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(57) ABSTRACT 

A rotary sterilization system, a controller for use in the 
rotary sterilization system, and a method performed by the 
controller are disclosed. The system, controller, and method 
are used to administer a sterilization process performed on 
a line of containers and provide on-line handling of a 
deviation in a scheduled parameter during the process. The 
containers contain a shelf stable food product that is to be 
sterilized in the sterilization process. In addition to the 
controller, the rotary sterilization system includes a rotary 
sterilizer. The controller controls the rotary sterilizer in 
performing the sterilization process according to scheduled 
parameters. When a deviation in a speci?c one of the 
scheduled parameters occurs, the controller identi?es those 
of the containers that Will in response have a total lethality 
predicted to be delivered to them during the sterilization 
process that is less than a prede?ned target lethality. 
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134 \ 

de?ne TSIP; jha fha Xbh’ f2: jCa f0, Z: Tl'?f, Fotarg, TSRT107 ---, TSRTSOQ Vl'l'lil'b Vmax, S, and L1, "'5 L5 

135 \ v 
de?ne v50 by simulating rotary sterilization process based on T5111, jh, fh, xbh, f2, jc, fc, z, 

Tref; Ftarg, TsRTlo, ---= TSRTSO, Vmin, Vmax, S, and L], m, L5 

136 i 

\ setj =0 
(- 149 

set vsi = v0 if all affected containers 

{..., i, ...iaff have been unloaded at tr 
k 

f 141 

segregate containers of any under 
processed containers {..., i, ...}unde1'pr —1 
being unloaded at tr 

137 \ 
administer rotary sterilization process to containers {1,..., i, ..., I} at tr 

according to vsi and TSRT1O, ..., TSRT50 

1 3 8 ‘ 

\ Wait for tr = tr+Atr 

139 \ 

record Ta1p(tr), vsi at tr, TaRT1(tr), ..., TaRT5(tr) to compile Ta1P(t), vs(t), 

TaRTK'E), TaRTsG) 

DO 
any TaRTn(tr) < TsRTnO ? 

142\ 
identify carrier i With min. predicted Fij over [tf,i, tdjj] by simulating rotary sterilization 
process for containers {..., i, ...}sc1 selected for evaluation based on jh, fh, Xbh, f2, jc, fc, z, 

Tref, TSRT1O, TSRTSO, 5, L1, L5, TaIP(t), V36), TaRT1(t), ---, TaRT5(t) 

from step 148 to step 143 

Fig. 3a 
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from step 142 
to step 141 

143 “ 

rnin. predicted Fij ove 

[tf,i, td,ij] < Ftarg ? 
HO 

yes 

‘ K146 
de?ne vsi by simulating rotary sterilization process for carier i With min. 
predicted Fij over [tf’b tdgij] based on jh, fh, xbh, f2, jc, fc, Z, Tref, TSRT10, ..., 
TSRT50, S, L1, ..., L5, and TCS(tr)j and FJ over [tf,i, tr] from step 142 

147 

min. predicted Fij over no 

identify underprocessed containers {..., i, ...}unde1'pr with predicted Fp' over 
[tf,i, td’ij] by simulating rotary sterilization process for containers {..., i, ...}se1 
selected for evaluation based on jh, fh, Xbh, f2, jc, fc, Z, Tref, TSRT10, ..., 

TsRrso, 3, L1, ---, L5, TaIP(t), VS(t)s TaRT1(t), ---, TaRT5(t) 

Fig. 31) 
Fig. 3a 

Fig. 3 

Fig. 3b 
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de?ne v50 = VSO-AV —> 

de?ne At10, ..., At50 based on v50, S, and L1, ..., L5 
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[151 

set tS = 0, TCS(ts)0 = TSIP> and F10 over [0, ts] = O J 

‘ [153 

set ts = tS+Atr 

simulate Tcs(t)0 over [tS-Atr, ts] based on Tc5(ts-Atr)0, jh, fh, Xbh, f2, jc, fc, and J 
TsRTlo if ts Within [0, Aho], ..., and TSRT50 if ts Within (At10+...+At40, A’t50] 

155 
compute FiO over [tS-Atr, ts] based on CV61‘ [ts-At“ ts], Z, and Tfef J 

156 
compute F10 over [0, ts] = P10 over [tS-Atr, ts] + F10 over [0, tS-Atr] 

I10 
ts = At10+...+At50 ? 

157 

set F10 over [0, At10+...+At50] = E0 over [0, ts] J 
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1 i r 61 
de?ne (tgi, tmj], ..., (tnj, tr] based on vs(t), S, and L1, ..., L5 

‘ 162 

set ts = tgi, TCs(t5)° = TaIP(tf,i), and Fij over [tf,i, ts] = 0 J 

v 164 

simulate Tcs(t)0 over [tS-Atr, ts] based on TCg(tS-Atr)0, jh, fh, xbh, f2, jc, fc, J 
TaRTlfts) if is Within (t?i, tmi], ..., and TaRTn?S) if ts Within (tnq?'j, tr], and 
Tawq-(t) if ts Within (thij, tr] and deviation is in sterilization chamber 

' 1 65 
compute Fij over [tS-Atr, ts] based on TCg(t)0 over [ts-Atr, ts], Z, and Tref J 

1 66 
compute F? over [ti-,1, ts] = P3 over [tS-Atr, ts] + Fij over [tf’b tS-Atr] -/ 

168 
set TCS(tr)j = TCS(ts)j and Fij over [tee tr] = F ii over [ten ts] J 

Fig. 7 
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1 i r 69 
de?ne (tr, tmii], ..., (14,11, tdj] based on vsi, S, and L1, ..., L5 

f 170 

set ts = tr, Tcs(ts)j = Tcs(tr)j, and F3 over [tin ts] = Fij over [tf,i, tr] 

i f 171 
set ts = ts+Atr 

r 1 72 

simulate Tcs(t)i over [ts-Atr, ts] based on TcS(tS-Atr)i, jh, fh, Xbh, f2, jc, fc, J 
and TSRTnO t5 (tr, tmij], ..., and TSRTSD ts (114,11, 

' 1 73 
compute Fij over [tS-Atr, ts] based on Tcs(t)j over [ts-Atr, ts], z, and Trgf J 

