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INTRODUCTION

Inscannedmicrowaveorultrasonicholography，ｔｈｅｒｅｃｅｉｖｅｒ，sourceor
objectmaybescannedforconstructingthehologram・ｌ Ｕｓｕａｌｌｙｔｈｅｓｃａｎ
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scansurfacemustcovｅｒａｗｉｄｅｅｒｅａｏｆｔｈｅＥｉｅｌｄｆｏｒｔｈｅｐｕｒposeoErecon-
structinghighresolutionimage．ConsequentlyDtheapparatusforscanning
cannotbutbecomelargeinscale・onthecontrary，theobject-rotational-

scanwhichｉｓｉｎｒｅｌａｔｉｖｅｒｅｌａｔｉｏｎｓｈｉｐｗｉｔｈｔｈｅｓｅｃｔｏｒ－ｓｃａｎｍａｋｅｉｔｐｏｓｓｉｂｌｅ
ｔｏｒｅｃｏｒｄｔｈｅｗｉｄｅａｒｅａｗｉｔｈｏｕｔｓｏｌａｒｇｅａpparatus・
Ｉｎｔｈｉｓｐａｐｅｒ，ｗｅｐｒｅｓｅｎｔｔｈｅｈｏｌｏｇｒａｐｈｙｕｓｉｎｇｓｕｃｈｒｏｔａｔｉｏｎａｌｓｃａｎｔｅｃｈ－

ｎｉｑｕｅ．Ｓｉｎｃｅｔｈｉｓｔｅｃｈｎｉｑｕｅｍａｋｅｓｔｈｅａｖａｉlablerecordedareawide，ａ
ｈｉｇｈｅｒｒｅｓｏｌｕｔｉｏｎｉｍａｇｅｃａｎｂｅｏｂｔａｉｎｅｄ･Ｉｎａｄｄｉｔｉｏｎ，ｉｔｓｐａｔｉｃｕｌａｒｒｅｃｏｒｄ－
ｉｎｇｍｅｔｈｏｄｂｙｓｉｎｕｓｏｉｄａｌｓｃａｌｉｎｇｉｓｕｓｅｆＵｌｔｏｃｏｎｓｔｒｕｃｔａｌｅｍｓｌｅｓｓＦｏｕｒｉｅｒ
ｔｒａｎｓｆｏｒｍｈｏｌｏｇｒａｍｉｎｍｉｃｒｏｗａｖｅｒｅｇｉｏｎ．

FIELDAREADETECTEDBYROTATIONALSCANNINGOFOBJECT

AnarraTlgementoftheobject-rotational-scaTusystemforrecordingthe
hologramisshowninFi９．１．Ｉｎｔｈｉｓｃａｓｅ，theobjectplaneisrotatedabｏｕｔ
ｉｒｓｃｅｎｔｅｒｉｎｔｈｅｒａｄａｒｂｅａｍ･ＣｏｎｓｅｑｕｅｎｔｌｙＤｔｈｅｅｃｈｏｓｉｇｎａｌａｒｒiveｄａｔｔｈｅ
ｒａｄａｒｉｓｖａｒｉｅｄｗｉｔｈｔｈｅｄｉrectionalangleortheobjectplane，ａｎｄｉｔｓ
ａｍｐｌｉｔｕｄｅｉｓｒｅｃｏｒｄｅｄａｓａｈｏｌｏｇｒａｍ
Ｎｏｗｗｅｔｂｉｎｋａｂｏｕｔｔｈｅｆｉｅｌｄａｒｅａｄｅｔｅｃｔｅｄｂｙｓｕｃｈｓｃａｎｎｉｎｇ･Ｔｈｉｓｓｃａｎｎｉｎｇ

ｍａｙｂｅｒｅｐｌａｃｅｄｔｈｅｓｅctorscanningoftheradarapparatuｓａｓｓｈｏｗｎｉｎＦｉｇ・Ｚ，
ｗｈｉｃｈｉｓｒｅｌａｔｉｖｅｒｅｌａｔｉｏｎｓｈｉｐｗｉｔｈｔｈｅｏｒｉｇｉｎａｌｓｃａｎｎｉｎｇ･Ａｓｉｓｏｂｖｉｏｕｓ
ｆｒｏｍＦｉｇ・ｌａｎｄ２，theobject-rotational-scancoveｒｄｏｖｅｒ±Oseemstobe
equivalenttotheradar-sector-scanextendedover±〔Lx6〕．Thismeansthat
theobject-rotational-scansystemwithlargedistanceLbetweentheradar
andtheobjecｔｉｓｖｅｒｙｕｓｅｆｕｌｔｏｄｅｔｅｃｔｔｈｅｗｉｄｅｆｉeldarea．
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CONSTRUCTIONANDRECONSTRUCTIONOFHOLOGRAM

