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Abstract 

Anaplastic Astrocytomas and Glioblastoma Multiforme (AACM) are the most common, 

aggressive and deadliest malignant tumors and constituting great therapeutic challenge in 

disease diagnosis and therapy management. In spite of the rapid advances in medical 

diagnosis, AACM remain incurable. Modern therapeutic treatment for these WHO grade III 

and IV tumors involves the combination of surgery, radiotherapy and chemotherapy, but the 

infiltrative nature of these tumors and their resistance radiotherapy constitute the major causes 

of the treatment failure. Consequently, their highly heterogeneous appearance and ill-defined 

and poorly differentiated boundaries pose great challenges to clinical oncology. Apparently, 

various transfer function techniques continue to evolve towards the most effective approach to 

differentiating and highlighting regions of interests in volumetric datasets. However, transfer 

functions alone are insufficient in accurately depicting AACM even with standard imaging 

modalities such as Computed Tomography (CT) and Magnetic Resonance (MR) imaging, due to 

the unusual poorly differentiated boundaries of the tumors. Moreover, shortage or 

unavailability of experienced AACM neurosurgeons or oncologists, and in certain 

circumstance, lack of sufficient computer-assisted resources may hinder early diagnosis, 

especially in regions or countries with limited resources. This paper proposes a client-server 

triangulated surface mesh approach for remote depiction of AACM tumors. In order to ensure 

appreciable interactive processing speed, the approach was accelerated with Compute Unified 

Device Architecture (CUDA). The proposed client-server approach was evaluated with clinical 

image datasets consisting of multi-contrast MR scans from glioma patients, acquired from Bern 

University, Debcrecen University, Heidelbergy University and Massachusettes General 

Hospital. Significantly, the framework was able to reveal the poorly defined boundaries of the 

AACM datasets. Moreover, the tumor datasets were both remotely visualized within a 

considerably interactive speed using remote client node of ordinary hardware capability. 

 

Keywords: Medical Visualization, Client-Server Visualization, Anaplastic Astrocytomas, 
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1. Introduction 

High-grade glioma, the aggressive tumor entity deriving from the glial cells, represents a therapeutic 

challenge for clinicians (Kleihues et al., 2002). Anaplastic Astrocytoma and Glioblastoma Multiforme 

(AAGM) are among those gliomas identified as the most common primary tumors of the nervous 

system which was likewise classified into grade III and grade IV respectively by World Health 

Organization (WHO) based on the histopathological and clinical criteria established (Louis et al., 

2007; Dolecek et al., 2012). Anaplastic astrocytoma is faster in growing and likewise aggressive. It 

often invades neighboring tissues and is able to progress into grade IV secondary glioblastoma 

multiforme (Killela et al., 2013). Treatment of patients with high-grade gliomas constitutes one of the 

greatest challenges in modern therapy (Missios et al., 2015). Curent treatment for high grade tumor 

(grade III and grade IV) is surgery followed by radiotherapy and chemotherapy. The surgery 

procedure is to remove the tumor, while the radiotherapy is to control it. Meanwhile, chemotherapy 

prevents the tumor from making new deoxyribonucleic acid (DNA). However, despite the advances in 

the treatment procedures, prognosis for high-grade gliomas remains poor (Missios et al., 2015). 

     Critical decisions in cancers treatment often depend upon discriminating normal from the diseased 

tissues (Eberlin et al., 2012). Gliomas arise from glial tissue of the brain, constituting the most 

common maglinant primary brain tumors in humans. However, high-grade gliomas are heterogeneous 
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in appearance and gene expression (Pope et al., 2005), and they are also known to present ill-defined 

boundaries even with Magnetic Resonance (MR) images that possesses distinct ability of providing 

high tissue characterization and structural information. The complex features of glioma morphology 

and often subtle changes between MR examinations are also frequently difficult to detect reliably by 

visual inspection of the images even by experienced radiologists (Upadhyay and Waldman, 2011). 

Moreover, delay in diagnosis and treatment may have unusually high mortality rates coupled with low 

survival rates (Mathiesen, Paredo, & Lönn, 2011), which may be as a result of shortage or 

unavailability of experienced neurosurgeons or oncologists and, in some cases, lack of necessary 

modern resources to truly support computer-aided diagnosis. 

Explicit interactivity in medical healthcare systems is likewise crucial to satisfactory and thorough 

diagnosis analysis. With computer-assisted therapy, advantages of finger-touch over mouse in task 

selection has been severally proven and quantified by a number of researches. The study of Sears & 

Shneiderman (1991) and Kin et al. (2009) are among those notable studies that showed how direct-

touch input can outperform mouse in task selection. However, direct-touch brings additional 

efficiency compared to mouse input when it comes to collaborative work where two or more people 

need to have simultaneous input on the system. Without any aorta of doubt, an intuitive, easy to use 

visualization application will be highly beneficial in diagnosis and clinical pre-operative planning 

practices. Therefore, with multi-touch technology, a wide range of new opportunities for interaction 

could be leveraged in medical visualization in terms of graphical user interfaces, expressive gestural 

control and fluid multi-user collaboration through relatively simple and inexpensive hardware and 

software configurations (Schöning et al., 2010). 

