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Abstract Aiming at the problems of memory waste and low efficiency in three-dimensional (3D) object recognition
algorithm based on original point pair feature (PPF), a 3D object recognition algorithm based on enhanced point pair
feature (EPPF) is proposed. By multiplying the fourth component of the original PPF with a sign function, a more
distinguishing PPF is obtained, which eliminates the ambiguity of the original PPF. Considering the self-occlusion of
the 3D model of the target to be identified, the large numbers of redundant point pairs existing in the target 3D
model hash table are eliminated by means of the viewpoint visibility constraint between the point pairs, which
reduces the memory overhead and improves the accuracy and efficiency of the 3D object recognition algorithm. The
experimental results on the open dataset and the actual collected dataset show that the proposed 3D object
recognition algorithm can improve recognition accuracy and recognition efficiency.
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Fig. 1 Schematic of ambiguity of original point pair feature.

(a) Front view; (b) side view
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Fig. 2 Visible constraint between viewpoints. (a) Schematic of visible constraint between two points;

(b) 3D model; (c¢) 2.5D scene
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points satisfying visible constraint with point p with
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Table 1 Summary of basic information of six target models

Original PPF

Enhanced PPF

Model Point number
Number Time cost /s Number Time cost /s

Chef 3351 11225850 85.10 5557422 34.70
Chicken 2643 6982806 44.00 3434958 18.90

Para 2507 6282542 43.20 3114468 17.50

T-rex 2337 5459232 35.90 2713202 14.80
Glass Box 1134 1284822 3.94 638622 1.87

Mouse 1358 1842806 6.16 916592 2.96
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Table 2 Recognition results of proposed algorithm on whole UWA dataset

Model Correct number/total number Failed scene number Occlusion of the targets /%
Chef 49/50 43 91.30
Chicken 45/48 6,26,32 89.70,86.50,89.50
Parasaurolophus 40/45 7,10,38,41,50 86.40,91.40,89.00,87.00,83.90
T-rex 41/45 4,10,34,48 84.00,80.20,83.80,77.30
Average 175/188 (93.1%) - -

F 3 2P e UWA i b YR i &5
X b CH B AR A () 3 4 3R A T 84060
Table 3 Comparison of two algorithms on the UWA dataset
(occlusion of targets is less than 84 %) in terms of

recognition rate

Recognition Time cost for
Algorithm
rate /% one object /s
Proposed 97.6 10
PPF in Ref. [8] 97.0 85
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Fig. 7 Recognition results of eight scenes on R1 dataset
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Fig. 8 Time cost comparison between EPPF and
original PPF based methods on R1 dataset
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Fig. 9 Recognition results of four scenes S1-S4 on R2 dataset
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