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Abstract— 
We propose a new feedback system, the BiDe-
11dopm.wt System.-inspired by the development 
mechanism of Drosophila―and discuss possible 
computer graphics and data compression appli-

cations. Drosophila's development forms complex 
organs from a fertilized egg by hierarchically dif-
fusing different protein densities roughly among 
cells during the earlier stages and minutely dur-
ing the later stages. The proposed system models 
this mechanism and realizes a hierarchical rough-
to-detailed or simple-to-complex design, and vice 
versa. Unlike many conventional feedback sys-
tems, it is possible to embed our intended rough 
design into the mechanism, which is the most sig-
nificant feature of the proposed system. We com-
pare the BiDevelopment System to biological de-
velopment with analogies, explain two example 
algorithms, create complex images from a simple 
seed code, and discuss its opposite application, 
data compression. 
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1 lNTR.OOUCTlON 

Recently, many proposed engineering methods have been 
inspired by biological behavior and structures, such as 

evolutio11a111 computation [2], neural networks, artificial 
immune systems [3], ant colony systems [4, 5], and so on. 
The reason is that we can expect to obtain useful hints on 
creating new methods from the biological behavior and 
structures we do not know well. 

Some of these methods are f'(JlliYalent to the ap-
proaches used in artifirial life (A-Life). These approach<>s 
create macroscopic strud.ures or fonrt.ions by only us-
ing local int.eraction between tlwir elemf'nts. In tJwse 

approaches, the macrosropic structures or functions are 
often quantitat.iYely unclf'finf'd hut, qualit.at.ively d<>finNI. 

Consrquent.ly, ll'f'nerd to adjust the !oral intf'rart.ion 

nth>s for our pnrposf'. H01rner, t.llf'A-Lifr approarhes 
haYe SPYf'ral adrnnt.agf's. Onf'adrnnt.agr is that. t.hf'se 

approacbf's have the possihilit.y to realizi> strurtures or 

functions t.hat arf'barely rrali;,;rd hy a centralized ron-
trol systf'm. 

Simple systems using the A-Life approaches are feed-
back systems such as cellular automata [10] and L-
systems [6, 9]. These systems can create complex struc-
t.ures from a simple initial state. Complex strnct.ures 
are created hy repeatedly applying the rnles of rewriting 
symbols corresponding to their structures. It is simple 
but difficult t.ask for us to estimate t.he final strnct.ure 
from the init.ial st.at.e and rules because t.!w rnlt>~'> are ap-
plied locally. Their effective use may he to clisroYer pr to 
create interest.ing strnctures by adjusting the rnles and 
the initial state by trial and error. Interesting st.ructures 
that we could haYe never imagined may be discovered hy 
chance. 

The first. purpose of this paper is to propose a new feed-
back system inspired by biological development, which we 
call the "BiDevelopment System." The proposed system 
uses a mech皿 ismthat hierarchically designs a structure 
from simplistic to detailed, to create our roughly intended 
structures. The second purpose is to investigate the ca-
pability of the proposed system to create the various in-
tended rough strnctmes. The t.hird pmpose is to discuss 
t.Iw possibilit.y of applying t.his syst,f'm t.o dat.a romprPs-
sion t.hat. enrod邸 romplPxinfonnat.ion as t.lw opposit.f' 
solution to t.hP proposed syst.em. 

Artificial development, models focusing on the func-
t,ional growth of infant. arms wert> applied t.o robot.irs 

[7, 8]. Our development model focuses on the cell di-
vision which forms a complex body from an egg cell. 

Later, we explain biological development mechanism 
that has greatly inspired our work. 

Almost all multicellular liYing things develop into 
adults from a fertili7,ed egg. The initial fertilized egg 
has dPsign information for it.s dt>wlopment, which is cl<'-

scribed in genome and is 11s11ally rorrect.ly copi<'cl int.o 
ot.her cells wht>n cells are divided. Each cell conseque11tly 
proceeds its development proress using t.he same design 
informat.ion in the initial fert,ili7,t>d egg. Various kincls of 
rPlls organi7,NI in an adult, body are ge1wrat.t>d during t,he 

deYelopment proress. ancl t.hP differences in t,h<'rells art> 

ranst><l by t.hf'differt>nre of t.l1t> prot.t>ius gt>nt>rat.f'<l in t.he 
cells arrording to gt>nt>s 011 g<'nome. 