This study intends developing an interactive multi-fingered remote visualization system, efficient 

enough to clearly depict anaplastic astrocytomas and glioblastoma multiforme (AAGM) in multi-

contrast MR using client-server triangulated surface mesh for multi-touch surface interactivity. Most 

of the related studies in this domain only focused on visualization, or in certain cases, they solemly 

rely on a third party software to pre-process the data. Infact, certain algorithms require thorough prior 

segmentation of the datasets in order to produce good quality images. Therefore, this study proposes 

and implements a framework for achieving quality images from the depiction of high grade gliomas 

and to streamline most of the medical diagnostic visualization procedures involved, from the data pre-

processing, through analysis to the visualization within a considerably interactive processing speed. 

Furthermore, the intended framework would be implemented as a remote architecture in order to ease 

constraints on the issue of lack of experienced medical practionals for timely diagnosis of AAGM 

tumors or even sometimes the lack of required resources for computer-assisted clinical procedures.  

 

2. Related work 

The contributions of Cheng, Morshed, Auffinger, Tobias and Lesniak (2014) is one of the most recent 

studies that made a tremendous effort towards developing diagnostic and therapeutic tools for brain 

tumor. According to the authors, the structural complexity of the brain, the heterogeneous and 

invasive nature of many brain tumors, the difficulty of identifying tumor margins alongside with 

disseminated tumor burdens, insufficient accumulation of therapeutic agents at the site of the tumor 

and the acquired drug resistance to chemotherapy constitute the major obstacles to the successful 

treatment of brain tumors (Cheng et al. (2014). In general, one of the primary challenges in surgical 

removal of brain tumors is the identification and differentiation of tumor tissue from the normal 

tissue; however, with the infiltrative nature of gliomas the problem is exacerbated (Kittle et al., 2014, 

Codd et al., 2018). Some of the techniques previously proposed for brain tumor margin detection 

include raman scattering microscopy (Van Asch et al.,2010), pharmaco kinetics of the radio nuclide 

probes in PET after injection into blood circulation (Nutt et al., 2007 ; Ardeshirpour et al., 2012), 

fluorescence spectroscopy (Ardeshirpour et al., 2012) and fluorescence-imaging strategies (Liu et al., 

2014). All these techniques were primarily proposed to aid visibility of tumor margins. 

      Previously, a number of studies have attempted to address the issues of interactive          3-D. 

Bowman et al. (2008) was a notable work on 3-D user interface. Isenberg et al. (2008) and Yu et al. 

(2010) also directly applied interactivity in terms of touch into scientific visualization. Similarly is 

Bade et al. (2005) and Fröhlich et al. (2006), which researched how to use 3-D interaction with input 

devices. While Bade et al. (2005) evaluated direct manipulation techniques for 3-D rotation, Fröhlich 

et al. (2006) focussed fully on the development of input devices for 3-D. Lu et al. (2010) also 

proposed touch interation system for 3-D scientific data. Lundstrom et at. (2011) proposed multi-
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touch table for medical visualization. The proposed visualization table was a great contribution into 

this domain particularly in orthopedic surgical units. However, most of these studies did not propose a 

complete streamlined framework and mostly the concentration was on visualization (Lu et al., 2010; 

Lundstrom et at., 2011). Moreover, nearly all the previous studies used third-party software or 

processes outside the system to segment the initial medical images in order to get them ready for 

visualization (Jian et al., 2013).Without mincing words, usage of interactive 3-D outside the radiology 

department is still very scarce in many institutions despite an excellent standard care from other 

aspects (Lundstrom et at., 2011). Similarly, expecially for the less privileged areas in the world that 

lack expertise in high grade tumor analysis or for the financially contrained patients, a remote 

visualization architecture will go a long way in asisting the medics in saving lives.  

 

3. Materials and Methods 

 

3.1 Development Environment 

The fingered-controlled application was developed using C-Sharp (C#) within Microsoft Visual 

Studio. Visualization Toolkit (VTK) was used as the rendering engine integrated with Compute 

Unified Device Architecture (CUDA).The study is evaluated with three testbeds. A window 7 

professional personal computer with CUDA architecture was configured as the server while Acer 

Aspire R7-572G - 54208GIT, a desktop / tablet dual functionality with 10 touch support and an Intel 

core i5-3360M CPU was used as the experiment testbeds for client sides. Meanwhile, an android 

tablet was likewise used as client’s node but was not evaluated. The quality of the output image is 

evaluated by appointing human visual system to be the judge, which requires placing images of 

competing algorithms side by side. 

