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Abstract-This paper investigates the blockage loss caused 
by human body at 11, 16, 28, and 32 GHz by measurements 
and modeling. The measurements are carried out in an office 
environment by using a vector network analyzer (VNA) and 
two horn antennas, with one or two persons walking along or 
across the line connecting the transmitter (Tx) and receiver (Rx). 
The METIS knife-edge diffraction (KED) model, Kirchhoff KED 
model, and geometrical theory of diffraction (GTD) model are 
used to simulate the human blockage effects. The Gaussian model 
is also used to fit the measurement data. The human blockage 
effects are compared for the four millimeter wave (mmWave) 
bands. The results have shown that as the frequency increases, 
there is no obvious increasing trend of the losses. The METIS KED 
model, Kirchhoff KED model, and G TD model can simulate the 
human blockage effects well. 

Index Terms-SG, millimeter wave, human blockage effect, 
KED, GTD. 

I. INTRODUCTION 

With the development of wireless communication systems, 
we are now facing the shortage of the frequency resource below 
6 GHz [l], [2]. Due to the large bandwidths to provide high 
data rate transmission, mmWave communication has been a 
key technology for the fifth generation (5G) wireless com
munication [3], [4]. MmWave is likely to be used for indoor 
scenarios due to the large bandwidths and high attenuation. 
For indoor wireless communication, the height of Tx is low, and 
the transmit power is small, especially for mm Wave bands, thus 
the blockage effects caused by human body in the environment 
will be severe. 

The human blockage effects have been investigated at some 
mmWave bands. In [5], 26 and 39.5 GHz measurements were 
conducted by using a time domain channel sounder and horn 
antennas. They measured the blockage attenuation when one 
to three persons walked frontal and lateral crossing the Tx
Rx connecting line or when a person walked along the Tx
Rx connecting line. The Vogler's multiple KED model was 
used to model the blockage effects. The loss at 26 GHz 
was found smaller than that at 39.5 GHz. In [6], a human 
blockage model was presented on the basis of ray tracing 
simulations, a diffraction model, and a random walk model. 
In [7], a wideband channel sounder was used to measure human 
blockage effect at 60 GHz. The KED model and uniform theory 
of diffraction (UTD) model were used to do the simulations. 
In [8], 60 GHz measurements were conducted by using a VNA 
and two 20 dBi horn antennas. They measured the blockage 
effects caused by a human leg, a plastic cylinder filled with 
water or wrapped with aluminum foil, and a thin metallic 
sheet. Results showed that blockage effect caused by a plastic 

cylinder filled with water or wrapped with aluminum foil agreed 
better than the metallic sheet with the human leg. The GTD 
model was used to simulate the blockage caused by a cylinder 
wrapped with aluminum foil. The loss at 60 GHz ranged from 
0 dB to -35 dB. In [9], 60 GHz time domain measurements 
were conducted to obtain a complete statistical description of 
received power levels. The results were analyzed by using an 
additive model. In [10], 73 GHz measurements were conducted 
by using a time domain wideband correlator channel sounder 
and 20 dBi horn antennas. They measured the blockage effects 
when a person walked across the Tx-Rx connecting line. The 
modified METIS KED model was used to simulate the blockage 
effects. The loss caused by human blockage at 73 GHz was 
found to be in the range of 30-40 dB. 

For KED method, the human body is modeled by a rect
angular absorbing screen. For GTD method, the human body 
is modeled by a perfectly conducting cylinder. Meanwhile, as 
shown in [11], the blockage caused by human body presented 
a Gaussian-like shape. The Gaussian shape can simulate the 
maximal shadowing attenuation in decibels and the shadowing 
duration in seconds. 

In this paper, we carry out the human body blockage 
measurements at four mmWave bands, i.e., 11, 16, 28, and 
32 GHz, by using a VNA and two 20 dBi horn antennas 
in an indoor office environment. The measurements include 
three cases: (1) One person walks along the Tx-Rx connecting 
line; (2) One person walks across the Tx-Rx connecting line; 
(3) Two persons walk across the Tx-Rx connecting line. The 
KED and GTD models are used in the simulation, and the 
Gaussian model is used to fit the measurement data. 

