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A Expanded Method for Automated Testing with Large Embedded
System

Takayuki Fujiwara™ Chikashi Okamoto™

In embedded software development, reduction in cost for software testing is important issue because the testing cost is
constantly increasing. Many methods for automated testing have been proposed including automated unit testing, automated
physical device operations, and automated checking of device operations using software log. These previous methods require use
of external devices or adapt limited test case However, increased complexity of software system made automated testing more
difficult using previous methods. And introduction of external devices are usually difficult because of limited development cost.

In this paper, we propose an automated testing engine incorporated in the target software. This method resolves the issues
described above and expands automated test cases. The automated testing engine automates software testing by abstracting
operation on the system and its internal state. This makes verification of the system operation and their result easily. Thus, we can
reduce testing cost for integral test, system test, bug investigating test, and checking banishment bugs. We applied the proposed
method to Digital TV software development and made evaluation of the method. The results of the experiments shown that the

proposed method can effectively reduce the testing cost 54% in average compared to previous testing method.
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Fig. 1 Automated test sequence with insertion of notification
function
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Fig. 2 Judgment sequence with state management table
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Fig. 3 Architecture of automated testing engine that cooperate
with log management system
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Fig. 4 Automated testing environment for Digital TV
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Fig. 5 Automated controlling of remote controller for Digital TV
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Table. 1 List of script commands

# o< N4 | BERE FEFH
R

1 hit I DxF—a— NZE U | #iE
TFVEN TV I Ea~
v REEE

2 wait FRERE T ETE LR ekl

3 echo FERT Az a A b il
H)

4 setRepoFile | 7 A MER T 7 A /L O H | HilfH
SR E

5 ckAppBoot | f8ET 7'V DL ENIREE ]
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7R

6 ckLogSet/c | MEBRXILILTFHIZEEL, | HE

kLogStart/c | #sRBALA & #& T 247K
kLogStop

7 waituntilCk | ckLogSet TH&E X7z 37 | il
Log B H TG DR T

R IE

8 ifLastCkLo | ckLogSet THIE L7235 | fHil4H
gNeq BHA SN HE

9 ckDispStart/ | i 28 1b % iR HE
ckDispStop

10 | runLoop BELEZAZ Y b7 7 | il

AN YR UEAT

F1LIORTAZ VT ha<wr R, 41 8ichi=k 9
T A NBEIETT U ORFD APl ZEOH T Z & T,
TIHN TV ORE, TAMERT 7 A VO IiER, T
A MKBRT 7Y OIRIEMERR, UTHIMRER, mimE bR,
M IR USATHR R e ERNATRBIC 72 5.

M6 77U r—3a ORI L kD ES ik
BETHIAZAZ VL R T 7 ANLDOEITHD . BN T=ATIE
a A MEREN, BAGFELHEEATRTD
%. 7setRepoFile”lZ LV 7R MER T 7 A VO NG %
FBETS. 7echo”a~>r RIZELDLFR—F 77 A0z R
VREFEATS. Chitta<wr Rk V3o —a— K
LT T YA ALT LEEBREST S, T
IX”KEYCODE_EPG” & & % 7= O &R (EPG) & BN T 5.

s BIE EBRHE LU
BEEELEZEOH

it LiR—h27 4 JLIERE
setRepoFile
.fautOiast/r@pnTt.tZi

dorrEsT) HERER

echo "-—-—-——-——————-
echo "Now Check EPG"
echo "———mem———_ — = "
hit KEYCODE EPG

wait 2

ckBAppBoot EPGTASK ON
hit KEYCODE EPG

walt 2

ckAppBoot EPGTASK OFE

f# (TEST) EEEE(LFER

" "

echo "—=——————eee——e
echo "Now Check Disp"
echo . "
ckDispStart

hit KEYCODE YELLOW
ckDRispStop

X 6 FMREMHIEZITOAZ VT 77 A0
Fig. 6 Test script file for checking start up of EPG
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chHy, BEILCWRITNIET A MRKE R D.

