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Figure 2. In an MIR motion sensor,
a transmitting antenna radiates a
pulse that is about 0.2 nanoseconds
long. Reflections from targets return
a complex series of echoes to the
receiving antenna. The return signal
is sampled at one range-gate time
by an impulse receiver containing
a voltage sampler along with an
averaging circuit and amplifier. The
detector listens at the appropriate
time for an echo. For an object about
3 m from the MIR, the sampled

gate at 20 nanoseconds after
transmission would just

capture it.
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Micropower Impulse Radar
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%¸<Ómƒ%fi‚ƒ%˜¸B`˜ıBë§4B‚ıÓB¸Ó∑BmÓ…∆ı%ƒ†
‚¸˝BŒ˜ı˝Óı•m∆ı<Ó%ÚÚ‚¸…ÓBm†mƒÓ›mS
∆¸˝Óıfiı˜∆¸˝ÎBƒœı˜∆fiœ•∑‚ÚÚÎB‚¸˝B˜…Ó‚¸
%›‚fi%¸fiSB`Ú∆%˝•ÚÓ<ÓÚBmÓ¸m%¸fiSB‚∆ƒ˜›˜ƒ%<Ó
m‚`Óƒ†ÎB%¸…Ú∆˝%¸fiB…˜ÚÚ%m%˜¸•‚<˜%˝‚¸…Ó
‚¸˝B%¸ƒÓÚÚ%fiÓ¸ƒB…ı∆%mÓ•…˜¸ƒı˜ÚBm†mƒÓ›mS
;m›‚ıƒÜB˝Ó<%…ÓmBm∆…œB‚mBÚ%fiœƒmÎBœÓ‚ƒÓımÎ
‚¸˝Bƒ˜˜ÚmBƒœ‚ƒB‚∆ƒ˜›‚ƒ%…‚ÚÚ†Bƒ∆ı¸B˜¸B˜ı
˜``SB‚¸˝B›Ó˝%…‚ÚB˝%‚fi¸˜mƒ%…mu

√œÓBƒÓ…œ¸˜Ú˜fi†Bœ‚mB$˜ƒÓ¸ƒ%‚ÚB∆mÓB%¸
`%¸˝%¸fiBÓ‚ıƒœ2∆‚-ÓBm∆ı<%<˜ımB∆¸˝Óı
ı∆ŒŒÚÓB‚¸˝B%¸B›˜¸%ƒ˜ı%¸fiB`˜ıBm∆˝˝Ó¸•
%¸`‚¸ƒ•˝Ó‚ƒœBm†¸˝ı˜›ÓuBP‚ı%˜∆m
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‚`ƒÓıBÓ‚…œBƒı‚¸m›%ƒƒÓ˝B$∆ÚmÓÎB…‚ÚÚÓ˝B‚
ı‚¸fiÓBfi‚ƒÓuB§`B∑ÓB…œ˜˜mÓB‚B˝ÓÚ‚†Bƒ%›Ó
‚`ƒÓıBÓ‚…œBƒı‚¸m›%ƒƒÓ˝B$∆ÚmÓB…˜ııÓm$˜¸˝%¸fi
ƒ˜B‚Bı‚¸fiÓB%¸Bm$‚…ÓÎBƒœÓ¸B∑ÓB…‚¸B˜$Ó¸
ƒœÓBıÓ…Ó%<ÓıB;fi‚ƒÓÜB‚`ƒÓıBƒœ‚ƒB˝ÓÚ‚†B‚¸˝
…Ú˜mÓB%ƒB‚¸B%¸mƒ‚¸ƒBÚ‚ƒÓıuB§¸Bƒœ%mB∑‚†ÎB∑Ó
‚<˜%˝BıÓ…Ó%<%¸fiB∆¸∑‚¸ƒÓ˝Bm%fi¸‚Úmu

√œÓBë§4BıÓ…Ó%<ÓıBœ‚mB‚B<Óı†B`‚mƒ
m‚›$ÚÓıBƒœ‚ƒB›Ó‚m∆ıÓmB˜¸Ú†B˜¸ÓB˝ÓÚ‚†
ƒ%›ÓB˜ıBı‚¸fiÓBfi‚ƒÓB$ÓıBƒı‚¸m›%ƒƒÓ˝B$∆ÚmÓÎ
‚mBmœ˜∑¸B%¸Bfl%fi∆ıÓB9‚uB§¸B`‚…ƒÎB∑ÓB∆mÓ
…%ı…∆%ƒı†Bƒœ‚ƒB%mBm%›%Ú‚ıBƒ˜BƒœÓBƒı‚¸m›%ƒ
%›$∆ÚmÓBfiÓ¸Óı‚ƒ˜ıB`˜ıBƒœ%mBı‚¸fiÓ•fi‚ƒÓ˝
›Ó‚m∆ıÓ›Ó¸ƒÎB‚¸˜ƒœÓıB∆¸%2∆ÓB`Ó‚ƒ∆ıÓ
˜`B˜∆ıB˝Ó<%…ÓuBI¸Ú†Bƒœ˜mÓBıÓƒ∆ı¸
$∆ÚmÓmB∑%ƒœ%¸BƒœÓBm›‚ÚÚBı‚¸fiÓBfi‚ƒÓ«
…˜ııÓm$˜¸˝%¸fiBƒ˜B‚B`%AÓ˝B˝%mƒ‚¸…ÓB`ı˜›
˝Ó<%…ÓBƒ˜Bƒ‚ıfiÓƒ«‚ıÓB›Ó‚m∆ıÓ˝uB√œÓBfi‚ƒÓ
∑%˝ƒœB*ƒœÓBm‚›$Ú%¸fiBƒ%›Ó1B%mB‚Ú∑‚†mB`%AÓ˝
Œ‚mÓ˝B˜¸BƒœÓBÚÓ¸fiƒœB˜`BƒœÓB$∆ÚmÓSBŒ∆ƒBƒœÓ
˝ÓÚ‚†Bƒ%›ÓB*ƒœÓBı‚¸fiÓ1B%mB‚˝ä∆mƒ‚ŒÚÓÎB‚m
%mBƒœÓB˝ÓƒÓ…ƒ%˜¸BmÓ¸m%ƒ%<%ƒ†u +<Óı‚fi%¸fi
ƒœ˜∆m‚¸˝mB˜`B$∆ÚmÓmB%›$ı˜<Óm ƒœÓBm%fi¸‚Ú•
ƒ˜•¸˜%mÓBı‚ƒ%˜B`˜ıB‚Bm%¸fiÚÓB›Ó‚m∆ıÓ›Ó¸ƒS
%uÓuÎB¸˜%mÓB%mBıÓ˝∆…Ó˝ÎB∑œ%…œB%¸…ıÓ‚mÓm
mÓ¸m%ƒ%<%ƒ†uB+BmÓÚÓ…ƒÓ˝BƒœıÓmœ˜Ú˝B˜¸BƒœÓ
‚<Óı‚fiÓ˝Bm%fi¸‚ÚBmÓ¸mÓmB‚¸†B›˜ƒ%˜¸B‚¸˝
…‚¸Bƒı%fifiÓıB‚Bm∑%ƒ…œÎBm∆…œB‚mB‚¸B‚Ú‚ı›u

Randomized Puls e Repetition
+mB›Ó¸ƒ%˜¸Ó˝BÓ‚ıÚ%ÓıÎB‚B¸˜%mÓBm˜∆ı…Ó

%mB%¸ƒÓ¸ƒ%˜¸‚ÚÚ†B‚˝˝Ó˝Bƒ˜BƒœÓBƒ%›%¸fi
…%ı…∆%ƒı†Bm˜Bƒœ‚ƒBƒœÓB‚›˜∆¸ƒB˜`Bƒ%›Ó
ŒÓƒ∑ÓÓ¸B$∆ÚmÓmB<‚ı%ÓmBı‚¸˝˜›Ú†B‚ı˜∆¸˝
kBëå,uB√œÓıÓB‚ıÓBƒœıÓÓBıÓ‚m˜¸mB`˜ı
ı‚¸˝˜›%,%¸fiBƒœÓB$∆ÚmÓBıÓ$Óƒ%ƒ%˜¸Bı‚ƒÓ
‚¸˝B‚<Óı‚fi%¸fiBƒœ˜∆m‚¸˝mB˜`Bm‚›$ÚÓmB‚ƒ
ƒœ˜mÓBı‚¸˝˜›Bƒ%›ÓmuBfl%ımƒÎB%¸ƒÓı`ÓıÓ¸…Ó
`ı˜›Bı‚˝%˜B‚¸˝B√PBmƒ‚ƒ%˜¸Bœ‚ı›˜¸%…m
…‚¸Bƒı%fifiÓıB`‚ÚmÓB‚Ú‚ı›mSBŒ∆ƒB∑%ƒœ
ı‚¸˝˜›%,%¸fiÎB%¸ƒÓı`ÓıÓ¸…ÓB%mBÓ``Ó…ƒ%<ÓÚ†
‚<Óı‚fiÓ˝Bƒ˜B,Óı˜uB˘Ó…˜¸˝ÎB›∆Úƒ%$ÚÓBë§4
∆¸%ƒmB…‚¸BŒÓB‚…ƒ%<‚ƒÓ˝B%¸B˜¸ÓB<%…%¸%ƒ†
∑%ƒœ˜∆ƒB%¸ƒÓı`Óı%¸fiB∑%ƒœBÓ‚…œB˜ƒœÓıB%`
ƒœÓB˜$Óı‚ƒ%˜¸B˜`BÓ‚…œB∆¸%ƒB%mBı‚¸˝˜›Ú†
…˜˝Ó˝B‚¸˝B∆¸%2∆ÓuB[‚…œB∆¸%ƒB…ıÓ‚ƒÓmB
‚B$‚ƒƒÓı¸BıÓ…˜fi¸%,‚ŒÚÓB˜¸Ú†BŒ†BƒœÓ
˜ı%fi%¸‚ƒ%¸fiBë§4uB√œ%ı˝ÎBı‚¸˝˜›%,%¸fi
m$ıÓ‚˝mBƒœÓBmÓ¸m˜ıcmBÓ›%mm%˜¸Bm$Ó…ƒı∆›
m˜BƒœÓBë§4Bm%fi¸‚ÚmBıÓmÓ›ŒÚÓBŒ‚…-fiı˜∆¸˝
¸˜%mÓÎB∑œ%…œB%mB˝%``%…∆ÚƒB`˜ıB˜ƒœÓıBmÓ¸m˜ım