Animals and specifir organs in plants. snrh as flowt>rs, 

l)('rome sperifiecl shapes form<'d by t.lw dPwlopmt>ut. Al-

though t.he dewlopmt>nt. mt>rlianisms of most. s1wries are 



still unknown, that of Drosophila, a kind of fly, has been 

well studied. We were interested in creating various kinds 
of cells and correctly assigning them in the development 
process [l). 

Various cells are hierarchically generated and simulta— 

neously assigned in the Drosophila's development. The 
development has two important procedures that (1) pro-
vide positional information to each cell and (2) make the 

cell memorize the effect of the information. The role po-
sitional information is to specialize the cell. 

The first step of the procedure (1) is to generate differ-
ent of protein densities in a fertilized egg so that the fer-
tilized egg can become a set of small cells. Each small cell 
has different protein densities which are the positional in-
formation according to that in the initial fertilized egg. In 
this step, each cell does not obtain t.he information about 
it.s final organ concretely bnt the approx:imat.e positional 

information such as head and abdominal regions. 

The second step of the procedure (1) is to diffuse a 
new protein with a different density among the cells from 
spe<"ifi<" snbset.s of cells, which proYides more det.ailed po-
sit.ional information to the cells. The subsets of cells are 
determined by the past distribution of protein density. 
Each cell gradually obtains positional information by 
repeating the procedure (1). The rough positional infor-
mation is obtained in the earlier stages and the detail is 
obtained according to body growth in the later stages. 
The early stages of this procedure is shown in Figure 1. 

The history of the procedure (1) for each cell hierarchi-
cally determines the final organ. Cells continue to gener-
ate special proteins according to their obtained positional 
information, which results the procedure (2). 
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Figme 1: The df'vf'lopment of Drosophila. in ea.rlier 
sta.ges. 

2 PROPOSAi、orBrDEVELOPMENT SYSTGM 

2.1 The Analogies 

The analogies bet.ween the dewlopment. nwrhanism of 
Drosophila and t.he proposed BiDrn>lopnwnt. Syst.em arr 

listed in the below (a)'s and (h)"s, respert.ively, and is 

illust.rat.ed in Figure 2 (left). The numbers at.t.arhecl in 

the fig11rf'r.orresponcl to the following Sf'Yf'll analogies. 

l. (a) Adult Drosophila consists of various cells. (b) 

Structure is created by various elements. 

2. (a) Only genome in a fertilized egg is a plan and 
progress table in development. (b) The structure 
is created according to only a character code. 

3. (a) A body is hierarchically formed from simplis-
tic to detailed. The procedure in one hierarchy 

follows 4(a)→ 5(a)→ 6(a). (b) Structure is hierar-
chically created from simplistic to detailed. The 
proposed system is realized as a feedback system 

by corresponding one hierarchy to its main pro-
cessing parts. The main processing parts follows 
4(b)→ 5(b)→ 6(b) and the feedback is 7(b). 

4. (a) The protein diffused among all or some cells 
give.~ t.hem posit.ional informat.ion. (h) There is 
a mechanism to generate positional information 
among all or some elements. 

ふ (a)Each cell acts in response t,o it.s own posi-
tional iuformat.ion, for example, by generating spe-
cial proteins. (b) Each element acts in respon-se-to 
its own positional information. 

6. (a) The state of each cell after acting in response 
to its positional information is memorized toward 
the final state. (b) The state of each element after 
acting in response to its positional information is 
memorized to form the final output. 

7. (a) The protein that provides the current positional 
information is made from the protein that provided 
past positional information. Each cell is gradually 
led to t.he final organ by t.he history of the g-iven 
various posit.ional informat.ion. (h) The lllf'chanism 
t.hat. g1,nerat、rst.hf'CIU'l'f'nt. posi t.ional informa t.ion 
from past, one is preparer!. The choices of each f'l-
euwnt. Yalne gradually becomes fewer according t.o 

the history of given Yario11s positional information, 
and the system output becomes more detailed. 

