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Stateflow and queuing theory-based design of emergency medical rescue simulation system
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2. Medical Team of No. 73232 Troops of PLA, Zhoushan 316217, Zhejiang, China

[Abstract] Objective To design an emergency medical rescue simulation system, and to provide reference for optimizing
rescue strategy and medical resource allocation by simulating different rescue conditions. Methods Firstly, Stateflow was used
to build the main simulation unit, which included arrival of the wounded, classification of the wounded (emergent [ type A] and
non-emergent [ type B]), and medical treatment modules, and then the related event and response function were appended.
Secondly, the system parameter input unit and character display unit were set up in Simulink. Finally two different medical
treatment strategies (strategy 1: type B wounded waiting for treatment in the rescue module with least waiting patients;
strategy 2: type B wounded waiting for treatment in the rescue module with least workload) were simulated and the
corresponding rescue strategies were analyzed. Results The system could simulate the medical rescue process of different
strategies. The type A wounded could be rescued in a timely manner in both strategies. Type B wounded had a shorter waiting
time in strategy 1, but the rescuers had a heavy work load; while they had a longer waiting time in strategy 2. and the rescuers
had a lighter work load. Conclusion We have successfully designed a simulation system for emergency medical rescue and its
feasibility and effectiveness are verified. Different rescue strategies have their respective advantages and disadvantages in the
waiting time and work load, and the two strategies can be combined in practice in order to achieve a dynamic balance between the
waiting time of the wounded and the work load of the rescuers.
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Tab 1 Rescue time of different rescue units

n=150, z+s, ¢t/min

Classification Rescue unit

of wounded A B
A 35+7 40+5
B 30+5 25+6
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Fig 3 Arrival structure chart of the wounded
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on timmer:now_time++; function
on C_A:ca(); lte=enquene(list, n)
on C_B:cb();
on S_OAA1:listaa1=soa(listaa1,0,y[0]);on S_OAB1:listab1=sob(listab1,0,y[0]);
on S_OBA1:listba1=soa(listba1,3,y[3]);on S_OBB1:listbb1=sob(listbb1,3,y[3]); function length1(n,nm,ind)
on S_OAAZ2:listaa2=soa(listaa2,1,y[1]) ;on S_OAB2:listab2=sob(listab2,1,y[1]);
on S_OBA2:listba2=soa(listba2,4,y[4]);on S_OBB2:listbb2=sob(listbb2,4,y[4]);
on S_OAAB3:listaa3=soa(listaa3,2,y[2]) ;on S_OAB3:listab3=sob(listab3,2,y[2]);
function length2(n,nm,ind)
function ltaa=soa(list, n,yt)
{dfa[ma][0]=now_time; dfa[ma][2]=now_time-list[0][0]; function ca
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semiinl:} function cb
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Fig 4 Structure chart of triage unit
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Fig 5 Rescue of the wounded: left is for type A wounded and right is for type B wounded
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Tab 2 Simulation result of average waiting queue length and average queue stay length

Average waiting queue length

Average queue stay length

Queue
Strategy 1 Strategy 2 Strategy 1 Strategy 2

Al-A 0. 006+0. 006 0.01140. 010 0. 464+0. 049 0.473740.048
Al-B 0.55940. 170 2.422+1.174 1. 311+0. 170 2.998+1. 202
A2-A 0.00840. 007 0. 013+0. 008 0.4267+0. 061 0. 48440. 035
A2-B 0.5154-0. 284 3.38243. 463 1. 2437+0. 339 4.015£3.516
A3-A 0. 007+£0. 007 0. 009=£0. 004 0.410%£0. 059 0.468+0. 051
A3-B 0. 643=20. 250 2.941=+1. 506 1. 3940. 310 3.543+1. 577
BI-A 0.016=40. 012 0.01540. 011 0.47440. 102 0. 508=40. 053
B1-B 0.85740. 498 6.064+2.411 1. 616+0. 547 6. 7742, 471
B2-A 0.018+0.012 8 0.016+0.012 0.533%+0.093 0. 486+0. 050
B2-B 1.185+0. 729 4.90742. 480 1. 935+0. 810 5.572+2.517

A/Bn-A/B represents the rescue units A/B numbered n treating type A/B wounded
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Tab 3 Simulation result of average waiting time and average stay time of the queue

n=10, x=%s,¢/min

Average waiting time of the queue

Average stay time of the queue

Queue

Strategy 1 Strategy 2 Strategy 1 Strategy 2
Al-A 1. 649=£0. 455 1. 783+0. 752 38.132£0. 460 38.291£0. 795
Al-B 165. 004443. 057 413.150+137. 366 197. 907442, 996 446.097+137. 213
A2-A 1. 854+0. 540 2.0512£0. 695 38.373£0. 657 38.548+0. 719
A2-B 141. 660+88. 970 478.2847+188. 851 174, 525+88. 937 511.231188. 753
A3-A 1.88240. 576 1. 739+0. 303 38.3290. 583 38.1130. 3444
A3-B 146. 976 67. 974 416. 442+154. 453 179. 996 +68. 014 449. 503154, 629
Bl1-A 2.60140. 890 2.34040. 830 45.034=+1. 015 44, 848+0. 841
Bl-B 188. 3304115. 905 677. 683+208. 732 218.801+115. 933 708. 155+208. 626
B2-A 2.722+1.053 2.528+1.117 45.240+1. 128 44.967+1.195
B2-B 276. 594257, 831 650. 045+230. 459 306. 933257, 769 680. 519+230. 463

A/Bn-A/B represents the rescue units A/B numbered n treating type A/B wounded

BT
3 i 55, ik AR Y A AT

P S HPE.

R 4G:% ] State-
flow i%jﬁﬁ 3K K553 2 ROA LIS Simu-

AT ESL T I T HEBAIE S Stateflow MR & link 454 58 - RESS 7 (8 M Dg ROA B bR o2 KA
PRy 7 BR AT B R G IR IR RBaA s 24T 1 (5 B %%&?éﬁﬁéﬁt AL AR b1 K



* 654 -

BRI 2015 4F 6 J1 .55 36 4

AT R REAE X5 bR i SR S 2y W 10 e 077 S ok
Fr 2T CETTE 35 B TR N SLE AT B SR AN 5
PRIEZAE B A DL BB A 2

x4 TREHEER

Tab 4 Simulation result of idleness rate

n=10, x=+s
Idleness rate
Module
Strategy 1 Strategy 2
Al 0. 184+0. 026 0.25040. 021
A2 0.192+0. 038 0.22140.034
A3 0.196-+0. 052 0.23040. 035
Bl 0.190%0. 051 0. 18640. 044
B2 0. 160=+0. 059 0.20940. 034
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