ƒ˜B˝ÓƒÓ…ƒuB[›%mm%˜¸mB`ı˜›B‚¸Bë§4BmÓ¸m˜ı
‚ıÓB<%ıƒ∆‚ÚÚ†B∆¸˝ÓƒÓ…ƒ‚ŒÚÓB∑%ƒœB‚
…˜¸<Ó¸ƒ%˜¸‚ÚBı‚˝%˜•`ıÓ2∆Ó¸…†BıÓ…Ó%<Óı
‚¸˝B‚¸ƒÓ¸¸‚B˜¸Ú†B9B›B‚∑‚†uB§¸B˜ƒœÓı
∑˜ı˝mÎBı‚¸˝˜›%,%¸fiB›‚-ÓmBƒœÓBë§4
mƒÓ‚Úƒœ†u

Equivalent-Time Sampling
ë˜ıÓBm˜$œ%mƒ%…‚ƒÓ˝Bë§4BmÓ¸m˜ımÎ

m∆…œB‚mB˜∆ıBë§4B4‚¸fiÓ`%¸˝ÓıÎB…†…ÚÓ
ƒœı˜∆fiœB›‚¸†Bı‚¸fiÓBfi‚ƒÓmuB+mBmœ˜∑¸
%¸Bfl%fi∆ıÓB9ŒÎBƒœÓB˝ÓÚ‚†Bƒ%›ÓB%mBm∑Ó$ƒÎB˜ı
<‚ı%Ó˝ÎBmÚ˜∑Ú†B∑%ƒœBÓ‚…œBıÓ…Ó%<Ó˝B$∆ÚmÓ
*‚Œ˜∆ƒBùMBm∑ÓÓ$mB$ÓıBmÓ…˜¸˝1Bƒ˜
Ó``Ó…ƒ%<ÓÚ†B`%ÚÚB%¸BƒœÓB˝ÓƒÓ…ƒ%˜¸BŒ∆ŒŒÚÓ
∑%ƒœB‚B…˜¸ƒ%¸∆˜∆mBƒı‚…ÓB˜`Bı‚˝‚ı
%¸`˜ı›‚ƒ%˜¸uB§¸BÓmmÓ¸…ÓÎB∑ÓB‚ıÓBƒ‚-%¸fi
m‚›$ÚÓmB‚ƒB˝%``ÓıÓ¸ƒBƒ%›ÓmÎBƒœ∆mB˝%``ÓıÓ¸ƒ
˝%mƒ‚¸…ÓmÎB‚∑‚†B`ı˜›BƒœÓB˝Ó<%…ÓuB√œÓ
ıÓm∆ÚƒB%mB‚¸B;Ó2∆%<‚ÚÓ¸ƒ•ƒ%›ÓÜBıÓ…˜ı˝B˜`
‚ÚÚBıÓƒ∆ı¸B$∆ÚmÓmBƒœ‚ƒB…‚¸BŒÓB…˜ııÓÚ‚ƒÓ˝
ƒ˜B˜ŒäÓ…ƒB˝%mƒ‚¸…ÓuB√œÓBÓ2∆%<‚ÚÓ¸ƒ•ƒ%›Ó

Ó…œ˜B$‚ƒƒÓı¸BÓA‚…ƒÚ†B›‚ƒ…œÓmBƒœÓ
˜ı%fi%¸‚ÚB;ıÓ‚Ú•ƒ%›ÓÜB$‚ƒƒÓı¸ÎBÓA…Ó$ƒBƒœ‚ƒ
%ƒB˜……∆ımB˜¸B‚Bƒ%›ÓBm…‚ÚÓBmÚ˜∑Ó˝BŒ†BnM“u
˙ÓB…‚¸BÓ‚m%Ú†B˝%m$Ú‚†BƒœÓBÓ2∆%<‚ÚÓ¸ƒ•ƒ%›Ó
Ó…œ˜B$‚ƒƒÓı¸B˜¸B‚¸B˜m…%ÚÚ˜m…˜$ÓB˜ıBıÓ‚˝
ƒœÓB˝‚ƒ‚B%¸ƒ˜B‚B…˜›$∆ƒÓıuB˙ÓB‚ıÓB‚$$Ú†%¸fi
ƒœ%mBm‚›$Ú%¸fiBƒÓ…œ¸%2∆ÓBƒ˜B›‚¸†Bmœ˜ıƒ•
ı‚¸fiÓB‚$$Ú%…‚ƒ%˜¸mÎBm∆…œB‚mBÚ%fiœƒ∑Ó%fiœƒ
‚Úƒ%›ÓƒÓımB˜ıBıÓmÓı<˜%ı•ÚÓ<ÓÚB›Ó‚m∆ıÓ›Ó¸ƒÎ
‚mB∑ÓÚÚB‚mB‚ÚÚBë§4B%›‚fi%¸fiB‚$$Ú%…‚ƒ%˜¸mu

Forming Image s
˙%ƒœBÓ2∆%<‚ÚÓ¸ƒ•ƒ%›ÓBm‚›$Ú%¸fiÎB

∑ÓB…‚¸B`˜ı›B%›‚fiÓmBŒ†B›˜<%¸fiBƒœÓ
4‚¸fiÓ`%¸˝ÓıB%¸B`ı˜¸ƒB˜`B‚Bƒ‚ıfiÓƒB‚ıÓ‚
˜ıBŒ†B∆m%¸fiB‚Bmƒ‚ƒ%˜¸‚ı†B‚ıı‚†B˜`
4‚¸fiÓ`%¸˝ÓımuBfl%fi∆ıÓBù‚ mœ˜∑m
∆¸$ı˜…ÓmmÓ˝Bı‚˝‚ıB%¸`˜ı›‚ƒ%˜¸B∑Ó
˜Œƒ‚%¸Ó˝B‚Ú˜¸fiB‚B…˜¸…ıÓƒÓB`Ú˜˜ıB%¸BƒœÓ
Ì˜<‚B`‚…%Ú%ƒ†uB[‚…œB<Óıƒ%…‚ÚBƒı‚…ÓB%mB‚
ıÓƒ∆ı¸Bm%fi¸‚ÚB`ı˜›B‚B˝%``ÓıÓ¸ƒB$˜m%ƒ%˜¸
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$∆ÚmÓmB%mBƒœ‚ƒBÚÓmmBÓ¸Óıfi†B…‚¸BŒÓ
›Ó‚m∆ıÓ˝B˜¸BƒœÓBı‚˝‚ı ıÓƒ∆ı¸muB˙Ó
m˜Ú<Ó˝Bƒœ%mB$ı˜ŒÚÓ›BŒ†Bƒı‚¸m›%ƒƒ%¸fi
›‚¸†B$∆ÚmÓmBı‚$%˝Ú†B‚¸˝B‚<Óı‚fi%¸fiB‚ÚÚ
ıÓƒ∆ı¸mu

