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Software in Medical Devices

Complex software increasing rapidly in Medical Devices

) 80,000 LOC* —> 7 Million LOC*

- . - P— 1
S '.'. -
(& 7 ;
- A
h! . dp

U\‘
-
é"—‘ @ :> 170,000 LOC* |:> Apps — software is a medical device

* LOC - Lines of Code.

Souce: Economist June 2012 article”When code can kill or cure”. http://www.economist.com/node/21556098
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Metrics for IEC 62304

MBDHIHIFEFET -7 00—

The items highlighted in green can be autamaltically generated by Model-Based Design ools.

IEC 62304, Chapter 5

Software Development
Process

Modeling and Simulation

Metrics

5.2 Requirements Analysis
5.3 Archirectural desigm

5.4 Detziled design

5.5 Unit Implementation
and Varification

5.6 Integration and
Integration Testing

5.7 System Testing

5.8 Reloase Meodel confipuration *  lzsue trackingfracolution BRI
managemert *  Change management process. ElD-FEETE
a0 ) e BN} 0 conformanc] .

Requirement analysis via
modeling and simulation
Develop structural software
madels

Elabarate architzctural maodel
with behavior and software
specifications

®  (Code generator

s Unit models and
Software-In-the-loop (SIL)
and Hardware-in-the-lacp
{HIL} testing

Subsystem madels and S0
testing

System model and SIL testing

Traceability of simulation test casas to

functional requirements

Allocation of requirements to model

compenents

¢ Model coverage during simulation
Testing

*+  Demenstrated compliance to
madaling standards

* {Code + model % reguirements
traceabiliy

s Unit moedel vs code behavior (back
to hack tasting}

¢ Structursl code coverage

¢  Coding standards comgliance

*  Absence of run-time emors {static
analysis) within units

+  Subsystemn simulation vs code
behavior

+  Absence of run-time emrors at
cade interfaces

*  System simulation vs. code
behaulor

¢ Absence of run-time errors at 05
and driver-level boundaries

Page 13  Olympus Corporation

5| AT MATLAB EXPO 20163885 Kl

OLYMPUS



EESEFREEMBDEROEFIHRE

EREEEEA-N-DOMBDICLSmE M £ RUMTRIEOEHIHR SN %24

Philips Healthcare Develops Smart Digital RF
Power Subsvstem for MRI Systems

MedradttiZMathWorks®V—)LI=&kVY)

' Model-Based DesignBA =& %18
E=ERBEICIIMIGRERR

ey 1 A, bddnkiR
—— MRI & : World Industry: MBD vs. non-MBD
Develop ITK Engineering Develops IEC 62304 — R
MRI syst C liant Controller for Dental Drill Mot : World y: $10,000/d) P h MED Non-MED
Solution _ omplian ontroller for Lenta r otor e y 1’/ Developer time (Months) 13.4 13.1
Use Sim | BRIEA with Model-Based Design / / % behind schedule 44.3% 49.9%
anduse | smEAQOEE ’{ ' Months behind 37 37
predictat MR 235 & % cancelled 10.1% 12.1%
s Sty Drental drills featuring ITK Engineering's Tontgdeekie cancallaion 42 4F
* Desi ‘} I) 1—: PGVGJOP alnd 1rrépierrr;ent ﬁggj-oﬂtenle? contrql\ecrj SDtﬂ\I’Vgr?l sensorless brushless motor control. SW developers/project 1.0 16.3
= Trad g “| for sensorless brushless motors for use in dental drills y ;
- oo | BT DEN| souton | el Vo o
MathWorksd| Use Model-Based Design with Simulink, Stateflow, and ofal project developem - :
Embedded Coder to model the controller and plant, run “Model-Based Design with Aveinge. developer months/project 2882 ]
ﬁ% c{osed—ll_oop si_ltntulatt_ions, generate production code, and ik ensbled us to reduce E’“"’P“ months :::: :: schedule 3:: ::-:
. == streamline unit testing : 2 evelop ) ;
= &#Hﬁﬂ Results Costs and project risk throth Total developer months/ project 3071 423.4
* £EHS| . pevelopment time halved early verification, shorten Average developer costproject 52662008  $3580,843
* FDADE| . Hardware problems discovered early time to market on an IEC Average cost to delay $323,977 497,835
Link to user sty = Contract won, client confidence established 62304-certified system, and Total developer costiproject $2,886,075 $4,078,877
deliver high-quality Advantage of Model-Based Design C 366%
production code that was ; . " ] i m—
Link to user story N = . 18 : Model-Based Desizn in Practice — A Survey of Outcomes for Engineers and Business Leaders/Embedded Market Focus
first-time right.”
Michael Schwarz
ITK Engineering
Link to user story
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% filteringilig |
= v fil = infilter(In_Img(:, 0,00, fil_¥, renlicate’);
- ch_fil = infilter(In_Img(:,:,2), fil G, replicate’);

2
3
| 4
5
6 - |orfil = infilter(In_Img(:,:,3), fil G replicate’); 1 Aﬁjjlldﬁzi&
?
b
9
0
1

PESHEIRO
L -

% |
In/Out, Bithg - - -
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| z-ceil(log2(ceil(HTap / 2)))
M- K2 =) () —
nX a @ ' l
I_J - i

(HWQUTI7LYRT0T L) ‘" |

= DA = infiterlin Iugle,e ) fiLY, relicate');
=LA = eI, 00, FiLG, relica'); -
= orfil = infilter(In_Inglz,n,d), £10, replicate’); /
§ roundifg == I/ j o
-y fie = rowdly fil); :ET} / J.b /3

= b il = rowd(eh fil);
- fil s rndler fil)
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§8 natr i GEEAE