2.2 The Conceptual Fmmework 

The conceptual framework of the BiDevelopment System 
is shown in Figure 2 (right). The numbers without paren-
theses correspond to the analogy number in section 2.1, 

and those with parentheses co1T<"spond to the procf'ss-
ing part nnmhers in section 3. The necessary parametns 
for every processing part are written in a charact.er rode 
sequence, initialization part, and rules. The character 
code is a plan and progrPss table that corresponds t.o the 

genome informat,ion in biology. 
The BiDevt:>lopmf'nt Syst.f'm has an init.iali7.at.ion part 

and three major [H'Orf'ssing parts. Thf'initiali7,at.ion part. 
(0) defines t.hf'arf'a wherf'syst.f'm out.puts f'x.ist .. Tlw pro-

cessing part. (1) g<'nerat,f's the global posit.ional informa-
tion that. df't.f'rmint>s wha.t <'arh Plemf'nt prorf'sses. The 
processing part (2) lets each f'if'meut. be aut.onomo11sly 
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Figure 2: The analogies between the BiDeYelopment Syst<"m and the development mec:hanism of Drosophila (left). 
The conceptual framework of the BiDevelopment System (right). 

process based on its posit.ional information. Local 11111-
t.ual interaction among elements may take plare. The 
processing part (3) exchanges the output. of the process-
ing part (2) into the output range of elements. The final 
output value of each element is determined by the feed-
back process (4 b). 

The part that generates data related with structure is 
processing part (3). The values that the feedback process 
at the processing part (3) generates after certain number 
of feedback loops detennine the final structure of the sys-
tem output. The processing parts (1) and (2) sequentially 
generate the structure of the final output pattern from 
the BiDevelopment System. 

The processing parts (1) and (3) include feedback pro-
cesses (4a) and (4b), respectively. The feedback process 
(4a) generat.es the posit.ional information oft.he next. st.at.e 
from that of the preYions st.at.e. The f PPdhack process 
(4h) gradually narrows the range of out.put values of each 
feedback process by determining the final output values. 

The advantage of the proposed BiDevelopment System 
is the embedded rough-design st.ructure and various pos-
sible generated structures under the given rough-design 
structure. Conventional feedback systems, such as the 
1-System or cellular automaton, apply only one rule to 
each element at each feedback loop. It is difficult to de-
sign au entire final structure from the beginning and em-
bed it into the system. Since each processing part of the 

proposed system determines final detail from the basic 
structure, it is easier to embed the rough-design struc-
ture before the proposed system runs. The trade-off is 
t.hat as the number of processing parts incre邸 esas men-
tioned above, its system design becomes a litt.le difficult. 

Two devires are implement.ed in t.he BiDevelopment 

Systf'm to rPalize t.hese adYant.ages. The proぐessingpart. 

(1) is designed t.o generate thf'st.rnrt.nre of the final out— 

put pattPrns in order to embed thf'rough design st.me-
tme of the designer. The diwrsit.y of strnぐtnresin the 

dPtail level is reali7,ed hy rhanging t.he paramet.ers in the 

character code, the input to each processing part,. The 
comhin.at.ion of these two devices allows t.he determina-

tion of the detail pat.tern at the processing part (2) l!tHler 
the restriction of the basic st.rnctnre defined at the p;o-
cessi ng part (1). 

3 EXAMPLE ALGORITHMS 01" BIDGVELOPi¥lENT 
SYSTEM 

3.1 Algorithms flow 

In this section, two algorithms under the framework of 
the proposed BiDevelopment System are shown a11d ap-
plied to simple tasks to demonstrate its concrete usage. 
Note that there are various algorithms in the framework 
of the BiDevelopment System and these two algo1-ithms 
are just simple examples. 
The example algorit.hms ge1wrat.e y Yalues for giwn 

ぶ coordinat.es.where Algorit.lunl is applied in a fixed 
area [.t,,.,,., .1;1,w:r.l, and Algorithm2 gradually expands it.s 
applicable area. Figure 3 shows the flow of processing 

parts in these algorithms. The processing part, nHmlwrs, 
(0) -(4b), in the figure correspond to the those of the 
conceptual framework in section 2.2. 

Several parameters used iu some processiug parts are 
given in character code and drive the proposed system. 
Since some of them depend on the given tasks, we first 
explain toy tasks, then describe the example algorithms 
in t.he following sub-sections. 

