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Abstract Aiming at imaging to weak signal in a complex system, our research team proposes a method called move
contrast X-ray imaging, which takes the advantage of the time evolution of modulation of each moving component to
incident light field in a complex system, to differentiate the components and image them separately. Accordingly,
the mutual interference between components is eliminated and the sensitivity to weak signals is improved
significantly. Experimental results of angiography with low agent dose, agent-free imaging of water refilling along
microvessels in plant branch, and sensitive tracking to ion migration in a electrolytic cell demonstrate the
practicability of move contrast X-ray imaging of weak signals in complex systems while traditional methods fail. The
concept of move contrast imaging is applicable to all wavelength, and the proposed method may find extensive
applications in imaging of infrared and visible light bands.
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Fig. 1 Move contrast angiography verified with synchrotron radiation X-ray imaging of model mouse™” . (a) Traditional
angiogram; (b) time-domain perfusion data of vascular tissue denoted with circular dots in Fig. 1(a); (c) low
frequency interpreting data of vascular tissue; (d) high frequency interpreting data of vascular tissue; (e) motion
artifact data of adjacent tissue denoted with square dot in Fig. 1(a); (f) low frequency interpreting data of adjacent
tissue; (g) high frequency interpreting data of adjacent tissue; (h) temporal subtraction image; (i) move contrast

angiogram (scale bar is 500 pm)
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Fig. 2 Move contrast angiography verified by clinical data. (a)(b) original data; (c¢)(d) move contrast angiography
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. (a) Digital subtraction
image; (b) move contrast amplitude image; (c) move contrast phase image; (d) intensity profiles at the same

position denoted by two lines in Figs. 4(a) and 4(b); (e) move contrast image containing both time and position
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Fig. 5 Move contrast X-ray imaging for water refilling in willow branc

W2 (a) Diagram of experimental setup;

(b) microscopic image for cross-section of willow branch; (c) digital subtraction image with the first and last frames

of image sequence; (d) move contrast amplitude image; (e) gray value profile at position indicated by line in Fig. 5(d);

(f) move contrast image containing track and chronological information of water transport along xylem vessels
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Fig. 7 Experimental results for move contrast CT. (a) Four-dimensional distribution of water transport signal in willow

branch; (b) fusion of MCXCT slice with traditional CT slice; (c¢) height-time curves for three typical water transport signals
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Fig. 8 Dynamic X-ray imaging of electrochemical reaction after electrolytic cell is applied on a voltage of 0.6 V. (a) Keyframes

of traditional temporal subtraction imaging at time period of 1-10 s; (b) reconstructed keyframes of move contrast imaging

AREN B TR RE S AE 7 s LU Al LAWLEE 21 BH Hz
HICE B AT LG M Ag 3T B B L 52 QK
FL RSN (14 52 T BEL AR 1) A B 7 3 2 4 v o LR o
2% E A ME g S m, Ag” FIRTER. |
1EI2 B ed BE b 8 (b) it . B Ag’™ B9 BT
WIS 4 s ELAEH B SRR £ 7 s Z )5
PR R 2 L 1) ) B 1A A Bl — B X B T s
Sl B L AG X ST 5 20 BT 19 1E 10 2 L ARZ shdd
B A F AU 5] (4 8 T3 B (5 5 B 0 e
Lt 3T B B30 BB . X T B A 3 S B L 8 R
A4 s FF A7 BA B 5 AT BH B DX A T SR A TR A
2, XU IR BB 28 O IR B eR Ak 2 S i
TR B IR IR G, el R G I G I B TR] Y A S
MR I . SR, P8 Ca) (AU 5 3 o BA A 38 D
FR A L 58 e 80, a5 A b, 1l &
32 Bl aed B AR AR S ok 13 0 A W B G 4 D
VR L 7 s B R P S 4R O HE TR B IX R E AT 43
HEXT He e A5 5 L e B 9 B2 2 A IX 38k 75 5
DB, FE RIS B 9805 AR s J %R X8 A e
Feoh 0. 57, 32 4 BE AR TRl — X800 4 e b o
1. 59,1z 4t BE A5 F AR AR EL IR ) 36l 52 7T DLCKS 4 gt
FLdR W 2. 79 522 A0 . e LAE =AY A BE R A0 R A
R AR . X R T i3 st g 5 11T
B IR AL B (45 I AH B A% B i T D55 A% S 2L A
g,

