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Abstract 

In this paper, we propose a rendering 

pipeline to visualize the large datasets of the 

fruit fly’s brain.  According to the nature of 

these datasets, we have to handle large and 

multiple volume datasets and obtain an 

interactive rendering frame rate.  The 

system applies out-of-core data management, 

timing control mechanism, multi-resolution, 

and volume rendering techniques to render 

the target datasets efficiently. 
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1. Introduction 

During recent years, data-acquisition 

methods and simulation technologies have 

been continued improving, so they result in 

producing a lot higher resolution volume 

datasets.  This situation causes challenge 

problems for data analysis and visualization.  

In order to process such huge datasets, we 

need more CPU computation power, as well 

as GPU computation, memory capacity, disk 

storage, I/O bandwidth, and other computing 

related resources.  Based on the limitation 

from the current computer hardware, it is 

hard to render these datasets efficiently by 

direct rendering. 

 

In this time, the target is the datasets 

of the fruit fly’s brain.  The dimensions of 

each dataset are 1890 X 1033 X 120, and we 

resize every one to 2048 X 1024 X 128 for 

convenient processing.  Each dataset is 

captured from a fruit fly by confocal 

microscopy and only highlight on a single 

neuron, in order to observe their co-relations 

of different neurons, we have to render 

multiple volume datasets together.  

Therefore, we need to render them 

efficiently; moreover, in order to help 

biologists examine their data, we have to 

provide some useful tools, such as transfer 

function adjustment, region of interesting 

(ROI), and clipping plane to assist the 

observation. 

This work is extended from our 

previous work, 3D VR Engine [11], Image 

processing toolkit (IMT) [16], and volume 

rendering platform [10].  In this paper, our 

contributions are as follows. 

1. We design the procedures to process 

and to visualize the fruit fly’s brain 

datasets. Although the pre-processing 

stage will cost a period of reasonable 

processing time, we can build an 

interactive rendering system, 

2. We propose an out-of-core data 

management method to manage data 



                                                                             

  

(a) Without pre-integration.                      (b) With pre-integration. 

Figure 1: Rendering quality comparison of the fruit fly’s mushroom body. 

between graphics card memory and 

main memory, as well as between main 

memory and disk. 

3. We propose a timing control 

mechanism which will update data 

progressively and guarantee the 

interactive need. 

4. We apply state-of-the-art texture-based 

volume rendering method into this 

process to provide efficient rendering. 

5. We have also integrated graphical user 

interface for transfer function, region of 

interesting, and clipping plane into our 

system to help the observation of 

different features inside the fruit fly’s 

brain. 

2. Previous Work 

2.1 Background 

In recent years, the graphics hardware 

becomes powerful, programmable, and 

easily accessible, so texture-based volume 

rendering is the trend to do the real-time 

volume rendering [2, 3, 5].  Traditionally, 

the main drawback of texture-based volume 

rendering is the aliasing effect, as shown in 

figure 1(a).  Fortunately, in 2001, 

pre-integration method was proposed by 

Engel et al. [4].  This method can reduce 

the aliasing effect and provide high quality 

rendering result through texture-based 

volume rendering.  Therefore, our 

fundamental rendering platform [9] also 

uses this rendering method and we can 

improve the rendering result of 1(a) to as 

figure 1(b). 

2.2 Related Work 

     Recently, high resolution volume 

datasets can be acquired very easily from 

scanning machines or scientific simulations.  

Although the quality and speed of the results 

from texture-based volume rendering of 

such datasets are quite good, this method has 

the drawback of limited data size due to the 

restriction of the fix-sized graphics memory 

and main memory.  In order to solve this 

situation, the multi-resolution methods are 

proposed. 

     LaMar et al. [8] proposed the first 



                                                                             

octree-based multi-resolution method to 

manage very large volume dataset and 

render these data by texture-based volume 

rendering.  Boada et al. [1] proposed a 

similar approach with nearly homogeneous 

regions for their hierarchical representation.  

Weiler et al. [20] addressed the problem of 

discontinuous artifacts between the blocks 

with different resolution, and they proposed 

a consistent interpolation method to solve it.  

Plate et al. [14] proposed an out-of-core 

hierarchical paging method to handle very 

large volume dataset up to 16GB.  Guthe et 

al. [7] applied wavelet transform to 

compress data and decompress data into 

hierarchical representation at run-time.  

Based on their report, they can achieve 

interactive navigation on a conventional PC.  

Gao et al. [6] use parallelized technique to 

extend current multi-resolution volume 

rendering algorithm.  This method could 

achieve a well-balanced workload and 

process even larger volume data. 

     When we apply multi-resolution 

method to render large volume datasets, the 

key point to control rendering quality and 

speed is Level-Of-Detail (LOD) selection to 

display properly chosen blocks from 

different levels.  That is, the LOD selection 

is to choose the rendering nodes from 

multi-resolution hierarchy by some criteria.  