174 
compute Fij over [tf,i, ts] = Fii over [ts-Atr, ts] + Pp‘ over [tf,i, tS-Atr] J 

I10 

176 

set F3 over [tf,i, tdj] = Fij over [tf,i, ts] 

Fig. 8 
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from step 145 
‘I 

178 
de?ne vsi = vsj-Av if vSi-Av > vmin and vsi = vmin if vSi-Av s vmin J 

‘ r- 179 

de?ne (tr, tnp'], ..., (t4,ij, tdj] based on vsj, S, and L1, ..., L5 

i 180 
set ts = tr, Tcg(ts)j = Tcs(tr)j, and FJ over [tf,i, ts] = Fu' over [tf,i, tr] J 

L 

K181 
set ts = ts+Atr 

V 

and TsRTnO ts (tr, tn?j], ..., and Ts 

simulate Tcg(t)i over [ts-Atr, ts] based on TCS(tS-Atr)j, jh, fh, Xbh, f2, jc, fc, 

RT50 ifts within (m, an] 

182 

compute Fii over [ts-Atr, ts] based on Tcs(t)j over [tS-Atr, ts], z, and Tmf 
183 
J 

184 
compute F? over “£1, ts] = P3 over [ts-Atr, ts] + F3 over [tf,i, tS-Atr] J 

110 

186 

set FJ over [tip tdij] = F p' over [tf,i, ts] 

yes 

‘1110 
to step 147 

187 r 

Fig. 9 
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CONTROLLER AND METHOD FOR 
ADMINISTERING AND PROVIDING ON-LINE 
HANDLING OF DEVIATIONS IN A ROTARY 

STERILIZATION PROCESS 

TECHNICAL FIELD OF THE INVENTION 

[0001] The present invention relates generally to a con 
troller for administering a rotary sterilization process being 
performed on line of containers. In particular, it pertains to 
such a controller that also provides on-line handling of a 
deviation in a scheduled parameter during the process by 
identifying any containers that Will be under processed as a 
result of the deviation. 

BACKGROUND OF THE INVENTION 

[0002] A rotary steriliZation system is a continuous source 
processing system With intermittent product agitation. This 
system is Widely used in the canning industry to steriliZe a 
shelf stable food product packaged in containers. It is used 
most often for steriliZing a food product that bene?ts from 
mechanical agitation of the containers. 

[0003] A rotary steriliZation system includes a rotary ster 
iliZer that has one or more cooking shells through Which a 
line of containers {1, . . . , i, . . . , I}line are conveyed. The 

containers are cooked in the cooking shell(s) at one or more 
scheduled cooking retort temperatures. The containers are 
then conveyed in line through one or more cooling shells of 
the rotary steriliZer. Similar to the cooking shell(s), the 
containers are cooled in the cooling shell(s) at one or more 
scheduled cooling retort temperatures. 

[0004] The containers {1, . . . , i, . . . , I}line are conveyed 

through each cooking and cooling shell by spiral tracks and 
a reel. The reel has a scheduled reel speed and imparts 
movement While the spiral tracks provide the direction for 
the containers to be conveyed through the shell. This also 
provides mechanical agitation of the food product Within the 
containers. 

[0005] In order for the food product in each container i to 
be commercially steriliZed, a total lethality Fi over a total 
time interval [tf>i, tdj] that satis?es a prede?ned target total 
lethality Ftarg must be delivered during the rotary steriliZa 
tion process to the product cold spot of the container. Here, 
tf)i and td)i are the feed and discharge times When the 
container is fed into and discharged from the rotary steril 
iZer. The target total lethality is set by the USDA (US. 
Department of Agriculture), the FDA (Food and Drug 
Administration), and/or a suitable food processing authority 
for destroying certain microorganisms. The reel speed and 
the cooking and cooling retort temperatures are then sched 
uled so that each container i Will receive a scheduled 
time-temperature treatment that delivers a total lethality to 
the container Which satis?es the target total lethality. 

[0006] As is Well knoWn, the lethality Fi delivered to the 
product cold spot of a container i over a particular time 
interval [tm, tk] is given by the lethality equation: 

Jan. 3, 2002 

[0007] Where tm and tk are respectively the begin and end 
times of the time interval [tm, tk], Tcs(t)i is the product cold 
spot timne-temperature pro?le for the container, Z is the 
thermal characteristic of a particular microorganism to be 
destroyed in the steriliZation process, and TREF is a reference 
temperature for destroying the organism. Thus, the total 
lethality Fi delivered to the product cold spot over the total 
time interval [tf)i, tdi] due to the scheduled cooking and 
cooling retort temperatures is given by this lethality equa 
tion, Where tm=tf)i and tk=td)i. 

[0008] The total time interval [tf)i, tdj] and the product 
cold spot time-time-temperature pro?le Tcs(t)i must be such 
that the total lethality Fi over [tf)i, tdj] satis?es the target total 
lethality Fmg. In order to ensure that this occurs, various 
mathematical simulation models have been developed for 
simulating the product cold spot time-temnperature pro?le 
based on the scheduled retort temperatures. These models 
include those described in Ball, C. O. and Olson, F. C. W., 
Sterilization in Food Technology: Theory, Practice and 
Calculations, McGraW-Hill Book Company, Inc., 1957; 
HayakaWa, K., Experimental Formulas for Accurate Esti 
mation of Transient Temperature of Food and Their Appli 
cation to thermal Process Evaluation, Food Technology, 
vol. 24, no. 12, pp. 89 to 99, 1970; Thermobacteriology in 
Food Processing, Academic Press, NeW York, 1965; TeiX 
eira, A. A., Innovative Heat Transfer Models: From 
Research Lab to On-Line Implementation in Food Process 
ing Automation II, ASAE, p. 177-184, 1992; Lanoiselle, J. 
L., Candau, Y., and Debray E., Predicting Internal Tempera 
tures of Canned Foods During Thermal Processing Using a 
Linear Recursive Model, J. Food Sci., Vol. 60, No. 4, 1995; 
TeiXeira, A. A., Dixon, J. R., Zahradnik, J. W., and Zins 
meister, G. E., Computer Optimization of Nutrient Retention 
in Thermal Processing of Conduction Heated Foods, Food 
Technology, 23:137-142, 1969; Kan-Ichi HayakaWa, Esti 
mating Food Temperatures During Various Processing or 
Handling Treatments, J. of Food Science, 36:378-385, 1971; 
Manson, J. E., Zahradnik, J. W., and Stumbo, C. R., Evalu 
ation of Lethality and Nutrient Retentions of Conduction 
Heating Foods in Rectangular Containers, Food Technol 
ogy, 24(11):109-113, 1970; Noronha, J., HendrickX, M., Van 
Loeg, A., and Tobback, P., New Semi-empirical Approach to 
Handle Time-Variable Boundary Conditions During Steril 
ization of Non-Conductive Heating Foods, J. Food Eng., 
24:249-268, 1995; and the NumeriCAL model developed by 
Dr. John Manson of CALWEST Technologies, licensed to 
FMC Corporation, and used in FMC Corporation’s LOG 
TEC controller. 

