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Introduction Digital tomosynthesis reconstruction scheme [3]

prior/deformed CT outer iterations DTS = CT(D)

2

Image-guided radiation therapy is a major paradigm in cancer
treatment, where on-board images (OBIs) may be used to monitor
tumor motion and adjust radiation delivery:.
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The LIVE system [1], developed at Duke University, may account for VFY)E (VF) >©—> te
intrafraction motion via Digital Tomosynthesis (DTS) from a
limited-angle OBI scan. This reduces imaging time and dose;
however, DTS is performed through iterative deformable V2D |
registration [3], which presents a challenge in meeting clinical R
response time requirements. e : p= N ~ smooth VD Fryshice Deubrsampled and scaled)
. . OBI (8 = 52°) DRR (CT; 8 = 52°) Vprrf (OBIL DRR; 6 = 52°) | .f1de.11ty computational DRR (CT, 6 = 1°) DRR (DTS, 6 = 1°) OBI (f = 1°)
We propose a versatile model for the design and development of — — > ] - objective (f) bottlenecks | ~ update D
primitive operations for DTS. Its purpose is to facilitate (a) flexible Za S o
composition and (b) high-performance numerical implementation of T OB O %S B B control * old OpenGL | - control
advanced DTS algorithms. We demonstrate our approach and its A \ modules [2] ) A
results for the case of LIVE. % . : , o . : .
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Digital forward projection models: primal & dual Advantages
physical model ray-grid sampling Cartesian re-gridding e Composition of digital operator weights—e.g. for DRR generation:
po =~ C(6) M(0) v, or P~ CrayMray Vg, V9= | (Ciraj(0) Mirgj(0) ) @ 1z | v

object space object space object space

< detector z e Separation of static (geometric and numerical model) and dynamic (volume/detector data) processing:
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object- . . S | — C (composite coefficients) and M (grid masks) may be pre-computed
centric | < I DRR — only v and pg vary across iterations
: , . (el xg? . | (forward)
(primal) o AT el . Y e Reduced space (memory) and time (# of operations) complexity with dual model:
rotate over {6;} <43
py(u;) = /R ) v(u;,0)dp po(u;) = 7;( | w;r(0) v(ri) v(rjg) =~ J\Z/;( ) CT/DTS) ' Set Model configuration Space (GiB) Time (GFLOP)
(U, PrERg(1; X; €N (Tik T/DT € - —
0y Qp 0] [R(u)] N(x) Primal Dual Primal Dual
| o | | A 256x256x160  512x384 30 256 2x2x2 45.2 1.2 23.0 9.8
et e pineriant enbedding - e ;’eftif_g/‘:‘lfie?f{zif@lﬁgalSifﬁ‘étor | . (DRR/OBI) B 256x256x160  512x384 60 256 2x2x2 113.0 1.3 26.7  19.6
1 1 TN (source) 1, C 256x256x160 512x384 60 256 6x6x6 2442 34 805.6 206.1
t source . . source );(( BB i--fu- : FDK D 512x512x320 1024x768 60 512 2x2x2 903.8  10.0 2134 157.0
%22 t:z: o : B R 4 : | (backward) space-time complexities refer to both forward and backward projection operators, assuming all static data are pre-computed
A1 1 -/
(dual) X; | e Efficiency and versatility:

— Numerical accuracy (discrete weights model) decoupled from performance
— Flexible mapping to computing architecture

— Composable coefficients — modular, high-level implementations

— Modest memory overhead

— (Almost) same complexities for helical and saddle source trajectories

Similarly for
back-projection
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