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Abstract: According to the theory of passive millimeter wave detection, the theoretical formulas of

output signal, detection probability and target area of passive millimeter wave detection are given. The

curves of detection probability and signal-to-noise ratio are presented. The approximate calculation

formulas for calculating the output signals from a passive millimeter wave sensor, detection probability and

target area in an approximately linear range are derived. The formulas are used to explain a coincidence

phenomenon in a certain test of passive millimeter wave detection successfully. The conclusion reached

is of a reference value to the related passive millimeter wave detection.
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1 f��:l^qTul�{Bi<�z��#[
1.1 �	n"xf2z��n69.��T�+U.�#�h��{ (h=) ;���F& (q�F&) 6^dq?lÆ69.9�lÆbd69.9x0+U�LMT�BM�WT�_.TF�"x���K7)�#�D<3�F&Ld9�-0tS(b&0#$�tiF&~)�m�n69.#<��TdlÆPd+U"-~Y3< G(θ, ϕ) �+Ud�\lÆ=Q<

A(θ, ϕ) = G(θ, ϕ)λ
2

4π �`Y� ∆f ≤ f2 {��b+US
s)lÆdU"-< [1]

W =
k∆f

4π

∫ ∫

ψ

T (θ, ϕ)G(θ, ϕ)dΩ (1)�B�k<-wP4���∆f <lÆPY��dΩ<lÆP+Ud�^:�!)i�St��69.��Tq?bh=d:�=� dxdy � T (θ, ϕ)<�Q�F&d
sBq�34���I"-�lÆPWD�Iksd)M< U = G0W �SB G0 ��lÆPk*W)d���ψ <+UlÆ_�t�d!)i};�-�℄�O�+UI.�~Yd'�����L�d'������Td+U"-~Y3 (&)#.�Ba�u) �u�<
G(θ, ϕ) = G0e

−ρθ2 (2)�B� G0 <+U.�Bad"-'�� ρ <(0+U~Y3d��� θ < 3dB .��qd~����T�I.�#<~)F&��QQ�_�s�++U 3dB Y�t�d!)iU���� (1) ��	I W = k∆Tα∆f ���Æ+Uf\
sBq%I ∆Tα Z*+UlÆPdUJ#��� ∆Tα �Z(+Ud�I9�+Uf\
sBq%I< [2]

∆Tα =
G0∆T

4π

∫ ∫

ψ0

exp(−ρθ2)dΩ (3)�B� ψ0 <F&!+!)i�j3 1 !��#7iY&MB��TM� A i�F&Ba?>< C i� dxdy <F&rd:�℄��&r�%<
∆Tα =

G0H∆T

4π

∫ x2

x1

∫ y2

y1

exp(−ρ(arccos(
H cos θF + y sin θF
(x2 + y2 +H2)1/2

))2)

(x2 + y2 +H2)−3/2dxdy (4)�B� H <��T��h=d�q� θF <��Tq?Mi (-�< 30◦) �F&=Q<
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(x2 − x1) × (y2 − y1) d�h�� (4) B��Q�4� f(x, y) <
f(x, y) = exp(−b(arccos(

H cos θF + y sin θF
(x2 + y2 +H2)1/2

))2)

·(x2 + y2 +H2)−3/2 (5)Qf� f(x, y) ,�Uj)M�-���+UI.�#q?F&{�:�=�2�b+Ud!)i�� (x, y) v%Id��Q4� f(x, y)o=�3`=j3 2 !���3�5�F&=Q���T�I2H�81�Uj)M�
4 1 ��G'i��?eA�U/���4�Æ� (4) ,	kq?pJ�R�u��T+U9� ρ< 400�J�< 3 rps��q� H1 ∼ H7%I�F&�=Q< S0�F&�=Q< 1.333S0�F&
=Q< 0.96S0 �umo�F&dka-�

(=T;qf�Wf�sU#F&=Q>��G/�{:[>��#S",d1%d,dOti0�.Y��Y�n/b( 1 �

4 2 �R5� f(x, y) ep>�4a>
1.2 ��z��( 1 	I��O��T�qdrx���T�Id���"�F&�8"�V==Q"
1.333 ���lu�-����O�qd'Z����F&#��T+UI.�!*" GoOh�t�dQ�4� f(x, y)d%I���[���Q�B8m��� (4) ��%<

△TI =
G0H△T

4π
f(ξI , ηI)SI (6)= 1 ?\HDWSGUE����
VT<YA_MBNZOKA�U�r H1 H2 H3 H4 H5 H6 H7�r� H1 #9 1 1.6667 2 2.6667 3.3333 4 4.6667	 / ��9# 1.2 1.26 1.2804 1.2997 1.3112 1.3195 1.328� / ��9# 0.9822 0.9703 0.9676 0.9646 0.9627 0.9609 0.9600�B� SI <F&=Q� f(ξI , ηI) <Q�B8<���F& SII = α · SI(α # 1 �u{�

f(ξII , ηII) ≈ f(ξI , ηI)) ���Tt�F&d�8�I9�u�<
△TII ≈ △TIα = △TI

SII
SI

(7)` αlu 1[�5"�F&d=Q"8{�#H>�m};Iu�Y���T�Id9
�8��y/W#���( 1 B��
F&W".z��r�)M�̀ α = 0.96 ���TM� H6�r{��I9"8�=Q"8�>�8�
2 f��:l>
Fz^q�6{Bi<�z��#[
2.1 �	n"xf2z�
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p(xn) =

xn
σ2
exp(−

x2
n

2σ2
) (8)`F&9 xs ;$wkO xn .{U#{�9Z$wd0Y�3,,< [4]

p(x) =
x

σ2
exp(−

x2 + x2
s

2σ2
) · I0(

x · xs
σ2

) (9)�B� I0(
x·xs

σ2 ) <&m%h�nw4�� x =

xs + xn <9Z$w� σ <$w�~>�m xT<9_<7T�69.��TyRF&d�-< [5]

