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Shape analysis for particulates
—on its preparation and simplified discrete Fourier analysis—
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Abstract

In algorithms of discrete Fourier methods applied to shape analyses for particulates, we
usually choose the transformations, sine and/or cosine, according to the symmetrical nature
of functions for its silhouette. These are quite justified. However, there are some problems
such as phase angles which do not have the same nature as the other coefficients, and indicate
restricted interpolation by the direct inverisions. The present method was newly refined

regarding these points and it has the freedom to select a sine or cosine transformation.
At first the method is discussed with some polygonal shapes. And next it is applied to

the shape analysis of Taiheiyo-coal char particles which were sampled from the water gas
reaction with partial oxidation. In spite of its irregular shapes, informations such as areas
and peripheral lengths are related to the sine coefficients.
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hexagon- | EWABCOMNE, REOWGE, BESTERITHL LN
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Table I Analytical example for the hexagon'®

15:55:40 plot end & start of Fourier analysis
(xc,yc)=(~.335618 ,-.509132)
area 73,0001
peripheral  34.2527
points of apices, original 6
, contracted 6
aplces used
-5, -3.5, 1, ~6, 5, -3.5, 0, 6.5, -3, 4.5, -4, 1
not contracted
15:57:33 Fourier conversion end

k cos coeff sine coeff k cos coeff sine coeff
0 9.4868 o] 0 4,7434 0
1 .068369 .118384 1 .153715 3.03463
2 -.705453 -.456510 2 .034184 .059192
3 -.033254 .736134 3 .009555 1.22397
4 .053767 .139301 4 -.352726 ~,228255
5 .008494 ~.057055 5 .482926 .367737
6 -.231101 -.073124 6 ~-.016627 . 368067
7 .064298 -.013713 7 -.053815 .313563
8 .010763 006177 8 .027883 .069650
9 -,029655 -.125561 9 -.020599 .295938
10 004594 .038087 10 .004247 -.028527
11 .026109 .042635 11 .051672 .287695
12 068499 ~.000499 12 -.115550 -.036562
13 ~.025241 -.027319 13 .096348 .086475
14 -.018961 .004804 14 .032149 -, 006856
15 ~,017485 .051033 15 .091384 .145616
16 .010351 -.013138 16 .005381 ,003088
17 .008312 ~.010702 17 .060093 .130828
18 -.019014 -.015800 18 -.014827 -,062780
19 .009882 .007157 19 .151189 .089381
20 .002314 ~.000003 20 .002297 .019043
21 .109752 L075668
22 .013054 ©.021317
23 085056 066447
24 .034249 ~-.000249
25 .089254 .099585
T 26 -.012620 -.013660
27 .110875 L062117
Results by the traditional analysis 28 -.009480 .002402
29 .112576 045716
30 —~.008742 .025516
31 .076808 .026911
32 .005175 -.006579
33 L093112 .027978
34 .004156 ~.005351
35 .096201 .027282
36 ~.009507 -.007900
37 .105850 .003115
38 004941 .003578
Results by the present analysis _. 39 .097700 .004596
40 .001157 ~.000001

D (FER) IERAR I & RFVRETIBIBIRC H2 2L TH 5,

WA L 5 6 A TOEASEOETEMEL, A/20BERZ LA (t=0 2fEEE T 5)
&, BREEETI2MHRELTHS, 22 TEBERY PO E (IR 28H T 2 0o,
6 AEOELD S OEH»S Z @*Béu(&?@%é@% %%lbstﬂébz@%ﬂ,7—u gL, o
DOEEREE FV CHEB L B OMT 2R T (Fig. 2), s 2Ry CIEK, REEEEHHED %
MiEPBH S L TH S, M2 TESWHITFEL {HE fammm*m%(fmmﬁﬁ)@%@ﬁ%
%ﬁ@%ﬁ@@%%i+ﬁ@%ﬁ@%ﬁfééut@@iD%bﬁf%aoC@%E@j_yl
ZE RIS O R g1 D HEIIE D Ul S LA TR RN ST RE T H B,

DL IESFRIGRDIBE TH 5 4%, W EFANC A D, fle LTZHEA=AEE LD,
FOFESR%E Table NS Uiz, TEA, BORERMELAEBY TH b, HBMEREIEELZ ST
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Fourier series (half distance from the circle of radius Ao )
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Fig.2 Inversed result for the reduced

hexagon

-two series show same results at
the sampling points (o). inter-
mediates have only slight devia-
tions except end regions.