LarMa et al. [8] and Guthe et al. [7] 

proposed view-dependent LOD selection 

method.  Pinskey et al. [13] and Plate et al. 

[14] used region of interesting to choose 

blocks.  Shen et al. [15] and Wang and 

Shen [18] used the varying of data error 

metrics to select blocks.  Ljung et al. [12], 

Wang and Shen [19], and Wang et al. [17] 

used image-based quality metrics.  

Image-based error metrics measure the final 

rendering results, so this method has the best 

rendering quality, but it needs some extra 

costs for LOD selection.  Li and Shen [9] 

addressed time-critical issue from the 

performance direction, so they proposed a 

dynamic LOD selection method to achieve 

user’s desired frame rate. 

3. Visualization Pipeline 

     In this section, we will discuss the 

visualization pipeline of our system, 

including preprocessing, out-of-core data 

management, LOD selection, and rendering. 

3.1 Data Structure and Pre-processing 

     Before we discuss the pre-processing 

method, we want to describe the framework 

of our method.  First, we construct an 

octree for each volume.  That is, when we 

render all datasets, there is a forest of 

octrees and we will select rendering nodes 

from each octree at run-time by our LOD 

selection scheme.  We also use standard 

OpenGL texture border to fill the boundary 

between rendering blocks.  Finally, we will 

render these chosen blocks and their borders 

by texture-based volume rendering in 

back-to-front order. 

     Based on the previous description, the 

preprocessing program has to process each 

original dataset to generate a set of octree 

style data.  We build this kind of octree 

style data by the order from leaf nodes to 

root node.  The processing can be briefly 

described in five steps. 

1. Resize: We resize original data into the 

nearest suitable size with power of two.  

Therefore, for each volume of the fruit 

fly’s brain, we convert its size from 

1890 X 1033 X 120 to 2048 X 1024 X 

128. 

2. Split: We choose the size of 128 X 64 

X 8 for each block (brick) and split the 

input volume into bricks.  We also add 

boundary from neighborhood blocks.  

Finally, each block’s size is 130 X 66 X 

10. 

3. Down-sampling: We down-sample the 

volume data by factor of 2 for each 

dimension; therefore, after the down 



                                                                             

sample process the original volume 

becomes a one eighth volume. 

4. Save: We pack this 3D image into a 130 

X 660 2D image, and save it as a Tiff 

image with deflate compression. 

5. Repeat step 2, 3, and 4 until that we are 

unable to split the volume data 

anymore. 

The proposed method does not use 

wavelet transform because a child node of 

the octree hierarchy with wavelet transform 

has to depend on its parent node when we 

decompress it.  In our method, we have less 

decompress time at the cost of disk space.  

This is very useful for out-of-core 

management.  If we used wavelet hierarchy 

and still want to have the same performance, 

caching the decompressed data is the only 

possible method.  However, it will cost 

disk space, too. 

     In order to prevent the dramatic 

increasing of data size in hard disk, we use a 

lossless compression scheme, named deflate, 

to compress our data.  For each dataset, the 

original data size is about 224MB, and the 

converted data size is about 300MB ~ 

330MB.  Notice that the converted data 

have included the extra spatial overhead 

caused by resizing, octree hierarchy and 

border. 

3.2 Out-Of-Core Data Management 

Data management is an important 

issue to make our system run smoothly.  

There are two different data managements in 

our system.  The first one manages the data 

passing between graphics memory and main 

memory, and the other manages the data 

passing between main memory and hard 

disk.  Fortunately, they are very similar, 

and we can use the same strategy, Least 

Recently Used (LRU).  Because an 

interactive system is hard to be predicted, 

LRU can do a reasonable prediction and 

cache loaded data as much as possible. 

3.3 Level-Of-Detail Selection 

Because LOD selection is the key 

point of a multi-resolution system, we have 

to take it carefully.  We list all needed 

considerations in advance. 

1. The system should have short response 

time in order to interact with user. 

2. LOD selection should be depended on 

the view point. 

3. User can specify the region of 

interesting (ROI). 

4. This system needs to handle multiple 

datasets. 

From the previous requirements, we 

derive six concepts to build the rule for LOD 

selection. 

1. We develop a simple view dependent 

cost function f for LOD selection. 

f = (v-c)/s < t                  (1) 

where v is view point, c is center point 

of block, s is block size, and t is the 

setting threshold.  If f<t, current block 

will be split.  Figure 2 presents this 

view dependent concept as a 2D view. 

2. We design a graphical user interface for 

user to specify the ROI and modify our 

cost function f to f’ inside ROI. 

f' = ((v-c)/s)/w < t               (2) 

where w is weighting value inside ROI.  