[0009] HoWever, if any of the actual retort temperatures in 
the cooking and cooling shells drops beloW a corresponding 
scheduled cooking or cooling retort temperature, a tempera 
ture deviation occurs. Traditionally, When such a deviation 
occurs, the controller stops the shells’ reels and prevents any 
of the containers {1, . . . , i, . . . , I}line from being fed into 

or discharged from the rotary steriliZer until the deviation is 
cleared. But, this approach causes numerous problems. For 
eXample, signi?cant production doWn time Will result. And, 
many containers { . . . , i, . . . [Warm Will be over processed 

since the total lethalities { . . . , Fi over [tf)i, tdi], . . . haven” 
actually delivered to their product cold spots Will signi? 
cantly eXceed the target total lethality Fmg. All of these 
problems may result in severe economic loss to the operator 
of the rotary steriliZation system. 
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[0010] In order to prevent such loss, a number of 
approaches have been discussed and proposed for on-line 
control of sterilization processes. HoWever, all of these 
approaches concern control of batch steriliZation processes 
performed on a batch of containers {1, . . . , i, . . . , Ihmmh. 

In a batch steriliZation process, all of the containers gener 
ally receive the same time-temperature treatment Whether or 
not a temperature deviation occurs. Thus, When a deviation 
does occur, a correction to the process can be made Which 
simultaneously effects all of the containers so that a mini 
mum total lethality Fi over [tb, te] Will be delivered to the 
product cold spot of each container i, Where tb and t6 are the 
begin and end times of the batch steriliZation process. An 
example of such an approach is described in concurrently 
?led and co-pending US. Pat. application Ser. No. 
09/ , entitled Controller and Method for Administer 
ing and Providing On-Line Correction of a Batch Steriliza 
tion Process, ?led on Nov. 6, 1998, With Weng, Z. as named 
inventor. This patent application is hereby explicitly incor 
porated by reference. 

[0011] In contrast, each container i in a rotary steriliZation 
process Will receive a unique time-temperature treatment. 
Thus, the total lethality Fi over [tf)i, tdj] that is actually 
delivered to each container is different. This makes it 
dif?cult to identify, While on-line and in real time, each 
container that Will have a predicted total lethality delivered 
to it that is beloW the target total lethality Fmg. As a result, 
the development of a controller that provides on-line han 
dling of a temperature deviation in a rotary steriliZation 
process Without stopping the reels of the cooking and 
cooling shells has been inhibited. 

SUMMARY OF THE INVENTION 

[0012] In summary, the present invention comprises a 
rotary steriliZation system, a controller for use in the rotary 
steriliZation system, and a method performed by the con 
troller. The system, controller, and method are used to 
administer a steriliZation process performed on a line of 
containers and provide on-line handling of a deviation in a 
scheduled parameter during the process. The containers 
contain a shelf stable food product that is to be steriliZed in 
the steriliZation process. In addition to the controller, the 
rotary steriliZation system includes a rotary steriliZer. 

[0013] The controller controls the rotary steriliZer in per 
forming the rotary steriliZation process according to sched 
uled parameters. When a temperature deviation beloW a 
speci?c scheduled temperature occurs, the controller iden 
ti?es those of the containers that Will in response have a total 
lethality predicted to be delivered to them during the rotary 
steriliZation process that is less than a prede?ned target 
lethality. This speci?c scheduled parameter may be a sched 
uled retort temperature in a temperature Zone of the rotary 
steriliZer through Which the line of containers is conveyed. 
It also may be a scheduled initial product temperature for the 
containers or a scheduled reel speed for conveying the 
containers in line through the rotary steriliZer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a block diagram of a rotary steriliZation 
system in accordance With the present invention. 

[0015] FIG. 2 is a block diagram of a controller of the 
rotary steriliZation system of FIG. 1. 
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[0016] FIG. 3 is an overall process How diagram for the 
controller of FIG. 2 in controlling a rotary steriliZation 
process performed by the rotary steriliZation system of FIG. 
1. 

[0017] FIG. 4 is a timing diagram for handling a tempera 
ture deviation according to the overall process How diagram 
of FIG. 3. 

[0018] FIG. 5 is a lethality distribution diagram shoWing 
the distribution of lethalities for containers affected by the 
temperature deviation shoWn in FIG. 4. 

[0019] FIGS. 6 to 9 are detailed process How diagrams for 
various steps of the overall process How diagram of FIG. 3. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0020] Referring to FIG. 1, there is shoWn a rotary ster 
iliZation system 100 for performing a rotary steriliZation 
process on a continuous line of containers {1, . . . , i, . . . , 

I}1ine. Each container i contains a food product that is to be 
steriliZed during the process. The system 100 comprises a 
rotary steriliZer 102, a programmed controller 104, and a 
host computer 105. 

[0021] 1. Exemplary Embodiment 

[0022] In an exemplary embodiment, the rotary steriliZer 
102 includes a cooking shell 106-1 and a cooling shell 106-2 
through Which the containers {1, . . . , i, . . . ,I}line are 

conveyed in line. The containers are cooked in the cooking 
shell 106-1 and cooled in the cooling shell 106-2. Each of 
these shells has spiral tracks 108 and a reel 109 to convey the 
containers through the shell. The reel 109 imparts movement 
While the spiral tracks 108 provide the direction for the 
containers to be conveyed through the shell 106-1 or 2. 

