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Feature Preservation As Fig. 18 shows, our algorithm 
retains topological elements like singularities and 
separatrices. The critical points, periodic orbits, and 
separatrices are not highlighted, as is the case with [11], to 
facilitate the comparison of our algorithm with others. 
However, highlighting these features can be easily 
implemented in our method and might be useful, 
especially for vector fields on surfaces, since only portions 
of a periodic orbit may be visible for any given viewpoint. 
In the other four algorithms, the loss of topology 
information may not be noticeable with a high streamline 
density (bottom of Fig. 18), but is pronounced with a low 
one (top of Fig. 18). Fig. 19 compares the five 
aforementioned algorithms using very sparse streamline 

placements, of which the one generated by our method is 
able to preserve the flow topology very well. 
     Reconstruction Fidelity The reconstruction error 
evaluation method described in [5] is applied to our test 
results. Fig. 20 compares the five algorithms regarding the 
reconstruction error of streamline placement, with white 
indicating the highest reconstruction error and black the 
lowest. Fig. 21, Table 1, and Table 2 compare these five 
algorithms in terms of the reconstruction error for flow 
fields 1 and 9. Our method produces a low reconstruction 
error, particularly as the streamline density decreases. In 
other words, our approach is more effective than the 
other four in reconstructing a flow field from a small 
number of streamlines.   

                                 

         Jobard-Lefer [10]                  Mebarki et al. [9]                       Liu et al. [3]                      Chen et al. [11]                      Our method 

Fig. 19. Comparison in the streamline placement with a very low density for flow field 9. 

           
         Jobard-Lefer [10]                Mebarki et al. [9]                     Liu et al. [3]                      Chen et al. [11]                     Our method          

Fig. 20. Comparison in the reconstruction error of streamline placement for flow field 9. 
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Flow field 1                                                                                    Flow field 9 

Fig. 21. Quantitative comparison of our method with Jobard and Lefer’s method [10], Mebarki et al.’s method [9], Liu et al.’s method [3], and 

Chen et al.’s method [11] in reconstruction error versus separating distance based on Tables 1 and 2. 

Page 9 of 13

http://mc.manuscriptcentral.com/tvcg-cs

Transactions on Visualization and Computer Graphics

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review
 O

nly

KEQIN WU ET AL.:  TOPOLOGY-AWARE EVENLY-SPACED STREAMLINE PLACEMENT 10 

 

TABLE 1 
QUANTITATIVE COMPARISON IN UNIFORM DENSITY AND RECONSTRUCTION ERROR FOR FLOW FIELD 1 

 

 

Separating Distance (% width) 

 

 

0.8 

 

1.6 

 

3.2 

 

6.4 

 

12.8 

Jobard-Lefer [10] 551 261 130 58 24 

Mebarki et al. [9] 526 231 136 67 31 

Liu et al. [3] 497 219 150 78 32 

Chen et al. [11] 492  236 133 59 35 

 

Number of 

Streamlines 

Our Algorithm 466 295 152 78 45 

Jobard-Lefer [10] 0.0189 0.0228 0.0219 0.0136 0.0072 

Mebarki et al. [9] 0.0145 0.0185 0.0205 0.0142 0.0109 

Liu et al. [3] 0.0134 0.0171 0.0161 0.0111 0.0062 

Chen et al. [11] 0.0176 0.0187 0.0190 0.0134 0.0070 

 

MSE of 

Gray-level 

Our Algorithm 0.0142 0.0175 0.0184 0.0132 0.0095 

Jobard-Lefer [10] 0.0010 0.0030 0.0098 0.0322 0.0937 

Mebarki et al. [9] 0.0019 0.0040 0.0094 0.0259 0.1122 

Liu et al. [3] 0.0020 0.0048 0.0081 0.0276 0.0790 

Chen et al. [11] 0.0024 0.0043 0.0083 0.0302 0.0856 

 

Reconstruction 

Error 

Our Algorithm 0.0016 0.0026 0.0069 0.0211 0.0682 

Jobard-Lefer [10] 0.546 0.280 0.156 0.109 0.063 

Mebarki et al. [9] 0.274 0.147 0.090 0.067 0.042 

Liu et al. [3] 0.164 0.056 0.034 0.025 0.013 

Chen et al. [11] 0.574 0.297 0.177 0.127 0.066 

 

Running Time 

Our Algorithm 0.818 0.420 0.237 0.168 0.097 

 

TABLE 2 
QUANTITATIVE COMPARISON IN UNIFORM DENSITY AND RECONSTRUCTION ERROR FOR FLOW FIELD 9 

 

 

Separating Distance (% width) 

 

 

0.8 

 

1.6 

 

3.2 

 

6.4 

 

12.8 

Jobard-Lefer [10] 495 234 114 54 26 

Mebarki et al. [9] 451 180 115 57 25 

Liu et al. [3] 437 200 136 60 33 

Chen et al. [11] 467 216 115 59 33 

 