Theechosignaldetectedbytheobject-rotational-scansystem，ｓｈｏｗｎｉｎ

Ｆｉｇ・lＤｍａｙｂｅｅｘｐｒｅｓｓｅｄａｓ

E(e）区ノ｡｡ｇ(x〕exp(‐j2k/~[ﾌﾟTZZ=五正読す）ｄｘ (1)

ascomplexquantity，whereｇ〔x）isthedistributiono笹thereflection
coerEicientontheobjectplane・Suchcolnplexamplitudemaybedetectedby
meansofaphasecomparator･
IfwenowrecordthecomplexamplituｄｅＥ〔0）ａｓａｍｎｃｔｉｏｎｏｆＬｓｉｎＯ＝EoTl

thecomputermemorybank，ｉｔｆｏｒｍｓｉｎｔｏａｃｏｍｐｌｅｘｈｏｌｏｇｒａｍａｓｆｏｌｌｏｗｓ

Eに）“ノ｡｡ｇ(x)exp〔‐j2k/~EzT天百旨五百）。ｘ， (2)

ThetransformationorLsineto5canｂｅｅａｓｉｌｙａｃｈｉｅｖｅｄｂｙｕｓｅｏＥｔｈｅ

ａｎｇｕｌａｒｓｉｇｎａｌｆｒｏｍｔｈｅｓｃａｎｓｙｓｔｅｍ．Ｔｈｅｐｈａｓｅｔｅｒｍｉｎａｂｏｖｅｅｑｕａｔｉｏｎｍａｙ
bｅｅｘｐａｎｄｅｄｉｎａｓｅｒｉｅｓｔｏｂｅ

２k｛Ｌ､二二旦竺一
ZＬ 竺禁･…･）-:ML辮芸一等昨“， (3)

where“ｉｓｔｈｅｅｘｃｅｓｓｐｈａｓｅａｎｇｌｅｃａｕｓｅｄｂｙｔhehigherordertermsof
〔x2-2xE）．ＮｏｔｉｎｇＥｑ.(3)andtheconstantdistanceL，ｗｅｈａｖｅ

＞

ピ〔E)。ﾉｰg〔…j〔一半･半･“〕｡x，（４）

which，ｆｏｒｓｍａｌｌムゥ，isproportionaltoFouriertransrormationorg(x〕x
exp(-jkx2/L)，ａｓ

Ｅ(5)匡試[g〔x〕･exp(-jkx2/L)肌（５）

ＴｈｉｓｍｅａｎｓｔｈａｔａｌｅｎｓｌｅｓｓＦｏｕｒｉｅｒｔransformholograminmicrowaveregioncan
beconstructed．TheassumptionofsmallA中maybesatisfiedbytakingL
1argecomparedtothemaximumdimensionx…oftheobjectplane、
ＳｉｎｃｅｗｅａｒｅｄｅａｌｉｎｇｈｅｒｅｗｉｔｈａＦｏｕｒiertransformhologramDtherecorｄｉｎｇ

ｏｆｔｈｅｈｏｌｏｇｒａｍｃａｎｂｅｄｏｎｅｗｉｔｈlesssamplingpointsthanrequiredｔｏｒｅｃｏｒｄ
ｔｈｅＦｒｅｓｎｅｌｄｉｆｆｒａｃｔｉｏｎPatterns、MoreoverDthereconstructionprocessmay
beextremelysimpliried，ａｎｄｔｈｅｉｍａｇｅｃａｎｂｅｅａｓｉｌｙｏｂｔａｉｎｅｄbyinverse
FouriertransrormationｕｓｉｎｇｔｈｅＦＦＴａｌｇｏｒｉｔｈｍ．

Ｎｅｘｔ，ｌｅｔｕｓｅｖａｌｕａｔｅｔｈｅｒｅｓｏｌｕｔｉｏｎｏｆｔｈｅ

ｒｅＳｏｌｕｔｉｏｎムｘｉｎＦｏｕｒｉｅｒｔｒａｍｓｆｏｒｍｈｏｌｏｇｒａｐｈｙ
themaximumspatialfrequencyrecorｄｅｄｏｎｔｈｅ

ｒｅｃｏｎｓｔｒｕｃｔｅｄｉｍａｇｅ･Ｓｉｎｃｅｔｈｅ
ｍｕｓｔａｇｒｅｅｗｉｔｈａｒｅｃｉｐｒｏｃａｌｏｆ
ｈｏｌｏｇｒａｍ，ｗｅｈａｖｅ

ﾊ

ﾑｘ＝丁訂石百孟了
AL

p

4E幻。え
(6)

where６…isthemaximumdirectionalangleortheobjectplaneinthescan-
ing，ａｎｄｇ…（＝Ｌｓｉｎｅ…）isthemaximumdimensionofthehologramThe
lastequationiTldicatestｈａｔＡｘｉｓｅｑｕａｌｔｏｔｈｅｒｅｓｏｌｕｔｉｏｎｏfthestandard
plamarscannedholograJnalongthetrackover±こ…．
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EXPANSIONTOTWO-DIMENSIONALHOLOGRAPHY

