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Abstract 

The objective of the present study is to enhance efficiency of microwave power 
transmission by phase optimization of a phased array antenna including power loss, especially 
including digital phase shifter loss. A large-scale phased array antenna is adopted as a microwave 
power transmitter of a solar power satellite. A phase shifter is an essential device in the phased array 
antenna to control the wireless power beam direction. In this study, we take into account insertion 
loss of the digital phase shifter, which directly affects the transmission efficiency; whereas it was 
neglected in conventional phased array antenna studies. During the period of this research grant, we 
developed an efficient beamforming algorithm for large-scale phased array antennas including 
digital phase shifter loss. The algorithm is to maximize the array gain of the phased array antenna in 
a desired direction by searching for the optimal phase of each antenna element. We formulated this 
problem as a combinatorial optimization problem and decomposed it into element-wise subproblems 
by the real rotation theorem. By the algorithm, we confirmed drastic improvement of computational 
time to solve the problem, and improvement of the array gain compared to the conventional phase 
allocation method assuming “uniformly excited phased array”. Also, we constructed a 1-dimensional 
12-elements phased array and measured the antenna patterns. We confirmed effectiveness of our 
developed algorithm through the experimental measurements and results as well as numerical 
simulations. 
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ో࿖౒ห೑↪ᣉ⸳ࡠࠢࠗࡑޟᵄࠛ࡯ࠡ࡞ࡀવㅍታ㛎ⵝ⟎ࠍޠ೑↪ޕߚߒ 

࿑ 2�  ታ㛎᭎⇛࿑ߩ࠽࠹ࡦࠕࠗ࡟ࠕ࠼࠭࡯ࠚࡈ

࿁ォบ

4Ͳbit�PS
4bitͲPS

4Ͳbit�PS

4Ͳbit�PS
䊒䊥䉝䊮䊒

ಽ㈩ེ

12�⚛ሶ

㔚ᵄᥧቶ

䊒䊥䉝䊮䊒

䊈䉾䊃䊪䊷䉪䉝䊅䊤䉟䉱
Port1 Port2

䊖䊷䊮䉝䊮䊁䊅
SWHͲ22, 16.1dBi

HP�83020A
HP�8449B

Agilent�8722ES

࿑ 3� ࠧ࡞ࠕ⊑ᨐ㧔ታ✢㧦㐿⚿ࡦ࠲ࡄࡓ࡯ࡆ

ታ࡮ࡓ࠭࡝ࠧ࡞ࠕ⊑٤㧦㐿ޔ୯▚⸘࡮ࡓ࠭࡝

᷹୯ޔ⎕✢㧦╬ᝄ᏷࡮ࠗ࡟ࠕ࠼࠭࡯ࠚࡈ⸘▚

୯ޔ㧗㧦╬ᝄ᏷࡮ࠗ࡟ࠕ࠼࠭࡯ࠚࡈታ᷹୯㧕

䎐䎖䎓 䎐䎕䎓 䎐䎔䎓 䎓 䎔䎓 䎕䎓 䎖䎓
䎐䎕䎓

䎐䎔䎘

䎐䎔䎓

䎐䎘

䎓

䎤䏑䏊䏏䏈䎃䎋䏇䏈䏊䎑䎌

䎥
䏈
䏄䏐

䎃䎳
䏄䏗
䏗䏈
䏕䏑
䎃䎋
䏇䎥

䎌