1
l
3| ¥ filerin® :E _“)l/=rb5
- Al =it dugte ), 1 el e 7 JVEX &
5= Lehfil = infilter(In_lng(:,e2), fil L renlicate’); T RTL a Ej]iﬁi
b= Lorfil = infilter(In_lng(:,t3), fil S replicate’); -
1 .
b 6 USE IEEE.mammeric_std. ALLj|
b=y fir =y fil) :
. . 8 ENTITY alphal3T RGEBZYChCr IS
lis Ch_m & ’UUﬂd(CU\‘)? 9 PORT{ CLE - H haly std_logic:
1= lorfil = aundler i), T 10 RESET_X : IN sud_logic:
- - 11 iR :  IN std_logic_vector |
’ 1z i6 : IN  std_logic_vector|
13 1B :  IN std_logic_vector |
14 o_cher_0 : OUT  std_logic_vector |
15 o_cher_1 : OUT  std_logic_vector |
1e 1:
17 END alphal3T RGBZ¥ChCr:
13
18
20 ARCHITECTURE rtl OF alphalST RGB2VChCr IS
o
2z -- Signals
23 SIGNAL Selector_outl : vector_of_unsignedld (0 TO
24 SIGNAL Delayd oucl i vector of unsignedlO (0 TO
25 SIGNAL Constant_outl : vector_of signedls (0 TO §
26 SIGNAL Demmxzl_outl : vector_of signedls (0 TO 1
&8 SIGNAL Delay3i_outl i vector of signedlé(0 TO 1
28 SIGNAL Profuctl_cast : vector_of signedil(o TO 1
29 SIGNAL Productl wml temp : vector_of sigmed27(0 TO 1
30 SIGNAL Productl_outl : vector_of signed26 (0 TO 1
31 SIGNAL DelayS outl i vector of signedi&(0 TO 1
3z SIGNAL Selsctorl_oucl : vector_of_unsignedio (0 TO
33 SIGNAL Delays outl i vector of unsignedll (0 TO
34 SIGNAL Demuxl_outz : vector of signedl6(0 TO 1
g5 JIGHAL Delayf outl : vector of signedl&(0 TO 1
36 SIGNAL Productd_cast : vector of signedil(0 TO 1
37 SIGNAL Product3_mml_temp : vector of signed27(0 TO 1
38 JIGHAL Productd _outl i vector of signedZ&(0 TO 1
39 SIGNAL Delayl3 outl i vector of signedzZo(0 TO 1

MALTAB® /Simulink® toolbox (HDL Coden)c&kY. EFIVAGRTLI-FOD B Eh4E ik
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§8 natr i GEEAE

§ filt erin*M =
AL = e dugot )y LS el ate) :E )l/an

1

l

i

4

5= Lehfil = infilter(In_lng(:,e2), fil L renlicate’); T RTL a EjJ i:E}ﬁ

b= erfil = infilter(Intngl:ye,3), fi1 G, replicate’); a

1 .

b 6 USE IEEE.mammeric_std. ALLj|

§- yfir = omdly fil); ¥

. 8 ENTITY alphal3T RGEBZYChCr IS
0= ebfil = ound(ch fil)s o pomT( CLE i W sud_logic
1= erfil = omdler fil); 10 FEAfTnE e smiclens
- 11 iR IN  std logic_vector |

’ 1z i6 N std_logic_vector |
13 1B IN  std_logic_vector |
14 o_cher_0 OUT  std_logic_vector |
15 o_cher_1 OUT  std_logic_vector |
16 1:
17 END alphal3T RGBZ¥ChCr:
13
18
20 ARCHITECTURE rtl OF alphalST RGB2VChCr IS
21
2z -- Signals
23 SIGNAL Selector_outl : vector_of_unsignedld (0 TO
24 SIGNAL Delayd oucl i vector of unsignedlO (0 TO
25 SIGNAL Constant_outl : vector_of signedls (0 TO §
26 SIGNAL Demmxzl_outl : vector_of signedls (0 TO 1
&8 SIGNAL Delay3i_outl i vector of signedlé(0 TO 1
28 SIGNAL Profuctl_cast : vector_of signedil(o TO 1
29 SIGNAL Productl wml temp : vector_of sigmed27(0 TO 1
30 SIGNAL Productl_outl : vector_of signed26 (0 TO 1
31 SIGNAL DelayS outl i vector of signedi&(0 TO 1
3z SIGNAL Selsctorl_oucl : vector_of_unsignedio (0 TO
33 SIGNAL Delays outl i vector of unsignedll (0 TO
34 SIGNAL Demuxl_outz : vector of signedl6(0 TO 1
g5 JIGHAL Delayf outl : vector of signedl&(0 TO 1
36 SIGNAL Productd_cast : vector of signedil(0 TO 1
37 SIGNAL Product3_mml_temp : vector of signed27(0 TO 1
38 JIGHAL Productd _outl i vector of signedZ&(0 TO 1
39 SIGNAL DELEYIS outl i vector_of SlgnedZE(U TO 1
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Slice Reg LUTs DSP 48 LATVY
RAM 18 RAM 36
TERFF 20207 14829 11 50 234 7line + 99 cycle
MBDF % 19087 16869 44 37 272 7line + 132 cycle

MREEIC{EFALIEFPGAT /N : Xilinx Kintex-7(XC7K325, -1)

1) [EIEHFEE © /ERKFHAFKE = MBDEHR
2) [EIFEE : Fmax > B1E{E(74.25MHz)xIERK
3) 1Ty  {EkEF = MBDFEFE(FILineiZE k)

kA LRIEEDIEREZERIE AIEE
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