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Development of a Personal-Computer— -

Oriented Bundle Adjustment Program
Susumu Hattori, Akiyoshi Seki, and Atsushi Okamoto

ABSTRACT
A computer program for the bundle adjustment for close-range trian-
gulation is developed. The program is made up so small in size enough to

be run on a 16 bit personal computer with the minimum memory size of 640

KB. This paper discusses the mathematical basis and the constitution of the
program. The process of derivation of a normal equation and its solution
are fully expressed. The normal equation is solved by the well-known
Cholesky’s method. But the imaging configuration for close range
photogrammetry is not well standarized unlike aerial photogrammetry in
which vertical camera axis setting and exposure at a constant height are
always common. Therefore the band matrix technique for saving a memory
can not be used. Instead the program is designed to store off-diagonal
sub—matrices .of normal equations temporarily in a hard disc or a RAM disc
memory. The inverse of the coefficient matrix of normal equations is
efficiently calculated by sweeping out the LU-decomposed coefficient

matrix obtained by the Cholesky’ s method.
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NFOBJRA T\ 5, Tofd LEBE T\ EOBEED

HALI20&7T 5,

SUBROUTINE INIPRM———C D% 7 A—F VT
LTOEE%1T 50

(1) W 2hOEEDES

(2) BEEEY 7 71 VFPHE hbFHRA L, &5
CHRGEREEL EWEERPHERE T = v 7T 5,
ROZMEOR BN, FEARF = v 7 LTEET 5,
D 1KOFEFR 2 REERA— (H%) ROEENS

2bhTWAEES,
DERFR/K L1 RUTOFERALrARVW O (3
EbBHIhEh 1 OBEELC LIE S TR o

DEFER/ER LT AR ED VS D,

(3) FHEEBROHAREE (BERZ) . ABEEER
DOHEEH 7 7 4 VFINT b bFLirls, ABETE

F& LTI EmERE, REEE, EaME. VY XED
FROREERA - THA8, ZhbOEZNBEEDOR

e crefEbhTnT, 771 VFPHE DEEKEE
B CrREAMBERZESREL, VYXEEWIELLLD
ERET B,

(4) NMEEREROELUES 7 7 1 V FEXT O
Hikiso

(5) BRlOBHERFET 2,

SUBROUTINE PRDUCT———FHHBROHRE %
HEST 2, A2V 2EHHTILDEERFER(Q2—-9)D
FREREEE> T <o RARE LT AL, A22,
ELE2% 1 &ktkFl& LTHLD . A1212(6+3) OFo1T
FIC L EERR 7 7 1 VIR T %50 ALLLA2 1Y
DHAERSEDIOICT S, BERZ LK EHLAEEY
FHAH, Bl,B2,el,e2 DFS % FHE LIERINZ TV
(o ADEHDHZRERZ LEEHEL, 77144+ N
ORI2 KB & HT, LizhisTy BEARER ST}
—2OOFEEHREEThARRABOH DA€Y %M ->T
E<o

SUBTOUTINE DATPHO— ——~BHEES 7 7 { 1
FPHE h b#tAA s, FEHEFTHFIERIC R > T 5,

SUBROUTINE DATACAL———#J41t Uic3bipdet: |

DL RBEHET 5. FEESLNZRBSHE|EH
KigoTW3 o

SUBROUTINE N11CAL, N22CAL, N12CAL———

Thxh All & E1,A22 & E2,A12 #3tH T 5,

SUBROUTINE CONCHK ———§/]° 2 i DEDIX
ﬁ)&"" P 4 7Téo )

SUBROUTINE NORSOR———2. 3HiREWVIE#R
HERARDOEED =D Y 7 /—F v REDUCE, CHD C-
MP, CHSOLV, CAL SOL2 %5,

SUBROUTINE REDUCE——— A8 (29 ) #
WL, RQ-11") %285,

SUBROUTINE CHD CMP———#EIEBRDFREST
% R #Cholesky %3 5%,

SUBROUTINE CH SOLV———#afy&R (2—11") % f#
W, AHREEEEROMER A1 2RD 5,

SUBROUTINE CAL SOL2———%;(2—10)ikk L »T
RREREDHEEEE A2 #RD 5,

SUBROUTINE AA2INV———3;(2—10) D175 A22
DIHFTF % Cholesky i & » TEHE T %,

SUBROUTINE SOLCAL———3k1/%5 £ — & D3
ExEHT 5, '

SUBROUTINE STAT——— 2. 4 fiicfto>T\ 4%
BERERORIEEOERREERYIET S,

SUBROUTINE CHINVS———3. 3fikft->THK
1% R OMFIF| % E S 5o
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