 

3.2 Data Acquisition 

Clinical image datasets consisting of multi-constrast MR scans from glioma patients were acquired for 

the study. Medical database containing anonymized images from Bern University, Debcrecen 

University, Heidelbergy University and Massachusetts General Hospital, obtained through Medical 

Image Computing and Computer Assisted Intervension (MICCAI), was used in the evaluation of the 

study. The clinical image datasets consist of 51 multi-contrast MR scans from glioma patients of high-

grade (Anaplastic Astrocytomas and Glioblastoma Multiforme tumors) glioma patients (Menze et al., 

2014). The datasets include T1-weighted, native image, sagittal or axial 2-D acquisitions, with 1-6mm 

slice thickness. T1C, T1-weighted, contrast-enhanced (Gadolinium) image, with 3-D acquisition and 1 

mm isotropic voxel size for most patients. The third category of the datasets used is T2-weighted 

image, axial 2-D acquisition with 2-6mm slice thickness while the last category is T2-weighted Flair 

image, axial, coronal, or sagittal 2-D acquisitions with 2-6 mm slice thickness. Evaluation results of 

the selected samples of datasets used for this study are reported in this paper. 

 

3.3 Graphic Modeling and Visualization 

Graphic modeling phase is crucial in medical visualization in order to efficiently prepare the datasets 

for visualization. The study therefore adopted the data fragmentation procedure of ConnectViz 

(Adeshina et al., 2015) to facilitate efficient memory throughput for successful mapping and filtering 

procedures. Similarly, since raycasting technique has been identified with the greatest limitation of 

slow processing speed (Dick et al., 2009) but known to be resourceful in producing quality images, 

the extension of the previously proposed raycasting algorithm for SurLens Visualization (Adeshina et 

al., 2012) was implemented as the volume visualization rendering algorithm. However, the 

bottlenecks were tackled using Compute Unified Device Architecture (CUDA) which solved the 

issues of bandwidth and rendering throughput limitations. The data fragmentation procedures 

employed is illustrated in Fig. 1. 

 

3.4 Triangulated Surface Mesh 

A triangulation is a partition of geometric input, typically the region defined by a point set or 

polytype, into simplices that meet only at shared faces (Du & Hwang, 1992). Therefore, the process of 

generating a net of triangles covering a particular surface partly or entirely is refered to as Surface 

Trinagulation.  
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Fig. 1: CUDA Data Fragmentation (Adeshina et al., 2015) 

 

According to Euler formula for simple meshes, mesh is identified with vertices, edges and triangles 

denoted as V, E, and T, respectively. The three elements are connected with the following equations: 

E = (V-1) + (T-1)  (i) 

E =3T / 2   (ii) 

T = 2V – 4   (iii) 

Equation (i) implies that: 

1. VST has Vnodes and V-1 links 

2. TST has Tnodes and T-1 links 

       

Similarly, if we relate equation (ii), it shows there exist three borders per triangle and there exist twice 

more borders than edges. However, if: 

E = (V-1) + (T-1) (iv) 

and 

E = 3T / 2,  (v) 

then, 

(V-1) + (T-1) = 3T / 2 .    

Therefore, 

V-2 = 3T / 2.    

Hence, 

V-2 = T / 2  (vi) 

 

     Equation (vi) implies that triangles are twice more than vertices. 

 

     The above illustrations assist greatly in coming up with the mesh triangulation algorithm for this 

study.Meanwhile, with such mesh algorithm, it is expected to have quite huge number of triangles 

since the datasets usually consists of millions of points. Hence in order to tackle this, mesh 

simplification was done in the algorithm using edge collapse method. Sequentially, the mesh 

triangulation and simplification algorithms compute triangulated surface, chooses border edge and 

vertex at each intance and locate associated triangle. Current surface is updated periodically while 

edges are either collected, processed or collapsed relative to the cost associated. The entire process is 

repeated until there are no more list of edges. 
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3.5 Proposed Client-Server Framework 

With the current status of wireless and mobile technology, distance should not be a barrier to medical 

diagnosis and disease management procedures. This study is proposing client-server approach as a 

computer-assisted means to depicting anaplastic astrocytomas and glioblastoma multiforme, being 

those tumors that do not only require highly trained pathologists’ intervention but also pathologists 

with handsome experience in discriminating normal glial tissue and high-grade gliomas. Four distinct 

phases are proposed for the methodology: data pre-processing; graphic modeling and visualization; 

triangulated surface mesh; and the  client-server connection phase. The phases co-exist in form of a 

paralleled and pipelined architecture for effective remote visualization of the intended high grade 

glioma datasets. The proposed remote client-server visualization methodology is presented in Fig. 2 

and the entire framework overview is shown in Fig. 3. 

