
HAL Id: hal-01380057
https://univ-rennes.hal.science/hal-01380057

Submitted on 21 Jan 2021

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Phase Retrieval Procedure for Microwave Linear Arrays
Benjamin Fuchs, Laurent Le Coq

To cite this version:
Benjamin Fuchs, Laurent Le Coq. Phase Retrieval Procedure for Microwave Linear Arrays. European
Conference on Antennas and Propagation, Apr 2015, Lisbonne, Portugal. �hal-01380057�

https://univ-rennes.hal.science/hal-01380057
https://hal.archives-ouvertes.fr


Ð¸¿­» Î»¬®·»ª¿´ Ð®±½»¼«®» º±® Ó·½®±©¿ª» Ô·²»¿®
ß®®¿§­

Þ»²¶¿³·² Ú«½¸­ ¿²¼ Ô¿«®»²¬ Ô» Ý±¯
Ë²·ª»®­·¬l» ¼» Î»²²»­ ïô ×ÛÌÎô Î»²²»­ô Ú®¿²½»

º¾»²¶¿³·²òº«½¸­ ô ´¿«®»²¬ò´»ó½±¯¹à«²·ªó®»²²»­ïòº®

ß¾­¬®¿½¬‰ß ³»¬¸±¼±´±¹§ ¬± ­±´ª» ¬¸» °¸¿­» ®»¬®·»ª¿´ °®±¾´»³
¿®·­·²¹ ·² ³·½®±©¿ª» ´·²»¿® ¿®®¿§ ·­ °®±°±­»¼ò Ì¸» ¹±¿´ ·­ ¬± ®»ó
½±ª»® ¬¸» ½±³°´»¨ ¿®®¿§ »¨½·¬¿¬·±²­ º®±³ °¸¿­»´»­­ ³»¿­«®»³»²¬­
of the far field. An approach combining convex optimization
ø¬± ­±´ª» ¬¸» °¸¿­» ®»¬®·»ª¿´ °®±¾´»³÷ ¿²¼ ¬©± ³»¿­«®»³»²¬
®«²­ ø¬± ³·¬·¹¿¬» ¬¸» ¿³¾·¹«·¬§ °®±¾´»³÷ ¸¿­ ¾»»² ¼»ª»´±°»¼
¿²¼ ²«³»®·½¿´´§ ¿­­»­­»¼ ·² ª¿®·±«­ ®»°®»­»²¬¿¬·ª» »¨¿³°´»­ò
Ì¸»­» ®»­«´¬­ ­¸±© ¬¸¿¬ «²¼»® ¿°°®±°®·¿¬» ½±²¼·¬·±²­ ±º ²±·­»
¿²¼ ­¿³°´·²¹ô ·¬ ·­ °±­­·¾´» ¬± «²·¯«»´§ ®»¬®·»ª» ¬¸» ½±³°´»¨
»¨½·¬¿¬·±²­ ±º ´·²»¿® ¿®®¿§­ º®±³ °¸¿­»´»­­ ³»¿­«®»³»²¬­ò

