 

surface vector and the lighting vector is 

conducted.  

The diffuse variable Id is given in equation 3; 

where hd represents the diffuse reflection 

constant. 

 

𝐼𝑑 = ℎ𝑑  (𝐿 ∙ 𝑁)             (3) 

The multiplication of equation (2) and (3) 

produced final calculation of the diffuse 

variable as shown in equation (4) to attenuate 

the lights. 
 

𝐼𝑑 = 𝑎𝑡𝑡 ∗ ℎ𝑑  (𝐿 ∙ 𝑁)             (4) 

 

 

Figure 3: lighting vector, and normal vector, 

interaction 

 

Specular Variable 

The shining appearance that appears upper the 

object was given by the specular variable. The 

calculation of specular variable in phong 

shading used the dot product between the 

viewing vector V, and the light reflection 

vector, R. When the light reflection vector 

coincided with the viewing vector a highest 

intensity of specular can be achieved. 

However, the separations between the two 

vectors reduce the intensity. The glossiness 

factor controlled the degree of reduction. That 

means with a low glossiness, the shiny spot 

caused by the specular variable is larger than 

with a high glossiness value.  

The lights position in specular variable has to 

be above, upper right and left object. Figure 4 

showed the alignment between the reflection 

vector and the viewing vector is stated by α 

power.  When the viewing not aligned with the 

reflection vector, the shining spot of the 

specular is small and α is large and vice versa. 

The following equation is the specular variable 

Is, where the constant of the specular reflection 

is hs.  

http://creativecommons.org/licenses/by-nc/4.0/
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𝐼𝑠 = ℎ𝑠(𝑅 ∙ 𝑉)𝛼        (5) 

 
Figure 4: Viewing vector, and reflection vector, 

interaction 

The impression of the specular variable was 

decreased from the 2 lights the upper right and 

above the object to adequate the shining on the 

object. In addition, the impact of the three 

lights under the object was omitted and the 

upper left light preserved the full influence on 

the object.   

 

Opacity Variable  

The forth variable is opacity that added to 

phong shading to enhance the depth cues. The 

opacity can show the inside view of the 3D 

model. The viewing point must be parallel to 

the object to get highest impact of the opacity 

which means it remains at the eye position 

(0,0,0). Getting the opacity at the point Io can 

be done by the dot product of the normal vector 

and the view vector as given in equation (6). 

 

                𝐼𝑜 = (V ∙ N)               (6) 

The combination of the four
 

elements that 

clarified above gave us the new shading 

method as shown in equation (7). Where, the 

assumption of the diffuse and ambient value is 

multiplied by opacity to show the inner view of 

the object, if it is available. Then, the shining 

appearance added to the object by adding 

specular variable.    

 

       ))*)((
1

soda

lights

i

IIIII  


          (7) 

A comparison was conducted between the 

original phong shading and opacity influenced 

inconstant method (the proposed shading 

method) as presented in Figure 5. In the 

proposed method, the bunny object seems to be 

clearer and has improved depth and more 

dominant. An example of the proposed method 

on the 3D bunny model with 2 colors light gray 

and brown from different angles on black 

background shown in Figure 6.      

                                                  
(a)                                           (b) 

Figure 5: Comparison between (a) the new illustration 

shading and (b) Phong shading 

 

 
Figure 6: Different angles and colors of the opacity 

influenced inconstant method 

 

3D Hologram Rendering 

3D hologram rendering can be got from 

dividing the screen to nine segments. The 

screen segmentation gave four view of the 

object from the right, left, front and back as 

illustrated in Figure 7. The glViewport was 

employed in OpenGL to perform the hologram 

rendering [11].  

Obtaining the hologram views in our method 

examined two methods. The first method 

rotated the object by 90 degree around the 

camera, and the second one was done by 

rotation the camera 90 degree around the 

object. The first method was selected to rotate 

and got the four views of the 3D model because 

the impact of the opacity vanished from right 

and left views in the second method. The reason 

of this problem is the calculation of the opacity 

variable relay on the view vector. The 

impression of the two methods demonstrated in 

Figure 8. 
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Figure 7: The segmentation of holographic screen and 

object rotation. 