Pd =

∫
∞

xT

x

σ2
exp(−

x2 + x2
s

2σ2
) · I0(

x · xs
σ2

)dx (10)ky�-<5�F&9d#<�-�U�Sl��3�
Pfa =

∫
∞

xT

x

σ2
exp(−

x2

2σ2
)dx = exp(−

x2
T

σ2
) (11)�� Neyman–PearsonN& [6] �umky�-<�����yR�-WWI�U Pfa = C0 �

Pd = max �-��Aky_<d���$w��P%#�	k%# z = x/σ �& z <-~I9� z d�-;q�3�$wXqE)�Q{#<M0dky�-Am1%�s�_<7T xTqb�) [7] �.{	k$" SNR = xs/σ �&� (10) %<
Pd =

∫
∞

xT

zexp(−
z2 + SNR2

2
) · I0(z · SNR)dz (12)3 3 �I$1.$"Od#<�-;q�3`U�3B�T 0< 5Z( SNRd8�#emky�-F�_<7T zT ��� (11) �I�Y�#<�- Pd |A�Y� z > zT d=Q�Qf z � Pd 1�Uj)M�

4 3 2/d%#P$=�.<re�4aV�ky�- Pfa = 10−3 < �9_<Z8< 3.7 �#<�-�$")Mb( 2 �(Bn/|w4$umdky�-�̀ $"< 6{�#<T�-lu< 1 �= 2 `PFQ℄ 10−3 X�[�FQa_b; SNR BJ^
SNR 0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6

Pd 0.001 0.002 0.007 0.023 0.065 0.151 0.292 0.476 0.667 0.822 0.923 0.972 0.992u�n69.��TtW=d����
o�F&ti#<~)��8"� SNR "f\�#$w�O σ 1%d℄�O��5��TtF&d$"�-0� (10)��^S#<�-�|6�S#<�-|�^S SNR dW[�-z
#�5��Tt�F&d#<�-d℄�O���S���
F&d�8"^I��Tt��
F&d#<�-���n69.��TAky�-< 10−3 < �m��n69.��TM� H4 �qt�F
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Æ 35 �Æ 3 � � � 31&#<�-< 0.8 <ON�u1.�qr�n69.��Td$w9�G1%��Y�I��TM�1.�q{t�F&��F&�
F&d#<�- (b( 3) � �( 3�5�# H1 ∼ H7 �q{�n69.��Tt����
o�F&d#<�-�F&=Q"1��Uj)M�-�W=d�0�In0~=�= 3 ?\HDX:CLR>SGUE����
VIT<B[�FQ7:/A�U�ru#:�
H1 H2 H3 H4 H5 H6 H7

PId 1.000 1.000 1.000 0.80 0.28 0.08 0.03

PIId 1.000 1.000 1.000 0.99 0.63 0.21 0.07

PIIId 1.000 1.000 1.000 0.78 0.24 0.06 0.02

SNRII/SNRI 1.200 1.260 1.280 1.300 1.311 1.320 1.328

SNRIII/SNRI 0.982 0.970 0.968 0.965 0.963 0.961 0.960

PIId/PId 1.000 1.000 1.000 1.238 2.250 2.625 2.333

PIIId/PId 1.000 1.000 1.000 0.975 0.857 0.750 0.667

PIId − PId 0 0 0 0.19 0.35 0.13 0.04

PIIId − PId 0 0 0 -0.02 -0.04 -0.02 -0.01^�( 3 |�	I�# H5 �qr�69.��Tt��
F&d#<�-�#<�->8�SWtF&=Q>8Wf���T# H5 �q{t���"F&d#<�->8�WtF&=Qd>8Wf�-~�Y>�#S"�q{5�F�
2.2 ��z�

4 4 2/lz�.Pe$=�.aV#<�-I{�_<7T;$"�m�v#qmAky-d℄�O��Q�_^Bqem�Q�n/s��Q4��)�Us� SNR�)�1J7lM�0rdu�%��3 4<#<�-� SNR d)M`U�#1.ky�-O�6,�-`U#~m_^ Pd1 ∼ Pd2 I

SNR � Pd u�Uj)M�S)M�u�_<
Pd ≈ a1 ·SNR+a0 �t�1.dky�-�a0 �
a1 �Pd1 ∼ Pd2 db81.��+b� (7) �&"F&d#<�-�=Q6^U#u�)M�
PIId ≈ a1 · SNRI + a0 ≈ a1 · SNRI ·

SII

SI
+ a0

= PId ·
SII
SI

+ a0 (13)

PIId − PId ≈ PId · (
SII
SI

− 1) + a0 (14)� (13) ��#Uj_^I"�1.F&���d#<�-)Mdu�����u�Y��5�ky#<�-`U1.{�Su�Uj_^1.�a0 �a1 �Pd1 ∼ Pd2 db8|1.�̂#<�-�F&=Qd)MU#~su�Uj_^�v-|�IR�w�Y>�d�0OL��� (14)��	I�t"�1.F&tid#<�->8e|�SWt=QU#~mdUj)M�^%�d�Æ,d�#<�-`UU#u�Uj_^�["�F&=Q"8�>� (7) d�Æ,d���( 3 �-Eu�Y�n/dH>.nkW�� PId � PIIId 6�� PIId H>�#
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4%∼40% �H>W[� PId � PIId � PIIId �	#Uj_^I�m�#_^I&[�#_^7&W�#<�-lu 0 N 1 �uH>�W�
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