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Motivation
1. Conventional blanket jamming methods, typically implemented 
by a single high-power jammer, suffer from low utilization efficiency 
and can inadvertently affect friendly devices due to their spatial 
limitations.
2. The introduction of beamforming techniques aims to enhance 
jamming effectiveness but still poses risks to adjacent friendly 
devices, highlighting the need for more sophisticated jamming 
strategies.
3. The existing methods for waveform design face high 
computational burdens and are not suitable for the minimax 
multi-objective problem (MOP) inherent in distributed precision 
jamming (DPJ) scenarios.
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Main idea
1. Compared with previous works on the narrowband constant 
modulus (CM) discrete phase waveform design, we use the 
wideband signal model to design the CM discrete phase 
waveform for DPJ. 

2. The Riemannian conjugate gradient for CM discrete phase 
constraints (RCG-CMDPC) algorithm is proposed to address the 
large-scale optimization problem with CM and discrete phase 
constraints.

3. The effectiveness of the proposed algorithm is validated 
through numerical simulations, demonstrating superior jamming 
efficiency and lower computational demands compared to 
existing methods.

Front In
form Technol Electro

n Eng



Problem formulation
1. Signal model

2. Metric and waveform constraint design 3. Optimization problem
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Method
To obtain the wideband CM discrete phase 
waveform for robust DPJ, we propose the 
RCG-CMDPC algorithm. 

1. First, we use      approximation and the 
Pareto optimization framework to transform 
the original minimax MOP      into a single-
objective minimization problem with CM 
and discrete phase constraints. 

2. Then, the transformed problem is 
tackled by our proposed RCG-CMDPC 
algorithm.

3. Finally, we provide the computational 
complexity analysis of the proposed RCG-
CMDPC algorithm.



pL
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Method
Computational complexity of the proposed RCG-CMDPC algorithm, 
disregarding the coefficients of high-order terms.
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Major results
Verification of DPJ effectiveness by the CPS distribution, adopting majorization-
minimization (MM) and RCG-CMDPC algorithms in typical DPJ scenarios.
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Major results 
Verification of DPJ effectiveness by the CPS distribution, adopting MM and 
RCG-CMDPC algorithms, where the working frequency of friendly devices is 
set the same as that of the opponent equipment.
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Major results
The detailed CPS indicators of these two algorithms are shown in Table 3, 
where          and         denote the minimum and average        in     , respectively, 
while         and         the maximum and average       in     , respectively. 

min
OCPS ave

OCPS CPSs O
max
FCPS ave

FCPS CPSs F
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Major results
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Major results 
Effect of     -norm adoption on the performance of RCG-CMDPC, at              , 
which means that each jammer is equipped with a 10-bit DDS

pL 1024V 
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Major results 
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Major results 
When ρ=1 and 0, the obtained wideband waveform considers only      and     , 
respectively.

O F
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Conclusions
1. We propose an efficient algorithm to design a robust wideband 
CM discrete phase waveform for DPJ. 

2. The corresponding design model is formulated as a minimax 
MOP, which is transformed as     using the     -norm and Pareto 
framework.

3. We develop an efficient RCG-CMDPC algorithm within the RCG 
framework, whereby a novel retraction and projection method is 
provided to let the solution satisfy the CM discrete phase 
constraints. 

4. The proposed RCG-CMDPC algorithm has lower computational 
complexity than the competing MM algorithm in theory.

 PL
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