 

  
             (a)                                (b)                   

Figure 8: Pistachio model rendered by the Hololighting 

style: (a) object rotating (b) camera rotating 

 

New Hololighting Style 

The name of our new style comes from uniting 

3D hologram rendering and the lighting 

hologram style. The opacity influenced 

inconstant method added to the hololighting 

style to produce a new hololighting style that 

enhances the depth cues and the shape of 3D 

objects.  
 

Experiment, Results and Discussion 

   The experiment was achieved by using 

C++ and OpenGL and the survey was analyzed 

by using SPSS 21. On the Windows 10, 

processor Core (TM) i7, 2.50 GHz, RAM 16 

GB , 64-bit. 

The characteristics of the hologram have 

been identified based on the hologram 

illustration in several sites and studies. The 

validations of were designed to check whether 

the output (proposed hologram) have fully 

achieved the common characteristics of the 

hologram shading illustration. Table 1 

summarized a comparison between the 

hologram shading illustration characteristic, and 

hololighting style. Our proposed hologram had 

neatly accomplished the characteristics of 

hologram shading illustration, thus signifying 

the effectiveness of the developing the lighting 

hologram style; opacity influenced inconstant 

method, and 3D hologram rendering. 

 
Table 1. Comparison between the hololighting style and 

hologram characteristic  

 

 

Further comparison was carried out between 

our proposed hologram and computer-generated 

hologram from previous study [23] and 

Shutterstock website [41] as shown in Figure 9. 

The 3D objects that rendered using our 

proposed method have been observed to be 

clearer, more dominant and have better shape 

perception and depth cue. 

 

 
Figure 9: Comparing hololighting style with the 

hologram from previous studies  

 
Hololighting Style 

Hologram 

Characteristic 

 

Brighter color from the edges 

and continues to blacken 

towards  the inner area of the 

object 

√ 

Omits the highlights from the 

bottom of the object and adds 

it to the top  

√ 

In the middle of the object, a 

transparent added to the object 

to show the inner stuff if its 

available  

√ 

Black background  √ 

Shadow is not appear √ 

http://creativecommons.org/licenses/by-nc/4.0/
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Researchers have used several different 

evaluation methods with a wide range of 

sophistication to validate NPR visualization. 

Some researchers [42-44] evaluated their 

output by doing statistical measurements on a 

questionnaire that obtain qualitative feedback. 

Other researcher [9, 33, 35, 37] matched their 

result to other result and styles that they desired 

to accomplish. Thus, the validation of the 3D 

rendering was not easy because as the old 

saying by Herbert George Wells goes “beauty 

is in the eye of the beholder”. In spite of that, 

in this paper, the experimentations phase was 

taken into account the user’s acceptance of the 

new proposed style.  

The validation of the depth cues was carried 

out by using a survey. Where, the respondents 

were the graduate and undergraduate students 

of computer graphics department at the Faculty 

of Computer Science and Information 

Technology, UPM (University Putra Malaysia). 

The numbers of respondents were 124 students 

(95 undergraduate students and 29 graduate 

students). The gender of the respondents was 

55 male and 69 female in age 22-24 of 

undergraduate students and 26-35 of graduate 

students. 

A brief introduction was presented to the 

students to give them an idea about our study 

and explain the purpose of our survey. In 

addition to that, the presentation gave a 

description to the meaning of the shape, depth 

cue, standard shading method, and our 

proposed method.  

First, the respondents were requested to 

evaluate the volume (depth) of the object that 

rendered by the opacity influenced inconstant 

method by asking them to answer the following 

question with Yes or No “Did the virtual 

objects appear to have real depth/volume?”. 

The positive rate of the respondents was 

94.35% against 6.45 % where 117 students 

answer “Yes” the object have very good depth. 

However, eight students gave “No” as an 

answer. 

Next, two images were presented to the 

respondents as shown in Figure 10. Then, the 

respondents were requested to gauge the depth 

cue in both images. Where, the first image 

presented the objects appearing on the 2D 

display and the second one displayed the object 

in the hologram pyramid display. The choices 

in the questionnaire were between 1 and 5, 

where 1 represented not well and 5 represented 

very well. 