[0023] Furthermore, a feed device 110 of the rotary ster 
iliZer 102 feeds the containers {1, . . . , i, . . . , I}line in line 

to the cooking shell 106-1. The feed device is designed to 
prevent the escape of steam While loading the containers 
onto the reel of the cooking shell 106-1. The containers are 
transferred from the reel 109 of the cooking shell 106-1 to 
the reel 109 of the cooling shell 106-2 by a transfer device 
112. Like the feed device, the transfer device is designed to 
prevent the escape of steam from the cooking shell While the 
containers are transferred betWeen the reels of the cooking 
and cooling shells. The containers are ?nally off-loaded 
from the cooling shell’s reel by a discharge device 114. 

[0024] In this exemplary embodiment, the cooking shell 
106-1 has multiple temperature Zones 115-1, 2, and 3. The 
containers {1, . . . , i, . . . I}line are pre-cooked in the 

temperature Zones 115-1 and 2 at corresponding scheduled 
retort temperatures TSRUO and TSRTQO. The Zone 115-3 is 
used to cook the containers at a corresponding scheduled 
retort temperature TSRBO. Similarly, the cooling shell 106-3 
has temperature Zones 115-4 and 5 in Which the containers 
are cooled at corresponding scheduled retort temperatures 
TsRT4O and TSRTSO. HoWever, as those skilled in the art Will 
recogniZe and as Will be explained later in section 2, other 
embodiments do exist Where feWer or more cooking and/or 
cooling shells With feWer and/or more temperature Zones are 
used. 

[0025] At each sample real time tI (e.g., every 0.1 to 1 
seconds) of the rotary steriliZation process, the sensors 
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116-1, . . . , 4 of the hydrostatic sterilizer 102 respectively 

sense the actual retort temperatures TaRT1(tI), . . . , TaRT5(tr) 

in the corresponding temperature Zones 115-1, . . . , 5 of the 

cooking and cooling shells 106-1 and 2. Similarly, the rotary 
steriliZer’s sensor 107 senses the actual reel speed va(tr) of 
the reels of the cooking and cooling shells at each each 
sample real time tr. Finally, the feed device 110 periodically 
(e.g., every 20 to 30 minutes) removes a container being fed 
into the rotary steriliZer and a sensor 117 of the rotary 
steriliZer senses its actual initial product temperature TaIP(tI) 
at that time tr. 

[0026] The controller 104 administers the rotary steriliZa 
tion process by controlling the rotary steriliZer 102 and 
providing on-line handling of any temperature deviations 
during the process. This is done in response to the actual 
initial product and retort temperatures TaIP(tI) and 
TaRT1(tI), . . . , TaRT5(tr) sensed by the sensors 117 

and 116-1, . . . , 5 at each sample real time tr, the actual reel 

speed va(tr) sensed by the sensor 107, and the actual initial 
product temperature Tan,(tr) sensed by the sensor 117. 

[0027] The host computer 105 is used to provide input 
information, namely input parameters and softWare, used by 
the controller 104 in administering the rotary steriliZation 
process. The host computer is also used to receive, process, 
and display output information about the process Which is 
generated by the controller. 

[0028] 1a. HardWare and Software Con?guration of Con 
troller 104 

[0029] Turning to FIG. 2, the controller 104 comprises a 
main control computer 118 that includes a microprocessor 
(i.e., CPU) 119, a primary memory 120, and a secondary 
memory 121. The microprocessor eXecutes an operating 
system 122, a process control program 123, a process 
scheduling program 124, and a temperature deviation pro 
gram 125 of the controller. The operating system and 
programs are loaded from the secondary memory into the 
primary memory during eXecution. 

[0030] The operating system 122 and the programs 123 to 
125 are eXecuted by the microprocessor 119 in response to 
commands issued by the operator. These commands may be 
issued With a user interface 126 of the main control com 
puter 118 and/or the host computer 105 via a host computer 
interface 127 of the controller 104. The operating system 
controls and coordinates the execution of the other pro 
grams. Data 128 generated by the operating system and 
programs during execution and data 128 inputted by the 
operator is stored in the primary memory. This data includes 
input information provided by the operator With the user 
interface and/or the host computer via the host computer 
interface. It also includes output information provided to the 
user interface or the host computer via the host computer 
interface that is to be displayed to the operator. 

[0031] The controller 104 also comprises control circuitry 
129. The control circuitry includes circuits, microproces 
sors, memories, and softWare to administer the rotary ster 
iliZation process by generating control signals that control 
the sequential operation of the rotary steriliZer 102. As 
alluded to earlier, the softWare may be doWnloaded from the 
host computer 105 and provided to the control circuitry by 
the process control program 123. The control signals are 
generated in response to commands generated by this pro 
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gram and issued to the control circuitry from the micropro 
cessor 119 via a control circuitry interface 130 of the main 
control computer 118. 

[0032] Furthermore, at each sample real time tI of the 
rotary steriliZation process, the control circuitry 129 receives 
sensor signals from the sensors 107, 117, and 116-1, . . . , 5 

that represent the actual reel speed va(tr) and the actual initial 
product and retort temperatures TaIP(tI) and TaRT1(tI), . . . , 
TaRT5(tr). The control circuitry generates the control signals 
for controlling the rotary steriliZer 102 in response to these 
sensed parameters. These sensed parameters are also pro 
vided to the microprocessor 119 via the control circuitry 
interface 130 and recorded by the process control program 
123 as data 128 in the primary memory 120. In this Way, the 
process control program compiles and records in the primary 
memory 120 an actual reel time-speed pro?le va(t), an actual 
initial product time-temperature pro?le TaIP(t), and actual 
retort time-temperature pro?les TaRT1(t), . . . , TaRT5(t) for 

the corresponding temperature Zones 115-1, . . . , 5. These 

pro?les are used in the manner described later for providing 
on-line handling of temperature deviations during the rotary 
steriliZation process. 

[0033] The sensors 116-1, . . . , 5 are preferably located in 

the sloWest heating regions of the temperature 
Zones 115-1, . . . , 5 to provide conservative estimates of the 

actual retort temperatures TaRT1(tI), . . . , TaRT5(tI). HoWever, 

if this is not possible, the process control program 123 may 
adjust the temperatures provided by the sensors to estimate 
the actual retort temperatures at the sloWest heating regions. 
This adjustment Would be done according to temperature 
distribution data 128 in the primary memory 120 generated 
from heating and cooling temperature distribution tests 
conducted on the temperature Zones. 