  

Phase 1: Data Pre-Processing 

Step 1: Read raw dataset from storage device.  

Step 2: Create image buffer (i) 

Step 3: Trigger ImageData conversion scheme to obtain the follwing: 

i. Get pixel range for image matrix(x).  

ii. Align image into extent, origin, spacing and scalar data elements.  

iii. Match intensity values into array values  

iv. Adapt data to projective plane.  

v. Structure data into model, world, view and display coordinates systems.  

Step 4:Update image buffer (i) 

 

Phase 2: Graphic Modeling and Visualization 

Step 1: Fragment data into block(s).  

Step 2: Maximize the memory throughput for orthogonal viewing directions. 

Step 3: Analyze data for compatibility use.  

Step 4: Filter and map data into geometric form. 

Step 5: Save to output to repository Rp. 

Step 6: Run volume visualization rendering algorithm. 

 

Phase 3: Triangulated Surface Mesh 

Step 1: Create surface mesh visitor  

Step 2: Do edge data collection 

Step 3: Process selected edge 

Step 4: Sequence operation for edge collected, edge processed and edge collapsed 

Step 5: Assign id field as vertex and edges 

 

Phase 4: Client-Server Connection 

Step 1: Connection Phase 

Step 2: Rendered image transfer Phase 

Step 3: Connection Teardown Phase 

 

Fig. 2: Remote Client-Server Visualization Methodology 

 

     For effective development of this framework, the study identified three possibilities of applying a 

resourceful client-server approach into the medical diagnosis and disease therapy management. In one 

of the approaches, Option A, the server could be configured to accept datasets, do the pre-processing 

procedures, while other finalizing tasks -the graphic modelling and execution alongside with the full 

volume rendering - could be handled by the client. This approach requires transferring the pre-

processed datasets via a network link down to the client’s side where the core data rendering would be 

carried out. Undoubtedly, the major advantage of this approach is Low Visualization Latency. 

However, the quality of the image will be low simply because the pre-processed data was transferred 

over the network through which other unwanted pixels might have been unconsciously introduced 

into the data. Moreover, the client must have sizeable storage capacity for  the pre-processed data, as 
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well as good memory and processing resources to sail through the rigorous data modelling and 

rendering procedures. The Option A approach is illustrated in Fig. 4. 

 

 

 
 

Fig. 3: Framework Overview 

 

 

 
Fig. 4: Option A: Client-Server Approach Overview 

 

 

     On the other hand, another viable possibility is to configure the server for the pre-processing, 

graphic modelling and execution, volume rendering and the triangulated surface mesh algorithm 

phases as being presented in Fig. 5. However, with this approach, the finalized rendered image could 

be transferred via the network to the client machine. With this, the client only output the image for 

user display and interaction. The greatest advantage here is the high quality image, and the fact that 

the client’s machine neither needs to have large storage capacity nor robust processing capabilities for 

volume rendering, given that both the storage and the entire volume visualization and rendering 

procedures are carried out on the server. Meanwhile, there is still a cost to pay; the visualization 

latency.The visualization latency will be high with this approach since the client fully relies on the 

communication link between itself and the server throughout the entire period of the user interaction 

for the output image. 
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Fig. 5: Option B: Client-Server Approach Overview 

 

 
 

Fig. 6: Option C: Proposed Client-Server Approach 

 

Although high quality image is significantly preferred to latency issue in medical visualization as 

accuracy in diagnosis is crucial, the increased high visualization latency in the second procedure could 

be augumented with CUDA. This was closely seen as the third viable possibility of applying the 

client-server approach, the Option C. The proposed CUDA-augmented client-server approach is 

presented in Fig. 6. Therefore with the Option C approach adopted for this study, the client only 

displays the final output image and it does not need to perform any rendering. 

 

3.6 Client-Server Connection and Rendered Image Transfer 

The client-server approach employed follows TCP/IP, a two-layered program. The three significant 

stages are the Connection Phase, the Rendered Image Transfer Phase and the Connection Teardown 

Phase. The client, which may be any mobile device (smartphone, laptop, tablet, etc), usually initiates 

the connection by sending a request to the server through any point-to-point connection, i.e. each 

communication occurs from one point or host in the network to another remote point or host. Once the 

appropriate server information is supplied correctly, the server accepts the request and transfers the 

rendered image accordingly. 

     The connection initialization phase is a 3-way handshake. Once the passive open is established, 

where server bind and listen to port for connection, the client sends synchronize message SYN with its 

own sequence number nc to the server. The server will therefore reply with SYN-ACK message, the 

synchronize-acknowledge message with its sequence number ns together with nc+1. The last phase of 

the connection phase requires client to acknowledge the received message with acknowledgement 

number in the format ns+1. Once the server receives this last message, it does not need to reply but it 

can commence transferring rendered image to the client. This automatically switches the framework 
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to the Rendered Image Transfer Phase. A full-duplex communication is established with the 3-way 

handshake, this is illustrated in Fig. 7. 