W 2, ~ckDispStart” T [ mm 4 b #E 58 % B 4h T
%. ”ckDispStart”,”ckDispStop”id 3.1.1 THD A L T
V5. “ckDispStop” 2= > KA MEEN 25 F Tz mlim 2/b A
DT AMERT 7 A NVICEEHMESND. ZZTILEPG %
OFF L7221V & a2 v O AR Z 2 LCH A4 Ll
BALITE X 722 ®, T A MBRERIT 5867 2 MERIC
[ ORNCERF AN

B 7 ZHe e R AT 5 A VS T
TANETAMNERT 7 A VDFHITHS. “ckLogSet”,
“ckLogStart”, “ckLogStop” =~ > K% 3.1.3 IHD X% £ H
LTW5A. “ckLogSet”=t~ > RTIXT A OGSk HEL 72
LXFHNEIEET H. BET D XFFNITIEHRBEOF A
NARETH 5. WIZ cklogStart” T F#iRZ b+ 5. =
ST 3HLURNICRSMA Z L ZHF L TEBY, 3MEIC
BTT2. TAMERZ 7 AL TlE, &=~ ROREH
SUCCESS 7» FAILURE TRR SN 5. Fiz, LFHIRR-S
M5B L 5ITH DKL 9 I [TASK_A] sampleTest result = 0”& \»
D LFHIN RN T- T & BT,

HHI 0D CEEX FHIE O L]
$4 BB T 011)
hit KEYCODE DIGITAL 011

# OV ESERE

ckLogSet ™ [TASK_A]* result = 0” SUCCESS
#04 BRf3RA%A

ckLogStart

walt 3

#AYTEISET

ckLogStop

FTANEE 7LD

SUCCESS :ckLogSet [ [TASK A]* result = 0] [SUCCESS]
SUCCESS :ckLogStart B

SUCCESS twalt[3]

** SUCCESS ** detects [[[TASK_A]* result = 0] from
[TASK A] sampleTest result = 0]

SUCCESS :ckLogStop

B 7 HELr 7 et 222 V7 b7 7 A0
ETARMERT 7 A1
Fig. 7 Test script file for matching log character and its result
file

BITRM AT o TR, FrEDr VA M4V K
LABHET D7 A MATORZ VT 77 AV ThHD.
runLoop =< > KX 34 Hio FXEHHLTEY
ckChannel.aut Z JERREI(0 1L MR & R E)FEITIHD.
ckChannel.aut Cl¥, »setRepoFile”=~> R CLAHR— K77
AN DI EEE L, “ckLogSet” =~ > K THHUEL 7 H)
ZFEE L, “ckLogStart”=~ > N THERAZMAA L, “hit'a~
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KT K 3IBFEFD. 2 T3RLNICILFINE RO b

NEFICRD a~ 2 RBFEITIND. ifLastCkLogNeq”

avy RIXEESEEZITY, B 7B &R0 o 6

IZBR Y 7echo” a2~ R CT A MR 7 7 A M T — R v

=% 4 5. “ckLogStop” THAFRAL T, BlOF v

FNMZEBRLTHLAZ YT R TZ 7 A VBKRTT 5. L

%, “runLoop” =~ > RIZ KV EEEO—@#HOBERER Y K L
FEITIhD.

FokChannel. aut 2R W LI OEL

runloop ckChannel.aut 0

# ckChannel.aut #
HERICEDBEXFINOH NHET A
#LIR—FD7 A LEERTE
setRepoFile./autotest/report testcase00l.txt
$REXTFTHIEFRE

ckLogSet “<ADR:0001:0001>" SUCCESS
RS

ckLogStart

HEAE

hit KEYCODE DIGITAL 011
HRETHFETHERASHUF D, RELEORDATUEAED
waltUntilCkLog 3

# &I OV ERETELAOT0H.
1flastCklLogNeq SUCCESS

#LAR—RIFAILICH A

echo A R ik 2 T R g

echo “FAILURE on DIGITAL 011”7
echo AR AR T S I

endif

HERET

ckLogStop

#BOF v 2 ILISER

hit KEYCODE DIGITAL 012

8 MVIRLETTITAMNAZI VT v T 7 AL
Fig. 8 Test script file for continuous testing

PERIZFEETY Ta o 28EL, BEEbE B SR
LCT A MEBVRLERL Wz, ZoHEH+A T
O 2 E R T 5 2 & TT A MELFE O H MK,
T A MEROHERDPRATIEIRNE W) BN H - 720
AFGRIZ LV REBHER RN TED LI ITRoT2

