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1. Two Slice Encoding with a Single-Channel Coll

In each voxel: |
/ Observed Aliased Image

(Y +iy,) = (p,cOS6, +ipsing) <— Truelmagel
+ (,02 COS@ +ip2 sin @ ) <— True Image 2
+ (&g +1g,) <— Additive Noise
Image 1 Image 2 Noise

Real

ol NoR

. n . . Muller: MRM 1988.
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1. Two Slice Encoding with a Single-Channel Coll

In each voxel: (Ya+1y,) = (pCOSG +ipsing)
+ (p,cos6,+ip,siné,)

(p,cos@ ) £+ (5 +ie)

Y] (1 0 1 0 0,SIN 6, . En
Y, o101 0, C0S 6, &
0 i o, 8InG, | 1

Aliased Image 0 Measurement Error
Aliasing Matrix

True Unaliased Images
y = X ] + &

(2 linear equations and 4 unknowns)
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1. Two Slice Encoding with a Single-Channel Coll

The goal is to estimate (unalias) the two images

p=(X"X)'X"y |
However, we have 2 equations and 4 unknowns
and X'X Is not square or invertible or of full rank.

Two Approaches:

Previous: Jesmanowicz magnitude-only reconstruction
Current: Rowe complex-valued reconstruction

D.B. Rowe, Ph.D. 5
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2. The Jesmanowicz Magnitude-Only Approach

Aliased Image ( p,cos6, )
(yR] (1 0 1 Oj p,Sing, (ER]
= +

Yr 1 0 1 0)f pcosé, Er

Y 010 1)p 0986’2 & v | 1o 10 1| psing | | ¢
\p,8ing, 0| [0 10 0|pcos6| |0
y COS@ COSH 0 < 0 0 0 0 1) p,siné, 0

R = _ L _ 2 1 + R Kquivalent
Y, sing, siné, )\ p, &
(ﬁlj 1 —siné, +cosé, (ij where 6,0, are
~ | T é é A n phase estimates
IN(0, — — A a
Po) sin(@,—6,) +sing  —cosd, )\ Y 6 #kr, K041
Need phase estimates! Jesmanowicz, Li, Hyde: ISMRM,2009.
Islam, Glover: ISMRM, 2012.

D.B. Rowe, Ph.D. 6



JSM 2012

2. The Jesmanowicz Magnitude-Only Approach

Utilizing complete images called "Reference Images.”

( Yrat Y[ S, COS ¢ | (77R1t \ /77th )
Vi | _ S,sing N Mt | Mu | N(O,02|4)
Yrat S, COS ¢, "Rt Nrot
\ Y12t / \stin¢2/ \ "2t / 2t/ t=1...m
(Ver | (/81COS¢1\ )
Vi | _ N S 8In ¢, 0_2 | acquire m full
Voo | || S20084; | m e oS
VY12 / k\stin¢2) y,

D.B. Rowe, Ph.D. 7



JSM 2012

2. The Jesmanowicz Magnitude-Only Approach

Utilizing complete images called "Reference Images.”

A (7
XRl ;_1 phase estimates
yll A — A —
— _—> _1 _— (01:¢1’92:¢2)
yR2 r2

\ Y2/ P /

(ﬁlj_ 1 (—sin@2 +cos$2](ij itz
p,) sin(g—¢,)\ +sing —cosg )\ Y, r"_:(ij+y'j)_
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3. The Rowe Comp
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ex-Valued Approach
1 0\ pcosé,)

0,SIN 6,
0, COS 6,
0 —1/\p23in02)

™~

y=Xp+¢&

added two
linear constraints
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3. The Rowe Complex-Valued Approach

(A A _

plcosé’l\ 10 1 0) (y,

/5&55ir]6%_ _ 1. () 1. )/I /Z? ::::>(__1)/
152 COSHZ 1 0 -1 O Vi
L0, Sin (9A2) \lO 10 _1)] V1)

1
rank=4

[ A 5 )