We also provide an interface for user to 

specify the weighting value. 



                                                                             

 

Figure 3: Workflow of our LOD selection. 

 

Figure 2: View dependent LOD selection. 

3. The size of total chosen blocks should 

not exceed graphics memory, and the 

chosen blocks and cached blocks 

cannot overstep the limitation of main 

memory.  The data management part 

will be taken care of by our-of-core 

data manager automatically.  For LOD 

selection, we only add a criterion to 

prevent the total size of chosen blocks 

from exceeding the graphics memory. 

4. If the current checking node is a leaf 

node, we will choose it immediately 

and ignore other criteria. 

5. We only add new 8 nodes at each time 

frame to shorten the response time.  If 

more than 8 nodes need to be added, 

we will postpone them until next frame.  

Therefore, the LOD selected result will 

be refined adaptively. 

6. We build an octree structure for each 

dataset, and traverse a forest from each 

tree’s root concurrently.  After the 

proxy polygons for volume rendering 

are generated, we will sort them and 

render them by back-to-front order. 

Figure 3 show the overall workflow of 

above six concepts.  We use a list to 

maintain all candidate and chosen blocks 

(bricks).  Concepts 1 and 2 are realized in 

step 7, as well as concept 3 is step 6, and 

concept 4 is step 5.  Concept 5 is 



                                                                             

 

Figure 4: Our consistent view-aligned slices. 

 

Figure 5: Transfer function GUI. 

 

Figure 6: Region of interesting GUI. 

 

Figure 7: Clipping plane GUI. 

cooperated by steps 4 and 11.  Step 4 will 

give each traversed node a time tag, and we 

have another time tag for each final chosen 

node when we render them.  Step 11 will 

check time tags, and detect the new splitting 

action.  Finally, concept 6 is done by steps 

1, 2, 12, and 13, which take all trees into 

consideration concurrently. 

3.4 Rendering 

     After we choose proper blocks, we 

render the data using texture-based volume 

rendering techniques with view-align sample 

slicing and pre-integration.  We generate 

view-align slices of each block individually, 

so we have to maintain the consistent 

boundaries between blocks as figure 4.  

Finally, we apply pre-integrated method to 

get high-quality rendering result. 

     In order to improve the usability, our 

system also integrate a graphical user 

interface for controlling transfer function 

(figure 5) [10], region of interesting (figure 

6), and clipping plane (figure 7).  These 

tools can help users analyzing volume data. 

4. Results 

Our program is written in C/C++ and 

based on OpenGL and GLSL, and runs on a 

PC with AMD Opteron 2.21 GHz CPU, 2.5 

GB RAM, and NVIDIA GeForce 7800GTX 

graphics card.  We believe that our system 

can perform well on any other PC with 

graphic hardware that supports pixel shader. 

     The size of our benchmark datasets 

are 1890 X 1033 X 120 of the brain, 1015 X 

476 X 101 of the mushroom body, and 1890 

X 1033 X 120 of the brain’s neuron. 



                                                                             

   

(a) Overview of testing datasets.              (b) Near blocks are the most detail data. 

   

(c) Another view of testing datasets.           (d) Blocks’ boundary of (c). 

Figure 8: Rendering results. 

     Our preprocessing program will resize 

the brain and neuron into size 2048 X 1024 

X 128 and the mushroom body into size 

1024 X 512 X 128.  The chosen block size 

is 130 X 66 X 10 with border, so we have 5 

levels for the brain and neuron and 4 levels 

for the mushroom body.  The 

preprocessing time is 144 seconds for the 

brain and neuron, plus 23 seconds for the 

mushroom body. 

     Figure 8 is the rendering results.  The 

resolution of our rendering frame buffer is 

1280 X 1024.  Figure 8(a) shows the 

overall datasets.  Figure 8(b) has a close 

view and the near blocks use the most detail 

data.  The rendering performance of figure 

8(b) is 1.3 frames per second (FPS).  

Figure 8(c) and 8(d) present the rendering 

result and its LOD selection. 

5. Conclusions 

The proposed rendering pipeline is 

targeted for the problems of visualizing the 

volume datasets of the fruit fly’s brain.  

This method handles the issues of large 

dataset, multiple volumes, and interactive 

frame rate.  In the paper, we have 

reasonable speed for pre-processing and 

run-time system.  For the interactive 

system, the proposed multi-resolution 



                                                                             

texture-based volume rendering is supported 

by out-of-core data management and LOD 

selection with time controlling.  Our 

rendering system also has pre-integration for 

high quality rendering, consistent border for 

different level’s blocks, and graphical user 

interface for adjusting parameters, including 

transfer function, region of interesting, and 

clipping plane.  We believe the proposed 

pipeline can give great help to the 

observation of the fruit fly’s brain data. 
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