   
                  (a)                                          (b) 

Figure 10: A comparison of the depth cue for an object 

on (a) 2D display (b) 3D hologram display 

 

Figure 11 demonstrated the responses provided 

by the students. Our result revealed that 57 

students noted that 3D hologram pyramid 

display is very well while only 6 students who 

do not constitute with them where the latter 

observed that 2D display is very well.  

 

Figure 11: Depth cues enhancement rate of an object 

displayed on 2D display and 3D hologram pyramid 

display 

Similarly, there is only one student observed 

3D hologram pyramid display is not well 

whereas 14 students noted the opposite. The 

enhancement rate of the depth cue was 4 and 5 

in the hologram pyramid display. Generally, 

the respondents fall in with the 3D hologram 

pyramid display could provide improved depth 

cues of the object compared to the traditional 

two dimensional displays. 

1 2 3 4 5

2D display 14 41 53 10 6

3D hologram
pyramid display

1 3 4 59 57

14 

41 
53 

10 6 1 3 4 

59 57 

0
10
20
30
40
50
60
70

2D display 3D hologram pyramid display
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The last question to validate the depth cues was  

which offered better depth cues on the 

hologram pyramid display, the traditional 

phong shading or the opacity influenced 

inconstant method. Figure 12 clarifies the 

influence of both methods on the bunny object 

in the hologram pyramid display. The 

respondents noticed the back of the bunny in 

the traditional shading was barely seen. The 

selected method by the respondents was the 

opacity influenced inconstant method at the rate 

of 90.3% as to the traditional method rate which 

was 9.7 %. The quality of the images produces 

by our proposed method was preferred when 

compared to the traditional method. 

 

Conclusions 

As shown in this work, the opacity influenced 

inconstant method achieves our objective for 

enhancing the depth cues. In addition, it can 

show the inner stuff of the objects if it is 

available. Our study concluded that the 

hologram accomplishes the characteristics of 

hologram shading illustration, thus 

demonstrating the efficiency of developing the 

lighting hologram style; opacity influenced 

inconstant method, and 3D hologram rendering. 

According to the survey conducted, most the 

respondents prefer rendered objects in the   

opacity influenced inconstant method when 

compared to the traditional method.  

There are still many works that lie ahead to be 

undertaken in the future, like testing more 

lighting system to enhance the object and 

present the hologram. Also, the shading phase 

can be improved and applied to other types of 

objects that can represent the opacity impact. 

Finally, designing a bigger pyramid for a bigger 

screen can improve the presentation of the 3D 

model. 

 

Conflict of interest 

The authors declare that there is no conflict of 

interest. 

 

Acknowledgment 

This research was supported by Ministry of 

Higher Education, Malaysia, under Trans 

Displinary Research Grant (TRGS) 

TRGS/1/2015/UPM/02/7/2. 

 

References 

[1] M. Teittinen, "Depth cues in the human 

visual system," vol. 1, 1993. 

[2] L. Wang and A. E. Kaufman, "Lighting 

system for visual perception 

enhancement in volume rendering," IEEE 

transactions on visualization and 

computer graphics, vol. 19, pp. 67-80, 

2013. 

[3] N. Kim, A.-H. Phan, M.-U. Erdenebat, 

M. Alam, K.-C. Kwon, M.-L. Piao, et al., 

"3D display technology," Display and 

Imaging, vol. 1, pp. 73-95, 2014. 

[4] C. Vienne, L. Sorin, L. Blondé, Q. 

Huynh-Thu, and P. Mamassian, "Effect 

of the accommodation-vergence conflict 

on vergence eye movements," Vision 

research, vol. 100, pp. 124-133, 2014. 

[5] V. A. Ezhov, "Distant binocular filters 

for full-resolution autostereoscopic 

viewing and for single-aperture stereo 

glasses," Journal of Display Technology, 

vol. 10, pp. 114-119, 2014. 

[6] Y. Zhu and T. Zhen, "3D multi-view 

autostereoscopic display and its key 

technologie," in Information Processing, 

2009. APCIP 2009. Asia-Pacific 

Conference on, Shenzhen, China, 31-35, 

2009. 