L7 EE LT, ROBRIVEZICOLPL LI,
BREUBOTEEFREIEENCETH 5, IR
TEARESRE TOER —RZERRER CEZRBD R E 2
TERHIELT WS, £ IZATEREDRBRTIE, F, &
RO EERIR CEBERE R FFIRO EZ R
BITLTWEZETHD, —ARETOREKELTARK
TE Y 7 2 N EFFOEREZ, HEEZ0HEET—F
ExEo>Twd, ZO—ENLRENTENE (BRETTRE
) KD LS CHSrELDOTH D,

Z AI\COS< nkt > A Z <7r(2k 1)t>

(provided with Ajk.i=const=A)

(o Nt
wlo252)

25in<%>

=A =0 (" sin(at)=0) (15)

Table II Analytical example for a triangle isoscale

12:45:45 plot end & start of Fourier analysis

center of gravity (xc,yc)=( 0, 0)

area 7.6456

peripheral 16,6491

points of apex, original 3

, contracted 3

apex used

4, 0, -2, 2, -2, -2,

not contracted

12:49:23 Fourier conversion end

k cos coeff sine coeff k
0 1.88771 0 0
1 .0499988 1.16017 1
2 .0638169 7.30157E-08 2
3 .0500004 .333894 3
4 .273577 2.33948E-07 4
5 . 0499996 . 588571 5
6 -.225233 -1.80304E-07 6
7 .0499991 .117194 7
8 1.98295E-03 ~2.44379E~-07 8
9 .0499992 . 206657 9

10 -, 148994 -9.92417E-07 10

11 .0499997 ~.0272139 11

12 .056518 -4.,32134E-07 12

13 .049999 .0953591 13

14 -.0272842 -1.055 E-06 14

15 .0499999 -7.97713E-04 15

16 .0874018 2.5332 E-o7 16

17 . 0499985 .116094 17

18 -.0143405 -1.12057E~06 18

19 .0499994 .0421995 19

20 .0398352 -4 ,52995E-07 20

21 .0499979 L106744 21

22 -.0492489 -1.50502E-06 22

23 . 0499998 .0192844 23

24 6.61381E-03 ~1.04904E-06 24
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25 0499988 .0549402 25
26 ~.0436841 -1.51396E-06 26
27 0500004 -.0171003 27
28 .024504 -1.3113 E-o06 28
29 .0499991 .0299202 29
30 -.0119892 ~2,20537E-06 30
31 .0500012 -.013063 31
32 0407414 | -7.45058E~07 32
33 .0499997 .0428116 33
34 -.010195 -1.57505E-06 34
35 .0499998 2.87325E-03 35
36 ,0222338 -8.24034E~07 36
37 .04999988 .0426479 37
38 -.0328309 -3.39672E-06 38
39 .0500008 -.013342 39
40 5.48237E-03 -1.22848E-06 40

ERER L SEEHOEMEIC DL TIRFEANTHEIGEY ThH b, & UBRERF B ICHSR
LU7el % M TR AE L & L O BBORBHEOME TOEREE N 5, M2 THE
I HSENSE AR CTRICEEORENAE 2 Lo Twd Db RN EEGDOHE
MEEDLOLOE, BLTLILODAHVLBDIKNENEONEET L wEELIONRS, T

=y T T T T T T o T
= ! 12 ular pofygons:mch,mrom
2 1 ° \nonglcz 5osceles
: o quadrangle
§ 200 |_e hexagon °
S‘;‘ 100}~ 1
Y b4
e § 5o /g
o} I £
= 100 o o
o . .
S ® vrotated 75
b 2 10 yil : -
& e syrrenelricol Jocation
H s o :
2 IS}
E o
5 05 100 700 300 5

samgiing points {or harmonic number)

\ ; { L i
5 W0 S0 100
smaller sine coefficients less than Ao/103

Fig.3 Comparison of two smal-
ler coefficients
~-symmetrical location
concentrates informations
into sine coefficients-