×²¼»¨ Ì»®³­‰°¸¿­» ®»¬®·»ª¿´ô ¿²¬»²²¿ ³»¿­«®»³»²¬­ô °¸¿­»ó

´»­­ ³»¿­«®»³»²¬­ô ½±²ª»¨ ±°¬·³·¦¿¬·±²ò

×ò ×ÒÌÎÑÜËÝÌ×ÑÒ

×² ³·½®±©¿ª»­ô ³»¿­«®·²¹ ¿½½«®¿¬»´§ ¬¸» °¸¿­» ³¿§ ¾» ¿
costly and difficult task in particular at high frequencies. Ì¸»®»
·­ ¬¸»®»º±®» ¿² ·³°±®¬¿²¬ ·²¬»®»­¬ ·² ¼»ª»´±°·²¹ ¿³°´·¬«¼»ó
±²´§ ³»¿­«®»³»²¬ ³»¬¸±¼­ ¿²¼ ­»ª»®¿´ ±²»­ ¸¿ª» ¿´®»¿¼§ ¾»»²
°®±°±­»¼ º±® ¿²¬»²²¿ ³»¬®±´±¹§ ÅïÃŠÅíÃô ¿®®¿§ ¼·¿¹²±­·­ ¿²¼
·³¿¹·²¹ ÅìÃŠÅêÃò Ð¸¿­»´»­­ ³»¿­«®»³»²¬­ ¿®» ·²¼»»¼ ¿¬¬®¿½¬·ª»
¾»½¿«­» ¬¸»§ ®»¯«·®» ´»­­ ¿½½«®¿¬» °±­·¬·±²·²¹ ­§­¬»³­ ¿²¼
®»½»·ª»®­ ø­«½¸ ¿­ ¼»¬»½¬±®­ ±® ­½¿´¿® ²»¬©±®µ ¿²¿´§¦»®­÷ ¬¸¿¬
¿®» ³«½¸ ½¸»¿°»® ¬¸¿² ¬¸±­» ²»»¼»¼ º±® ¿³°´·¬«¼» ¿²¼ °¸¿­»
³»¿­«®»³»²¬­ò
Ó¿¬¸»³¿¬·½¿´´§ô ¬¸» °¸¿­» ®»¬®·»ª¿´ °®±¾´»³ ·­ ²±¬±®·±«­´§ ª»®§
½¸¿´´»²¹·²¹ò Ñ² ¬¸» ±²» ¸¿²¼ô ·¬ ®»¯«·®»­ ¬¸» ¼»ª»´±°³»²¬ ±º
efficient and reliable reconstruction algorithms. On the ot¸»®
¸¿²¼ô ¬¸» °¸¿­» ®»¬®·»ª¿´ °®±¾´»³ ·­ ±º¬»² ·´´ó°±­»¼ ­·²½» ·¬­
­±´«¬·±² ·­ô ·² ¹»²»®¿´ô ²±¬ «²·¯«»ò
×² ¬¸·­ °¿°»®ô ©» º±½«­ ±«® ·²ª»­¬·¹¿¬·±² ±² ¬¸» °¸¿­» ®»¬®·»ª¿´
º±® ³·½®±©¿ª» ïóÜ ø´·²»¿®÷ ¿®®¿§­ò Ñ«® ±¾¶»½¬·ª» ·­ ¬± ®»¬®·»ª»
¬¸» ½±³°´»¨ ¿®®¿§ »´»³»²¬ »¨½·¬¿¬·±²­ º®±³ ·¬­ ®¿¼·¿¬»¼ º¿®
field magnitude measurements. An efficient approach combin-
·²¹ ½±²ª»¨ °®±¹®¿³³·²¹ ø¬± ­±´ª» ¬¸» °¸¿­» ®»¬®·»ª¿´ °®±¾´»³÷
¿²¼ ¬©± ³»¿­«®»³»²¬ ®«²­ ø¬± ³·¬·¹¿¬» ¬¸» ²±² «²·¯«»²»­­ ±º
¬¸» ­±´«¬·±²÷ ·­ °®±°±­»¼ò Ì¸» ¹±¿´ ·­ ¬± »³°·®·½¿´´§ ­¸±© ¬¸¿¬
«²¼»® ¿°°®±°®·¿¬» ½±²¼·¬·±²­ ø±º ­¿³°´·²¹ ¿²¼ ²±·­» ´»ª»´÷ô ·¬
·­ °±­­·¾´» ¬± «²·¯«»´§ ®»½±ª»® ¬¸» »¨½·¬¿¬·±²­ ±º ïóÜ ¿®®¿§
from phaseless far field data.

