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Motivation 

1. In practice, detection and estimation are interdependent, 

motivating joint optimization. 

2. Multi-objective formulations provide partial solutions, while 

learning-based approaches suffer from complexity and 

generalization issues.  

3. Information-theoretic designs have been explored, e.g., a two-

stage scheme using mutual information (MI) and Kullback–Leibler 

(KL) divergence, yet a unified foundation remains lacking.  
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Main idea 

1. Unified variational framework: Joint detection-estimation 
waveform design is formulated via mutual information upper 
bound (MIUB) maximization, unifying MI- and KL-based criteria.  

2. Flexible statistical modeling: Gaussian mixture distributions 
(GMDs) are adopted for target and clutter, combining fidelity with 
analytical tractability.  

3. Phase-coded dream optimization algorithm (PC-DOA): A 
constant modulus synthesis algorithm with hybrid initialization 
and adaptive dynamics is developed to enhance convergence 
and solution quality. 
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Method 
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Method (Cont’d) 
2. The exact evaluation of MIUB under GMD likelihoods is 
generally intractable. Tractable approximation strategies: to 
circumvent this computational challenge, we adopt the following 
tractable approximation strategies. 

MI approximation (Lemma 2): the MI term can be 
approximated as 

KL divergence approximation (Lemma 3): the KL divergence 
term admits the approximation 

Final optimization problem (P1): 
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Method (Cont’d) 
3. We propose the PC-DOA, a metaheuristic specifically 
designed for MIUB-based waveform design under constant 
modulus constraints. 

Phase-coded representation: 

Hybrid initialization strategy: 

LFM-inspired initialization: 

Chaotic initialization: 

Random initialization: 

Exploration and exploitation: 

Exploration phase: 

Exploitation phase: 
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Method (Cont’d) 
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Major results 
 Comparison of optimization objectives 
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Major results (Cont’d) 
 Comparison of optimization objectives 
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Major results (Cont’d) 
 Comparison of optimization objectives 
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Major results (Cont’d) 
 Comparison of optimization algorithms 
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Conclusions 
1. This work presents a unified information-theoretic framework 
for constant modulus radar waveform design, jointly optimizing 
detection and estimation via an MIUB under Gaussian mixture 
models.  

2. To address the ensuing nonconvex optimization, we propose 
PC-DOA, which leverages hybrid initialization and adaptive bi-
phase search on the complex circle manifold.  

3. Numerical evaluations confirm that MIUB-based designs 
outperform conventional baselines, offering superior detection-
estimation trade-offs and desirable ambiguity function 
properties, thereby establishing a principled foundation for 
future extensions. 
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