√œÓB‚˝<‚¸ƒ‚fiÓmB˜`B$ı˜˝∆…%¸fiB‚¸˝
˝ÓƒÓ…ƒ%¸fiB<Óı†BŒı%Ó`Bı‚˝‚ıB%›$∆ÚmÓmB‚ıÓ
…˜¸m%˝Óı‚ŒÚÓÕ
gB√œÓBƒ‚ıfiÓƒBÓ…œ˜ÓmBıÓƒ∆ı¸B›∆…œ
%¸`˜ı›‚ƒ%˜¸uB˙%ƒœBmœ˜ıƒB$∆ÚmÓmÎBƒœÓ
m†mƒÓ›B˜$Óı‚ƒÓmB‚…ı˜mmB‚B∑%˝ÓBŒ‚¸˝B˜`
`ıÓ2∆Ó¸…%ÓmÎBfi%<%¸fiBœ%fiœBıÓm˜Ú∆ƒ%˜¸B‚¸˝
‚……∆ı‚…†uB√œÓBm†mƒÓ›B%mB‚Úm˜BÚÓmm
m∆m…Ó$ƒ%ŒÚÓBƒ˜B%¸ƒÓı`ÓıÓ¸…ÓB`ı˜›B˜ƒœÓı
ı‚˝‚ımu
gB}‚ƒƒÓı†B…∆ııÓ¸ƒB%mB˝ı‚∑¸B˜¸Ú†B˝∆ı%¸fi
ƒœÓBmœ˜ıƒBƒ%›ÓBƒœÓBm†mƒÓ›B%mB$∆ÚmÓ˝ÎBm˜
$˜∑ÓıBıÓ2∆%ıÓ›Ó¸ƒmB‚ıÓBÓAƒıÓ›ÓÚ†BÚ˜∑
*›%…ı˜‚›$ÓıÓm1uBI¸ÓBƒ†$ÓB˜`Bë§4B∆¸%ƒ
˜$Óı‚ƒÓmB`˜ıBmÓ<Óı‚ÚB†Ó‚ımB˜¸Bƒ∑˜B++
Œ‚ƒƒÓı%Ómu
gB√œÓB›%…ı˜∑‚<ÓB$˜∑ÓıB‚mm˜…%‚ƒÓ˝B∑%ƒœ
$∆ÚmÓ˝Bƒı‚¸m›%mm%˜¸B%mBÓA…ÓÓ˝%¸fiÚ†BÚ˜∑
*‚<Óı‚fi%¸fiBƒÓ¸mB˜`B›%…ı˜∑‚ƒƒm1B‚¸˝B%m
›Ó˝%…‚ÚÚ†Bm‚`ÓuBë§4BÓ›%ƒmBÚÓmmBƒœ‚¸
˜¸Ó•ƒœ˜∆m‚¸˝ƒœBƒœÓB$˜∑ÓıB˜`B‚B…ÓÚÚ∆Ú‚ı
ƒÓÚÓ$œ˜¸Óu

Range-Gated Radar
√ı‚¸m›%ƒƒÓ˝BÓ¸Óıfi†B`ı˜›B‚¸†Bı‚˝‚ı

%mB˝%``ı‚…ƒÓ˝B‚¸˝Bm…‚ƒƒÓıÓ˝BŒ†B˜ŒäÓ…ƒmB%¸
ƒœÓB`%ÓÚ˝B˜`B<%Ó∑ÎBm∆…œB‚mB…‚ımÎBƒıÓÓmÎB˜ı
$Ó˜$ÚÓuB>‚ıfiÓıB‚¸˝B›˜ıÓB…˜¸˝∆…ƒ%<Ó
˜ŒäÓ…ƒmBfiÓ¸Óı‚ÚÚ†B$ı˜˝∆…ÓBÚ‚ıfiÓıBıÓƒ∆ı¸mu
}Ó…‚∆mÓBƒœÓB∑‚<ÓÚÓ¸fiƒœB˜`Bë§4Bm%fi¸‚Úm
%¸B‚%ıB%mB…∆ııÓ¸ƒÚ†B‚Œ˜∆ƒBnZB…›ÎB∑ÓB…‚¸
Ó‚m%Ú†B˝ÓƒÓ…ƒB˜ŒäÓ…ƒmB˜`Bƒœ‚ƒBm%,ÓB˜ı
Ú‚ıfiÓıB‚ƒB˝%mƒ‚¸…ÓmB˜`B‚Œ˜∆ƒBnZB…›B˜ı
fiıÓ‚ƒÓıuBÑ%mƒ˜ıƒÓ˝ÎBÚ˜∑•‚›$Ú%ƒ∆˝Ó
ıÓ`ÚÓ…ƒ%˜¸mB˜`BƒœÓBƒı‚¸m›%ƒƒÓ˝B$∆ÚmÓB‚ıÓ
$%…-Ó˝B∆$BŒ†BƒœÓBıÓ…Ó%<%¸fiB‚¸ƒÓ¸¸‚B%¸
ƒœÓBƒ%›ÓB%ƒBƒ‚-ÓmB`˜ıBÚ%fiœƒBƒ˜Bƒı‚<ÓÚB`ı˜›
ƒœÓBë§4Bƒ˜BƒœÓB˜ŒäÓ…ƒB‚¸˝BŒ‚…-B‚fi‚%¸u

√œÓB˜$Óı‚ƒ%¸fiB$ı%¸…%$ÚÓB˜`Bë§4
›˜ƒ%˜¸BmÓ¸m˜ımB%mBŒ‚mÓ˝B˜¸BƒœÓ
ıÓÚ‚ƒ%<ÓÚ†Bmƒı‚%fiœƒ`˜ı∑‚ı˝B$ı%¸…%$ÚÓB˜`
ı‚¸fiÓBfi‚ƒ%¸fiuB§¸BÚ˜˜-%¸fiB`˜ıBƒœÓBıÓƒ∆ı¸
m%fi¸‚ÚmÎBë§4Bm‚›$ÚÓmB˜¸Ú†Bƒœ˜mÓBm%fi¸‚Úm
˜……∆ıı%¸fiB%¸B‚B¸‚ıı˜∑Bƒ%›ÓB∑%¸˝˜∑

Range gate

Fixed round-trip 
delay time

Transmitted MIR impulses 
(about 2 million/second)

Radar echoes 
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500 nanoseconds

200 picoseconds

Distance

Time

25 milliseconds
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delay
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record of returns

Figure 3. (a) Following 
an impulse transmitted by
MIR, a range gate opens
briefly after a fixed delay
time to sample the
received radar echoes.
(b) To obtain a more
complete record of returns
for more sophisticated
applications, we sweep
the range delay over
various delay times to
obtain target information
at different distances. We
have effectively slowed
down the radar signal by
about a factor of 1 million
to get an “equivalent-time”
record of radar returns
that can be correlated to
object distances. (Pulses
pictured here are not to
scale.)

(a)

(b)

(a) Unprocessed data

(b) Reconstructed image

7.5 ns

33 cm

Figure 4. (a) Unprocessed radar information we obtained along a concrete floor in the Nova facility.
(b) After applying a specialized image-reconstruction algorithm to the unprocessed MIR data, buried
rebar and conduit shown in a cross section become clear.

Rebar

Conduit
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Commercially Ready MIR

√‚ŒÚÓBn Ú%mƒmBm˜›ÓB˜`BƒœÓB…˜››Óı…%‚Ú
‚$$Ú%…‚ƒ%˜¸mB˜`Bë§4uBI¸ÓB-Ó†B`‚…ƒ˜ıB%¸
<%ıƒ∆‚ÚÚ†B‚ÚÚB…˜››Óı…%‚ÚB›‚ı-ÓƒmB`˜ıBë§4
%mB…˜mƒuBë˜mƒB˜`B˜∆ıBmÓ¸m˜ıB∆¸%ƒmB…‚¸BŒÓ
›‚¸∆`‚…ƒ∆ıÓ˝B‚ƒB‚B`ı‚…ƒ%˜¸B˜`BƒœÓB…˜mƒ
˜`BÓA%mƒ%¸fiBƒÓ…œ¸˜Ú˜fi†«%¸˝ÓÓ˝ÎBƒœÓ†
‚ıÓBƒ†$%…‚ÚÚ†Bœ∆¸˝ıÓ˝mB˜`Bƒ%›ÓmBÚÓmm
ÓA$Ó¸m%<ÓuB§¸B›‚¸†B…‚mÓmÎBƒœÓıÓBm%›$Ú†
%mB¸˜B$ı‚…ƒ%…‚ÚB‚ÚƒÓı¸‚ƒ%<ÓBƒÓ…œ¸˜Ú˜fi†
˜¸BƒœÓB›‚ı-ÓƒBƒœ‚ƒB%mB‚mBı˜Œ∆mƒÎB‚……∆ı‚ƒÓÎ
‚¸˝B%¸ÓA$Ó¸m%<Óu

Security Sys tem s
å˜›ÓBmÓ…∆ı%ƒ†Bm†mƒÓ›mB¸˜∑B˜¸BƒœÓ

›‚ı-ÓƒB…‚¸B…˜mƒBƒœ˜∆m‚¸˝mB˜`B˝˜ÚÚ‚ımÎ
ıÓ2∆%ıÓBıÓfi∆Ú‚ıB›‚%¸ƒÓ¸‚¸…ÓÎB‚¸˝BŒÓ
˝%mı∆$ƒÓ˝BŒ†B%¸ƒÓı`ÓıÓ¸…ÓB`ı˜›B‚
¸Ó%fiœŒ˜ıcmBm†mƒÓ›uB+ƒB‚B$ı˜äÓ…ƒÓ˝B…˜mƒ
˜`B]kMÎB‚¸Bë§4BmÓ¸m˜ıB*fl%fi∆ıÓB“1Î
$˜∑ÓıÓ˝BŒ†B++BŒ‚ƒƒÓı%ÓmÎB˜$Óı‚ƒÓm
∑%ƒœ˜∆ƒB`ıÓ2∆Ó¸…†B…œ‚¸¸ÓÚmB˜ıB∑%ı%¸fi