0, COS 6, 10 1 0)(ys
osing | 110 1 0 11y,
lazcoséz 211 0 -1 O Vi
0 1 0 -1)in,

L ©0,sInG, )
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4. Statistical Properties of the Approaches

Jesmanowicz Magnitude-Only B
(,51)_ 1 L—sin¢2 +cos¢2)(ij
/32 Siﬂ(¢1—¢2) +Sing1 _Cosgl Yi
(Yr: Y1)~ N((p,c086,+ p, c086,, pySin 6, + p,5in6,)', 0’1, )
2
(7R1’y|1’7R2’7|2) ~N ((Sl COS¢1’813in¢1’82 COS¢2’82 Sin¢2)"% |4j

foo (46 15=0F=1)=f(F,4.5.4)/ f(F=1,F=1)

(4.0, |T =1T,=1)~VM(x, =mS,/ 6°)-VM (x, =mS, / %)
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4. Statistical Properties of the Approaches

Jesmanowicz Magnitude-Only

(4.6, |T =1LT, =1) ~VM(x, =mS, / °)-VM (x, =mS, / %)

{ij ([plcoseﬁpzcosezj , j

~N _ _ ,o'l,

Y, £,SING, + p,SIn 6.

. _ _-—sing, 0S &, __sing COS ¢,
SIS SR ey AT s s ey SR
E(XY) = E(X)E(Y)+cou(%¢y °

R Siﬂ(é’1 —52) Sin(‘92 _gz)
E =pE- - = E. - 2 7
(pl) P ®1’®1[Sin(¢1—¢2)j+p2 ®1’®1(Sin(¢1—¢2)]

N Sin@_@j _ [sin(¢1 )]
(,02) /02 @1,®1[Sin(¢l_¢2) +,01 O, D, Sln(¢1 ¢2)
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4. Statistical Properties of the Approaches

Jesmanowicz Magnitude-Only

A sin(@ —g,) sin(@, —,)
E(pl):plEch,dbl(- == j"'szcpl,cpl(- T
working on

sin(4, — ¢,) sin(@, — ¢4,)
A sin(ﬁl—é’z) sin(ﬁl—ﬁl) integrals
E — rE. _ s = 71
(22)=r ®1’®1(sin(¢l—¢z>j+p 1 @1,@1(Sin(¢l_¢2)j

u

n sin(é, ¢2) sin(6, —¢,)
E(5, .
(P> A1 G = 4 TP i~ 4,)
A Sm(¢1 ) Sin(¢1 o ‘91)
E(p,)= :
(P) = Pr Gt =gy T sint— )
If ¢~6 and ¢,~6,,then E(p,)=p, and E(p,)~p, .
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4. Statistical Properties of the Approaches

Rowe Complex-Valued

'bAl C?Sgl (1) (1) (1) 2 Y Ve = Y1~ Yro

0, SIn 1 y T Vi

[)210086;2 =511 0 -1 o VF: Vi=Yi17 Y
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4. Statistical Properties of the Approaches

Rowe Complex-Valued

5, C0S 6, 10 1 0) (y.
= ,(’}1s,in611 1 01 0 1 . Y,
152 CcOoS @2 21 0 -1 O Vi
152 sin éz 01 0 -1 V,
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pyc0s6, 1(p,cos8,+S,cos4)+1(p,c086,—S,c084,)
0, 8In 6, 2(psing, +S;sing) +3(p,sin6, —S, sin g,)
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i 3(p,8IN6, +S,sInd,) +5(p,SING, - S, sing) il

m
Il
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D.B. Rowe, Ph.D.