The rest of the paper is organized as follows: Section II 
describes the human blockage measurement environment and 
system setups. Section III describes the KED Model, GTD 
Model, and Gaussian-like Model. Measurement and simulation 
results for human blockage effects are compared and analyzed 
in Section IV. Finally, conclusions are drawn in Section V. 

II. HUMAN BLOCKAGE MEASUREMENTS 

The human blockage measurements are conducted in an 
indoor office environment with room size of 7.2x7.2x3 m 3 , 

as shown in Fig. l(a) [12]-[15]. The room is furnished with 
multiple chairs, desks and tables. The layout of the office is 
shown in Fig. l(b). The Keysight N5227A VNA is used to 
do the measurements. The measurements are conducted at four 
mmWave bands, i.e., 11, 16, 28, and 32 GHz. For each band, 
the measurement bandwidth is 2 GHz, and two 20 dBi horn 
antennas are used. The number of frequency sweeping points 
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Fig. I. (a) Photo of the office environment and (b) layout of the office. 

is 401. The Tx and Rx antenna are aligned with both heights 
of 1.4 m. At first, the received signal power with no blockage 
is measured and denoted by Lo. Then we measure the received 
signal power with one or two persons walk along or across the 
Tx-Rx connecting line, denoted by L 5 • Thus the loss caused 
by human blockage is L(dB) = L0 - L 5 • Three cases of the 
human blockage measurements will be presented in detail in 
Section IV. 

III. HUMAN BLOCKAGE MODELS 

Most of researches on human blockage effects use the 
rectangular absorbing screen or perfectly conducting cylinder 
to simulate the human body. The KED and GTD models are 
the most widely used. In this paper, the Gaussian model is also 
used to fit the measurement data. 

A. KED Model 

The KED model assumes a human blocker to be represented 
as a rectangular screen which has a absorbing property. Two 
KED models are often used to calculate the losses caused by 
the human blockage effects. The first method is a numerical 
approximation developed by the METIS project, which is called 
the METIS KED model in this paper. The second method uses 
the Kirchhoff diffraction equation to calculate the losses caused 
by the human blockage effects, which is called the Kirchhoff 
KED model. 

1) METJS KED Model: The METIS KED model [16] can 
calculate the loss caused by human blockage simply and accu
rately [17] . As is shown in Fig. 2(a), a rectangular absorbing 
screen is used to simulate the human body. The screen is 
vertical to the ground and the screen orientation is parallel to the 
projection of the Tx-Rx connecting line in the top projection 
view. The four edges of the screen are used to calculate the 
loss, i.e., the edges on the left, right, top, and bottom. The 
attenuation caused by the top edge (At) and the attenuation 
caused by the bottom edge (Ab) are calculated by using the 

side projection view of the screen. Meanwhile, the attenuation 
caused by the left edge (A1) and the attenuation caused by the 
right edge (Ar ) are calculated by using the top projection view 
of the screen. 

If the heights of the Tx and Rx antennas are not the same, 
then the line connecting the Tx and Rx is not vertical to the 
screen in the side projection view. The attenuation caused by 
each edge of the rectangular absorbing screen is calculated by 
using the following equation [16]: 

A = _at_a_n_( ±_-~; ~v~x~(_D_i_+_D_2 _-_D_)_) 
(1) 

where >. is the wavelength corresponding to the carrier fre
quency. In a certain projection view shown in Fig. 2, Di is 
the projection distance from the edge to the Rx antenna, D 2 

is the projection distance from the edge to the Tx antenna, 
D is the projection distance from the Tx to the Rx, w is the 
shoulder breath of the blocking person, and h is the height of 
the person. The ± sign in the equation refers to two cases of the 
blockage effect. In the case that there is no line of sight (LOS) 
path exists in the projection view, the plus sign is chosen for 
the two edges to calculate the attenuation. When a LOS path 
exists in the projection view shown as Fig. 2(d), the plus sign is 
chosen for the edge farther from the LOS path, and the minus 
sign is chosen for the nearer edge. 