‚¸˝B%mBm%›$ÚÓBƒ˜B%¸mƒ‚ÚÚuBë˜ƒ%˜¸BmÓ¸m˜ım
…‚¸BŒÓB‚˝ä∆mƒÓ˝B`˜ıBmÓ¸m%ƒ%<%ƒ†B‚¸˝Bı‚¸fiÓ
m˜Bƒœ‚ƒB‚B$ÓƒÎB`˜ıBÓA‚›$ÚÓÎB∑˜∆Ú˝B¸˜ƒ
ƒı%fifiÓıB‚¸B‚Ú‚ı›B‚¸˝B…˜∆Ú˝Bı˜‚›B`ıÓÓÚ†
‚¸†∑œÓıÓBŒÓÚ˜∑B‚B…Ó%Ú%¸fi•›˜∆¸ƒÓ˝Bë§4
mÓ¸m˜ıuB§¸mƒ‚ÚÚ‚ƒ%˜¸mB˜`Bë§4BmÓ¸m˜ım
‚ÚıÓ‚˝†BÓA%mƒB%¸BƒœÓBÑI[B¸∆…ÚÓ‚ıB∑Ó‚$˜¸m
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m†mƒÓ›B‚¸˝B%ƒmB%¸ƒÓ¸˝Ó˝B$∆ı$˜mÓÎBƒœÓ
`˜ÚÚ˜∑%¸fiB`Ó‚ƒ∆ıÓmB‚ıÓB…˜››˜¸Bƒ˜B›˜mƒ
∆¸%ƒmÕ
gB>˜∑B…˜mƒÎB∆m%¸fiB˜``•ƒœÓ•mœÓÚ`
…˜›$˜¸Ó¸ƒmu
gBPÓı†Bm›‚ÚÚBm%,ÓB*…%ı…∆%ƒBŒ˜‚ı˝B%mB‚Œ˜∆ƒ
ùB…›k1u
gB[A…ÓÚÚÓ¸ƒBm%fi¸‚ÚB$Ó¸Óƒı‚ƒ%˜¸Bƒœı˜∆fiœ
›˜mƒBÚ˜∑•…˜¸˝∆…ƒ%<%ƒ†B›‚ƒÓı%‚ÚmÎBm˜B%ƒB%m
‚ŒÚÓ ƒ˜B;mÓÓBƒœı˜∆fiœÜB∑‚ÚÚmÎB…˜¸…ıÓƒÓÎ ‚¸˝
˜ƒœÓıBŒ‚ıı%ÓımÎB%¸…Ú∆˝%¸fiBœ∆›‚¸Bƒ%mm∆Óu
g +Bmœ‚ı$Ú†B˝Ó`%¸Ó˝B‚¸˝B‚˝ä∆mƒ‚ŒÚÓBı‚¸fiÓ
˜`B˜$Óı‚ƒ%˜¸ÎB∑œ%…œBıÓ˝∆…ÓmB`‚ÚmÓB‚Ú‚ı›mu
gB>˜¸fiBŒ‚ƒƒÓı†BÚ%`ÓÎBƒ†$%…‚ÚÚ†BmÓ<Óı‚Ú
†Ó‚ımÎBŒÓ…‚∆mÓB˜`B›%…ı˜$˜∑ÓıB˜$Óı‚ƒ%˜¸u
gB˘%›∆Úƒ‚¸Ó˜∆mB˜$Óı‚ƒ%˜¸B˜`B›‚¸†B∆¸%ƒm
∑%ƒœ˜∆ƒB%¸ƒÓı`ÓıÓ¸…Óu
gB4‚¸˝˜›%,Ó˝BÓ›%mm%˜¸mÎB›‚-%¸fiBƒœÓ
mÓ¸m˜ıB˝%``%…∆ÚƒBƒ˜B˝ÓƒÓ…ƒu

”∆ııÓ¸ƒBë§4B$ı˜ƒ˜ƒ†$ÓB∆¸%ƒmB‚ƒ
>>Ì>B‚ıÓB›‚˝ÓB∑%ƒœBÚ˜∑•…˜mƒÎB˝%m…ıÓƒÓ
…˜›$˜¸Ó¸ƒmuB§¸BƒœÓB$Ú‚¸¸%¸fiBmƒ‚fiÓmB‚ıÓ
m%¸fiÚÓB…œ%$m«‚$$Ú%…‚ƒ%˜¸•m$Ó…%`%…
%¸ƒÓfiı‚ƒÓ˝B…%ı…∆%ƒmB*+˘§”m1«ƒœ‚ƒB∑%ÚÚ
ıÓ$Ú‚…ÓB›˜mƒB˜`BƒœÓB˝%m…ıÓƒÓB$‚ıƒmB‚¸˝
ıÓm∆ÚƒB%¸BÓ<Ó¸BÚ˜∑ÓıB…˜mƒB‚¸˝Bm›‚ÚÚÓıBm%,Óu

I¸ÓBÚ%›%ƒ‚ƒ%˜¸B%mBƒœ‚ƒBƒœÓB$Ó¸Óƒı‚ƒ%˜¸
˜`Bë§4Bm%fi¸‚ÚmBƒœı˜∆fiœB‚B›‚ƒÓı%‚Ú
˝Ó…ıÓ‚mÓm ‚mBƒœ‚ƒB›‚ƒÓı%‚ÚcmBÓÚÓ…ƒı%…‚Ú
…˜¸˝∆…ƒ%<%ƒ†B%¸…ıÓ‚mÓmuB√œ∆mÎBƒœÓ

ƒÓ…œ¸˜Ú˜fi†B…‚¸¸˜ƒBmÓÓBƒœı˜∆fiœBƒœ%…-
›Óƒ‚ÚÎBm∆…œB‚mB‚Bmœ%$cmBœ∆ÚÚÎB˜ıBmÓ‚B∑‚ƒÓıÎ
Œ∆ƒB%ƒBmƒ%ÚÚB…‚¸B$Ó¸Óƒı‚ƒÓ m∆Œmƒ‚¸…ÓmB∑%ƒœ
›˜˝Óı‚ƒÓBÓÚÓ…ƒı%…‚ÚB…˜¸˝∆…ƒ%<%ƒ†ÎBm∆…œ
‚mBƒœÓBœ∆›‚¸BŒ˜˝†u

MIR a s a Sen s or Technology

ë§4BƒÓ…œ¸˜Ú˜fi†B˜$Ó¸mB∆$B›‚¸†
$˜mm%ŒÚÓBÚ˜∑•…˜mƒBmÓ¸m˜ıBm†mƒÓ›mB`˜ı
›˜ƒ%˜¸B˝ÓƒÓ…ƒ%˜¸B˜ıB$ı˜A%›%ƒ†ÎB˝%mƒ‚¸…Ó
›Ó‚m∆ıÓ›Ó¸ƒÎB›%…ı˜∑‚<ÓB%›‚fiÓ
`˜ı›‚ƒ%˜¸ÎB˜ıBÓ<Ó¸B…˜››∆¸%…‚ƒ%˜¸muBfl˜ı
ÓA‚›$ÚÓÎB%¸Bm˜›ÓB…‚mÓmB%ƒBœ‚mB‚˝<‚¸ƒ‚fiÓm
˜<ÓıB›‚¸†B-%¸˝mB˜`B…˜¸<Ó¸ƒ%˜¸‚Ú
$ı˜A%›%ƒ†B‚¸˝B›˜ƒ%˜¸BmÓ¸m˜ımÎBm∆…œB‚m
$‚mm%<ÓB%¸`ı‚ıÓ˝B*œÓ‚ƒBmÓ¸m˜ım1ÎB‚…ƒ%<Ó
ŒÓ‚›•%¸ƒÓıı∆$ƒ%˜¸B%¸`ı‚ıÓ˝ÎB∆Úƒı‚m˜∆¸˝Î
mÓ%m›%…ÎB‚¸˝B›%…ı˜∑‚<ÓBÑ˜$$ÚÓıB˝Ó<%…Ómu
ë‚¸†B˜`BƒœÓmÓBmÓ¸m˜ımB‚ıÓB‚˝<ÓımÓÚ†
‚``Ó…ƒÓ˝BŒ†BƒÓ›$Óı‚ƒ∆ıÓÎB∑Ó‚ƒœÓıÎB‚¸˝
˜ƒœÓıBÓ¸<%ı˜¸›Ó¸ƒ‚ÚB…˜¸˝%ƒ%˜¸mÎB›‚-%¸fi
ƒœÓ›B$ı˜¸ÓBƒ˜B`‚ÚmÓB‚Ú‚ı›muBõ‚mm%<Ó
%¸`ı‚ıÓ˝BmÓ¸m˜ımB…‚¸BŒÓBƒı%fifiÓıÓ˝BŒ†BÚ%fiœƒ
‚¸˝BœÓ‚ƒÎB‚¸˝BƒœÓ%ıB˝ÓƒÓ…ƒ%˜¸Bı‚¸fiÓB%mB¸˜ƒ
∑ÓÚÚB˝Ó`%¸Ó˝uB[<Ó¸B‚Bƒœ%¸BmœÓÓƒB˜`B$‚$Óı
ŒÚ˜…-mBŒ˜ƒœB%¸`ı‚ıÓ˝B‚¸˝B∆Úƒı‚m˜∆¸˝m%fi¸‚Úmu
˘%›%Ú‚ıÚ†ÎB∆Úƒı‚m˜∆¸˝B›˜ƒ%˜¸B‚¸˝
Ñ˜$$ÚÓıB›%…ı˜∑‚<ÓBmÓ¸m˜ımB%¸ƒÓı`ÓıÓ
∑%ƒœB˜¸ÓB‚¸˜ƒœÓıB∑œÓ¸BmÓ<Óı‚ÚB∆¸%ƒmB‚ıÓ
…˜•Ú˜…‚ƒÓ˝uB˙%ƒœ˜∆ƒBı‚¸fiÓBfi‚ƒÓmÎ ƒœÓmÓ
mÓ¸m˜ımB…‚¸Bƒı%fifiÓıB‚mBÓ‚m%Ú†B˜¸B˝%mƒ‚¸ƒ
˜ŒäÓ…ƒmB‚mB˜¸B¸Ó‚ıŒ†B%¸mÓ…ƒmuB√œÓ†B…‚¸
‚Úm˜Bœ‚<ÓBÚ%›%ƒÓ˝B›‚ƒÓı%‚ÚB$Ó¸Óƒı‚ƒ%˜¸Î
˝ÓƒÓ…ƒ‚ŒÚÓBÓ›%mm%˜¸mÎB‚¸˝BÓA$Ó¸m%<Ó
…˜›$˜¸Ó¸ƒmuBë§4BƒÓ…œ¸˜Ú˜fi†B$ı˜<%˝Óm
‚¸B‚ƒƒı‚…ƒ%<ÓB‚ÚƒÓı¸‚ƒ%<ÓBƒ˜BƒœÓmÓB˝Ó<%…Ómu