3.2 Example tasks 

(1) The task fort.he Algorithml 

The t.ask is to draw a figure in a (叱y)space by g畑
era.ting y values for .1; coordinates in fixed closed area, 

[.1; I , .l;n]・ 

(2) The t.ask for The Algorithm2 

The t.ask is to dra"・a figme in a (.1;. y) sparP by 

g<:'nerat.ing y Ya! 11es for .1; roordinat.f's t.hat. st.art.s from 

［ぶ,nil!,.1;,,,;11] aud expands to [.1:1 .. 1:,.]. where .i;1 ::; 
ぶiailI ::; .1;,nill ::; ,l伍 •



0 Algorithm1 0 Algorithm2 

(4b) 

,., 
(4b) 

iteration number : k 

Fignre 3: Process flow of Algorit.luul and Algoritlun2. 

Each part processes these tasks I(times including (K-
1) feedback processing loops. Suffix /r. is used in section 
3.3 t.o identify the 1:--t.h proress at. each part. : ℃ , and .1り、
are initial input Yalnes to the BiDevelopment Systems for 

the Algorithm!, and .'l:inil 1, .1:;,.;1,,, : じ・1,and .1:" are those 
for the Algorithm2. 

The parameters used for /r.-th processing at process-
iug parts (1), (2a), (2h), and (2c) are independently de-
scribed in the character code. This is the main point why 
and where we can embed our rough desigu inteution into 
the BiDevelopme11t System. A designer needs to prepare 
a rule-base whose rules convert the output of the process-
iug part (2) to they range being able to take place at the 
processing part (3). This is the point where a designer 
can control the way or degree of reducing the y range. 

3.3 Pror.essing Parts of the Algorithms 

Common parts of Algorit.hml and Algorit.hm2 are ex-
plained together. 

initw.lizn.twn (0) . . . . 

The processing part (0) is basically common in two吐
gorithms and inputs the range of .1: space where y values 
are generated to draw a figure. The initial data inputted 

here are (: ℃ 1, Xn) for Algoritlunl ai1cl (xinilt, .1:;, ヽit2,X1, 
x,.) for Algorithm2. 

(1) generating vositional information 

The proce.c;sing part (1) is commonly used in two algo-
rit.hms and gives positional information of each .1: coordi-
nate using diffusion functions such as Eq. (1) (see Figure 
4 (1).) L<>t us call the Mi. in Eq. (1) a, diff11s10n fnnc-
tion from the analog)'to cliffusiug prot.ein among cells 
in biologiral df'velopment,. Any fnnぐt.ionis available for 
the diffusing funrt,ions, and 11・e adopt, a Gaussian func-

t.ion for J/1,. in t.his paper. The posit.ional information 

is det.ermined by t.be J1(ふ出./I I.:. 叫 whoseparamf'tn・s, 
AA.,/11;; and erk are rt>ad from t.he charaぐterrode. 

一止立
切 ‘

M(.1;, A1r, l'k・ 仇）＝島(.1:)= A exp k (1) 

Although A.lgoritlunl and Algoritlun2 use only one dif-

fusion function as in Eq. (1), other algorithms may use 
multiple diffusion functions. Designers can embed their 

design intentions of the output of the BiDevelopment Sys-
tem and roughly control its shape by controlling the as-
signment of the diffusion function(s). 

(2a) gene e勾Jression

The processing part (2a) is commonly used in two algo-
rithms and divides x into several areas according to the s; 

read from the character code and島 (x)values (see Fig-
ure 4 (2).) Same labels are given to the divided; ℃ areas 

(see O -3 at the bottom of Figure 4 (2).) vVe compared 
the given labels to the genetic information aud named 
t.his processing part as a gene expression. ,vhen n dif-
fusion functions are used at t.he processing part (1) in 
ot.her algorithms, each .1: coordinat.e is given n divided 
group labels. 

(2b) gr011.ping cells to divide 

The prorf'ssing part (2b) is used only in Algorithm2 and 
rhirl邸 .1;COOi―dinat.es int.o r.opy gro-ups whose .1: ropies it.s 
copy groups label onto another .1; coordinate based-on、a
copy rule given to each copy groups. 
The divided .1; areas in the processing part (2a) sim-
ply and directly become the copy groups in A.lgorithm2. 
However, when multiple diffusion functions are used in 
different algorithms, interpret.ation rules are need to 
transform the combination of multiple divided area la-
bels given to each x to one copy group label. 