 

3.7 Client-Server Teardown 

TCP uses 4-way handshake for the ConnectionTeardow phase. However, unlike the connection phase 

which is always initialized by the client, any of the sides can initiate closing of the connection by 

transmitting FIN packet. This is referred to as the symmetric nature of TCP connection teardown. 

Apparently, when server terminates the TCP connection, the client is automatically disconnected, so 

also the client may terminate the session at any point in time. 

     Client closes the socket with clientScoket.close( ). Firstly, it sends TCP FIN control segment to the 

server. The second step is when the server receives the FIN control segment, replies it with ACK, 

closes the connection and then sends FIN. With step 3, the client receives the FIN from the server, 

replies with ACK and then enters a section called “timed wait”, a waiting time frame by the client in 

order to ensure the server received the acknowledgment of its connection termination request.The last 

step of the teardown phase is when the server receives the ACK from the client and then closes the 

connection. Fig. 8 shows the 4-way Teardown Handshake. 

 

 

 
 

Fig. 7: 3-way Connection Handshake 

 

 

4. Implementation 

The algorithms implemented for this study are presented in this section.In order to drastically reduce 

the processing speed of the application, these algorithms are designed to interoperate in a pipelined 

and parallel fashion. The entire development was achieved using C# in .NET environment. The 

previously proposed SurLens volume rendering algorithm  (Adeshina et al., 2012), which was based 

on raycasting technique, was optimized and primarily extended for touch support compatibility in 

order to facilitate better user interaction in the proposed client-server approach. The Remote 

visualization interface is shown in Fig. 9. 
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Fig. 8: 4-way Teardown Handshake 

 

 

 

 

Algorithm 1: Client-Server Connection 

1. Begin 

2. //Connection Phase 

3. SYN segment nc sent from client c 

4. SYN+ACK segment ns,nc+1 sent from Server s to Client c 

5. ACK segment ns+1 sent from Client c to Server s 

6. //Data Transfer Phase 

7. ClientBase = No 

8. N1 = No 

9. Loop(x = ∞) 

10. Switch(Case) 

11. Case 1: Data received 

Generate TCP Segment + SeqNum, NextSeqNum 

Start timer for Segment 

Push Segment to IP 

NextSeqNum = NextSeqNum + Data Length 

Case 2: Timer timeout for Segment with SeqNumq 

Resend Segment with SeqNumq 

Determine new timeout interval for Segment q 

 Restart timer for SeqNum q 

Case 3: ACK received, with ACK field value of q 

If(q>Sendbase){//Sum up ACKfor all data up to q 

Cancel all timers for Segments with seqNum(s) <q 

Sendbase =q 

} 

else { // a duplication of ACK 

Incrementthe number of received duplicate ACKs for q==3){ 

// TCP retransmission in fast mode 

Retransmit Segment with seqNum q 
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Restart timer // Timer restart for segment q 

} 

} // end loop(x = ∞) 

12. //Connection Teardown Phase 

13. Client,c prepares to close connection 

14. Client,c sends FIN segment to Server,s 

15. Server,s receives FIN,sendsACK 

16. Server,s prepares closing procedures, sends FIN segment to Client,c 

17. Client,c enters ‘timed wait’, sends ACK to Server s 

18. Client,c closes connection after ‘timed wait’ 

19. End 

 

 

Algorithm 2: Volume Visualization Rendering Algorithm 

1. Begin 

2. Connect to Repository Rp and Load Actors 

3. // Create User Interaction module 

3.1. Connect to mouse for control functions 

3.2. Accept input for touch  

3.3. Accept input from track ball 

4. Display gliomas volume in renWin 

5. Set objects for graphic pipeline  

6. Set objects for visualization pipeline 

7. Set Color Curve 

8. Set Opacity Curve 

9. Set Gradient Curve and feature enhancement 

10. Fetch the name of the volume to load 

11. Read and Display slices in renWin 

12. Go through graphics pipeline 

13. Apply weights relative to intensity values 

14. Match intensity with color and opacity 

15. Repeat Step 12 

16. Go through the visualization pipeline 

17. Update global variable 

18. Repeat Step 16 

19. Link trackball to camera movement 

20. Adjust the camera and control the slice withtrackball Movement 

21. Clean global variable 

22. Repeat Step 2 until Rp is empty 

23. End 

 

 