˙ÓB‚ıÓB`˜ÚÚ˜∑%¸fiBƒ∑˜B$‚ƒœmB%¸
˝Ó<ÓÚ˜$%¸fiB‚¸˝B‚$$Ú†%¸fiBë§4BƒÓ…œ¸˜Ú˜fi†u
fl˜ıB∑ÓÚÚ•˝Ó<ÓÚ˜$Ó˝B$ı˜˝∆…ƒmÎB∑Ó
Ó¸…˜∆ı‚fiÓB…˜››Óı…%‚ÚB‚$$Ú%…‚ƒ%˜¸mÎ
‚¸˝B∑ÓB‚ıÓBÚ%…Ó¸m%¸fiBƒœÓBƒÓ…œ¸˜Ú˜fi†Bƒ˜
2∆‚Ú%`%Ó˝B›‚¸∆`‚…ƒ∆ıÓımB%¸BƒœÓB¶u˘u
∆m%¸fiB‚B$ı˜…Ó˝∆ıÓBƒœ‚ƒBÓ¸m∆ıÓmB`‚%ı¸Ómm
˜`B˜$$˜ıƒ∆¸%ƒ†uBfl˜ıB%˝Ó‚mBƒœ‚ƒBıÓ2∆%ıÓ
›˜ıÓBıÓmÓ‚ı…œB‚¸˝Bm†mƒÓ›mB˝Ó<ÓÚ˜$›Ó¸ƒÎ
∑ÓB‚ıÓB…˜¸ƒ%¸∆%¸fiBƒ˜BÓA$Ú˜ıÓBÓÚÓ…ƒı˜¸%…mÎ
‚¸ƒÓ¸¸‚mÎBm%fi¸‚ÚB$ı˜…Ómm%¸fiÎB‚¸˝B%›‚fi%¸fi
…˜¸…Ó$ƒmB‚mB∑ÓB˝Ó<ÓÚ˜$B$ı˜fiı‚›mBƒœ‚ƒ
∑%ÚÚB‚$$Ú†Bë§4BƒÓ…œ¸˜Ú˜fi†Bƒ˜Bm∆$$˜ıƒ
>‚Œ˜ı‚ƒ˜ı†B›%mm%˜¸mB‚¸˝B‚˝˝ıÓmm
$ı˜ŒÚÓ›mB˜`B¸‚ƒ%˜¸‚ÚB%¸ƒÓıÓmƒu

Table 1. Some commercial applications of MIR.

Commercial
Sector Application of MIR

Automotive Parking assistance; backup warning; precollision detection;
cruise control; airbag deployment; electronic dipstick for all fluid levels

Security Home intrusion and motion sensor; keyless locks, automatic doors;
child monitoring; vehicle theft alarm; radar trip wire; perimeter surveillance

Appliances Stud finder; laser tape measure; wireless thermostat; automatic dispenser;
automatic tool shutoff; toys, games, and virtual reality

Manufacturing Fluid-level, proximity, and harsh-environment sensing;
robotic sensor; industrial automation

‚Ú˜¸fiBƒœÓB`Ú˜˜ıuB˙œÓ¸B›‚¸†B%¸˝%<%˝∆‚Ú
<Óıƒ%…‚ÚB<%Ó∑mB%¸ƒ˜BƒœÓB`Ú˜˜ıB‚ıÓBmƒ‚…-Ó˝
m%˝Ó•Œ†•m%˝ÓÎBıÓmÓ›ŒÚ%¸fiBmÚ%…ÓmB˜`BŒıÓ‚˝
›‚-%¸fiB∆$B‚BÚ˜‚`ÎB∑ÓB…‚¸BıÓ…˜¸mƒı∆…ƒB‚
…ı˜mmBmÓ…ƒ%˜¸B˜`BƒœÓB`Ú˜˜ıuB+mBÓA$Ó…ƒÓ˝Î
`Ó‚ƒ∆ıÓmB‚ıÓB˜Œm…∆ıÓ˝BŒ†BƒœÓB…Ú∆ƒƒÓı
%¸œÓıÓ¸ƒB%¸B‚ÚÚBı‚˝‚ıB›Ó‚m∆ıÓ›Ó¸ƒmuB√˜
ıÓm˜Ú<ÓBƒœÓBÚ˜…‚ƒ%˜¸mB˜`BŒ∆ı%Ó˝B˜ŒäÓ…ƒmÎ
m∆…œB‚mBıÓŒ‚ıB‚¸˝B…˜¸˝∆%ƒBmœ˜∑¸B%¸
fl%fi∆ıÓBùŒÎB∑ÓB‚$$Ú†B‚Bm$Ó…%‚Ú%,Ó˝
%›‚fiÓ•ıÓ…˜¸mƒı∆…ƒ%˜¸B‚Úfi˜ı%ƒœ›B∆m%¸fi
˝%``ı‚…ƒ%˜¸Bƒ˜›˜fiı‚$œ†uk

ë‚¸†Bm∆…œBmÚ%…ÓmBmƒ‚…-Ó˝Bƒ˜fiÓƒœÓı
`˜ı›B‚B`∆ÚÚB9•ÑB<%Ó∑B˜`BƒœÓBm∆Œ`Ú˜˜ıB˜ı
˜ƒœÓıB…˜¸…ıÓƒÓBmƒı∆…ƒ∆ıÓB*fl%fi∆ıÓBZ1u
√œ%mB∆¸%2∆ÓB…˜›Œ%¸‚ƒ%˜¸B˜`BƒœÓBë§4
mÓ¸m˜ımB‚¸˝B%›‚fi%¸fiBm˜`ƒ∑‚ıÓB%m
m$∆ıı%¸fiB¸Ó∑ÎBÚ˜∑•…˜mƒB¸˜¸˝Ómƒı∆…ƒ%<Ó
%¸m$Ó…ƒ%˜¸B›Óƒœ˜˝mu

Summary of Feature s 

+mBë§4BƒÓ…œ¸˜Ú˜fi†Bœ‚mBÓ<˜Ú<Ó˝ÎB‚
∆¸%2∆ÓB…˜›Œ%¸‚ƒ%˜¸B˜`B`Ó‚ƒ∆ıÓm
ıÓm∆ÚƒÓ˝uB+Úƒœ˜∆fiœB…Óıƒ‚%¸
m$Ó…%`%…‚ƒ%˜¸m«m%fi¸‚ÚBmƒıÓ¸fiƒœÎ
˜$Óı‚ƒ%¸fiBı‚¸fiÓÎB‚¸˝B˝%ıÓ…ƒ%˜¸‚Ú%ƒ†«
…‚¸B<‚ı†B˝Ó$Ó¸˝%¸fiB˜¸BƒœÓBƒ†$ÓB˜`

MIR Recognition and Award s
g √œ%ıƒ†B¶u˘uB$‚ƒÓ¸ƒB‚$$Ú%…‚ƒ%˜¸mu

g √∑ÓÚ<ÓB%¸˝∆mƒı†BÚ%…Ó¸mÓÓmB‚¸˝B›‚¸†B›˜ıÓBÓA$Ó…ƒÓ˝u

g õ˜$.Ú‚ıB˘…%Ó¸…Óz …˜<ÓıBmƒ˜ı†Bë‚ı…œBnééZB‚¸˝B}ÓmƒB˜`B
˙œ‚ƒcmBÌÓ∑B+∑‚ı˝Bnééùu

g ÌÓ≥B˘…%Ó¸Î%›Îz …˜<ÓıBmƒ˜ı†B+∆fi∆mƒBnééZu

g GÚÓ…Îı˜¸%…BÑÓ›%fi¸BÌÓ≥›z nMMBå˜ƒƒÓmƒBõı˜˝∆…ƒmB˜`Bnééùu

g §¸ƒÓÚÚÓ…ƒ∆‚ÚBõı˜$Óıƒ†BI∑¸ÓımÎBÑ%mƒ%¸fi∆%mœÓ˝B§¸<Ó¸ƒ˜ıB˜`Bnééùu

g flÓ˝Óı‚ÚB>‚Œ˜ı‚ƒ˜ı†B”˜¸m˜ıƒ%∆›+∑‚ı˝B`˜ıB[A…ÓÚÚÓ¸…ÓB%¸
√Ó…œ¸˜Ú˜fi†B√ı‚¸m`ÓıBnééZu

Figure 5. Imaging steel
in concrete with MIR. 
(a) The internal elements
of a concrete slab before
pouring. (b) Reconstructed
3-D MIR image of the
elements embedded in
the finished, 30-cm-thick
concrete slab.

