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A Study on the Optimal Location of Mobile Communication

Antennas for Smart Containers
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Abstract Research has been actively conducted recently to secure the visibility of logistics by
equipping cargo transportation containers with mobile communication devices. This paper
describes the design and location selection for a mobile communication antenna to be
mounted on a smart container to enable stable mobile communication. The mobile
communication antenna proposed in this paper is a dual-band linear polarization antenna. Its
operating frequency ranges are 698MHz - 960MHz and 1710MHz - 2690MHz, the VSWR is <3.1,
and the gain is <3.5dBi. Once fabricated, the mobile communication antenna was installed on
the container, and RSRP and RSRQ, the mobile communication radio quality indices, were
measured to select the optimal location for the antenna.
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Fig. 1. Antenna Geometry & Dimensions
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Fig. 2. Return Loss
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Fig. 3. Antenna Radiation Patterns

LOtEZE R F1 o5 5AgS olgste] 4
A7t HlolelE A o® Agdfiof gtk & HojAe
olFEAl AEH7E A ol sEAE A%t 7
Aok A ol Bsf dgsh w3t
SEA AR HEYE AlFshE TH 43 o] 2719
A ZES 2= Wt En Al EYE A
glofulol] Faksto] 2|29 Qteut 4% Aol dish
AT RS

T2 4. MZEHE oLt

Fig. 4. Fabricated Antenna
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Quality Measures E 4. 9Ix¥ RSRQ =% Zz}
Status Data Signal Quality Table 4. RSRQ Measurements by Location Point
Temp | Humid | Accel x| Accel x| Accel x| Mobile [ RSRP [ RSRQ
13 16.84 | 2399 | 153 | 153 1093' LTE | -75 | -12 1p 2p 3p 4p
72 13] -13dBm -14dBm -11dBm -15dBm
23] 16.88 | 23.97 | 153 | 201 1222' LTE -76 -12 23] -15 dBm -15 dBm -11 dBm -14 dBm
002 33 -13 dBm -13 dBm -12 dBm -14 dBm
33] 16.86 | 23.94| 275 1.04 99" LTE -75 -12 43) -16 dBm -15 dBm -12 dBm -16 dBm
- - 003, - - 53 -15dBm | -15dBm | -11 dBm | -14 dBm
43 | 16.83| 23.90| -0.18 | 299 . LTE | -76 | -12 63] 16 dBm | -14 dBm | -12 dBm | -15 dBm
55 | 16s4| 29| 070 | 18| | imp| 6| u 73] -14 dBm | -13dBm | -12 dBm | -14 dBm
> > i e 19 ’ 83 -14 dBm | -14 dBm | -11 dBm | -15 dBm
63 | 1684 | 2396 | 128 | zor | | L | -7 | -1z 94l 15 dBm | -13 dBm | -12 dBm | -15 dBm
99 103] -14 dBm | -15dBm | -11 dBm | -15 dBm
Bt -15 dBm -14 dBm -12 dBm -15 dBm
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Table 3. RSRP Measurements

by Location Point

1p 2p 3p 4p
13 -89 dBm | -92 dBm | -82 dBm | -93 dBm
23] -90 dBm | -87 dBm | -81 dBm | -89 dBm
33 -89 dBm | -89 dBm | -83 dBm | -88 dBm
43] -91 dBm | -87 dBm | -84 dBm | -87 dBm
53] -89 dBm | -91 dBm | -82 dBm | -90 dBm
63] -89 dBm | -85 dBm | -83 dBm | -88 dBm
73] -93 dBm | -91 dBm | -81 dBm | -93 dBm
83] —-87 dBm | -86 dBm | -83 dBm | -88 dBm
93] -89 dBm | -89 dBm | -81 dBm | -90 dBm
103] -87 dBm | -88 dBm | -83 dBm | -89 dBm
B -89 dBm -89dBm -82dBm -90dBm
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Table 5. Standard deviation by location Point

1P 2P 3P 4P
RSRP 1.77 2.32 1.06 2.07
RSRQ 1.08 0.88 0.83 0.67
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Fig. 12. Comparison of standard deviations by
location Point
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