(2c) cell division 

This processing part (2c) is only used in A.lgoritlun2 and 
copies the copy label of each : ℃ coordinate onto another 
.1; coordinate based on a copy rule. The copy mies are 
det.ermined hr t.lrn param1,t.ers read from t.hf'rharact.er 
ぐodeand consist. of t.hree Yalnes: t.hf'ropy dirf'rt.ion. t.lw 
amount, of copying, and t.he dist.ance t.o the ropied co-
ordinate. Tht> out.put. of this processing part, (2r) is the 
OYerlapped pattern of copy gronp labels at each .1; coor-
dinat,e. 

(3) determination 

The processing part (3) is commonly used in two al-
gorithms and converts the group labels outputted from 

the previous processing part (2a) or・(2c)together with 
previous y range into t.he range of y values. The Algo-
rithml directly converts the lalwl toy ranges (sE'e Fignre 
4 (3),) and Algorithm2 ronYerts t,hE'ovnfapped pattern 
of the ropy gronp labels at each .1; coordinate to y ranges. 
The conversion rules that are different in each processing 
time, k, must be prepared. 
Fig11r0 4 shows E'XamplPs of t,hE'first. proci>ssing rf'snlt 

at. processing parts (1), (2a), and (3). 

(4) Jeedba.r./.; 

Thi戸prori>ssingpart.s (4a) and (4 h) t.hat are fepd hack pro-

cE'ssmg at t.lie processing part.s (1) and (3). rf'Spf'rt.ivE>ly, 
are commonly usf'd in two algorit.hms. 
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Figure 4: Example outputs of the first processing, k = 0, 
at the processing part (1) generating positional informa-
tion, the processing part (2a) of gene expression, and the 
processing part (3) of determination. 

(4 a) feedback for the processing pa.rt (1) 

The proぐessingpart. (4a) calculat.es 11 k for cliffnsion func-
t.ion M,.,(.1:) from J1,,_1 (.1;). It. first. reads m from t.he rhar-
act.er code, snhst.itnt.es t.he m for Eq. (2), and <let.ermines 

/'・A:, where 110 is given in t.he character code. 

l'・k = { x if Mk-1 (.1: -1) :Sm.< Mk-I (.1:) 
.1: + 1 if Mい (x):Sm < Mk→ (x一1),

(2) 
whereェtakesinteger numbers. 
When multiple /tki are obtained, ~ i .~1 (x, Aい知叫
is used instead of the Eq. (1) in t.he processing part (1), 
and is normalized when its maximum value exceeds 1.0. 
Other necessary parameters for Eq. (1), ふ ando-1.,, are 
read from the charact<>r rod1,. 

(4 b) feedback for thP. procP.ssing z}(l,rt (3) 

Acrording t.o the feedback procPssing (4b), the range of 

y is gradually redured (see Figme 5). The rnles t.hat 

dl"t.Prmine the new ranges of y from t.hE'past ranges y and 

group labels must be prf'¥'ionsly prepared in a rnlP-basf' 

at. t.hf'proressing part (3). DPsignPrs ran emlwd tlwir 

d1>sign intention and roughly ront.rol thE'detail shape of 

t.lw final system output by rhanging t.hf'Sf'rnles. 

Figure 5: Example outputs of the processing part (3) of 

Algorithml and Algorithm2 according to the feedback 
proぐessing(4h), where k is the number of this feed hack. 

The dark areas are t-he ranges of y Yalnes t.hat. hecom<-' 
-一narrower and in detail according to k. 

4 APPLICATIONS TO IMAGES GENERATION AND 
DISCUSSION ON DATA COMPRESSION 

In this section, we demonstrate that the BiDevelopment 
System creates complex images from a simple charact.er 

code based on a designer's intended basic design. The 
algorithm used is similar to the Algorithm2 in section 3 

except for a 2-D target space, (x1, x2), and the 3 kinds of 
diffusion functions combining 10 Gaussian functions. As 
there are three diffusion functions are used, three kinds 
of division area labels are generated at processing part, 

(2a). Images ar<-'displayt>d hy ronwrt.ing t.hf'gf'nf'rat.e<l 
y Yalues t.o t.hf'hright.111~ss of pixt>ls. 
To generate leaf-likt> images, the intended basic desig11 
would be to reali7,e a symmetric and fan-shaped strnc-

t,nre. The symmetric strnct.nr<-'can he reali7,ed by sym-

metrically assigning diffusion functions with respect to a 

certain point on x I and ; 四 邸es,respectively, in process-
ing part (1). The fan-shaped expansion can be realized 
by setting copying directions in copy rules used in pro-

cessing part (2c) to symmetric with respect to the certain 
points. 