Fig.4 Linear increase of smaller sine
coefficients with the sampling
points
-Polygons, triangle
hexa-gons etc-

S, penta-,

b ERRED 2 IEREFREEE TER TR LBEEORE &% 4 ORMOBFICERNDH 2
PENTH S, INNOFZERFIIBITHIRORE O, EASHOKEanEL6NLE D,
Fig. 3 13IERX, REBEPEE/NEEBIE L (0.01 BUF T/ S REEREE) b O DB E T~
TebDTHB, BEFIOFRZHEEP, RICWICETETH B0, ROE—EEL S 2B H -7 =
CWEHIEL T, ERRBI/AS R DOBHE L AN 3, BHCHHRIEE ICH » T I diEE T
Hbdo WOTEREOHENM (FERBER L) BO/NS WIEGREOBEEFHEORKE S Fig 4 1055
Uizo ftifiE Fif & RN S 2MRBOBZ & L CEB/NISIEL D THh D, I OFBEREH
HREEZ & 5 R WA TOERREIT/NE WELE S Db OH% < 272 I EHRO Bk T
END, BEREENG 25 /NS VIERREOEE L b T MO ERE H 5
%ﬁ@i%é@%ﬁuomfuﬁﬁﬁﬁ3m&§f@m£6%%@i,%Mﬁﬁ 0.5 T TH
SOLEOMEEEADE Fig.b DX Thole, DB RBEELRAMEE L > T 20 8IENET
Wi EERHEHATNE L > T BRTREVWE D TH S,
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area (relative scale)
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Prog. Example of the procedures

- all of these are not always required in the flow -

0010 'note
0011 " """ is remarks
0012 ' line numbers with "." are refered

1000 P36 sP4eP3 POBR".." 12628310 (TS=0 :N=0/TS :FPS=1E-05 :dim X(P3),Y(P3),Q(P3),F(N),L(P3),AMN),B(N) :
cnd cls3 @' CRT erase
1010 for Z=1 TO 1 step 2 :restore :for I=l to P3 :read X1,Yl :x(i)=Xl :Y(I)=Y1 :next I
1020 "for Z=0 to 9 step 15 :restore :SZ=sin(P2/360"Z) :(Z=cos(P2/360%Z)
1030 ' for I=1 to P3 :read X1,Y1 :X(D)=YI¥SZHXI*(Z :Y(D)=YI*(Z-X1*Z :next T :
]

1040 ' quadrant of start point location
1050 X1=X(I) :YI=Y(I) :if (X1.0 and Y1.=0) or (X1.0 and Y1.0) then QD=1 :goto 1080 :' k 81 should be 1 & 2 at qd=1,
when qd=2, then k & k1l should be incremented
1070 if (X1.=0 and Y1.0) or (X1.=0 and Y1.0) then (D=2 :goto 1080 else print "the point at zero " :QD=0
1

1080. INV=] :print "start from "time$ :input "center of gravity/yes, average/av or any/.. ";N$
1090 if N$="yes'" then gosub 1110 :gotq 1360 else if N§="av" then gosub 1250 :goto 1360
1100 input "xc,yc'";XC,YC :gosub 1270 :goto 1360 :' key-in base point

1110. sub center of gravity for polygon
1120 XC=0 :YC=0 :AA=D :X1=X(1) :Y1=Y(1) :PO§="pos" :LO=((X1-X(2)).2+(Y1-Y(2)).2)..5 :LK=LO :LE=I0
1130 for J=1 to P3-2 :1S=0 XG=0 :YG=0 K=l
1140 for I=l to 3 :on I goto 1190,1180,1170
1170, K=K1 :LK=((X1-X(K1)).2+(YI-Y(K1)).2)..5 :S3=IK :goto 1200
1180, KB+l :KI=K#l <IX=((XCK)-X(K1)).24(Y(K)-Y(K1)).2)..5 :S2=IK :LE=LE+K
1190,  L(K)=IK :if Kel then if J=1 then Si=[K else S1=83
1200, IS<ISHIK :XG=XGHX(K) :YG=YGHY(X) mext T :IS<1S/2 :XG=XG/3 :YG=YG/3 :Al=[S#S :L(1)=IK
1210 for I=l to 3 :LL=(3-I)*((2-I)#(S1-S2)482)+(I-1y*((3-1)*(S2-S3S3) :Al=A1*¥(1-11/2/18)..5 mext I :Jl=J#l :J2=}12
1220 if abs(Y(J1)-Y1)+abs(X(j2)-X1).EFS and (X(J1)-X1)#Y(I2)+X1¥Y(J1)-Y1*X(J1). (Y(J1)-Y1)*X(J2) then Al=-Al :PO3="neg"
1230 XC=XGXG*AL :YG=YGHIG¥AL :AA=AA+AL :next J :LE=LEHK :L(1)=L0 :XC=XC/AA :YC=YC/AA :gosub 1270 :return :'
aa, le are total area & peripheral length, respectively