EEEH L BEMNOV IFEE 0.6 VREM
B Y B8], 7E 3K A B 1] B, B IR B8 2 — > ML 55 B 5

R FE . Xl ELRT 1.2 s A RIS 24T 20 B, 2R
JE AT AT AR BIA% 55 /8 3 T 0 B R B B, DL E
— 2 B G By tef B AR AE L AR A O S R B A R U
o R AR . B9 3 IR R R B A ARG S R
1E B B E A LE 300,600,900,1200 ms P Y 5 it
SYMT . T AR R PR T2 R EDUR L 7 IR
TARZEAEN R O Gt a2

LI R BE P, BEAR A R A T B B A
EARY WENE WP RN EZ L Cd’ R
38 T R K . G 9 Ca) 7, 76 3 L ) 3, 4%
G 1sF (B U6k 52 S A A5 B 1) 235 5 v M 7S AR B, TC TR o
H PR A Tt P SRR A 2 N b AR PR T I AT RS R R
B . Bl B BUG BA ADE S S S S e
PO TF AR P 3, 0T LA 5 4 T BR e s X S iR RS
R F R B AR 2 . & 9(b) 44 T Hifk
SN W 3 Bt BE R A SR L 4y il g5 T 300,
600,900,1200 ms B[] & & Az AR I J I 1 28
] 4 A . HL VR 2238 45 R 19 300 ms B[R] 5 05, Ak
I D5 N TE A H e b N T A [ B R R AR
R 58 A7 R g b G 8 19 S O e B L L A S H
TR B d 1 R A4 37 B[] 5 e 0 3 SR S T 3 B
WA X, BB HERS R L R . S
SR 3R 5 N7 1) B A 22 DT R AR X S8 Bl e
JEAF S MR, 3 5N ] F A Tt ISR R Y I 5
AT LA RE A - 2 5 7 (A5 5 A 308 FRL By B HL A i S 3
(9 Cu® " Ve BE AR 43¢ g 8 Hi T HL A Ak A JiE sz o Al
WA, B E A R K R Co® T Z B

1134001-12



|42 % £ 11 /2022 F£6 B/FEFIR

0 50 100 150 200 250
x /pixel

50 100 150 200 250
x /pixel

300

250
: 3 200
® 2 150 e
100 S
50 &6

0

0 50 100 150 200 250
x /pixel

0 50 100 150 200 250
x /pixel

Pixel value /
1200 ms  (10* arb. units)

"y

0 50 100 150200250 °
x/pixel  Pixel value /
(10* arb. units)
‘ L5

x /pixel

0.5

0 50 100 150 200 250
x /pixel

B9 0.6V HL I H A0 300 AL A9 vl PN A R AR SR RN . Ca) A5 G B A IR ]I IR 4 ) 345 B9 300,600,900,1200 ms
Je WO R (2 T 45 L 5 (b) i B4 B RUR A 1Y 300,600,900,1200 ms S8 WTH % {6 43 Mt 45 31

Fig. 9 Electrochemical reaction in electrolytic cell with voltage of 0.6 V at initial stage. (a) Pseudocolor analysis results of

keyframes of 300, 600, 900,

and 1200 ms obtained by tranditional temporal subtraction X-ray imaging;

(b) pseudocolor analysis results of keyframes of 300, 600, 900, and 1200 ms obtained by move contrast X-ray imaging
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Fig. 10 Dynamic processes of electrochemical reaction after electrolytic cell is switched on at voltage of 0. 5 V.
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12 s obtained by move contrast imaging
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