After the calculation of the attenuation caused by each edge 
of the screen, the total loss is obtained by [ 16]: 

L(dB) = -20logio(l-(Az +Ar )(At +Ab)). (2) 

One of the merits of the METIS KED model is that it can 
model the losses when the signal is blocked by several persons 
simultaneously. When the distribution of the persons is sparse, 
the total loss is summation of the multiple screens whose loss 
can be calculated as mentioned above. When the distribution of 
the persons is dense, the total loss is modeled as the summation 
of two parts: the loss due to the dominating shadowing screens 
and the loss due to the multiple screens in the middle. 

The loss caused by the screen nearest to Tx antenna, nearest 
to Rx antenna, and at the middle are denoted by Ltx' Lrx ' 
and L mid · If the Tx and Rx are both lower than the multiple 
screens, then the dominating shadowing screens are the ones 
which is nearest to the Tx or Rx antenna. The loss Ltx and 
Lrx can be calculated by using the method mentioned above 
to calculate the loss due to a screen. 

2) Kirchhoff KED Model: In the Kirchhoff KED model 
[18], [19], the Kirchhoff diffraction equation is used to simulate 
loss caused by human blockages. Fig. 3 shows the aperture 
diffraction for the Kirchhoff KED model. As shown in Fig. 3, 
S is a screen extended infinitely in the X-Y plane, So refers to 
the aperture on the screen, Qo is the intersection point of the 
Tx-Rx connecting line with the aperture, di and d2 denotes 
the projection of Tx-Q0 and Rx-Q0 on Z axis, respectively. 

The first Fresnel zone radius can be calculated as 

Ri= ./>.~ v di + d2 
(3) 

The attenuation caused by the aperture can be calculated 
using the Kirchhoff diffraction equation [18] [19]: 
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Fig. 4. The GTD model. 

B. GTD Model 

The GTD model simulates the human body as a perfectly 
conducting cylinder. The plane-wave diffraction at a circular 
cylinder is shown in Fig. 4. 

A= Fd(u , v) = l j' { exp[-j~(u2 + v2 )Jdudv 
2 l s0 2 

The attenuation caused by the blockage effects is then written 
(4) as [20] 

where the Fd(u ,v) represents the Fresnel number. The param
eters u and v can be written as 

(5) 

(6) 

A= t De exp(-jkSd) 
n= l n J8jkSd (7) 

X {exp[-(jk + fl~ )T1] + exp[-(jk + fl~ )T2]} 

where N is the selected number of zero values of Airy function 
Ai (), k is the wavenumber, Sd is the distance between the Rx 
antenna and the point of tangency of the cylinder, n~ is the 
attenuation constant, T1 and T2 are the travel distances on the 
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surface of the circle for the incident rays. The parameter D~ 

is the amplitude weighting factor and can be calculated as 
of Gaussian model for Case 2 are shown in Table I. Similar 

(8) to Case 1, the METIS KED model and Kirchhoff KED model 

where Ai'() is the derivative function of the Airy function Ai(), 
-an is the zeros of the Airy function Ai(), and the parameter 
M can be written as 

M = (ka)1/3 
2 

where a is the radius of the cylinder. 
The attenuation constant !1~ can be obtained as 

ne =an M j7r/6 
n a e . 

C. Gaussian Model 

(9) 

(10) 

The loss caused by human blockage effect when a person 
walks across the Tx-Rx connecting line presents a Gaussian
like shape as [11] 

L(t) = -Asexp(-2((t - t0 )2_ )2
) (11) 

Ts 

where A s is the maximal loss in decibels, to is the shadowing 
instant, Ts is the shadowing duration when the person blocks 
the LOS path between Tx and Rx. 

IV. RESULTS AND ANALYSIS 

The measurements include three cases: (1) One person walks 
along the Tx-Rx connecting line; (2) One person walks across 
the Tx-Rx connecting line; (3) Two persons walk across the 
Tx-Rx connecting line. 

A. Case 1 

The walk is shown as Path 1 in Fig. l(b). The distance 
between Tx and Rx is 3.6 m. A person as tall as 1.8 m and 
with shoulder breadth of 0.4 m walks along the line connecting 
the Tx and Rx antennas. The start point of the walk is 0.6 m to 
the Tx antenna, and the end point of the walk is 0.6 m to the 
Rx antenna. We measure the human blockages with a 0.2 m 
step. 