Fignre 6 shows three gen<"rat.ed images whose initial 
start. area is a rircle in the cent.er of f'ach image. They 

are rreated by rhang-iug the parameters in t.he character 
code under same algorithm condition. 

Regardless of th<-'art.ist.ic view of these images, a simpl<-' 

charact<-'r codt> ronsisting 736 p狙・amt>terscreated these 

compl<-'x images arcording t.o om <-'lllbf'dded design in-

tent.ion of symmetric and Ja.n-shapP.d. Wf'may hf'able 

to gf'nt>rat.e furthf'rぐomph'ximag<-'s hy combining m11lt.i-

pit> algorit.hms for t.lw BiDt>vf'lopment. Syst.em. It. is also 

possible appliration of t,he BiDeYelopnwnt. System to gen-

eratf'non-graphir media, snrh as aぐ011stirsignal, based 
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Figure 6: Three example o叫）uts of the BiDe評 lopment

System being embedded lea.f-like design intention. Im-
ages from left, t.o right are the outputs of the processing 

part. (3) and it.s first and second feed hack processing (4h). 

Sinぐethl'lir outputs are not. y values hut. t.!1e rangrs of y 

values, which cannot be drawn, except. k = 2, the min-
imum value of each y range is displayed in Figure 6 as 
representative. 

on the structures that the proposed system generates. 

Data compression is another application of the BiDe-

velopment System. Although we primarily discussed gen-

erating images of complex structure in this paper, data 
compression is possible by expressing images of complex 
structure with a simple character code. 

Suppose that Figure 6 are target images to be com-
pressed. First., we or analysis tools evaluate the targets, 
wherf> t.hf'out.er shapf's and hright.nt>ss dist.rihnt.ions arf> 

anaJy7,erl. "'f'will find ont. t.hat. the imagt>s arf'symnwt-

ric and fan-shaped. EYt>ll if the bright.ness dist.ribntions 
cannot he easily analyzed, we can optimize the mies used 
in processing part (3) t.o minimize the error bet.ween the 

target imagrs and a synthesized imagf> using optimiza-

tion techniques. Second, obtained analytical knowledge 
is embedded in the assignment of diffusion functions in 

processing part (1), copy rules in processing part (2c), 

and a rule-base in processing part (3). Finally, these two 
processes are repeated, and parameters and rnles are ad-

justed until t.he difference between the synthf>tic image 

and t.he target. imagf's heぐomesless than a certain t.hresh-

old. The oht.ainf>rl charact.er code hecomf>s the comJH'f'S-

siou rf'sult of thf'targrt image. 

-5 CONCLUSION 

Wr proposed t.he BiDevelopment Systf>m inspired by bi-

olog-iぐalclewlopmt>nt. t.hat genPratf's a compli>x out.put 

from simpl<> coc!Ps and rulf>s and f'xt.ract.s simplt> rnlf>s 

from a complf'x input .. DiffNf>nt, from cmffent.ional com-

pie:、csystems. it. is easy t.o <"mhed our iut.f>ndf>d basiぐde-
sign int.o t.ht> proposf>d syst.f>m. 

vVe showed two example algorithms in the framework .. 

of the proposed BiDevelopment System. vVe applied 

them to the toy tasks that generate symmetrically leaf-

like images and showed that our design intention was real-

ized in the generated images. It is needed to combine the 
example algorithms and/or create new algorithms that 

embed our intended complex designs and generate more 
complex images such as desks, animals, or vehicles. 

We discussed the application of the BiDevelopment 

System to the data compression, described how to apply 

the system, and showed the possibility to compile simple 

structured images to a simple character code. Data com-
pression for more complex structured images are in the 

next st.ep of t.he BiDevelopment System research. 

As we ha Ye alrrady obtained the framework that gener-
ates Yario11s complex outputs based on our explicit. design 
intent. and rompress t,he complex figures to a simple c-ode, 

it is expPrt.ed that this tool will be further deYelope<l for 
practical use. 
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