Wehaveconsideredonlyaone-dimensionalholographyDbutitｃａｎｂｅｅａｓｉｌｙ
ｅｘｐａｎｄｅｄｔｏａｔｂｖｏ－ｄｉｍｅｎｓｉｏｎａｌｈｏｌｏｇｒａｐｈｙｂｙｕｓｅｏｒｔｈｅｓｃａｎｓｙｓｔｅｍａｓｓｈｏｗｎ
ｉｎＦｉｇ､３．Inthisscansystem，whiletheobjectplaneisrotatedabｏｕｔｙ－

ａｘｉｓＤｔｈｅａｘｉｓｉｓｇｒａｄｕａｌｌｙｔｉｌｔｅｄ
tothedirectionoftheradar

antenna･Ｔｈｅchangeofthedirec-
tionalangleofｔｈｅｏｂｊｅｃｔｐｌａｎｅ
ｃａｕｓｅｄｂｙｔｈｅｓｃａｎｎｉｎｇｍａｙｂｅ
ｉｌｌｕｓｔｒａｔｅｄａｓａｌｏｃｕｓｏｎｔhe

sphericalsurfaceshowninFig4
(a)．Ａｓｉｓｏｂｖｉｏｕｓｒｒｏｍｔｈｅｆｉｇｕｒｅｂ
ｔｈｅobtainableechosignalis
considerｅｄｔｏｂｅｃｏｒｒｅｓｐｏｎｄｉｎｇｔｏ
ｔｈｅｆｉｅｌｄｄｉｓｔｒｉｂｕｔｉｏｎｏｎｔｈｅ

ｓｐｈｅｒｉｃａｌｓｕｒｒace・Ｔｈｅｎｗｅｔｒａｎｓ－
ｆｏｒｍｔｈｅｓｉｇｎａｌｔｏｏｎｅｏｆｔｈｅｆｏｒｍ
ｏｆａｄｉｓｔｒｉｂｕｔｉｏｎｏｎａｒｌａｔｐｌａｎｅ

ａｓｓｈｏｗｎｉｎＦｉ９．４(b）forthecon-
venienceofreconstrucｔｉｏｎ，ａｎｄ

ｒｅｃｏｒｄｉｔａｓａｔwo-dimensional

coInplexhologramonthememory
bankofcolnputer･Thetransfor-
mationmaybeexpressｅｄａｓｔｈｅ
ｒｏｌｌｏｗｉｎｇｅｑｕａｔｉｏｎｓ。

T、
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Ｌ２２ｘ2+y2-2(Ex+lIy〕，（８）

theresultanthologrammaybe

1７
－－→Ｅ

（ｂ）（ａ）

Ｆｉｇ．４

ｅｘｐｒｅＳｓｅｄａｓ

Ｅに,v）。ｃ訳[ｇ(x,y)･exp{-ｊｋ(x2+y2)/L}］ (9)

Ｔｈｅａｂｏｖｅｅｑｕａｔｉｏｎｄｅｓｃｒｉｂｅｓｔｈｅｈｏｌｏｇｒａｍｉｓｎｏｔｈｉｎｇｅｌｓｅｔｈａｎｔｈｅｒｅｓｕltof
two-dimensionalFouriertransformationoEthequantityproportionaltothe
distributionoftheobjectplane・Accordinglythereconstructioncanbe
performedbytwo-dimensionalinverseFouriertransfomation．

ＥＸＰＥＲＩＭＥＮＴ

ＡｎｅｘｐｅｒｉｍｅｎｔｗａｓｍａｄｅｔoverifythevalidityoEtheobject-rotational-scan
holography･Theconstructionofthehologramwasdoneat35GHzい=8.6mm),
andthereconstruCtionwascarriedｏｕｔｎｕｌｎｅｒｉｃａｌｌｙ･
ＴｈｅｓｃａｎミystemwasarrangedasshowninFig､５．Theobjectwasthealpha-

betvIKoｏＺ４ｃｍｈｉｇｈａｎｄｌ７ｃｍｌｏｎｇ，ｍａｄｅｏｆｍｅｔａｌｌｉｃｐｉｐｅｓｏｆｄｉａｍｅ七eｒ2.5ｃｍ，
ａｎｄｉｔｗａｓｆａｓｔｅｎｅｄｔｏｔｈｅｃｅｎｔｅｒｏｆtheobjectplane・Ｔｈｅｐｌａｎｅｗａｓ

