\¥-Y )Le,g AeVoals o)Lo..i'a fo 0,99 (Sl Q}:éjrglcdl;.u

Journal of Nuclear Science and Technology
Vol. 45 (2), Serial Number 107, 2024

ous ZMol (5359 W9y b (sle sl (sbdo p LS le a9 (Sbcws jo (Sxwo 6,95 3 0,5

BT pligy Ay yuy (sowngs 595 585 59500 T Aol e 915 a0 oo ! HSlg0 yol
Olnl =018 VEVAD-AYF : sy garo (olnl (ol (6551 (lojlos cglainss (1538 5 pole olStmgsy wlgo (g 35 50 .
Sl = led FOVYA “YAPAD 1y Ggio bies sy olR231s casly pole suStils 5l 05,5 ¥
Al — 0953 VEVEASQEAVA 1 ey 300 (0) (sira plol (olloll (s olS2505 ety psle 00SLtdls Sy 5ub 05,5 ¥
Ol = Ols AFVOONYYA : iy 3g0io o)l (o3l (65,51 losles glaind (528 g pole olKidyly cslatmn (ol 5,535, 0aSings, ¥
Olnl= Oles AFYOO-NYYA g Gaao oyl ) (03l 6550 lojl )9S slatun sul pllss 55 10 .0

*Email: amovafeghi@aeoi.org.ir

951 sdlio
VEVN VA sallie ody gl VESVVITY allie il 6o b

oS

i 3 50k 0)l8 saze Cale iz 5 gl o5 5 DYlail egm Dl lae Lt sl (SeisiSU laoy (5,5
90 Y g okl ir (SSr g bl oVlail op Yoz b S gboo 5l oSl 5 s5es b gy Gl 5o 0l S 2SI
Slizl Szs8 ol 5 ooy (59) (ome IS o5 Cualied § (Sl i (FaiSTy Sle @ &5 wad oo (LA o) Wigd oo LAt
L MTV) sass 2ol JolS &l pss gy 5 ol i8S 405 YU (gl Bz ol [0 o)l 052 (Sl Slo bao,Kigs, j0 (Sisg uSl
Szl b ams e oLt gl el oad soliil cosl JolS Sl 43 oS Sl bl 6,55 gy s a5 wglite ol S
Slakd 51 gl oo VL] i iomseii py opdle 5 amdly il Conl 05 Glise lasy slao,Sigi s g5, MTV ozy,65
Sledbl (sl 0gd o 0035 0uls (g3lwil polal [0 Conl S dgge T U Ve sgus aasus il alead Sasly i (S xS
D 03wl weSan gwidige ;o oy CElu b g yeend 5 ololid [0 Wiy o

o 5318 conds Mol JolS il s g o Seig iUl S ¢ wsSiae cwdiga « saie (6, Kig (05 gundS

The use of industrial radiography in troubleshooting and diagnosing of printed
circuit boards structure by the Modified Total Variation method

A. Movafeghi*!, M. Mirzapour?, E. Yahaahi®, B. Rokrok?* K. Nomidi-Porposhteh?, B. Arezabak®
1. Leading Materials Organization, Nuclear Science and Technology Research Institute, AEOI, P.O.BOX: 14395-836, Tehran-Iran
2. Department of Mathematics, Faculty of Basic Sciences, Bu-Ali Sina University, P.O.Box: 65178-38695, Hamedan - Iran
3. Department of Physics, Faculty of Basic Sciences, Imam Khomeini International University, P.O.BOX: 34148-96818, Qazvin - Iran
4. Reactor and Nuclear Safety Research School, Nuclear Science and Technology Research Institute, AEOI, P.O.Box: 14155-1339, Tehran - Iran
5. Iran Nuclear Regulatory Authority, AEOI, P.O.Box: 14155-1339, Tehran - Iran

Research Article
Received 15.10.2022, Accepted 8.1.2023

Abstract

A large number of printed board circuits (PCBs) are analyzed by X-ray imaging in reverse engineering
for the purpose of identifying their connections, their damage, and how they are linked together. Using
this method, an X-ray is passed through single or multi-layer boards in order to determine how they are
connected and how the parts are arranged. According to the findings, there is fogging in the radiographs
due to X-ray scattering and the thinness of copper connections on the boards as well as the small sizes of
electronic components. This research employs the Modified Total Variation method (MTV) with
alternating gradient, which is an iterative method based on gradient changes in Total Variation, to
increase contrast. Based on the results of the implementation of the MTV algorithm on radiographs of
various ranges, the contrast has increased, and besides the copper connections, the internal components of
the electronic components have also become clearer. Reconstructed images show a contrast improvement
of approximately 20 to 40%, according to experts. Using this information, it is possible to repair or build
boards in reverse engineering.

Keywords: Industrial radiography, Reverse engineering, Printed circuit board, Modified total variation
method, Image Processing
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