[0034] As mentioned earlier, the operating system 122 and 
the other programs 123 to 125 are normally stored in the 
secondary memory 121 and then loaded into the primary 
memory 120 during eXecution. The secondary memory 
comprises one (or multiple) computer readable memory(ies) 
132 that is(are) readable by the main control computer 118 
of the controller 104. The computer readable memory(ies) 
is(are) therefore used to direct the controller in controlling 
the rotary steriliZation process. The computer readable 
memory(ies) may comprise a PROM (programmable read 
only memory) that stores the operating system and/or the 
other programs. Alternatively or additionally, the computer 
readable memory(ies) may comprise a magnetic or CD 
ROM storage disc that stores the operating system and/or the 
other programs. The computer readable memory(ies) in this 
case is(are) readable by the main control computer With a 
magnetic or CD ROM storage disk drive of the secondary 
memory. Moreover, the operating system and/or the other 
programs could also be doWnloaded to the computer read 
able memory(ies) or the primary memory from the host 
computer 105 via the host computer interface 127. 

[0035] The controller 104 controls the rotary steriliZation 
process according to the How and timing diagrams of FIGS. 
3 to 9. In doing so, a ?nite difference simulation model is 
used by the process scheduling program 124 to simulate a 
scheduled product cold spot time-temperature pro?le T“S(t)iO 
that applies to all of the containers {1, . . . i, . . . , I line. 

Similarly, the temperature deviation program 125 uses the 
model to simulate corresponding product cold spot time 
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temperature pro?les { . . . , Tcs(t)ij, . . . } for corresponding 

selected containers { . . . , i, . . . }Se1 at each sample real time 

tI during a temperature deviation. This model may be the 
earlier mentioned NumeriCAL model and used for both 
conduction heated food products and convection heated food 
products. Or, it may be one of the models described in the 
TeiXeira et al., 1969 and Manson et al., 1970 references and 
used for conduction heated food products. As Will be evident 
from the foregoing discussion, the novelty of the invention 
described herein is not in Which model is used, but in the 
manner in Which it is used according to the How and timing 
diagrams in FIGS. 3 to 9. 

1b. Overall Process How 

[0036] In the ?rst step 134 for controlling the rotary 
steriliZation process according to the overall process How of 
FIG. 3, the input parameters for the rotary steriliZation 
process are de?ned and provided to the controller 104. The 
input parameters include a prede?ned sampling time period 
Atr for each real time increment [tr-At, tr] from the previous 
sample real time tI-AtI to the current sample real time tI 
during the process. The input parameters also include a 
initially scheduled product temperature TSIP for the food 
product in the containers being processed. The input param 
eters further include the traditional heating and cooling 
factors jh, fh, Xbh, f2, jc, and f0 to be used in the simulation 
model. The heating factors jh, fh, Xbh, and f2 are respectively 
the heating time lag factor, the heating curve slope factor, the 
broken heating time factor, and the broken heating curve 
slope factor that are pre-de?ned for the food product. 
Similarly, the cooling factors jc and f0 are respectively the 
cooling time lag factor and the cooling curve slope factor 
that are also pre-de?ned for the food product. The input 
parameters additionally include the earlier discussed thermal 
characteristic Z for destroying a particular microorganism in 
the food product and the associated reference temperature 
TREF. Also included in the input parameters is the earlier 
discussed target total lethality Ftar and earlier discussed 
scheduled retort temperatures TSRT]L , . . . , TSRTSO. Finally, 

the input parameters include the minimum and maXimum 
reel speeds v and v and reel step information S for the min max 

reels 109 and spiral tracks 108 of the cooking and cooling 
shells 106-1 and 2 and length and location 
information L1, . . . , L5 for the corresponding temperature 

Zones 115-1, . . . , 5 in the shells. 

[0037] In order to perform step 134, the operator issues 
commands With the user interface 126 and/or the host 
computer 105 to invoke the process control program 123. 
Then, the operator enters the input parameters TIP, jh, fh, Xbh, 
£2’ jc’ f0’ Ftarg’ TSRT1O> ' ' ' > TsRT50> Vrnin’ VrnaX’ S’ and L1’ ' ' ' > 
L5 With the user interface 126 and/or the host computer 105. 
The process control program 123 loads the entered input 
parameters into the primary memory 120 for use by the 
programs 123 to 125. The execution of these programs is 
controlled and coordinated by the process control program 
in the manner discussed neXt. 

[0038] The process control program 123 ?rst invokes the 
process scheduling program 124. In step 135, the process 
scheduling program simulates the entire rotary steriliZation 
process to be administered to a container i to de?ne an 
initially scheduled reel speed vsO for the reels of the cooking 
and cooling shells 106-1 and 2. This also results in an 
initially scheduled time-temperature treatment TSRT(t)iO that 
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is to be given to each container i. This treatment includes 
pre-cooking portions at the scheduled retort temperatures 
TsRTlO and TSRTZO over corresponding initially scheduled time 
durations At]O and Atzo. The treatment also includes a 
cooking portion at the scheduled retort temperature TSRT3O 
over a corresponding initially scheduled time duration At3o. 
Finally, the treatment includes cooling portions at the sched 
uled retort temperatures TSRT4O and TSRTSO over correspond 
ing initially scheduled time durations At4O and Atso. The 
precise manner in Which step 135 is performed is discussed 
in greater detail in section 1.c., but Will be brie?y discussed 
neXt. 

