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Each slice has a different width and depth profile.

1. Colil Arrays

A 4 Channel Coll Array. Colls Sensitivity Decreases.

Coil 1 Coil 1
_—— O T—— Reception Sensitivity Decreases

Coil 4
¢ 110D

Reception Sensitivity Decreases

Coil 3

D.B. Rowe, Ph.D.




JSM 2013

Each slice has a different width and depth profile.

1. Colil Arrays

A 4 Channel Coll Array. Colls Sensitivity Decreases.

Coil 1
/ \

¢ 1100
Reception Sensitivity Decreases

Coil 4
Z 110D

: Reception Sensitivity Decreases
Coil 3

D.B. Rowe, Ph.D.



JSM 2013

Each slice has a different width and depth profile.

1. Colil Arrays

A 4 Channel Coll Array. Colls Sensitivity Decreases.

Coil 1
/ \

Coil 4
¢ 110D

Reception Sensitivity Decreases

: Reception Sensitivity Decreases
Coil 3 Coill

D.B. Rowe, Ph.D.




JSM 2013

Each slice has a different width and depth profile.

1. Colil Arrays

A 4 Channel Coll Array. Colls Sensitivity Decreases.

Coil 1
/ \

Coil 4
¢ 110D
Coil 4
sasealoa AlIANISuag uondasay

: Reception Sensitivity Decreases
Coil 3

D.B. Rowe, Ph.D.




JSM 2013

Each slice has a different width and depth profile.
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1. Colil Arrays

decrease

decrease

each slice has a
different depth profile
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Each slice has a different width and depth profile.

1. Colil Arrays
A 4 Channel Coll Array and 12 Slices.

Coll 1 sees.
Coil 1
—

Coil 4
¢ 110D

Fully Sampled Hadamard Product: © — .*
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1. Colil Arrays
A 4 channel Coll Arra

Coil Sensitivities
Coil Covariance
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2. Simultaneous Multi-Slice

New technigues have been/are being developed to
simultaneously encode, measure, and reconstruct

packets of multiple slices. Three-Slices Encoded.
Packet 1 Packet 2 Packet 3 Packet 4
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2. Simultaneous Multi-Slice

A 4 Channel Coil Array. 3 Slices Encoded of 12.
Coil 1 Receives in Packet 2

Hadamard Product: © —.
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2. Simultaneous Multi-Slice

A 4 Channel Coil Array. 3 Slices Encoded of 12.
Coil 2 Receives in Packet 2

Hadamard Product: © —.
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2. Simultaneous Multi-Slice

A 4 Channel Coil Array. 3 Slices Encoded of 12.
Coil 3 Receives in Packet 2

Hadamard Product: © —.
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2. Simultaneous Multi-Slice

A 4 Channel Coil Array. 3 Slices Encoded of 12.
Coil 4 Receives in Packet 2

Hadamard Product: © —.
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2. Simultaneous Multi-Slice

A 4 Channel Coll Array. 3 Slices Encoded of 12.

And Separated

Coils Combined
And Separated-l—-llp

Separate

Coil Sensitivities
Coil Covariance
Calibration Images

D.B. Rowe, Ph.D. 19




JSM 2013

2. Simultaneous Multi-Slice
In each voxel of coil 1 for packet 2 (2,6,10):

(Yir +iyy,) = S,,(p,c086,+ip,sinf,) <— TrueSlice2
7 + 81’6 (,06 COS 96 + ip6 Sin 96) <— True Slice 6
Ob d i i
Im:geéve + S1,10 (1010 COS 910 + 10, SIN 910) < True Slice 10
\ + (‘91R + i‘C"1|) <— Additive Noise

Aliased Slice 2 Slice 6 Slice 10 Noise

b A
— O + O O +

Real
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2. Simultaneous Multi-Slice
In each voxel of coil 2 for packet 2 (2,6,10):

(Yor +iy,,) = S,,(p,c080, +ip,sind,) <— TrueSlice 2

7 + 32’6 (,06 COS 6’6 + ip6 sin 6’6) <— True Slice 6
ICr)nb:geéved T S2,10 (p1o COS ‘910 + iplo sin ‘910)% True Slice 10

