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1 Abstract

In this contribution, we propose a simple method for lossless attributes coding using Integer Haar Transform which can co-exist with RAHT by minor modification. The result shows that the proposed method provides 30% speed up in coding time compared to lossless Predicting transform with some loss of coding performance.

2 Fixed Point RAHT
To facilitate hardware implementation, the fixed point RAHT [1][2] was introduced into G-PCC specification. In terms of implementation, current fixed point RAHT is  implemented as follows by letting B represents integer precision of 



 defines the precision of B. For example  for 8-bit precision and kHalf  defines the precision supported the rounding. 


Adjusted Quantization Step (Aqs) is also implemented as below where QS is Quantization Step



The calculation of integer forward transform with quantization for high frequency then becomes






For integer inverse transform with inverse quantization of high frequency 






From the above equation, fixed point RAHT can achieve with fixed point implementation of . However, lossless compression cannot be realized in integer RAHT due to square-root and division operation.

3 Fixed Point Haar Transform
In order to realize lossless compression, the integer to integer transform is proposed that is able to obtain lossless compression. This is the Haar Transform. The unnormalized Haar Transform equation is as below



The lowpass sub-band and highpass sub-band at layer l is defined as below 




Similar to RAHT, the highpass sub-band will be entropy encoded while the lowpass sub-band will be passed to the next level . So, Haar tranform can preserve the hierarchical transform of  RAHT with a fixed transform coefficients
The unnormalized Haar Transform can be rewritten as below for the highpass and lowpass sub-band and the integer Haar tansform can be achieved.









For the integer inverse Haar transform, the equation is as below and the where is floor operation



By defining  as an integer type, this will also make  and  as integers, thus the efficient implementation of the transform can be realized by right shifting for both integer forward Haar Transform and integer inverse Haar transform



 




This process only involve 1 addition, 1 subtraction and 1 shift operations for the transform. Fixed point RAHT and integer Haar transform can be easily integrated to realize efficient lossy and lossless compression with common operations. 
Integer Haar transform can be achieved by setting the weights in RAHT to  for all transform levels as following,
For fixed point RAHT forwad transform formula  




For fixed point RAHT inverse transform forumula




Where transform coefficient 



By setting the weight to , for integer Haar forward transform 

 


For integer Haar inverse transform




4 Proposed implementation
To implement integer Haar transform on top of RAHT, the following functions were introduced into Fixed Point RAHT process.
· Introduce Integer Haar transform flag to turn on it
· If Interger Haar transform flag is equal to 1 then
· set the weights to w1 = w2 = 1
· set Aqs = 1
· conduct shift operation to remove the floating point precision
Figure 1 shows the current Fixed Point RAHT process in TMC13v6 and Figure 2 shows the proposed implementation of integer Haar transform on top of Fixed Point RAHT. In Figure 2, the blue sentenses are related to additional functions of this proposal. 
[image: ]
[bookmark: _Ref13259804]Figure 1: Fixed Point RAHT process
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[bookmark: _Ref13259949]Figure 2: Integer Haar transform on top of fixed point RAHT process

5 Result
The proposed method of Integer Haar Transform was implemented into TMC13v6 and by running CTC [1] test on CW (Lossless geometry, Lossless attributes). The computing platform is Linux 64bits and the executables were compiled on 64-bit Linux with gcc 5.4.2. Table 1 shows the result compared to TMC13v6 anchor with the Predicting transform.
[bookmark: _Ref13151467]Table 1: Summarized result of proposed method compared to TMC13v6 anchor with Predicting transform
[image: ]
From the result, there is an overall average of 3.2% in coding performance loss. The loss is more apparent in color attributes compare to reflectance. But in terms of encoding and decoding time, there is a 29% and 36% speed advantage. 

6 Conclusion 
In this contribution, we proposed a simple method for lossless attributes coding using Integer Haar Transform which can co-exist with RAHT by minor modification. The result showed that the proposed method provides 30% speed up in coding time compared to lossless Predicting transform with some loss of coding performance. Based on this result, it is recommended that proposed approach be evaluated in next CE activity.
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Integer Haar on top of fixed point RAHT
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