1250. sub simple average of apex
1260 XG0 :YC=0 :for J=1 to P3 :XC=XCHX(J) :YC=YG+Y(J) inext J :XC=XC/P3 :YC=YC/P3 :gosub 1270 :return :'

1270." sub the coordinate locates ins/out or on silhoustte
1280 IS$="out" :if FO$=""pos" then 1S$="ins" :return else for 1=l to P3 :I1=I~1 :if I1=0 then I1=P3
1290 X=X(T) YI=Y(D-Y(T1) :XS=XT-X(T1) :XIC=XC-XI :YIC=YC-Y(I) :BYT=abs(YIC) :AXS=abs(XS) :AYS=abs(YS)

1if AXS.EPS or AYS.EPS then 1310 else SL-YS/XS :SG=sgn(SL)
1300 if BYT+(1-sgn(XICHXSHIC))).EPS or YOKSG.SGHSLH(XSHXICHY(T1)) then 1340

:if BYT.EPS then IS$="on'"' :goto 1340 else 1330
1310.  if abs(XIC)+(1~sgn(YICH(YC-Y(11)))).EPS then 1340 else if abs(XIC).EPS then IS$="on" :goto 1340 else 130
1320 if YORSG.SGRSLA(XC X(I1))+¥(T1)) then return :'exit of 1270
1330, next 1
1340, IS$="ins" :return :'exit of 1270 location of centoroid has been checked
1350 '
1360. print "to "time$" for pre-treatment such as aa, le and cg"

input "no print? print/prt else any";NP$ :print "f(t) calc & plot from "time$
1370 print : print™  #HHHE (xc,yc)=("XC;", YY) HHHEE Ke(P3-2)%(QD-1 )41
1380 for T=0 to 180 step TS :TO=T/360%P2 :TG=tan(10) :T¢=0 :'

if initial parameter is not zero, then thk=l else th=0

1390 if NP$="prt" then print using "####, #.#HH# T, 10;:

1400 ' solutions for a system of egs
1410 IP=0 :for Il to P3 :Il=I-1 :if I1=0 then I1=P3 :' ip, # of soln
1420 XI=X(T) :YI=Y(T) :XI=X1-X(11) :if abs(XD).EPS then if T=00 then 1530 else XA=Xl :YASTGH(XA-XC)¥YC :goto 1460
1430 SL=(Y1-Y(I1))/XT :if TG=SL then 1530 else XA=XC :if SL=0 then YA=Y1 :XA=XA+(YA-YC)/TG :goto 1460

else if T=0 then YA=YC :XA=X1+(YA-Y1)/SL :goto 1460
1440 if T..90 then XA=(TG*XC-X1*SL+Y1-YC)/(TG-SL)

1450 YA=SLH#(XA-X1)4Y1 :goto 1460 :' 1530 is pseudo solution but 1460 is true one?

1460." start of solution check
1470 Z1=YA-Y(I) :Wl=abs(Zl) :if W1.EFPS then Z1=0 :Wl=0

1480 Z2:=YA-Y(I1):We=abs(Z2) :if W2.EPS then ZZ2=0 :W2=0

1490 Z3=XA-X(T) W3=abs(Z3) :if W3.EPS then Z3=0 :W3<0

1500 Zh=XA-X(I1) Wh=abs(Z4) :if W4, EPS then Z4=0 :Wa=0

1510 if (WLHW3)H(W2HWAHZE.EPS then ZE=ZE+l :goto 1530 else if Z1372.=0 and Z3%Z4.=0 then 1550 :' pseudo else true...
1520 pseudo solution
1530 Q(0)=0 :if I1..P3 then print " e