(a)

(b)
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%›‚fi%¸fiÎBœ%fiœ∑‚†B‚¸˝BŒı%˝fiÓ•˝Ó…-
%¸m$Ó…ƒ%˜¸ÎB‚¸˝Bœ‚¸˝•œÓÚ˝B∑‚ÚÚBm∆ı<Ó†%¸fiu
§¸B˝Ó`Ó¸mÓB‚¸˝BÚ‚∑BÓ¸`˜ı…Ó›Ó¸ƒÎB∑ÓB‚ıÓ
ÓA$Ú˜ı%¸fiBë§4B%¸Bm…Ó¸‚ı%˜mBm∆…œB‚m
Œ˜ı˝ÓıB…˜¸ƒı˜ÚB‚¸˝Bm∆ı<Ó%ÚÚ‚¸…ÓBm†mƒÓ›mÎ
›%¸ÓB‚¸˝B˜ı˝¸‚¸…ÓB%›‚fi%¸fiÎBƒœÓB%›‚fi%¸fi
˜`B%¸˝%<%˝∆‚ÚmBŒÓœ%¸˝B∑‚ÚÚmÎB‚¸˝B$ı˜A%›%ƒ†
`∆mÓmuB˙ÓB‚Úm˜BÓ¸<%m%˜¸B$˜ƒÓ¸ƒ%‚ÚB∆mÓm
%¸BÓ¸<%ı˜¸›Ó¸ƒ‚ÚB‚¸˝B›Ó˝%…‚ÚBıÓmÓ‚ı…œu

ë‚¸†B˜`BƒœÓmÓB‚$$Ú%…‚ƒ%˜¸mB˜`
¸‚ƒ%˜¸‚ÚB%¸ƒÓıÓmƒB‚ıÓBfi˜<Óı¸›Ó¸ƒ•
m$˜¸m˜ıÓ˝ÎB%¸<˜Ú<%¸fiBm%fi¸‚ÚB$ı˜…Ómm%¸fiÎ
…˜›$∆ƒ‚ƒ%˜¸mÎB‚¸˝B…˜››∆¸%…‚ƒ%˜¸m
ÓA$Óıƒ%mÓB‚Ú˜¸fiB∑%ƒœBœ‚ı˝∑‚ıÓ
˝Ó<ÓÚ˜$›Ó¸ƒÎB‚¸˝B∑ÓB˝ı‚∑B˜¸
>‚Œ˜ı‚ƒ˜ı†BÓA$ÓıƒmB%¸B‚ÚÚBƒœ˜mÓB`%ÓÚ˝mu
fl˜ÚÚ˜∑%¸fiB‚ıÓB‚B`Ó∑B‚ıÓ‚mB%¸B∑œ%…œB∑Ó
œ‚<ÓB‚ÚıÓ‚˝†B›‚˝ÓBm∆Œmƒ‚¸ƒ%‚ÚB$ı˜fiıÓmmu

Border Surveillance
}˜ı˝ÓıB‚¸˝B$Óı%›ÓƒÓıBm∆ı<Ó%ÚÚ‚¸…Ó

$˜mÓBmÓı%˜∆mBƒÓ…œ¸%…‚ÚB$ı˜ŒÚÓ›mB`˜ıBƒœÓ
¸‚ƒ%˜¸B‚¸˝B›‚¸†B%¸˝∆mƒı%ÓmB‚¸˝B‚fiÓ¸…%ÓmÎ
%¸…Ú∆˝%¸fiB˝ı∆fiBÓ¸`˜ı…Ó›Ó¸ƒÎBÚ‚¸˝
›‚¸‚fiÓ›Ó¸ƒÎB‚¸˝B›%Ú%ƒ‚ı†BmÓ…∆ı%ƒ†u
+›˜¸fiB›‚¸†B˜ƒœÓıB%mm∆ÓmÎB<%m%ŒÚÓB˝Ó<%…Óm
m∆…œB‚mB‚¸ƒÓ¸¸‚mB˜ıB…‚›Óı‚mB‚ıÓB˜`ƒÓ¸

ƒ‚ıfiÓƒmB`˜ıB<‚¸˝‚Ú%m›B˜ıB‚ƒƒ‚…-uB√œÓ
>‚Œ˜ı‚ƒ˜ı†B%mB∑˜ı-%¸fiB∑%ƒœBƒœÓB¶u˘u
}˜ı˝ÓıBõ‚ƒı˜ÚBƒ˜B˝Ó›˜¸mƒı‚ƒÓB‚¸
‚∆ƒ˜›‚ƒÓ˝ÎB…˜<ÓıƒBm∆ı<Ó%ÚÚ‚¸…ÓBm†mƒÓ›
`˜ıB%¸ƒÓı¸‚ƒ%˜¸‚ÚBŒ˜ı˝ÓımB‚mB∑ÓÚÚB‚mB`˜ı
›%Ú%ƒ‚ı†Bm%ƒÓmB‚¸˝B$˜Ú%…ÓBŒ˜∆¸˝‚ı%Ómu

}†B…˜›Œ%¸%¸fiB‚¸B‚ıı‚†B˜`B…˜¸…Ó‚Ú‚ŒÚÓ
ë§4B∆¸%ƒmB∑%ƒœB‚˝<‚¸…Ó˝ÎBÚ˜∑•…˜mƒ
…˜›$∆ƒ‚ƒ%˜¸B‚¸˝B…˜››∆¸%…‚ƒ%˜¸
ƒÓ…œ¸˜Ú˜fi%ÓmÎB∑ÓB$Ú‚¸Bƒ˜B˝Ó$Ú˜†B‚¸
‚∆ƒ˜›‚ƒÓ˝Bm∆ı<Ó%ÚÚ‚¸…ÓB›Óƒœ˜˝uB˙Ó
…‚¸B›˜¸%ƒ˜ıB‚BÚ˜…‚Ú%,Ó˝B‚ıÓ‚B˜ıBÓmƒ‚ŒÚ%mœ
‚¸B∆¸‚ƒƒÓ¸˝Ó˝ÎBÓÚÓ…ƒı˜¸%…Bƒı%$•Ú%¸ÓBƒœ‚ƒ
∑˜∆Ú˝ …˜<ÓıB‚B`Ó∑B-%Ú˜›ÓƒÓımB‚¸˝
Ó<Ó¸ƒ∆‚ÚÚ†BÓAƒÓ¸˝B‚…ı˜mmB$Óıœ‚$m
œ∆¸˝ıÓ˝mB˜`B-%Ú˜›ÓƒÓımuBë§4B›˜˝∆ÚÓm
$Ú‚…Ó˝B∆$Bƒ˜BnMMB›B‚$‚ıƒB∑˜∆Ú˝B›Ó‚m∆ıÓ
œ∆›‚¸B›˜<Ó›Ó¸ƒ«˝%m…ı%›%¸‚ƒ%¸fi
ŒÓƒ∑ÓÓ¸B$Ó˜$ÚÓB‚¸˝B˜ƒœÓıBm˜∆ı…ÓmB˜`
›˜ƒ%˜¸«‚¸˝Bı‚$%˝Ú†B…˜››∆¸%…‚ƒÓB‚¸
%¸ƒı∆m%˜¸B˝˜∑¸BƒœÓB…œ‚%¸B˜`B›˜˝∆ÚÓmBƒ˜
ƒœÓB¸Ó‚ıÓmƒ Œ‚mÓBmƒ‚ƒ%˜¸uB˙ÓB¸˜∑Bœ‚<Ó
mÓ¸m˜ıB∆¸%ƒmB%¸B$Ú‚…ÓB‚ƒBƒœÓB}˜ı˝Óı
õ‚ƒı˜ÚBmƒ‚ƒ%˜¸B%¸B[ÚB”Ó¸ƒı˜ÎB”‚Ú%`˜ı¸%‚Î
‚ƒB‚¸B§¸ƒÓı¸‚ƒ%˜¸‚ÚB+ƒ˜›%…B[¸Óıfi†
+fiÓ¸…†B`‚…%Ú%ƒ†ÎB‚¸˝B‚ƒB˘‚¸˝%‚BÌ‚ƒ%˜¸‚Ú
>‚Œ˜ı‚ƒ˜ı%ÓmÎB+ÚŒ∆2∆Óı2∆Óu

