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Fig. 1 Framework of innovation-based encoding-decoding quantization algorithm
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Table 1  Algorithm 1

Algorithm 1: Innovation-based encoding quantization algorithm

Input: yk: k+T-1), A, H.Q,R,€,T

Output: j(k: k+T —1)

1: According to Theorem 1, compute M and 52 ;
2: Construct Ay(k+7) ;

3:Solve p, for b' and quantizer Q' ;

4: Quantize Ay'(k+7) to obtain Aj(k+7);

5: Assemble the encoded packet j(k: k+T —1)
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Table 2 Algorithm 2

Algorithm 2: Innovation-based decoding algorithm

Input: Binary packet j(k: k+7T —1)

Output: Reconstructed data y(k: k+7 —1)

1: Determine T from packet;
2: Obtain b from bit length B’ ;
3: Decode §(k+7) to decimal form;

4: Reconstruct y(k+17)
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Algorithm 3: Reconstruction-error-based feedback quantization algorithm

Input: Encoded data j(k: k+ T — 1) , original measurements

y(k: k+T —1) , quantization steps A’

Output: Refined encoded data y'(k: k+7 —1)

1: Reconstruct y(k: k+7 —1) and compute reconstruction error
e(k: k+T—-1);

2:For 7=1:T-1

3:  Compute bias vector: B(k+7)=-Me(k+1—-1) ;

4:  For each dimension i=1:m

5: If |e'(k+7)| > A

6 Compute correction target: 7' = Ay'(k+71)+ Bi(k+7) ;

7: Quantization: Ayi(k+71) =arg mingoilg — 7l

8 Update error: ei(k+7) = Aji(k+7)—7 ;

9 Else

10: Keep original quantization unchanged: Aj(k+1) = Ay (k+71) ;
11: End If

12:  End For

13: End For

14: Reassemble Ay’ to form the final data packet
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j=1
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Fig. 3 Self-built experimental platform
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Fig. 4 Quantization error and reconstruction error when €' = €* =0.3
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A Communication-Efficient Approach for Networked Systems via
Innovation-Based Quantization

WU Han, DING Wenjie, YANG Wen
(Key Laboratory of Smart Manufacturing in Energy Chemical Process, Ministry of Education, East China University of
Science and Technology, Shanghai 200237, China)

Abstract: In large-scale distributed systems such as the Internet of Vehicles (IoV), the conflict between high-
frequency data sampling and limited communication bandwidth presents a critical challenge for remote state estimation.
Traditional quantization methods often suffer from saturation failures when system states diverge, as observations
exceed the dynamic range of the quantizer. To address the issue, this paper proposes an Innovation-Based Encoding-
Decoding Quantization (IEQ) method and a Reconstruction-Error-Based Feedback Quantization (REFQ) algorithm.
Firstly, the IEQ method constructs a novel type of measurement innovation. Theoretical analysis proves that this
innovation is statistically independent of system states and follows a stable distribution. This characteristic
fundamentally eliminates quantizer saturation caused by large-amplitude observations. Secondly, to solve the problem
of error accumulation in differential encoding, the REFQ algorithm introduces a feedback mechanism. The sender
simulates the decoding process to calculate the reconstruction error and corrects the quantization input in real time.
Theoretical analysis demonstrates that REFQ strictly constrains reconstruction errors within a single quantization step
size. Finally, an optimization-based strategy is developed to allocate quantization bits based on system matrices.
Crucially, it is further established that under this bit allocation scheme, the error covariance of the remote Kalman filter
remains uniformly bounded, thereby providing a rigorous theoretical guarantee for the stability of the overall estimation
system. Experiments are conducted on a self-built real-world vehicle platform to emulate an IoV remote state
estimation scenario. The results show that the proposed method reduces bandwidth consumption by 4 times compared
to raw data transmission while maintaining estimation accuracy. Moreover, the REFQ algorithm effectively suppresses
error drift, keeping reconstruction errors within a stable bound regardless of time steps, whereas traditional methods
show divergent errors.

Key words: quantization; state estimation; cyber-physical system; data compression; encoding
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