\ + (‘92R + i‘92|) <— Additive Noise

Iiaed Slice 2 Slice 6 Slice 10 Noise

PR — O + O + O +
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2. Simultaneous Multi-Slice
In each voxel of coil 3 for packet 2 (2,6,10):

(Yor +1¥5) = S;,(p, €086, +1p,8In6,) <— TrueSlice2
7 + 83,6 (,06 COS 96 + ip6 sin 6’6) <— True Slice 6
Snbjgeéved T S3,1o (1010 COS ‘910 + iplO Sin ‘910) <~ True Slice 10
\ + (53R T i‘93| ) <— Additive Noise
Aliased Slice 2 Slice 6 Slice 10 Noise

Real
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2. Simultaneous Multi-Slice
In each voxel of coil 4 for packet 2 (2,6,10):

(Yor +1¥) = S,,(p,C086, +ip,sin@,) < True Slice 2

7 + 54’6(,06 COS&’6 +ip6 sin 6’6) <— True Slice 6
ICr)nb:geéved T S4,10 (p1o COS ‘910 + iplo sin ‘910)% True Slice 10

\ + (‘94R + i‘94|) <— Additive Noise

Aliased Slice 2 Slice 6 Slice 10 Noise

(
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2. Simultaneous Multi-Slice
In each voxel of coil 1 for packet 2 (2,6,10):

0, COS 6,
s COS O,
(ij _ (81,2 S S 0 0 0 j Pio COS 6y N (81Rj

Yii 0 0 0 S, S S| p,sinG, &
Ps SIN O,
OroSIN G,

/r T 10 10 T

Aliased Image 1 Measurement Error

Aliasing Matrix True Unaliased Images

y, = X, J5] + &

(2 linear equations and 6 unknowns)

D.B. Rowe, Ph.D.




JSM 2013

2. Simultaneous Multi-Slice
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Yo 0 0 0 S,, Su6 S,10)| p,sing, &r)

Ps SIN O,
Pro SIN By,
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2. Simultaneous Multi-Slice
|n eaCh Voxel Of COiI 3 for paCket 2 (2,6’10)

0, COS 6,
P COS O,

(%Rj:[sa,z S;6 S310 O 0 0 j Py COS O, +{53R]
Ys 0 0 0 S5, S5 Sip )| p,SiNG, &3

Ps SIN O,
Pro SIN By,

Aliased Image 1 Measurement Error

Aliasing Matrix True Unaliased Images

Y; = X, Y] T &

(2 linear equations and 6 unknowns)
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2. Simultaneous Multi-Slice
In each voxel of coil 4 for packet 2 (2,6,10):

0, COS 6,
s COS O,

(Y4Rj:[s4,2 Sis6 Su0 O 0 0 j Py COS +(84R)
Ya 0 0 0 S,, S,6 Sip0)| p,sSing, &4

Ps SIN O,
Pro SIN By,

Aliased Image 1 Measurement Error

Aliasing Matrix True Unaliased Images

Y, = X, Y] + &

(2 linear equations and 6 unknowns)
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2. Simultaneous Multi-Slice
In the same voxel of the 4 coils for packet 2 (2,6,10):

Yir Si2 Sus Suo 0 0 0 1R
Yor Si2 Sae Sz 0 0 0 p, COS 0, €2r
Yar S32 S35 Ssuo 0 0 0 Ps COS bs €3R
Yar | _ §_41_2_ ______ §_41§_ ______ S41000 ____________ O Pro COS O N E4R
Yii 0 0 0 ' S, Sig S || p,SING, 21
Yai 0 0 0 i S22 Sae Spi0 || PSINGs €2
Y 0 0 0 Sso Sz Szu0 |\ SINGy, €3
Yai 0 0 0 Siz Sas Saio &4
Yo = X A p T &p
Aliased Image Aliasing Matrix ~ True Unaliased Images = Measurement Error
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2. Simultaneous Multi-Slice
In the same voxel of the 4 coils for packet 2 (2,6,10):

Vi = XA S + &,

Aliased Image Aliasing Matrix ~ True Unaliased Images Measurement Error
E(e,)=0
X, Is severely rank deficient. rank(X,)22 cov(e,) =¥

) . 1 Sl,2 S1,6 S1,10 O 0 O

So can’t invert XA- or XA XA- S;, Spe S, O 0 0

S3,2 S3,6 S3,10 O O O

Se Sie S O O O

>
N
IN
o

w T
N

o O O o
o O O O
w n v wm
N
N
w n umw wm
N..
o
wmw »mw v wm
N
S

>
N
R
(o))

D.B. Rowe, Ph.D.