Detecting Mine s
>‚¸˝›%¸ÓB˝ÓƒÓ…ƒ%˜¸B%mB‚BmÓı%˜∆m

›%Ú%ƒ‚ı†B‚¸˝Bœ∆›‚¸%ƒ‚ı%‚¸B$ı˜ŒÚÓ›u
I¸ÓBƒœ˜∆m‚¸˝B$Ó˜$ÚÓB‚ıÓB-%ÚÚÓ˝B˜ı
›‚%›Ó˝BÓ<Óı†B∑ÓÓ-B∑˜ıÚ˝∑%˝ÓBŒ†
›%¸ÓmBÚÓ`ƒB`ı˜›B$ıÓ<%˜∆mB∑‚ımuBë§4
…‚¸B˝ÓƒÓ…ƒBŒ˜ƒœB$Ú‚mƒ%…B‚¸˝B›Óƒ‚ÚÚ%…
Ú‚¸˝B›%¸ÓmBŒ∆ı%Ó˝B%¸B›˜mƒBm˜%ÚmuBI∆ı
ƒÓ…œ¸˜Ú˜fi†B%mB‚ƒƒı‚…ƒ%<ÓBŒÓ…‚∆mÓB%ƒm
m›‚ÚÚBm%,ÓB‚¸˝BÚ˜∑B…˜mƒB‚ÚÚ˜∑BÓ%ƒœÓı
œ‚¸˝•œÓÚ˝B˜ıB<Óœ%…ÚÓ•›˜∆¸ƒÓ˝B‚ıı‚†m
‚¸˝BŒÓ…‚∆mÓB%›‚fiÓmB`˜ı›Ó˝BŒ†B‚¸B‚ıı‚†
‚%˝B%¸B˝%m…ı%›%¸‚ƒ%¸fiB›%¸ÓmB`ı˜›Bfiı˜∆¸˝
…Ú∆ƒƒÓıu9Îù ”∆ııÓ¸ƒÚ†ÎB‚BÚ‚$ƒ˜$B…˜›$∆ƒÓı
…‚¸BıÓ…˜¸mƒı∆…ƒB‚¸B%›‚fiÓB%¸BÚÓmmBƒœ‚¸
nMBmÓ…˜¸˝mÎBŒ∆ƒB›∆…œBœ%fiœÓıBm$ÓÓ˝mB‚ıÓ
`Ó‚m%ŒÚÓuBfl%ÓÚ˝BƒÓmƒmB‚ƒBƒœÓBÌÓ<‚˝‚B√Ómƒ
˘%ƒÓBmœ˜∑B…˜¸…Ú∆m%<ÓÚ†Bƒœ‚ƒBƒœÓBë§4
mÓ¸m˜ıBıÓ‚˝%Ú†B˝ÓƒÓ…ƒmBŒ∆ı%Ó˝B›%¸Óm
ƒœı˜∆fiœBk•ÑB%›‚fi%¸fiÎBŒ∆ƒB`∆ÚÚB9•Ñ
%›‚fi%¸fiB*fl%fi∆ıÓBz1B›‚†BŒÓB¸Ó…Ómm‚ı†Bƒ˜
›˜ıÓBıÓÚ%‚ŒÚ†B˝%m…ı%›%¸‚ƒÓBŒÓƒ∑ÓÓ¸B‚
›%¸ÓB‚¸˝B˜ƒœÓıBŒ∆ı%Ó˝B`Ó‚ƒ∆ıÓmÎBÚ%-Ó
ı˜…-mB˜`Bm%›%Ú‚ıBm%,ÓB‚¸˝Bmœ‚$ÓuB+BÚ%¸Ó‚ı
‚ıı‚†B˜`Bë§4B›˜˝∆ÚÓmB›˜∆¸ƒÓ˝B˜¸BƒœÓ
`ı˜¸ƒB˜`B‚BıÓ›˜ƒÓ•…˜¸ƒı˜ÚÚÓ˝B<Óœ%…ÚÓÎB˜ı
˜¸B‚BŒ˜˜›BÓAƒÓ¸˝%¸fiBŒÓ†˜¸˝BƒœÓB<Óœ%…ÚÓÎ

…‚¸B˝ÓƒÓ…ƒB‚¸ƒ%ƒ‚¸-
‚¸˝B‚¸ƒ%$Óım˜¸¸ÓÚ
›%¸ÓmuB[<Ó¸B%¸
‚ıÓ‚mB˜`Bı˜∆fiœ
ƒÓıı‚%¸B˜ıB˝Ó¸mÓ
`˜Ú%‚fiÓÎB$˜ıƒ‚ŒÚÓ
›%¸Ó•˝ÓƒÓ…ƒ%˜¸
m†mƒÓ›mB˜$Óı‚ƒ%¸fi
%¸BƒœÓBÚ˜˜-•‚œÓ‚˝
›˜˝ÓB‚ıÓB`Ó‚m%ŒÚÓ
∑%ƒœB…∆ııÓ¸ƒ
ƒÓ…œ¸˜Ú˜fi†u
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…˜›$ÚÓAÎBÑ˜ÑB˘$Ó…%‚ÚBfl˜ı…ÓmÎB¶u˘u
}˜ı˝ÓıBõ‚ƒı˜ÚÎB‚¸˝BƒœÓB%¸ƒÓÚÚ%fiÓ¸…Ó
…˜››∆¸%ƒ†uB+ƒB>%<Óı›˜ıÓÎB‚¸Bë§4
mÓ…∆ı%ƒ†Bm†mƒÓ›B%mB¸˜∑BŒÓ%¸fiB%¸mƒ‚ÚÚÓ˝
%¸BƒœÓBÚ˜ŒŒ†B˜`BƒœÓBÌ˜<‚BŒ∆%Ú˝%¸fiu

Automotive Sen s ors
ë§4B›˜ƒ%˜¸BmÓ¸m˜ımB$Ú‚…Ó˝B˜¸BƒœÓ

m%˝ÓB˜`B<Óœ%…ÚÓmB…‚¸B‚ÚÓıƒB˝ı%<ÓımB‚Œ˜∆ƒ
˜ƒœÓıB…‚ımB%¸BŒÚ%¸˝Bm$˜ƒmÎB∑‚ı¸B∑œÓ¸
‚¸˜ƒœÓıB<Óœ%…ÚÓB%mBƒ˜˜B…Ú˜mÓÎB‚¸˝B‚…ƒ%<‚ƒÓ
m%˝ÓB‚%ıBŒ‚fimuB+BmÓ¸m˜ıB$Ú‚…Ó˝B˜¸BƒœÓ
ıÓ‚ıBŒ∆›$ÓıÎB`˜ıBÓA‚›$ÚÓÎB$ı˜<%˝Óm
$‚ı-%¸fiB‚mm%mƒ‚¸…ÓB˜ıB∑‚ı¸mB∑œÓ¸B‚B…∆ıŒ
%mB<Óı†B…Ú˜mÓuB§¸B˜¸ÓBƒÓmƒÎB‚BmÓ¸m˜ıB∆¸%ƒ
%¸mƒ‚ÚÚÓ˝B%¸B‚B…‚ıcmBƒ‚%ÚÚ%fiœƒBmÓ…ƒ%˜¸
`∆¸…ƒ%˜¸Ó˝B$Óı`Ó…ƒÚ†BÓ<Ó¸B∑œÓ¸B∑Ó
m›Ó‚ıÓ˝B›∆˝B˜<ÓıBƒœÓBƒ‚%ÚÚ%fiœƒB˜ıB$Ú‚…Ó˝

9MB…›B˜`B%…ÓB%¸B`ı˜¸ƒB˜`BƒœÓBmÓ¸m˜ıB∆¸%ƒu
I¸ÓBÚ%…Ó¸mÓÓB%mBÓA$Ó…ƒÓ˝Bƒ˜BÓ2∆%$B…‚ım
∑%ƒœBë§4B$ı˜A%›%ƒ†BmÓ¸m˜ımBŒ†BƒœÓ
néé{B˜ıBnéézB›˜˝ÓÚB†Ó‚ıuBIƒœÓı
‚∆ƒ˜›˜ƒ%<ÓB∆mÓmB%¸…Ú∆˝ÓBmÓ…∆ı%ƒ†
m†mƒÓ›mÎBƒı‚``%…B`Ú˜∑BmÓ¸m˜ımÎB˝%mƒ‚¸…Ó
‚¸˝Bm$ÓÓ˝B%¸˝%…‚ƒ˜ımÎB‚¸˝B˝%$mƒ%…-m
*˝Óm…ı%ŒÓ˝BŒÓÚ˜∑1u