[0039] The initially scheduled reel speed vsO and the 
initially scheduled total time-temperature treatment TSRT(t)iO 
are de?ned by using the simulation model mentioned earlier. 
Speci?cally, the process scheduling program 124 uses the 
simulation model to iteratively and incrementally simulate 
an initially predicted product cold spot time-temperature 
pro?le Tcs(t)iO that is predicted to occur at the product cold 
spot of each container i during the rotary steriliZation 
process. This simulation is based on the input parameters 
T511» jh> fh> Xbh> f2> 1v f and TSRT1O> - ~ - 

[0040] The process scheduling program 124 also itera 
tively and incrementally computes an initially predicted 
lethality FiO that is predicted to be delivered to the product 
cold spot of each container i during the rotary steriliZation 
process. In doing so, the program iteratively and incremen 
tally computes a predicted total lethality FiO that satis?es the 
target total lethality Ftarg and is predicted to be delivered to 
the product cold spot over a simulated total time interval [0, 
At10+ . . . +At5O]. This computation is made based on the 
product cold spot time-temperature pro?le Tcs(t)iO over this 
total time duration and the input parameters Z and TREF. 
Furthermore, the lethality equation described earlier is used 
to make this computation, Where tm=0, tk=At1O+ . . . +At5O, 

TCS(t)=TCS(t)iO> and Fi=FiO' 
[0041] The initially predicted total lethality FiO over [0, 
At10+ . . . +At5O] is iteratively and incrementally computed 
until the initially scheduled reel speed vsO is determined for 
Which this lethality satis?es the target total lethality Fmg. 
Moreover, the initially scheduled time durations Atlo, . . . , 

AtsO are determined from the reel speed v50, the reel step 
information S, and the temperature Zone length and location 
information L1, . . . , L5. Thus, de?nition of the reel speed 
vsO also includes de?nition of the pre-cooking, cooking, and 
cooling portions of the initially scheduled total time-tem 
perature treatment TSRT(t)O on Which the portions of the 
pro?le Tcs(t)O over the time durations Atlo, . . . , AtsO are 
based. 

[0042] The process control program 123 controls the 
administration of the rotary steriliZation process in steps 136 
to 149. In doing so, it ?rst sets a counterj to Zero in step 136. 
This counter is used to count each time that the currently 
scheduled reel speed V3 is adjusted during the rotary steril 
iZation process. 

[0043] Then, at the current sample real time tr, the process 
control program 123 causes the control circuitry 129 in step 
137 to administer the rotary steriliZation process at the 
currently scheduled reel speed vi and at the scheduled retort 
temperatures TsRTlo, . . . , TSRTSO in the corresponding 
temperature Zones 115-1, . . . , 5. In doing so, the control 

circuitry appropriately controls the rotary steriliZer 102 and 
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monitors the actual retort temperatures TaRT1(tI), . . . , 

TaRT5(tI) in the corresponding temperature Zones 115-1, . . . , 

5 at the time tI to verify that they are at least equal to the 
corresponding scheduled retort temperatures TsRTlo, . . . , 

TSRTSO. In this embodiment of the controller 104, the sched 
uled retort temperatures Will remain the same throughout the 
rotary steriliZation process regardless if temperature devia 
tions occur in the temperature Zones. Thus, if such a tem 
perature deviation does occur in a particular temperature 
Zone 115-n, then the control circuitry administers correc 
tions at the time tI so that the actual retort temperature 
TaRTn(tr) in the temperature Zone 115-n Will eventually be 
brought up to at least the corresponding temperature TSRTHO. 

[0044] Then the process control program 123 Waits for the 
neXt sample real time tr=tr+AtI in step 138. In step 139, this 
program records the actual retort temperatures TaRT1(tr), . . . , 

TaRT5(tI) in the temperature Zones 115-1, . . . , 5 at each 

sample real time tr. By doing so, the program 123 compiles 
the corresponding actual retort time-temperature treatments 
TaRT1(t), . . . , TaRT5(t). Similarly, the program records the 
actual initial product temperature TaIP(tI) periodically 
sensed by the sensor 117 to compile the actual initial product 
time-temperature pro?le TaIP(t). Furthermore, the program 
also records the currently scheduled reel speed vsj at each 
time tr. This is done to compile a time-reel speed pro?le v(t) 
for the rotary steriliZation process to provide a record of the 
changes in the reel speed vi. 

[0045] Then, in step 140, the process control program 123 
determines Whether any temperature deviations are occur 
ring at the time tI in the temperature Zones 115-1, . . . , 5. In 

doing so, the program 123 monitors each temperature TQRT 
n(tr) to determine if it is less than the corresponding sched 
uled cooking or cooling retort temperature TSRTHO. 

[0046] If no deviation is occurring, then the process con 
trol program 123 proceeds to step 141. Any of the under 
processed containers { . . . , i, . . . LumpI that Were identi?ed 

in step 148 for segregation and are being discharged by the 
discharge device 114 at the current sample real time tI are 
then segregated in step 141 by the discharge device. The 
process control program causes the control circuitry 129 to 
control the discharge device 114 in performing this segre 
gation in the manner discussed later. In step 149, the process 
control program sets the currently scheduled reel speed vi 
to the initially scheduled reel speed vsO if all of the containers 
{ . . . , i, . . . kg affected by a temperature deviation have 

been discharged. Both steps 141 and 149 are discussed later 
in more detail. The process control program then administers 
the rotary steriliZation process in step 137 and Waits for the 
neXt sample real time tr=tr+AtI in step 138 to repeat the steps 
139 to 149. 

[0047] HoWever, if the process control program 123 does 
determine in step 140 that a temperature deviation is occur 
ring in a temperature Zone 115-n at the current sample real 
time tr, then the process control program invokes the tem 
perature deviation program 125. In the eXample shoWn in 
FIG. 4, the temperature deviation occurs in the temperature 
Zone 115-3. In step 142, the program 125 identi?es the 
container i that currently at the time tI has the minimum total 
lethality Fij predicted to be delivered to its product cold spot 
over its currently scheduled total time interval [tf)i, tdij This 
minimum lethality container i is identi?ed from among the 
containers { . . . , i, . . . kg that are currently affected by the 
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temperature deviation. These affected containers are those of 
the containers {1, . . . , i, . . . , I}line that are at the time tI 

currently in the temperature Zone 115-n in Which the tem 
perature deviation is occurring. This is determined using the 
reel step information S, the reel time-speed pro?le v(t) 
compiled in step 139, and the length and location informa 
tion L1, . . . , L5 for the temperature Zones 115-1, . . . , 5. 

[0048] In one approach for identifying the minimum 
lethality container i from among the affected 
containers { . . . , i, . . . hag, the temperature deviation 

program 125 may use an optimiZation search technique, 
such as the Brendt method disclosed in Press, W. H., 
Teukolsky, S. A., Vettering, W. T., and Flannery, B. P., 
Numerical Recipes in Fortran: The Art of Scienti?c Com 
puting, Cambridge University Press, 1992. In this case, the 
program iteratively _ computes predicted total 
lethalities { , FiJ over [tf)i, tdil], }Se1 for 
containers { . . . , i, . . . }Se1 selected to be evaluated. Based 

on these lethalities, the program iteratively bisects the list of 
affected containers to select the selected containers from 
among the affected containers until the minimum lethality 
container i is identi?ed. 