[7] S. Reichelt, R. Häussler, G. Fütterer, and 

N. Leister, "Depth cues in human visual 

perception and their realization in 3D 

displays," in SPIE Defense, Security, and 

Sensing, 76900B-76900B-12, 2010. 

[8] J. Geng, "Three-dimensional display 

technologies," Advances in optics and 

photonics, vol. 5, pp. 456-535, 2013. 

[9] L. Zhang, Q. Sun, and Y. He, "Splatting 

lines: an efficient method for illustrating 

3D surfaces and volumes," in 

Proceedings of the 18th meeting of the 

ACM SIGGRAPH Symposium on 

Interactive 3D Graphics and Games, San 

Francisco, CA, USA, 135-142, 2014. 

http://creativecommons.org/licenses/by-nc/4.0/


Al-Mustansiriyah Journal of Science  
ISSN: 1814-635X (print), ISSN:2521-3520 (online) Volume 30, Issue 4, 2019 DOI: http://doi.org/10.23851/mjs.v30i4.597 

 

67 

 

 

Copyright © 2019 Authors and Al-Mustansiriyah Journal of Science. This work is licensed under a Creative Commons 

Attribution-NonCommercial 4.0 International License. 

 

[10] Q. M. S. Sarah, S. S. Puteri, M. Ramlan, 

and R. W. O. Rahmat, "3D Holographic 

Rendering For Medical Images Using 

Manipulates Lighting in a 3D Pyramid 

Display," Journal of Advanced Science 

and Engineering Research Vol, vol. 7, 

pp. 14-26, 2017. 

[11] D. Tiro, A. Poturiović, and N. Buzadjija, 

"The possibility of the hologram pyramid 

applying in the rapid prototyping," in 

2015 4th Mediterranean Conference on 

Embedded Computing (MECO), 2015, 

pp. 25-30. 

[12] D. F. McAllister, "Stereo and 3‐ D 

Display Technologies," Encyclopedia of 

imaging science and technology, 2002. 

[13] R. E. Patterson, "Human Factors of 3D 

Displays," Handbook of Visual Display 

Technology, pp. 1815-1822, 2012. 

[14] M. Mikkola, A. Boev, and A. Gotchev, 

"Relative importance of depth cues on 

portable autostereoscopic display," in 

Proceedings of the 3rd workshop on 

Mobile video delivery, 2010, pp. 63-68. 

[15] J. Cutting and P. Vishton, "Perceiving 

layout and knowing distances: The 

integration, relative potency, and 

contextual use of different information 

about depth. u: Epstein W," ed: Rogers S 

[ur.] Perception of space and motion, 

New York-San Diego, itd: Academic 

Press, 1995. 

[16] V. De Silva, A. Fernando, S. Worrall, H. 

K. Arachchi, and A. Kondoz, "Sensitivity 

analysis of the human visual system for 

depth cues in stereoscopic 3-D displays," 

IEEE Transactions on Multimedia, vol. 

13, pp. 498-506, 2011. 

[17] N. S. Holliman, N. A. Dodgson, G. E. 

Favalora, and L. Pockett, "Three-

dimensional displays: a review and 

applications analysis," IEEE 

Transactions on Broadcasting, vol. 57, 

pp. 362-371, 2011. 

[18] M. Mehrabi, E. M. Peek, B. C. 

Wuensche, and C. Lutteroth, "Making 3D 

work: a classification of visual depth 

cues, 3D display technologies and their 

applications," in Proceedings of the 

Fourteenth Australasian User Interface 

Conference-Volume 139, 2013, pp. 91-

100. 

[19] L. Yang, H. Dong, A. Alelaiwi, and A. El 

Saddik, "See in 3D: state of the art of 3D 

display technologies," Multimedia Tools 

and Applications, pp. 1-35, 2015. 

[20] M. Agus, F. Bettio, A. Giachetti, E. 

Gobbetti, J. A. I. Guitián, F. Marton, et 

al., "An interactive 3D medical 

visualization system based on a light 

field display," The Visual Computer, vol. 