5. TURIL TV RFEADERAFEM

4 ETHBLE-FOZN TV AT 2 A LRE Y,
EEOFOH LTV -G OY 7 ho = T7HFEICEA L, 3F
fliL7=.

51 SRR TOERARR

TULNLTV OV 7 by THRBICBTIHET AR,
AT LT A O, BHMERAR, HHIAERT A b
O—EBIZT A M AELERELZEA L.
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52 #EFFIE
1) #EETA B
FTUXNL TV VT M =2T O—EIZoOWT, 313 HE
12D FikE AW TIREMZAEDOT A ha Bk L7z,
AR, £ 1IZEEH O hit, “ckAppBoot”, “cKLogSet”,
“ckLogStart”, “ckLogStop” = <~ > NI L OE il = < >

REROWTEELHEEITOAZ VT 7 7 A VELER L,

TARNEAFET L., TAMIRELIEY 7 b 2T E
Vo —/)LOBIUFEIL 55KStep TH Y, WA L7ZT A MEEIX
95 Th 5.
(2) VE a2 BRAERERGHEGET A b

UEI DALY AFRRY RIS LW I L 2 iR
B YT B ERGHEET A MCEHA L. UEa
VR SR T A NIV AT AT A MO—FTH Y, fEk

TAMIEBEOY ®aEEL HUEMER TER STV,

UL, SLRWZ L& BUMRT 20138 L <, 1k
DHETIITL K ORI D> T -, WAL, £ 112
FCak o hit”, “ckDisp”3 L OV FEHIH = < > K& FH VLT
ELHIEZITHOAZ VS N7 7 A VEERK L, T A& H
BEAT L2 WA LT 2 MERGE 3000 thTH B .
(3) FEHEHHIA

TG CH DR TOR Yy MU —7 2 HWIERE
R EOREERAR, EAFOFHREZILIC, £ 1 IR
D7 hit”, “runLoop”is L VS FEHIH =2~ > K& W CERTO
BEICHY T2 A7 D M7 7 A VEERRL, MYIKLE
TL7=. A LT A MEEIZ 141 CTH 5.

(4) FETBIHERT A b
QRYDOHEABEERI, FROARAT VT T 7 A N a/#Y
WLUFEATL-, @WHLET A ML s CTh 5.

53 FHEIRR - FREA*

T A N BEYEITERE O AR OV, FHEEE &5
i 5 1% LU RIS R T

(1) #EfilF TH

T A NABETREOEA, HAFEEMRTHE, IO
AT VT N7 7 A NVOVER T EHH L.

(2) 7 & b LEHIRR

AEE OB EREZBEICL, AFROBEHRGECEN
CTILEHBEEEEH L.

5.4 FHEFER

541 #FETH

Yl L AL 210”7 REEHIHE & TR T 2
M, F—O¥EHFCRUGTE D7 —2I1Z LTz, BREEHE
WZBWT, 7 A NEBETREIEES - 7 A MY ED
5 PCICEALR. £, FANCFIA~=2 T VEMER
L, FHZ2AUITES#EE 25 X )10 L TR 2R S
oo A7 VT MERTEICBWT, Vo o RER G
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BT A MIMFEENS AT VT N7 7 A VEERT DY —
VEFIH L CTER L.
#* 2 MEfE T
Table. 2 Preparation cost

# RRT AN BREIRESE | 22 V7 b
(AH) [(E10N=)D)
@) WEeT A b 2.0 5.0
) X — T IS 0.1 0.1
a7 2 b
3@ | FEAHIBLHAE/ 4 26
T BER T A
k

WH~=a2 7 VEBGTOEAXELH Y, O+ A
OFIAOFNHEH T4 10 LA BRE L D<Mz 2
ENTER, ARIIFAZBNRAZ VT 7 7 A4 MERD B
B EIToTZ LB L, A7 VT N7 7 A NMER T
LI A LT, S®%RIFAZ VT N7 7 A NVERD B EME
BRI PTRETH 5.