1540 goto 1600 :
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1550 ' true solution
1560 IP=TP+1 :R=((XA-XC).+(YA-YC).2)..5 :Q(I)=R :if IP=l then NO=I else Ol=I
1570 if 0.K and 01.K1 then INV=-TNV
1580 if IS$="out” then TS=T :gosub 1700 :T5=T+180 :gosub 1700
1590 if NP$.."prt"* then 1600 else print R;
1600. next I :if NP$="prt" then print
‘1610 K=0 :K1=01 :V=(K1*(1-INV)4K*(1+INV))/2 :V1=(K¥*(1-INV)+K1*(1+INV))/2
+if IS$="out" then 1630 else R<Q(V) :T5=T :gosub 1700 :F(T/IS)=R :R=Q(V1) :TS=T5+180 :gosub 1700 :F((T+180)/TS)=R
1630. print :next T :
1
1650 lprint time$"plot end & start of Fourier analysis ''; :gosub 1830 :gosub 1720 :lprint time$" end of analysis"
1670 next Z :stop :
1
L
1700, " sab plot
1710 emd 1ine(100,50)-(560, 30) :emd 1ine(100,150)-(560,150) :amd 1ine(100,50)-(100,150) :omd line(560, 50)-(560,150)
comd pset(100+T5¥46/36,150-R*10) :return :'exit of 1700
1
1720." sub Fourier analysis
1730 for K=0 to N :A(K)=0 B(X)=0
1740 for T=0 to N-1 :KT=P2/2/N*K*T :if KT.P2 then KT=KT-F2
1750 if F(T).EPS then A(K)=ACK)+F(T)¥*cos(KT) :B(K)=B(X)+F(T)*sin(KT)
1760 next T :A(K)=A(K)/N :BK)=BX)/N
1770 next K : lprint time$" Fourier conversion end”
1
1780 lprint "t","E£()","","E(t)" :for T=0 to N-1 step 2 :Iprint T,F(T),T+L,F(T+l) :next T :lprint :lprint
1810 Iprint "k","cos coeff","sine coeff" :for X=0 to N :lprint K,A(K),B(X) :next X
:lprint :lprint :lprint "t",£(t)","cos","sin", " inv Fourier"
1840 for T=0 to N-1 :FB=0 :FO=(A(O)+A(N)*cos(P2/2/T))/2 KI=P2/2/N*T
sfor K=1 to N-1 :FB=F8+B(K)¥*sin(KI*K) :FO=FH+A(K)*cos(KT¥*K) :next K :lprint T,F(T),F9,F8,F8+F9
1850 npext T: Iprint :lprint
1860 return :'exit of 1720
A
1830, " sub wright out of characteristic list
1890, iprint
1900 if N§="av" then lprint "averaged center;
1910 '
1920 Iprint "(xc,yc)=";"(";XC;", "YC; "
:lprint "area "AA :lprint "peripheral 'LE
1930 lprint "points of apex, original P4
Tprint ".... ,contracted"P3
1930 iprint "apex used "
1960 for I=l to P3 :lprint X(I),Y(I), :next I :lprint :if P3=P4 then lprint "not contracted” else lprint "contracted"
1980 return :'exit of 1890
]
2050 data contraction ..... small number epj will be required for comparison
2000 J=1 :'epj=eps?
2070, Jl=}1 :J2=J342 :Al=abs((Y(J)~Y(J2)))*(X(J)-X(J1))) :A2=abs((X(J)-X(J2))*(Y(J)~Y(J1)))
:if Al+A2.=FPJ then lprint "narrow crack at x('";J1;") A3=2%abs(Al-A2)/(Al+A2)
2080 if A3.EPJ then 2100:'
2085 for K=J2 to P3 :X(K-1)=X(K) :Y(K-1)=Y(k) inext K :' jl is contracted
2000 P3=P3-1 :J=J+l :if P3.4 or J.=P3 then return else 2070 :'exit of 2050
2100."
2110 end
5000 data veeevennns