Algorithm 3: Triangulated Surface Mesh with Simplification 
1. Begin 

2. Locate vertices X, Y, Z 

3. Initialize half-edge, L 

4. Specify samples surface interpolation 

5. Define surface // as a set of triangles 

6. Connect each triangle with 3 samples // corners 

7. Specify attributes for interpolation corner over triangle 

8. Repeat until L is empty 

9. Create surface mesh visitor // for edge and vertex tracking 

10. Do edge data selection 

11. Do vertex data selection 

12. Select edge 

13. Select vertex 
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14. Switch(Case) 

15. Case 1: If cost present 

Keep vertex and edge  

    Process vertex and edge 

    Assign id field 

Case 2: If cost absent 

Collapse vertex and edge 

    Process collapsed vertex and edge 

16. Repeat until vertex = 0 

17. Repeat until edge = 0 

18. Collect edges with id 

19. Collect vertex with id 

20. Collect collapsed vertex 

21. Collect collapsed edge 

22.  Assign opacity to id fields 

23. End 

 

 

 

 
         Fig. 9: RemoteVisualization Interface 

 

 

5. Results and Discussion 

 

5.1 Framework Evaluation for Quality Image  

The Magnetic Resonance (MR) images used for this evaluation consist of Flair,T1, T1C and T2 

datasets of anaplastic astrocytomas and glioblastoma multiforme patients. Meanwhile, those regions 

affected by tumor are more conspicuousin the T1 MR for all the datasets. However, as the main aim of 

this study is to propose and develop a framework that would be resourceful enough to detect, clearly 

characterize intensity with color variance and distinctly highlight the borders of anaplastic 

astrocytomas and glioblastoma multiforme tumors, we documented three orientations of each of the 

datasets with the proposed client-server remote visualization approach. Output images of the selected 

five patients of magnetic resonance (MR) images of flair, T1, T1C and T2 are presented in Fig. 10, 

11, 12, 13 and 14. 
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                                            FLAIR            T1           T1C            T2 

 

] 

 
Fig. 10: Patient_High-Grade-Glioma_01 

                                                          

FLAIR       T1             T1C           T2 

 
 

 
 

 
Fig. 11: Patient_High-Grade-Glioma_02 

 

 

                                              FLAIR      T1          T1C           T2 

 
 

 
 

 
Fig. 12: Patient_High-Grade-Glioma_03 
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                                                  FLAIR        T1            T1C             T2 

 
 

 
 

 
Fig. 13: Patient_High-Grade-Glioma_04 

 

 

                                                  FLAIR      T1         T1C       T2 

 
 

 
 

 
Fig. 14: Patient_High-Grade-Glioma_05 

 

5.2  Framework Evaluation for Processing Speed 

The study was interested in finding out the strength of the client-server algorithm in terms of 

processing speed in making the rendered image available at the client’s end for user interaction. 

Invariably, the elapsed time for receiving the rendered image from the point of the interface 

connection to the server to the point of the availability of the output image on the client’s machine is 

crucial. So the elapsed times for various anaplastic astrocytomas and glioblastoma multiforme tumors 

patients’ datasets were recorded in order to evaluate the visualization latency incurred. 
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Table 1: Experiment Testbeds 

Server Base 

 

GPUArchitecture 

 

NvidiaQuadro 600 CUDA – 2GB 

Window 7 Professional, 64-bit Operating System 

 

Client Base 

Testbed I 

 

GPUArchitecture 

 

NVIDIA GeForce GTX850M CUDA - 2GBDedicated GDDR5 

VRAM  

Window8.1, 64-bit Operating Systemwith Pen and Full Windows 

Touch Support with 10 Touch Points 
 

 

Testbed II 

 

CPUArchitecture 

 

Intel core i5-3360M Dual Core 4GB, DDR3-1600 IDM 

Window 7 Professional, 64-bit Operating System 

 
 

 

 

Table 2: FLAIR Datasets’ Experiments 

Patients’ 

Datasets 

No of 

Images 

Voxel 

Dimension 

Scalar 

Range 

Client-Server 

Technique 

Surlens 

Technique 

(GPU) 

 (seconds) 
GPU 

(seconds) 

CPU 

(seconds) 

high_grade_01 176 176 X 216 X 176 

Voxels 

0 to 960 01.02 02.26 03.05 

high_grade_02 176 176 X 216 X 176 

Voxels 

0 to 

1095 

01.82 03.01 03.17 

high_grade_03 240 168 X 240 X 240 

Voxels 

0 to 434 01.59 03.07 03.36 

high_grade_04 230 162 X 230 X 230 

Voxels 

0 to 521 01.53 02.25 03.50 

high_grade_05 220 168 X 220 X 220 

Voxels 

0 to 880 01.29 02.24 03.33 

 

 

Table 3: T1 Datasets’ Experiments 

Patients’ 

Datasets 

No of 

Images 

Voxel 

Dimension 

Scalar 

Range 

Client-Server 

Technique 

Surlens 

Technique 

(GPU) 

 (seconds) 
GPU 

(seconds) 

