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Abstract—In this paper, we propose a signal detection network
in MIMO systems with one-bit ADCs based on alternating di-
rection methods of multipliers (ADMM). The proposed learnable
detection method performs better than the existing methods.

Index Terms—Binary MIMO detection, negative penalty, neu-
ral networks.

I. INTRODUCTION

We consider binary MIMO systems, where the received
signals are quantized with one bit. We propose a learnable
binary MIMO detection with a negative penalty based on
alternating direction methods of multipliers (ADMM). The
proposed MIMO method performs better than the existing
detection methods.

II. SYSTEM MODEL FOR BINARY MIMO SYSTEMS

We consider uplink massive MIMO systems with one-bit
A/D converters (ADCs) at the base station

y = sgn(Hx+ n), (1)

where x ∈ SM = {−1,+1}M is the transmitted symbol
vector, H = [h1 · · · hN ]T ∈ RN×M is a channel matrix,
and n ∼ N (0, σ2) is a Gaussian noise vector. We consider a
binary MIMO detection with a negative penalty while relaxing
x ∈ SM to the box constraint x ∈ S̄M = {x|− 1 ≤ x ≤ 1}M
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where Φ(x) =
∫ x

−∞
1√
2π

e−t2/2dt is the CDF of the standard
Gaussian distribution and hT

i is the i-th row of H.

III. LEARNABLE ADMM FOR BINARY MIMO DETECTION

We reformulate Problem (P2) with introducing z

min
x∈S̄M ,z∈RN

−
M∑
i=1

log Φ
(zi
σ

)
− λ

2
∥x∥2.

s.t. z = diag(y)Hx. (3)
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Fig. 1. BER versus SNR (dB) (N = 120, M = 20).

We propose the MIMO detection with the negative penalty
using an inexact ADMM

xk+1 = ΠS̄M ((1 + ζk)xk − δkH
T diag(y)(ek − 2ẑk + v̂k))

ek+1 = diag(y)Hxk+1

vk+1 = αkek+1 − αkẑk + v̂k

[zk+1]i = [vk+1]i − µk∇g([vk+1]i), ∀i,
v̂k+1 = vk+1 + γk(vk+1 − vk)

ẑk+1 = zk+1 + γk(zk+1 − zk). (4)

We compare our proposed DeepADMM with zero-forcing
(ZF), Sphere Relaxation [1], DeepHOTML [2]. Fig. 1 shows
that the proposed DeepADMM achieves about 2 dB SNR gain
over DeepHOTML at BER 10−6.

IV. CONCLUSION

In this paper, we proposed a new learnable binary MIMO
detection network based on inexact ADMM using one-bit
ADCs at the base station. The proposed algorithm has better
detection performance than the existing algorithms.
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