The measurement and modeling losses for the four bands 
are shown in Fig. 5. The losses are between -15 dB and 
-30 dB. The METIS KED model and Kirchhoff KED model 
underestimate the losses, while the GTD model overestimates 
the losses. We can also see that the losses are larger as the 
person is near the Tx or Rx antenna. 

B. Case 2 

The walk is shown as Path 2 in Fig. l(b). The distance 
between Tx and Rx is 3 m. A person as tall as 1.8 m and with 
shoulder breadth of 0.4 m walks across the Tx-Rx connecting 
line. The distance between the Tx antenna and the cross line 
is 1.2 m. The distance between the person and the Tx-Rx 
connecting line is from -1 m to 1 m. We measure the human 
blockages with a 0.1 m step. 

The measurement and modeling losses for the four bands 
are shown in Fig. 6. As can be seen, when the person walks 
near the Tx-Rx connecting line, the losses are severe. As the 
frequency increases, there is no obvious increasing trend of 
the losses. The METIS KED model, Kirchhoff KED model, 
and GTD model are used to model the losses. The Gaussian
shape is also used to fit the measurement data. The parameter 

underestimate the losses, while the GTD model overestimates 
the losses. 

TABLE I 
GAUSSIAN MODEL PARAMETERS FOR CASE 2 . 

Frequency (GHz) A s(dB) to(s) T s( S) 
II 14.14 0.01089 0.5453 
16 16.19 -0.01057 0.4540 
28 15.08 -0.009359 0.4842 
32 14.87 -0.01508 0.5216 

C. Case 3 

The walk is shown as Path 3 in Fig.l(b). The distance 
between Tx and Rx is 4.8 m. Two persons as tall as 1.8 m 
and with shoulder breadth of 0.4 m walk across the Tx-Rx 
connecting line. The distance between the Tx antenna and the 
cross line near the Tx antenna is 1.2 m. The distance between 
the Rx antenna and the cross line near the Rx antenna is 1.2 m. 
The distance between the person and the Tx-Rx connecting line 
is from -1 m to 1 m. We measure the human blockages with 
a 0.1 m step. 

The measurement and modeling losses for the four bands 
are shown in Fig. 7. As there are two persons, the losses 
are larger compared to Case 2. The METIS KED model and 
Gaussian-shape are used to model the human blockage effects. 
The parameter of Gaussian model for Case 3 are shown in 
Table II. The METIS KED model can match well with the 
measurement data. For Case 2 and Case 3, when the person 
walks near the LOS path, the loss tends to be larger than 0 dB 
at first. This may due to that the person becomes a scatterer in 
the first Fresnel zone when the LOS path is not obstructed. 

V. CONCLUSIONS 

The loss caused by human body at 11, 16, 28, and 32 GHz 
has been investigated by measurements and modeling. Three 
cases of the human body blockage effects have been measured 
with one or two persons walking along or across the line 
connecting the Tx and Rx antennas. The METIS KED model, 
Kirchhoff KED model, and GTD model have been used to 
simulate the human blockage effects. The Gaussian model has 
also been used to fit the measurement data. The results have 
shown that as the frequency increases, there is no obvious 
increasing trend of the losses. The losses of human blockage 
caused by a person can be as large as 20 dB. The METIS KED 
model, Kirchhoff KED model, and GTD model can simulate 
the human blockage effects well. 
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Fig. 5. Measurement and modeling losses for Case I at (a) 11 GHz, (b) 16 GHz, (c) 28 GHz, and (d) 32 GHz. 

TABLE II 
GAUSSIAN MODEL PARAMETERS FOR CASE 3. 

Frequency (GHz) As(dB) to(s) Ts(s) 
II 30.83 -0.04472 0.4571 
16 28.34 -0.02841 0.6401 
28 29.21 -0.01255 0.5134 
32 27.14 -0.008879 0.5473 
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Fig. 6. Measurement and modeling losses for Case 2 at (a) 11 GHz, (b) 16 GHz, (c) 28 GHz, and (d) 32 GHz. 
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(a) Measurement and modeling losses at 11 GHz for Case 3. 
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(b) Measurement and modeling losses at 16 GHz for Case 3. 
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Fig. 7. Measurement and modeling losses for Case 3 at (a) 11 GHz, (b) 16 GHz, (c) 28 GHz, and (d) 32 GHz. 
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