Number of 

Streamlines 

Our Algorithm 389 247 123 59 28 

Jobard-Lefer [10] 0.0199 0.0237 0.0220 0.0138 0.0073 

Mebarki et al. [9] 0.0135 0.0182 0.0194  0.0135  0.0082 

Liu et al. [3] 0.0141 0.0173 0.0162 0.0100 0.0062 

Chen et al. [11] 0.0164 0.0175 0.0183 0.0126 0.0071 

 

MSE of 

Gray-level 

Our Algorithm 0.0130 0.0161 0.0175 0.0124 0.0077 

Jobard-Lefer [10] 0.0011 0.0031 0.0110 0.0400 0.1169 

Mebarki et al. [9] 0.0023 0.0045 0.0089 0.0319 0.1046  

Liu et al. [3] 0.0030 0.0055 0.0092 0.0348 0.0649 

Chen et al. [11] 0.0012 0.0029 0.0130 0.0389 0.0831 

 

Reconstruction 

Error 

Our Algorithm 0.0014 0.0048 0.0098 0.0231 0.0574 

Jobard-Lefer [10] 0.421 0.218 0.125 0.078 0.031 

Mebarki et al. [9] 0.213 0.116 0.074 0.047 0.022 

Liu et al. [3] 0.156 0.046 0.028 0.012 0.010 

Chen et al. [11] 0.456 0.237 0.141 0.089 0.039 

 

Running Time 

Our Algorithm 0.630 0.327 0.193 0.179 0.048 

 

     Time Complexity The computational cost of our 
algorithm depends on (1) topology extraction, (2) seeding 
path selection, and (3) streamline integration under 
density control. Given the number of grid points N  and  
the number of singularities C  of a flow field, (1) needs 

)(NO  time for singularity computation and )(CO  time 
for topology region extraction. The combined execution 
time of (2) and (3) is )(GO  where G  is the number of 

samples that are placed approximately evenly within the 
flow field. Thus the overall time complexity of our 
approach is )),,(max( GCNO . Tables 1 and 2 compare the 
aforementioned five sample-based streamline placement 
algorithms for flows 1 and 9, respectively. The timing 
results measured in seconds are based on a 2.0GHz, 2GB 
RAM PC running Windows Vista. Within a large range of 
varying densities, our approach takes one to three times 
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the time needed by Jobard and Lefer’s [10], Mebarki et 
al.’s [9], or Chen et al.’s method [11] to create an 
approximately equal-density streamline placement. In 
fact, this ratio is largely due to the two-stage layout 
strategy adopted in our algorithm, i.e., generating dumb 
streamlines in the orthogonal flow during the first stage 
to determine seeding paths and placing visible 
streamlines in the original flow during the second stage. 
On the other hand, our method exhibits an obvious 
advantage over the three in placement quality by 
showing accurate separatrices to preserve flow topology, 
independent of the density, in a layout of evenly-spaced 
streamlines. This capability facilitates level-of-detail 
investigation of complex flows (as in Fig. 14), for which a 
rapidly generated coarse yet uniform streamline 
placement reveals the precise topological skeleton to steer 
high-resolution exploration of regions of interest. This 
gain is particularly noticeable and may further blur the 
aforementioned performance gap in terms of overall 
visualization efficiency when handling unknown large-
scale real-world flows. Liu et al.’s algorithm [3] is 
currently the fastest one of the five we compared, mainly 
because of the exclusive use of an adaptive step size 
integrator with error control plus a cubic Hermite 
polynomial curve sampler. Our method allows for 
incorporation of such an integrator to enhance the 
computational performance, while maintaining the 
novelty of addressing streamline placement through the 
orthogonal flow domain.  

6 CONCLUSION AND FUTURE WORK  

We have presented a novel topology-aware evenly-spaced 
streamline placement algorithm.  By exploiting the 
intrinsic relationship between a flow field and its 
orthogonal counterpart, a preferred seeding path crossing 
all the streamlines within each topological region is 
determined to place evenly-spaced long streamlines while 
preserving flow topology with accurate separatrices in the 
resulting layout.  

The results demonstrate that our algorithm achieves 
great placement uniformity and high streamline 
continuity at a moderate computational cost. It 
outperforms the flow-guided seeding strategy [2] and 
Chen et al.’s version of neighborhood seeding strategy [11] 
in maintaining overall streamline uniformity as well as 
reconstruction fidelity, and is more effective than other 
methods in preserving the flow topology in the resulting 
placement.  

As for future work, we would like to improve the 
robustness of topological region decomposition for 
handling even more complex topological structures 
involving periodic orbits and saddle-connected loops. In 
addition, we are interested in extending this algorithm to 
curved surface and volume flows. 
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