25, pp. 883-893, 2009. 

[21] H. Nishi, K. Matsushima, and S. 

Nakahara, "Rendering of specular 

surfaces in polygon-based computer-

generated holograms," Applied optics, 

vol. 50, pp. H245-H252, 2011. 

[22] H. Zhang, Y. Zhao, L. Cao, and G. Jin, 

"Three dimensional computer-generated 

holograms with shading effects based on 

a phase-only spatial light modulator," in 

ISPDI 2013-Fifth International 

Symposium on Photoelectronic Detection 

and Imaging, Beijing, China, 891310-

891310-6, 2013, pp. 891310-891310-6. 

[23] H. Zhang, Y. Zhao, L. Cao, and G. Jin, 

"Fully computed holographic stereogram 

based algorithm for computer-generated 

holograms with accurate depth cues," 

Optics express, vol. 23, pp. 3901-3913, 

2015. 

[24] J. C. Sprott, Physics Demonstrations: A 

sourcebook for teachers of physics: Univ 

of Wisconsin Press, 2006. 

[25] R. Alves, L. Sousa, A. Negrier, J. M. 

Rodrigues, P. J. Cardoso, J. Monteiro, et 

al., "PRHOLO: Interactive Holographic 

Public Relations," presented at the Third 

International Conference on Advances in 

Computing, Communication and 

Information Technology - CCIT 2015, 

Birmingham, United Kingdom. April 

2015, 124-128. 

[26] G. Pantoja, P. López, P. Ramírez, M. 

Campbell, D. Cabrera, and F. Quiñones, 

"Virtual Reincarnation of Mexican 

http://creativecommons.org/licenses/by-nc/4.0/


Al-Mustansiriyah Journal of Science  
ISSN: 1814-635X (print), ISSN:2521-3520 (online) Volume 30, Issue 4, 2019 DOI: http://doi.org/10.23851/mjs.v30i4.597 

 

68 

 

 

Copyright © 2019 Authors and Al-Mustansiriyah Journal of Science. This work is licensed under a Creative Commons 

Attribution-NonCommercial 4.0 International License. 

 

Norteño Representative Artist Using 

‘Holographic’Projection and CG 

Technologies," Procedia Computer 

Science, vol. 75, pp. 408-412, 2015. 

[27] M. Figueiredo, L. Sousa, P. Cardoso, J. 

Rodrigues, C. Goncalves, and R. Alves, 

"Learning technical drawing with 

augmented reality and holograms," in 

Proceedings of the 13th International 

Conference on Education and 

Educational Technology, Lisbon, 

Portugal, 11-20, 2014. 

[28] A. Gooch, B. Gooch, P. Shirley, and E. 

Cohen, "A non-photorealistic lighting 

model for automatic technical 

illustration," in Proceedings of the 25th 

annual conference on Computer graphics 

and interactive techniques, Orlando, FL, 

USA, 447-452, 1998. 

[29] B. Gooch, P.-P. J. Sloan, A. Gooch, P. 

Shirley, and R. Riesenfeld, "Interactive 

technical illustration," in Proceedings of 

the 1999 symposium on Interactive 3D 

graphics, Atlanta, GA, USA, 31-38, 

1999. 

[30] T. Browning, "Timeless techniques for 

better oil paintings/Tom Browning," 

Cincinnati, Ohio: North Light Books, 

1994. 

[31] F. Birren, "Color perception in art: 

Beyond the eye into the brain," 

Leonardo, pp. 105-110, 1976. 

[32] J. Northrup and L. Markosian, "Artistic 

silhouettes: a hybrid approach," in 

Proceedings of the 1st international 

symposium on Non-photorealistic 

animation and rendering, 2000, pp. 31-

37. 

[33] E. B. Lum and K.-L. Ma, "Hardware-

accelerated parallel non-photorealistic 

volume rendering," in Proceedings of the 

2nd international symposium on Non-

photorealistic animation and rendering, 

Annecy, France, 67-ff, 2002. 

[34] M. C. Sousa, F. Samavati, and M. Brunn, 

"Depicting shape features with 

directional strokes and spotlighting," in 

Computer Graphics International 2004 

Proceedings, Crete, Greece, 214-221, 

2004. 