Tools  to Manufacturing
Ñ˜•%ƒ•†˜∆ımÓÚ`Bƒ˜˜ÚmBŒ‚mÓ˝B˜¸Bë§4

…‚¸BÚ˜…‚ƒÓB∑˜˜˝Ó¸B˜ıBmƒÓÓÚBmƒ∆˝mB%¸B‚
∑‚ÚÚÎBmƒÓÓÚB∑%ƒœ%¸B…˜¸…ıÓƒÓB*fl%fi∆ıÓBZ1Î
$Ú∆›Œ%¸fiBÚ%¸ÓmÎB˜ıBÓÚÓ…ƒı%…‚ÚB∑%ı%¸fiuB
˙ÓBÓ¸<%m%˜¸BÓÚÓ…ƒı˜¸%…Bƒ‚$ÓB›Ó‚m∆ıÓmÎ
‚∆ƒ˜›‚ƒ%…BƒœÓı›˜mƒ‚ƒmÎB‚∆ƒ˜›‚ƒ%…
˝%m$Ó¸mÓımÎBfi‚›ÓmÎB‚¸˝Bƒ˜†mBƒœ‚ƒ
%¸…˜ı$˜ı‚ƒÓBƒœÓB¸Ó∑Bë§4BƒÓ…œ¸˜Ú˜fi†uB§¸
›‚¸∆`‚…ƒ∆ı%¸fiÎB∑ÓB‚ıÓBÓA$Ú˜ı%¸fiBı˜Œ˜ƒ%…
mÓ¸m˜ımÎBœ‚ımœ•Ó¸<%ı˜¸›Ó¸ƒBmÓ¸m˜ımÎB‚¸˝
%¸˝∆mƒı%‚ÚB‚∆ƒ˜›‚ƒ%˜¸BÓ2∆%$›Ó¸ƒBŒ‚mÓ˝
˜¸Bë§4u

I¸ÓB‚$$Ú%…‚ƒ%˜¸B%¸B$‚ıƒ%…∆Ú‚ıÎBƒœÓ
;ÓÚÓ…ƒı˜¸%…B˝%$mƒ%…-ÎÜBœ‚mBƒœÓB$˜ƒÓ¸ƒ%‚Ú
ƒ˜BıÓ<˜Ú∆ƒ%˜¸%,ÓBƒœÓB∑‚†B`Ú∆%˝BÚÓ<ÓÚmB‚ıÓ
›Ó‚m∆ıÓ˝B%¸B<%ıƒ∆‚ÚÚ†BÓ<Óı†B%¸˝∆mƒı†u
√œÓBÓÚÓ…ƒı˜¸%…B˝%$mƒ%…-ÎB‚BÚ˜∑•…˜mƒÎ
m˜Ú%˝•mƒ‚ƒÓBmÓ¸m˜ıBƒœ‚ƒBœ‚mB¸˜B›˜<%¸fi
$‚ıƒmÎB%mB%›$Óı<%˜∆mBƒ˜B∑Óƒƒ%¸fiÎB…˜ıı˜m%˜¸Î
mÚ∆˝fiÓÎB‚¸˝B…˜¸˝Ó¸m‚ƒ%˜¸uB√œÓB˝Ó<%…Ó
mœ˜∑¸B%¸Bfl%fi∆ıÓB{ Ú‚∆¸…œÓmB‚Bm%fi¸‚Ú
‚Ú˜¸fiB‚Bm%¸fiÚÓB›Óƒ‚ÚB∑%ıÓÎBı‚ƒœÓıBƒœ‚¸
ƒœı˜∆fiœB‚%ıÎB‚¸˝B›Ó‚m∆ıÓmBƒœÓBƒı‚¸m%ƒ
ƒ%›ÓB˜`BıÓ`ÚÓ…ƒÓ˝BÓÚÓ…ƒı˜›‚fi¸Óƒ%…B$∆ÚmÓm
`ı˜›BƒœÓBƒ˜$B˜`BƒœÓB˝%$mƒ%…-B˝˜∑¸Bƒ˜B‚
Ú%2∆%˝Bm∆ı`‚…ÓuBI∆ıBƒÓmƒmBmœ˜∑Bƒœ‚ƒBƒœÓ
ÓÚÓ…ƒı˜¸%…B˝%$mƒ%…- …‚¸BıÓm˜Ú<ÓB`Ú∆%˝•
ÚÓ<ÓÚB…œ‚¸fiÓmBm›‚ÚÚÓıBƒœ‚¸B‚B›%ÚÚ%›ÓƒÓı
‚¸˝B%mB‚……∆ı‚ƒÓ ƒ˜B∑%ƒœ%¸BMunΩB˜`B%ƒm
›‚A%›∆›BÚÓ¸fiƒœuB√œÓB˝%$mƒ%…-B…‚¸
˝ÓƒÓ…ƒB‚ÚÚB`Ú∆%˝BÚÓ<ÓÚmB%¸B‚B…‚ıÎB›Ó‚m∆ıÓ
˜%ÚBÚÓ<ÓÚmB%¸Bm∆$Óıƒ‚¸-ÓımÎB‚¸˝BıÓ›˜ƒÓÚ†
›˜¸%ƒ˜ıB∑‚ƒÓıBÚÓ<ÓÚmB%¸BıÓmÓı<˜%ımÎ
‚›˜¸fiB›‚¸†B˜ƒœÓıB∆mÓmu

Projects  in the Works

˘˜›ÓB˜`B˜∆ıB˜¸fi˜%¸fiB$ı˜äÓ…ƒm
%¸…Ú∆˝ÓBm$Ó…%‚Ú%,Ó˝B›˜ƒ%˜¸BmÓ¸m˜ımÎ
mœ˜ıƒ•ı‚¸fiÓB‚Úƒ%›ÓƒÓımÎBı‚˝‚ıB˜…Ó‚¸ Figure 7. The electronic dipstick is a metal wire connected by cable to an MIR electronic circuit.

As a highly accurate fluid-level sensor with no moving parts, this device has myriad applications
in manufacturing and is significantly lower in cost than laboratory equipment performing the
same task.

Figure 6. An MIR concealable
intrusion sensor detects
intruders at ranges up to 6 m.
Units can be mounted on the
ceiling, located behind objects,
or hidden in shelves, closets, or
drawers. The system detects
motion by repeatedly monitoring
the echo pattern to see if it
changes. A change signifies
that an intruder has penetrated
the invisible radar bubble.
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In s pecting the Infra s tructure 
ë˜ıÓBƒœ‚¸BùMΩB˜`BƒœÓBZ{zÎMMM

œ%fiœ∑‚†BŒı%˝fiÓmB%¸BƒœÓB¶u˘uBœ‚<Ó
mƒı∆…ƒ∆ı‚ÚB˝Ó`%…%Ó¸…%ÓmB˜ıB‚ıÓB˜Œm˜ÚÓƒÓu
”˜ıı˜m%˜¸B˜`BmƒÓÓÚBıÓ%¸`˜ı…%¸fiBŒ‚ım
*ıÓŒ‚ı1ÎBœ%˝˝Ó¸BŒ†B…˜¸…ıÓƒÓB‚¸˝B‚m$œ‚Úƒ
Ú‚†ÓımÎBÚÓ‚˝mBƒ˜B`ı‚…ƒ∆ı%¸fiB‚¸˝
˝ÓÚ‚›%¸‚ƒ%˜¸ÎB∑œ%…œB…‚¸BıÓm∆ÚƒB%¸
`‚%Ú∆ıÓuBP%m∆‚Ú%,%¸fiBƒœÓB˝Óƒ‚%ÚmB˜`B›‚¸†
mƒı∆…ƒ∆ıÓmBm∆…œB‚mBŒı%˝fiÓB˝Ó…-mBœ‚m
ıÓ2∆%ıÓ˝B˝Ómƒı∆…ƒ%<ÓBƒÓ…œ¸%2∆ÓmÎBm∆…œB‚m
…˜ı%¸fiuB

˙ÓB‚ıÓB˝Ó<ÓÚ˜$%¸fiBë§4B˝Ó<%…ÓmBƒ˜
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Figure 8. A typical plastic
antitank mine is shown (top)
before burial at the Nevada
Test Site. MIR technology
was used (bottom) to image
the mine at three depths, or
horizontal “slices.”
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Figure 9. Vehicle-mounted
radar imaging for bridge-deck
inspection. Arrays of MIR
modules mounted on the front
and rear allow the vehicle to
cover a 2-m-wide swath with
each pass. Radar images are
reconstructed and processed
at an on-board workstation.
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Looking to the Future
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Figure 10. (a) An MIR
cardiac monitor. 
(b) Its output (upper
trace) is distinctly different
from that obtained by a
conventional EKG (lower
trace). We are working
with physicians to
correlate the radar signals
with physiological
functions.

Figure 11. An MIR breathing monitor detects the respiratory cycle through a 10-cm-thick chair
back. The higher-frequency waveforms are cardiac activity.

For further information contact 
Stephen Azevedo (510) 422-8538
(azevedo3@llnl.gov). 

For licen sing and MIR partnering
information contact (510) 422-6935
(mir@llnl.gov). Als o s ee our
homepage (http://www-
la s ers .llnl.gov/ la s ers/idp/mir/mir.html).
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