JSM 2012

4. Statistical Properties of the Approaches

Rowe Complex-Valued

p, €S 6, 10 1 0 v.) (1 0 1 0

5, 5in & 01 0 1 01 0 1
cov| 1 ! _1 cov| V' 1

152(;0592 211 0 -1 O Vi 211 0 -1 O

5,5iné, 01 0 -1 vi) o1 0 -1

(o A0

P, COS 6, (1+2/m 0 1-2/m 0 )

A - A 2 <
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/520059/\2 411-2/m 0 1+2/m 0
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5. Results from the Approaches

Data 1: Sim Constant Magnitude and Constant Phase
p].:Sl:l’ p2:82:15, 91:¢1:ﬂ:/2'ﬂ:/6, 92: ¢2:'7[/6, m:2, n:720, 0:01

Data 2: Sim Average Experimental Images (not shown)
Acquired 720 full volumes and averaged slices for
plzsl, p2:82, 61: ¢1, 92:¢2, m:2, n:720, 0:01 Data 2.5: Did intermediate

<—| added slices but simulated

Data 3: Sim/Exp Add Experimental Images |Prhase.
Acquired 720 full volumes and added slices to simulate aliasing,
used first m=2 for reference images.

Data 4. Exp Data Magnitude and Phase
Acquired 20 aliased full images used m=2 for reference images
then acquired n=720 aliased images.
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5. Results from the Approaches

Data 1: Sim Constant Magnitude and Constant Phase
p].:Sl:l’ p2:82:15, (91:¢1:7I/2-7'E/6, 92: ¢2:'7[/6, m:2, n:720, 0:01
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5. Results from the Approaches
Data 1: Sim Constant Magnitude and Constant Phase

Reference Images Aliased Image
Jesmanowicz M-O
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Rowe C-V
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JSM 2012 Data 1: Reconstructed Image T
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JSM 2012 Data 1: Reconstructed Means Coeo e
Slice 1 Mag . | Slice 2 Mag

)
iy

Reference

~
X

)
iy

Has difficulty Bl Has difficulty
when 6, -0, = kr “  when g, -6, ~kx

48

~
X

N
2
=
o
-
©
£
w
0]
9

D.B. Rowe, Ph.D. 21



ML

JSM 2012 Data 1: Reconstructed Expectations
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Acquired full volumes,
averaged, then added

5. Results from the Approaches slices with noise.

Data 2: Sim from Exp Magnitude and Phase Avg
p].:Sl’ p2:82, 91: ¢1, 92:¢2, m:2, n:720, 0:01
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5. Results from the Approaches
Data 2: Sim Constant Magnitude and Constant Phase

Reference Images Aliased Image
Jesmanowicz M-O
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JSM 2012 Data 2: Reconstructed Image
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JSM 2012 Data 2: Reconstructed Means Y
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JSM 2012 Data 2. Reconstructed Expectations
Slice 1 Mag L Pha Slice 2 Mag
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Acquired full images

5. Results from the Approaches and added slices to
_ , simulate aliasing.
Data 3: Sim/Exp Add Experimental Images
m=2, n=720

GE30T

10 slices
TRs=720
TR=1000 ms
TE=42.5 ms
BW=208.3 kHz
FOV=24 cm
SLTH=2.5 mm
FA=90 degrees
EESP=752 ms
96x96 k-space
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5. Results from the Approaches
Data 3: Sim/Exp Add Experimental Image
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JSM 2012 Data 3: Reconstructed Image T
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JSM 2012 Data 3: Reconstructed Means Coeo e
Slice 1 Mag — o Slice 2 Mag
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5. Results from the Approaches

Data 4: Exp Data Magnitude and Phase Acquired aliased images.
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JSM 2012 Data 4: Reconstructed Image
Slice 1 Mag L Iice 1 Pa - Slice 2 Mag
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JSM 2012 Data 4: Reconstructed Means
Slice 1 Mag L Iice 1 Pa - Slice 2 Mag
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6. Discussion
Mathematical description of the 2 slice 1 coll aliasing process.

Mathematical description of Jesmanowicz approach.
Mathematical description of New Rowe approach.
Expectation (of two-ish) and Covariance of one of aproaches.
Results of the two different approaches.

Caution: Two reconstructions may lead to correlated voxels!

Apply to real human data.

Generalize to more than 1 coil and higher accelerations.
D.B. Rowe, Ph.D. 35
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Thank You!
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