[35] X. Xie, Y. He, F. Tian, H.-S. Seah, X. 

Gu, and H. Qin, "An effective illustrative 

visualization framework based on photic 

extremum lines (PELs)," IEEE 

Transactions on Visualization and 

Computer Graphics, vol. 13, pp. 1328-

1335, 2007. 

[36] C. Tietjen, R. Pfisterer, A. Baer, R. 

Gasteiger, and B. Preim, "Hardware-

accelerated illustrative medical surface 

visualization with extended shading 

maps.," in International Symposium on 

Smart Graphics, ed: Springer Berlin 

Heidelberg, 2008, pp. 166-177. 

[37] R. Vergne, R. Pacanowski, P. Barla, X. 

Granier, and C. Schlick, "Light warping 

for enhanced surface depiction," in ACM 

Transactions on Graphics (TOG) - 

Proceedings of ACM SIGGRAPH 2009, 

25, 2009. 

[38] S. Jordane, B. Farès, and B. Vincent, 

"GPU real time hatching," presented at 

the WSCG 2013,21st International 

Conference in Central Europe on 

Computer Graphics, Visualization and 

Computer Vision,Pilsen, Czech Republic, 

June 24-27, 2013.  

[39] Q. Xu, Y. Gingold, and K. Singh, 

"Inverse toon shading: interactive normal 

field modeling with isophotes," in 

Proceedings of the workshop on Sketch-

Based Interfaces and Modeling, 

Switzerland, Switzerland, 15-25, 2015. 

[40] Turbosquid.com. 3D Models. Retrieved 

05 September, 2011, [Online] 

[41] Shutterstock.com,Hi-tech digital 3D 

Animation of Human skull green 

interface Loop able. Alpha matte. 

[Online]  

[42] J. Wood, P. Isenberg, T. Isenberg, J. 

Dykes, N. Boukhelifa, and A. Slingsby, 

"Sketchy rendering for information 

visualization," IEEE Transactions on 

Visualization and Computer Graphics, 

vol. 18, pp. 2749-2758, 2012. 

http://creativecommons.org/licenses/by-nc/4.0/
http://www.turbosquid.com/3d-models/free-pistachio-nut-3d-model/626108
http://www.shutterstock.com/video/clip-8420554-stock-footage-hi-tech-digital-d-animation-of-human-skull-green-interface-loop-able-alpha-matte.html?src=rel/8420539:2/3p


Al-Mustansiriyah Journal of Science  
ISSN: 1814-635X (print), ISSN:2521-3520 (online) Volume 30, Issue 4, 2019 DOI: http://doi.org/10.23851/mjs.v30i4.597 

 

69 

 

 

Copyright © 2019 Authors and Al-Mustansiriyah Journal of Science. This work is licensed under a Creative Commons 

Attribution-NonCommercial 4.0 International License. 

 

[43] J. Raab, H. Schäfer, A. Brost, M. 

Stamminger, and M. Pfister, "Non-

photorealistic rendering for minimally 

invasive procedures," in SPIE Medical 

Imaging, 2013, pp. 86710M-86710M-7. 

[44] A. Mendoza, S. Mata, and L. Pastor, 

"Non-Photorealistic Rendering of Neural 

Cells from their Morphological 

Description," Journal of Universal 

Computer Science, vol. 21, pp. 935-958, 

2015. 

 

  

http://creativecommons.org/licenses/by-nc/4.0/


Al-Mustansiriyah Journal of Science  
ISSN: 1814-635X (print), ISSN:2521-3520 (online) Volume 30, Issue 4, 2019 DOI: http://doi.org/10.23851/mjs.v30i4.597 

 

70 

 

 

Copyright © 2019 Authors and Al-Mustansiriyah Journal of Science. This work is licensed under a Creative Commons 

Attribution-NonCommercial 4.0 International License. 

 

  

 

 
(a) 

 

 

                                                                                  
(b) 

 

 

 

Figure 12: hologram pyramid display present bunny object by (a) the opacity influenced 

inconstant method, (b) traditional shading method. 
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