ｐｏｓｉｔｉｏｎｅｄａｒｔｈｅｒａｎｇｅｏｆａｂｏｕｔ３．０mfronltheradarantennaDandrotaｔｅｄ
ｏｖｅｒｅ八＝±３０．，０ｙ＝±２０．．
Ｔｈｅｃｏｍｐｌｅｘａｍｐ１ｉｔｕｄｅｏｆｅｃｈｏｓｉｇｎａｌｗａｓｄｅｔｅｃｔｅｄｂｙｕｓｅｏｆａｐｈａｓｅ

ｃｏｍｐａraror，ａｎｄａｆｔｅｒｔｈｅｃｏｎｖｅｒｓｉｏｎｔｏｃｏｍｐ１ｅｘｓａｍｐ１ｅｄｄａｔａｗｉｔｈｅｑｕａｌ
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separationofE，１１，ｉｔｗａｓｓｔｏｒｅｄ
ｉｎｔｏｔｈｅｃｏｍｐｕｔｅｒｍｅｍｏｒｙｂａｎｋ・
Ｔｈｅｘｎａｍｍｕｍｄｉｍｅｎｓｉｏｎｏｆｔｈｉｓ

ｈｏｌｏｇramdatawasestimated
approximateｌｙＥｍｌｘ＝±Ｌ５ｍａｎｄ
ゲ“＝±1.0m・Fig.６〔a）ｓｈｏｗｓｔｈｅ
ｈｏｌｏｇｒａｍｉｎｔｈｅｆｏｒｍｏｆｉｎｔensity
hologram･

Inreconstructiollprocessjwe
calculatetheinverseFourier

trans2ormatｉｏｎｏｆｔｈｅｈｏｌｏｇｒａｍ
ｄａｔａｂｙｕｓｅｏｆｃｏｍｐｕｔｅｒａｌｇｏｒｉｔｈｍ
ＦＦｍＡｓｔｈｅｒｅｓｕｌｔ，ｗｅｏｂｔａｉｎｅｄ
ｔｈｅｎｕｍｅｒｉｃａｌｌｙｒｅｃｏｎｓｔｒｕｃｔｅｄ
ｉｍａｇｅａｓｓｈｏｗＴｌｉｎＦｉ９．６(b）．

篝

Ｆｉｇ．５
CONCLUSIONS

Therotationalscanningtech-

niqueinlnicrowaveholographyhas
beendevelopedWepreseTltｅｄｔｈｅ
ｔｈｅｏｒｅｔｉｃａｌａｓｐｅｃｔｏ歪ｔｈｅｔｅｃｈ－
ｎｉｑｕｅ，ａｎｄｍａｄｅｉｔｃｌｅａｒｔｈｅ

ｆｏｌｌｏｗｉｎｇｆｅａｔｕｒｅ･Ｔｈｅｈｏｌｏｇｒａｍ
ｗｉ上ｈｌａｒｇｅａｐｅｒｔｕｒｅｒｅｑｕｉｒｅｄｔｏ
ｈｉｇｈｅｒｒｅｓｏｌｕｔｉｏｎｉｍａｇｉｎｇｃａｎｂｅ
ｅａｓｉｌｙｏｂｔａｉｎｅｄｂｙｔｈｅｓｃａｎｓｙｓｔｅＩｎ
ｃｏｎｓｔｒｕｃｔｅｄｏｎａｓｍａｌｌｓｃａｌｅ・

Ｍｏｒｅｏｖｅｒ，ａｌｅｎｓｌｅｓｓＦｏｕｒｉｅｒ

ｔｒａｎｓｆｏｒｍｈｏｌｏｇramconvenientto
numericalreconsｔｒｕｃｔｉｏｎｃａｎｂｅ

ｂｕｉｌｔｕｐ・
Ａ１ｓｏｗｅｄｅｓｃｒｉｂｅｄａｎｅｘｐｅｒｉｍｅｎ－

ｔａｌｒｅｓｕｌｔｔｏｖｅｒｉｒｙｔｈｅｖａｌｉｄｉｔｙ
ｏｆｔｈｅｔｈｅｏｒｙｏｎｍｉｃｒｏｗａｖｅｈｏｌｏ－
ｇｒａｐｈｙｂｙｒｏｔａｔｉｏｎａｌｓｃａｌｍｉｎｇｏｒ
ｏｂｊｅｃｔ．
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