××ò ÐØßÍÛ ÎÛÌÎ×ÛÊßÔ ÐÎÑÞÔÛÓ ÚÑÎÓËÔßÌ×ÑÒ

Ì¸» °¸¿­» ®»¬®·»ª¿´ ­»»µ­ ¬± ®»½±²­¬®«½¬ Ò ½±³°´»¨ »¨½·¬¿ó
¬·±²­ ¨ ¹·ª»² ±²´§ ¬¸» ³¿¹²·¬«¼» ±º Ó ´·²»¿® ³»¿­«®»³»²¬­
§ò ×¬ ½¿² ¾» º±®³«´¿¬»¼ ¿­ º±´´±©­æ

find ¨ ­«¾¶»½¬ ¬± ¶ß¨¶ ã § øï÷

©¸»®» ß î ÝÓ Ò ·­ ¬¸» ­»²­·²¹ ³¿¬®·¨ô ¨ î ÝÒ ¿²¼ § î ÎÓ ò
Ì¸» ¹»±³»¬®§ ±º ¬¸» ·²ª»­¬·¹¿¬»¼ °®±¾´»³ô ·ò»ò ¬¸» ·³¿¹·²¹ ±º
¿ ´·²»¿® ¿®®¿§ô ·­ ®»°®»­»²¬»¼ ·² Ú·¹ò ïò Ì¸» °®±¾´»³ ¬± ­±´ª»

¨²

®²

º²

Ô·²»¿® ¿®®¿§

»¨½·¬¿¬·±²­

Ú¿® º·»´¼ 

³¿¹²·¬«¼» 

³»¿­«®»³»²¬­
§ ³

§ ï § Ó

¨Ò¨ï

Ú·¹ò ïò Ù»±³»¬®§ ±º ¬¸» ´·²»¿® ¿®®¿§ ·³¿¹·²¹ °®±¾´»³ ©·¬¸ ¬¸» ²±¬¿¬·±²­ò

½¿² ¬¸»² ¾» ®»©®·¬¬»²æ

find ¨ ­«¾¶»½¬ ¬± ¶¿³
Ø¨¶
î
ã §î³å º±® ³ ã ïå æææåÓ øî÷

©¸»®» §³ ã §ø ³÷ ¿²¼ øæ÷Ø ·­ ¬¸» Ø»®³·¬·¿² ¬®¿²­ó
°±­»ò Ì¸» ­¬»»®·²¹ ª»½¬±® ¿ø ³÷ ·­ ¼»²±¬»¼æ ¿³

Ø ã
Åºïø ³÷»

¶ î ®ï ­·² ³ ºÒ ø ³÷»
¶ î ®Ò ­·² ³Ã ©¸»®» ·­ ¬¸»

º®»» ­°¿½» ©¿ª»´»²¹¬¸ô ®² ¿²¼ º²ø ³÷ ¿®» ¬¸» °±­·¬·±² ¿²¼
the far field pattern in the direction ³ ±º ¬¸» ²ó¬¸ ¿²¬»²²¿
®»­°»½¬·ª»´§ò
The radiated field is thus related to the excitations by a disc®»¬»
Ú±«®·»® ¬®¿²­º±®³ ·² ¬¸» ½¿­» ±º »¯«·ó­°¿½»¼ ¿²¼ ·­±¬®±°·½
­±«®½»­ò Ì¸» °¸¿­» ®»¬®·»ª¿´ °®±¾´»³ ·­ ·² ¹»²»®¿´ ·´´ó°±­»¼
­·²½» ³¿²§ ¼·ºº»®»²¬ ­»¬­ ±º »¨½·¬¿¬·±²­ ¸¿ª» ¬¸» ­¿³» Ú±«®·»®
transform magnitude. Moreover, it is difficult to solve beca«­»
¬¸» ­»¬ ±º ®»¿´ ±® ½±³°´»¨ ²«³¾»®­ ©·¬¸ ¿ ¹·ª»² ³¿¹²·¬«¼» ·­
²±²ó½±²ª»¨ò
Ì¸» ©¿§­ ø¿÷ ¬± ­±´ª» ¬¸» ²±²ó½±²ª»¨ °¸¿­» ®»¬®·»ª¿´ °®±¾´»³
¿²¼ ø¾÷ ¬± ³·¬·¹¿¬» ¬¸» ²±²ó«²·¯«»²»­­ ø¿´­± ½¿´´»¼ ¿³¾·¹«·ó
¬·»­÷ ±º ¬¸» ­±´«¬·±² ·² ±®¼»® ¬± «²·¯«»´§ ®»½±ª»® ¬¸» «²¼»®´§·²¹
»¨½·¬¿¬·±²­ ¿®» ¿¼¼®»­­»¼ ·² Í»½¬·±² ××× ¿²¼ ×Ê ®»­°»½¬·ª»´§ò