CPU 

(seconds) 

high_grade_01 176 176 X 216 X 176 

Voxels 

0 to 

1527 

01.56 02.99 02.82 

high_grade_02 176 176 X 216 X 176 

Voxels 

0 to 

1939 

01.78 03.17 03.04 

high_grade_03 240 168 X 240 X 240 

Voxels 

0 to 655 01.32 03.18 03.67 

high_grade_04 230 162 X 230 X 230 

Voxels 

0 to 778 01.69 03.06 03.87 

high_grade_05 220 168 X 220 X 220 

Voxels 

 0 to 

1108 

01.35 02.21 03.58 
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Table 4: T1C Datasets’ Experiments 

Patients’ 

Datasets 

No of 

Images 

Voxel 

Dimension 

Scalar 

Range 

Client-Server 

Technique 

Surlens 

Technique 

(GPU) 

 (seconds) 
GPU 

(seconds) 

CPU 

(seconds) 

high_grade_01 176 176 X 216 X 176 

Voxels 

0 to 

1527 

01.56 02.95 02.60 

high_grade_02 176 176 X 216 X 176 

Voxels 

0 to 

1939 

01.50 02.95 03.54 

high_grade_03 240 168 X 240 X 240 

Voxels 

0 to 314 01.38 03.01 03.45 

high_grade_04 230 162 X 230 X 230 

Voxels 

0 to 223 01.48 03.02 03.25 

high_grade_05 220 168 X 220 X 220 

Voxels 

0 to 258 01.39 02.95 03.30 

 

 

Table 5: T2 Datasets’ Experiments 

Patients’ 

Datasets 

No of 

Images 

Voxel 

Dimension 

Scalar 

Range 

Client-Server 

Technique 

Surlens 

Technique 

(GPU) 

 (seconds) 
GPU 

(seconds) 

CPU 

(seconds) 

high_grade_01 176 176 X 216 X 176 

Voxels 

0 to 

1429 

01.11 02.93 03.26 

high_grade_02 176 176 X 216 X 176 

Voxels 

0 to 

1538 

01.65 02.19 03.16 

high_grade_03 240 168 X 240 X 240 

Voxels 

0 to 

1838 

01.78 03.46 03.49 

high_grade_04 230 162 X 230 X 230 

Voxels 

0 to 

1868 

01.26 02.98 03.54 

high_grade_05 220 168 X 220 X 220 

Voxels 

0 to 

1794 

01.45 02.23 03.43 

 

     However, in order to ascertain how long the entire process takes, we started the server and the 

client at the same time. Hence, the results of the processing speed represent the total processing time 

for the entire process, from data processing to the image output display. The experimental testbeds are 

presented in Table 1, and the selected speed evaluation experiments for Magnetic Resonance (MR) 

images datasets’ of flair, T1, T1C and T2 are presented in Table 2, Table 3, Table 4 and Table 5 

respectively. Each of the image datasets is 1 X 1 X 1 voxel spacing. 

 

5.3. Quality Image Comparison with SurLens Visualization System 

The proposed client-server approach was compared with SurLensvisualization system in terms of 

processing speed and image quality. SurLens visualization system was previously compared with 

popular visualization system, the ParaView and the Volview and the comparison results proved 

Surlens visualization best in terms of quality images        (Adeshina et al., 2012), and even as 

comparison benchmark for multimodal visualization system  (Adeshina et al., 2013) and Computer 

Aided Hepatocellular Carcinoma (CAHECA) therapy planning system (Adeshina et al., 2014). 

Therefore, the results of this study were compared directly with SurLens visualization system. The 

comparison experiments were carried out using the same anaplastic astrocytomas and glioblastoma 

multiforme tumors’ datasets. Meanwhile, it has been established that it is difficult to evaluate quality 

image. However, researchers agreed on placing images of competing algorithms side by side and 

appointing the human visual system to be the judge (Meißner et al., 2000; Adeshina et al., 2012). This 

is because human visual system is less sensitive to some errors such as stochastic noise, regular 

patterns or other numerical issues (Teo and Heeger, 1994). 
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     The processing performance results’ as indicated in Table 2, Table 3, Table 4 and Table 5 for flair, 

T1, T1C and T2 datasets, respectively,were compared with SurLens algorithms’ speed performance. 

The experiments show that the execution time of the proposed client-server approach is shorter and 

considered better than that of Surlens visualization system which could be attributed to the mesh 

simplification procedures introduced in the client-server algorithm. 

     Similarly, in terms of quality image, using the same set of anaplastic astrocytomas and 

glioblastoma multiforme tumors’ datasets and the same standard parameter settings of the two 

approaches, we compared the quality image of the proposed client-server approach withthe SurLens 

visualization system. The output image displayed from both approaches were placed side-by-side for 

evaluation. The results show that the client-server approach produced higher quality image than 

SurLens visualization system for anaplastic astrocytomas and glioblastoma multiforme tumors’ 

datasets. 