[0049] In a variation of the approach just described, the 
temperature deviation program 125 may initially use pre 
de?ned intervals to initially select containers { . . . , i, . . . 

hm at the intervals for evaluation. Then, around those of the 
initially selected containers that have the loWest predicted 
total lethalities . . , Fij over [tf)i, tdij], . . . hm, the 

optimiZation search technique just described is used. 

[0050] In still another approach for identifying the mini 
mum lethality container i, the temperature deviation pro 
gram 125 may select all of the affected containers { . . . , 

i, . . . L? as the selected containers { . . . , i, . . . }Se1 for 

evaluation. In doing so, the program computes at each 
sample real time tI the predicted total lethality Fij over [tf)i, 
tdij] for each container i. From the computed lethalities . . , 

Fij over [tf>i, tdij], . . . }Se1 for the selected containers, the 
minimum lethality container i is identi?ed. 

[0051] In each of the approaches just described, the pre 
dicted total lethality Fij over [tf>i, tdij] for each selected 
container i is computed in the same Way. Speci?cally, the 
temperature deviation program 125 ?rst computes an actual 
current lethality Fij delivered to the container’s product cold 
spot over the actual time interval [tf)i, tr] that the container 
has been in the rotary steriliZer 102. This is done by 
simulating the portion of the rotary steriliZation process that 
Was actually administered over this time interval. In doing 
so, the simulation model mentioned earlier is used to itera 
tively and incrementally simulate the actual portion of the 
product cold spot time-temperature pro?le Tcs(t)ij over this 
time interval for the container i. This is done based on the 
input parameters jh, fh, Xbh, f2, jc, and fc, the actual initial 
product temperature Tan,(tf>i) for the container i, and the 
portions of the actual retort time-temperature pro?les 
TaRT1(t), . . . , TaRTn(t) respectively over the actual time 

intervals [tf)i, tlij], . . . , (tndij, tr] that the container Was in 
the temperature Zones 115-1, . . . , n. Here, n identi?es the 

temperature Zone 115-n in Which the temperature deviation 
is occurring. As mentioned earlier, in the eXample of FIG. 
4, this is the temperature Zone 115-3. 

[0052] The actual initial product temperature Tan,(tf>i) for 
the container i is obtained from the actual initial product 
time-temperature pro?le TaIP(t) compiled in step 139. The 
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actual time intervals [tf)i, tlij], . . . , (tn_1>j, tr] for the selected 
container i are determined by the temperature deviation 
program 125 from the reel time-speed pro?le v(t), the reel 
step information S, and the temperature Zone length and 
location information L1, . . . , L 

[0053] In the eXample of FIG. 4, the temperature devia 
tion occurs in the temperature Zone 115-3. Thus, the portion 
of the product cold spot temperature pro?le Tcs(t)ij that 
actually occurred over the actual time interval [tf], I] is based 
in this case on the portions of the actual retort time 
temperature pro?les TaRT1(t), TaRT2(t), and TaRT3(t) respec 
tively over the actual time intervals [tf)i, t1]j ], (t1; , t2)ij,], and 
(tzij, tr]. The time intervals [tf)i, tlij] and (tlij, t2)ij,] have the 
initially scheduled time durations AtlO and AtzO since the 
temperature deviation began at the deviation begin time te 
While the container i Was in the temperature Zone 115-3. If, 
hoWever, this container Was in another temperature Zone 
115-1 or 2 When the deviation began, then the time intervals 
[tf)i, tlij] and/or (tlij, t2>ij,] Would have different time dura 
tions Atlj and/or Atzj because the reel speed vsj Would have 
been changed While the container Was in that temperature 
Zone. 

n. 

[0054] From the actual portion of the product cold spot 
time-temperature pro?le Tcs(t)ij over [tf)i, tr] and the input 
parameters Z and TREF, the temperature deviation program 
125 iteratively and incrementally computes the actual cur 
rent lethality Fij that has been delivered to the product cold 
spot of the selected container i over the actual time interval 
[tf)i, tr]. This is done using the lethality equation described 
earlier, Where tm=tf>i, tk=tr, TcS(t)=TcS(t)ij, and Fi=Fij. The 
precise manner in Which the actual current lethality is 
computed in step 142 is discussed in greater detail in section 
1d. 

[0055] Then, the temperature deviation program 125 
simulates the remaining portion of the rotary steriliZation 
process that is predicted to be administered to the selected 
container i over the scheduled remaining time interval (tr, 
tdij] assuming that the temperature deviation ends after the 
time tr. In performing this simulation, the simulation model 
mentioned earlier is used to iteratively simulate the pre 
dicted remaining portion of the product cold spot time 
temperature pro?le Tcs(t)ij based on the input parameters jh, 
fh, Xbh, f2, jc, and fc, the actual product cold spot temperature 
Tcs(tr)ij at the time tr, and the scheduled retort temperatures 
SRTUO, . . . , TSRTSO over the currently scheduled remaining 

time intervals (tr, tnil], . . . , t4)i],td)i]]. 

[0056] The actual product cold spot temperature Tcs(tr)ij 
for the selected container i is obtained from the actual 
portion of the product cold spot time-temperature pro?le 
Tcs(t)ij over [tf)i, tr] that Was just described. Moreover, the 
currently scheduled time intervals (tr, tnij], . . . , (t4>ij,td)ij] for 
the container i are determined by the temperature deviation 
program 125 from the reel time-speed pro?le v(t), the reel 
step information S, and the temperature Zone length and 
location information L1, . . . , L5. 

[0057] In the eXample of FIG. 4, the temperature devia 
tion occurs in the temperature Zone 115-3. Thus, the pre 
dicted remaining portion of the product cold spot tempera 
ture pro?le Tcs(t)ij is based on the scheduled retort 
temperatures TSRT3O, TSRT4O, and TSRTSO respectively over 
the currently scheduled remaining time intervals (tr, t3>ij], 
(t3)ij,t4)ij], and (t4>ij,td)ij]. In this eXample, the time intervals 
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(tzij, t3>ij], (tail-$43] and (t4)ij,tdpij] respectively have re 
scheduled time durations At3j, At4], and At; that are different 
than the initially scheduled time durations At3o, At4o, and 
At50 since the currently scheduled reel speed vsj at the current 
sample real time tI has been re-scheduled from the initially 
scheduled reel speed v50. 