5.4.2 T A b ILEAIE R

T A NASETREEAICEL ST A P TEEIEERT, K
FREFHAREO T % Cl, AFEARO THE C2, K
FRUEfF THE C3 L +5L, {Cl- (C2+C3)}C1 THX
5. CLIZOWTIE, RIFEEETOT VXL TV OBRJEHE
AL TPHIL TR L. T2 MEIEREZER 3187,

# 3 7 A N LEHE=E
Table. 3 Reduction rate of testing cost

# | BT A b | CLiE | C2AFRK | CIAFK | 72 Hl
RAE¥E | WHREO | O | (%)
THOL | ITH(A E(ON D)
% H)
(AH)
@) | #a - ME | 23 16 7 0
7 b
(2) | ¥—%=Af+4 | 56 2.8 0.2 43
B
Mesd 7 A bk
(3) | ~EA 32 0.05 6.6 778
A
(4) | FEHHBMER | 54.7 0.05 0 99
7 b

Afa ik, AFREAICL D THEIBEREZR D201
HWHMRERE L. TORMBEUIC OO TIXHIR T L & %
I TENRZLSIETO Lo, HHXZERECL, B
DOIRAEFEICA T AR L T < 2 & TLEEIBIC &=k
TELLEEZOLND. Q)E@IX, kO FNTEHMT D5
B, L BOEENNNY T A MEYEZEOABEIZR - TV,
AFAROBAIZ LY 7 A MEPEGLEND T2, TR
MEMFOATTEW ST Z E RN TE D,

F, TANHBFITREOWER THEEZBLIZLED
TEMEIRRZ Y45 &, (0+43+77+99)/4 = 54.5 %D I
RLind, MEMIZAFRZEH L T 2 & TREkA B
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(LD L v o 72T A N TREIZHOWT, EH LT 54.5%0 T
BHIHICF G TE 5.

6. BIEHR

KL DO RITHIALIELR DRET A N, VAT AT A
b, —HOBB{ETHD.

T2 MAIMEOARTIE, HAET 2 N EBMLOER %
HAThbnTnWa. HIKT 2 MNE, T & Mg e 25BN
DETOHENEITIND X O 58Il EZ AL, &Y
ERFEMAAREY THAHZ L2kl TH57 A M ThBH[6].
KT 2 hoBHBEMEFEE LTIE, TANEBETHO Y
—R2a— REHEERT D HEN6][17]X°, Sulu SiE% A
W7 A N EBFEITHIEN8] R ERREIR TS, TR
Fr—2OBEAEKIZT A N OBEMLICERTER, KT
ITEE DT A NTROT A M Extgl LT Y HET A K
MITOT AN r—2AAERFTREZOEEMH Z &1
LV, F72, Sulu SREIFEMART A MANTIZ Java SaE& X
—RLELTEHESNZT0 T TIIVITEETHD. T A
MZD& Sulu SFEDPT A MHa—R&E7 A MGy 7 b
T TIBRET AMEN D D, AR TIRET D HI T,
ZDE D MBI T A NOHBMENAREL 72 5.

Wiz, FEHLAAREIROT A N AEEEHTIC >V CTHREET
5. Bz iEWebh—ERWeb 77V 71— 3 VB TIX
T A MOBEHERHEA TS, Bz iE, JavaScript ~X— A
DOWeb 77V r—varozif AT A M2 HEMET 25
K[19]%°, BARE A DOEFT D REERFAE L TR
EHERTAERT A MR HBIETT 55N H H[20]. =
WO DOFIELT A N TEHEIBUZ AR, Web X—2 D7
TV = a VCHEEBBRAETHY, Xy U —IRH
TOT U r—a VEIERHEN T E AR L
RV, —F, MIABEIRIET A P EEICEEALETH
D, HEROFIRERENRESNTNS72E, B ORI
HY Web 77V r—2a D FREFOEEMEY Z LT
LV, AR TIET O TV TOREMAZHEE L2, &
FRIX CHFHEN—ATHNIIMOFMIALIEZR ~D R b A
RETHY, BHMERT A NTELIANI 5, FEWV
BER, TAPMLREICHEATE2E525.

7. ¥HYIc

T A N TEOHREE BRI, 72 S BELiER TR E R
KL, Y7 Uz T NEMAARROT A~ BENSZITHIT
EREL, AT AN, V' UBERKUSHRT A b
REAHHRAA, JEEBMERT A MCEM Lz, Z0REE,
ENENTT A N THEEH L, % 54.5%0 TEHEIEHE
ThdIEEHR L. 4%ITT A MERLIEEHIREL,
FANEBLEREST S22, 22U T 7 A LDIE
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FHBEMENRETH 5.
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