JSM 2013

3. Image Separation

Average

Full Calibration Images Acquired - -
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Coil 1: 1

maglna
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3. Image Separation

Average

Full Calibration Images Acquired - -

On, O o S
Coil 2! o mam— AL

3 3 3
2 2
Real Imaginary  Real Imaglnar Real Imaginary
r,, ¢ ., lo @
i 2172 ; 676 ; 10! 710
Slice 2 True Slice 6 True Slice 10 True
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3. Image Separation

Average
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3. Image Separation

Average

Full Calibration Images Acquired - -
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3. Image Separation magnitude of

The coll sensitivities are obtained from m full images.

Individual Coil Images Combined Coil Image Individual Coil Sensitivities
(from average of m)

(from average of m) (from average of m)

Coll covariances are also obtained from the full scans.
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3. Image Separation

Due to rank deficiency, add rows to X, , Y, and e,.
Yo = X4 b + &,

comrilex-valued
Time average same combined calibration images

-off

Similar to
Rowe et al.: Proc. JSM 2012.
Rowe et al. Proc. ISMRM, 2013
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3. Image Separation S S Sw
S= 2,2 2,6 2,10
Add constraints & artificially aliased data. ij;j ijz 23’,12
/yAR\ /S O\ KEAR\
Y _ 0 S (IBRJ_" €l
| 24 C 0 IB n
AR I AR VAR ) C O
Va ) (O C) \"7ar / ve ) L0 C
y = X g+ ¢ o
CZ[l 21

Least squares image separation
ﬁ — (X lLIj_lx)_l X ILI"_ly <— separated images Eﬁigsé?glﬁfproc. JSM 2012.

Rowe et al. Proc. ISMRM, 2013
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3. Image Separation
Mean and Covariance of separated image
,é =(X'"PX)'X'Ply «— separated images y=Xp+e

can be computed. E(e,) =0
cov(e,)="Y

If E(6)=5 and cov(s)=T , then

E(f) :[(S'\PlS +C'C)H(S"¥'SB +C'Cs))

cov(B) =1, ®(S"¥'S+C'C) H(S"¥S)(S' WS +C'C) ™

(S'¥IS+C'C)(S'WISS, +C 'C5R)j
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4. Results

Generated 50 simulated calibration images.
First 5 deleted and remainder averaged
for sensitivities and artificially aliased data.

Generated n=256 simulated aliased slice images.
First 5 deleted, remaining separated.

S
S
S

D.B.

now calibration image used for separating.
Now coll sensitivities used for separation.

now first separated and average separated.

Rowe, Ph.D.
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4. Results
Slice 2 Slice 10

Imaginary Real Imaginary Real Imaginary
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[ R _1 0 1
4. Results Sensitivities. C—[l i J
Slice 2 Slice 6 Slice 10

%
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. S — S2,2 S2,6 S2,10
& —
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- Yar S 0 € AR
« u |_|0 s (ﬂR} u
O VAR C 0|5 T AR
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4. Results
A 4 Channel Coll Array. 3 Slices Encoded of 12.

Imaginary
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2. Simultaneous Multi-Slice
A 4 Channel Coll Array. 3 Slices Encoded of 12.

B=(X"PIX)IX "¥ly
=

Separate

Coil Sensitivities
Coil Covariance
Calibration Images

Depiction
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5. Discussion

Description of the N, slice N coll aliasing process.
New complex-valued multislice multicoil separation.
Statistical properties of the CV multislice multicoil separation.

Simulated data results described.

Did not calculate from the simulated data, but as the theory
Implies, any subsampling yields correlated voxels.
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Thank You!
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