 

Client-Server SurLens Client-Server SurLens Client-Server SurLens 

 
 

    

 a.high_grade_03 b.high_grade_04 c.High_grade_05 

Fig. 15: Image Quality Comparison 

 

Moreover, in order to acertain possible potential usage of the proposed Client-Server triangulated 

surface mesh approach in the medical community, we streamlined the approach with the main 

objective of medical visualization which is to provide surgical results with fewer procedures, 

decreasing time in operating room and lowering the patient risk by the increased accuracy level of 

diagnosis at a lower cost. Application Oriented Hypotheses (AOHs) presented by Kainz et al. (2011) 

which was formulated by a group of twenty-four (24) medical doctors from all over Europewere 

considered during the development of the proposed Client-Server triangulated surface mesh approach. 

The Application Oriented Hypotheses (AOHs) are as follows:  

1. AOH1: Medical 3-D image synthesis algorithms must speed up the information finding 

process to be accepted by medical doctors. For standard diagnostic procedures, 3-D 

representations do not provide additional information to radiologists, but they are useful to 

illustrate pathological findings to other medical specialists, who use that information for 

opinion making and intervention planning. 

2. AOH2: If a 3-D image synthesis algorithm is comprehensible and if it is related to a familiar 

physical principle, 3-D image synthesis is accepted as diagnostic valuable tool and integrated 

into the clinical workflow. 

3. AOH3: 3-D image synthesis gets crucial if the data input dimensionality exceeds normal 

human experience. 

4. AOH4: State-of-the-art 3-D image synthesis algorithms are either not able to provide the 

necessary image quality or the necessary rendering speed, or they are restricted by the amount 

of input data. This prevents a common use of these techniques in the clinical practice and for 

clinical Augmented Reality (AR) applications or for applications where the rendering result is 

used as intermediate result and where the overall result must be available within reasonable 

time. 

 

Therefore, according to the Application Oriented Hypotheses (AOHs) considered for the proposed 

Client-Server triangulated surface mesh approach, the proposed approachis in conformity with the 

standards of clinical application acceptance requirements for medical 3-D image synthesis algorithms. 

 

6. Conclusion and Future Work 

This study has proposed and implemented a remote visualization framework for depicting anaplastic 

astrocytomas and glioblastoma multiforme tumors’ datasets, the high-grade gliomas, which are quite 
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challenging in defferenciating their tumor tissues from the normal ones.  Moreover, these WHO grade 

III and grade IV tumors are identified with infiltrative characteristics; they do infiltrate tissues within 

brain and even being associated with irregular shapes. The infiltrative nature of these tumors has 

contributed immensly to their low level of dagnosis accuracy. Consequently, the computer-assisted 

approach for delineating anaplastic astrocytomas and glioblastoma multiforme tumors’ must be 

resourceful enough to be able to clearly highlight the tumor and its regions. 

      The framework algorithms was develped for multi-touch surface compatibility,accelerated with 

Compute Unified Device Architecture (CUDA). With the adopted procedure for the client-server 

approach, only output image and user interaction tasks are leveraged on the client. Consequently, as 

long as the client’s base is CUDA compatible, very minimal tablet / laptop / desktop’s hardware 

requirement is required to effectively interact remotely with the server, as all other processes are 

handled remotely by the server. This creates more feasible atmosphere for ubiquitous medical 

visualization. Moreover, all the entire processes from the data pre-processing to the visualization are 

streamlined without the need of any third party software involvement.  

      The evaluation of the proposed approach proves it advantageous in terms of processing speed and 

reliability. The maximum total time it takes the proposed approach to process the glioma datasets 

using GPU testbed is 1.82s with Flair Magnetic Resonance (MR) images of high_grade_02 datasets, 

consisting of 176 images, while the lowest processing time of 1.02s was achieved using GPU with 

flair high_grade_01 glioma datasets containing 176 images. In addition to that, the proposed client-

server approach was also evaluated for CPU, and though it was a bit slower than GPU-CUDA 

compatible client node, it was still seen to be resourceful. However, the variation in the sizes of the 

datasets with respect to the recorded processing time could be possibly due to the accumulation of the 

pixels or distribution of intensities, which are all beyond the scope of this study. Similarly, we 

evaluated the proposed approach for quality images by comparing it with the output images of 

SurLens visualization system. The client-server approach produced better quality images than 

SurLens; it has better strength of being able to detect, characterize with color, clearly able to 

distinguish and  depictastrocytomas and glioblastoma multiforme tumors’ borders. 

      Future work will focus on investigating why certain datasets with the same number of images 

have different processing time with the proposed client-server approach. Moreover, connectome 

generation is a very useful application that could give more details of datasets expecially for remote 

visualization, hence, our future work will consider integrating connectome to this proposed 

framework as a single application and such evaluation would be done using ground truth datasets. 
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