×××ò ÎÛÍÑÔËÌ×ÑÒ Ê×ß ÝÑÒÊÛÈ ÎÛÔßÈßÌ×ÑÒ

The first convex relaxation of the phase retrieval problem
has been introduced by Candès et al. [7]–[9]. He observed th¿¬
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since there exists by definition a rank-one solution.
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which is a semidefinite program that is convex and therefore
efficiently solvable. The original vectorial phase retriev¿´ °®±¾ó
lem is thus convexified by ”lifting” it up to a matrix recovery
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In words, solving (6) amounts to find the positive semidefinit»
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In order to estimate the SNR of a far field measurement in
¿² ¿²»½¸±·½ ½¸¿³¾»®ô ¾±¬¸ ¬¸» º«´´ »¯«·°³»²¬ ­§­¬»³ ø²±·­»
floor of the receiver, transmitted power and losses due to the
cables and rotary joints) and the reflectivity of the chamber
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For each configuration, the simulation is repeated 100 times
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­»² «²·º±®³´§ ­«½¸ ¬¸¿¬ ï ­·² ï÷ ¿²¼ ¿ Ù¿«­­·¿² ©¸·¬»
²±·­» ·² ±®¼»® ¬± ¹»¬ ³»¿²·²¹º«´ ®»­«´¬­ò ß´´ °®»­»²¬»¼ ®»­«´¬­
¿®» ¿ª»®¿¹» ª¿´«»­ ±ª»® ¬¸»­» ïðð ­·³«´¿¬·±²­ò

ßò Ô·²»¿® ß®®¿§ ±º ×­±¬®±°·½ Í±«®½»­

ï÷ Í»¬¬·²¹­æ É» ½±²­·¼»® ¿ ´·²»¿® ¿®®¿§ ½±³°±­»¼ ±º Ò
·­±¬®±°·½ ¸¿´º ©¿ª»´»²¹¬¸ ­°¿½»¼ »´»³»²¬­ ¬¸¿¬ ¿®» »¨½·¬»¼
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2) Influence of the Sampling: The influence of the ratio
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the significant improvement in recovery performances when
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in order to see the influence of the noise on the excitation
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The influence of the SNR on the retrieved excitations and field
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Fig. 4. Error in the retrieved excitations and field amplitud»­ º±® ¿ ´·²»¿®
¿®®¿§ ±º Ò ãïð »´»³»²¬­ ¿­ ¿ º«²½¬·±² ±º ¬¸» ÍÒÎò Ì¸» ³¿®µ»®­ ¿®» ¬¸»
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Ú·¹ò ëò Î»½±ª»®§ °»®º±®³¿²½»­ º±® ¿ ´·²»¿® ¿®®¿§ ±º Òãïð ·­±¬®±°·½ ­±«®½»­
©·¬¸ ¿ ­¿³°´·²¹ Ó ã îÒ : influence of the SNR.
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A procedure has been proposed to efficiently retrieve
¬¸» ½±³°´»¨ »¨½·¬¿¬·±²­ ±º ³·½®±©¿ª» ´·²»¿® ¿®®¿§­ º®±³
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respect to noise have been obtained. They must be confirmed
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