[0058] The temperature deviation program 125 iteratively 
and incrementally computes the total lethality Fij predicted 
to be delivered to the product cold spot of the selected 
container i over the scheduled total time interval [tf)i, tdij]. 
This is done based on the predicted remaining portion of the 
product cold spot time-temperature pro?le Tcs(t)ij over (tr, 
tdij], the actual current lethality Fij over [tf], tr] that Was just 
described, and the input parameters Z and TREF. This is also 
done using the lethality equation described earlier, Where 
tm=tr, tk=td)ij, TcS(t)=TcS(t)ij, and Fi=Fij. The predicted total 
lethality is the sum of the actual current lethality and a 
predicted remaining lethality Fij that is predicted to be 
delivered to the container’s product cold spot over the time 
interval [tr, tdij]. The precise manner in Which the predicted 
total lethality is computed in step 142 is discussed in greater 
detail in section 1.e. 

[0059] Then, in step 143, the temperature deviation pro 
gram 125 determines at the current sample real time tI if the 
container i With the minimum predicted total lethality Fij 
over [tf)i, tdjj] is less than the target total lethality Fmg. If it 
is not, then this means that all of the affected 
containers { . . . , i, . . . kg also have predicted total lethalities 

{ . . . , Fij over [tf)i, tdij], . . . fag that are at least equal to the 

target total lethality. In this case, the process control program 
123 proceeds to step 141 and causes any of the previously 
identi?ed under processed containers { . . . , i, . . . }underpr 

that are being discharged at the time tI to be segregated. 
Then, in the manner discussed earlier, the process control 
program 123 administers the rotary steriliZation process in 
step 137 and Waits for the neXt sample real time tr=tr+AtI in 
step 138 to repeat the steps 139 to 148. 

[0060] In this embodiment, if it is determined in step 143 
that the minimum total lethality Fij over [tf)i, tdjj] is less than 
the target total lethality Fmg, then the temperature deviation 
program 125 determines in step 144 if the currently sched 
uled reel speed vsj is set to the minimum reel speed vmin. If 
it is not, then the program increments the counter j in step 
145 and de?nes a re-scheduled (or adjusted) reel speed V3 in 
step 146. 

[0061] In step 146, the re-scheduled reel speed vsj is 
de?ned in a similar manner to the Way in Which the initially 
scheduled reel speed vsO is de?ned in step 135. But, in this 
case the actual product cold spot temperature Tcs(tr)ij at the 
time tI and the actual current lethality Fij over [tf)i, tr] for the 
minimum lethality container i are used in simulating the 
remaining portion of the rotary steriliZation process in order 
to compute a predicted total lethality Fij over [tf)i, tdij]. This 
is done in a similar manner to that described earlier for 
computing the predicted total lethality for a container in step 
142. But, similar to step 135, this is done iteratively and 
incrementally until the reel speed is determined for Which 
the predicted total lethality satis?es the total target lethality 
Ftarg or the reel speed equals the minimum reel speed vmin. 
The precise manner in Which step 146 is performed is 
discussed in greater detail in section 1.f, but Will be brie?y 
discussed neXt. 
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[0062] The de?nition of the re-scheduled reel speed there 
fore also results in the de?nition of a re-scheduled remaining 
time-temperature treatment TSRT(t)ij. The treatment includes 
a remaining cooking portion at the scheduled retort tem 
perature TSRT3O over a corresponding re-scheduled time 
duration At3j. Similarly, the treatment also includes cooling 
portions at the scheduled retort temperatures TSRT4O and 
TsRTSO over corresponding re-scheduled time durations At4j 
and Atsj. 

[0063] Ideally, it is desired that the minimum predicted 
total lethality Fij over [tf)i, tdij] for the minimum lethality 
container i Will satisfy the target total lethality Fmg. But, as 
just mentioned, the re-scheduled reel speed vsJ may be 
limited to the minimum reel speed vmin. In this case, the 
minimum predicted total lethality Will not satisfy the target 
total lethality Fmg. If the temperature deviation program 125 
determines this to be the case in step 147, then this means 
that under processed containers { . . . , i, . . . LumpI from 

among the affected containers { . . . , i, . . . heE Will have 

predicted total lethalities { . . . , Fij over [tf)i, tdij], . . . }underpr 
that are less than the target total lethality. The minimum 
lethality container i is of course one of the under processed 
containers. The under processed containers are to be segre 
gated and are identi?ed at the current real sample time tI in 
step 148 by the program. 

[0064] FIG. 5 shoWs the distribution of the affected con 
tainers { . . . , i, . . . heE and the under processed containers 

. . , i, . . . }underpI to be segregated at the time tr. In 

identifying the under processed containers in step 148, the 
program 125 uses a similar approach as that used in step 142 
to identify the minimum lethality container i. But, in this 
case, the additional criteria of the target total lethality F 
is used to eXpand the search. 

targ 

[0065] Once the under processed containers { . . . , i, . . . 

}underpr have been identi?ed at the current real sample time 
tr, the process control program 123 then proceeds to step 
141. As discussed earlier, this program causes the control 
circuitry 129 to control the discharge device 114 in segre 
gating any of the under processed containers that are being 
discharged at the current sample real time tr. In order to 
segregate the under processed containers, the process con 
trol program tracks these containers to determine When they 
Will be discharged. This is done using the reel time-speed 
pro?le v(t), the reel step information S, and the temperature 
Zone length and location information L1, . . . , L5. 

[0066] The steps 137 to 149 are repeated until the tem 
perature deviation is cleared. In this Way, at each sample real 
time tI during the deviation, the list of under processed 
containers { . . . , i, . . . }underpr at the time tI is combined With 

the list from the previous sample real time tr. As a result, the 
list of under processed containers is dynamically updated 
and maintained. Since these under processed containers are 
segregated When discharged in step 141, this Will ensure that 
only those of the containers {1, . . . , i, . . . I}line that are 

adequately processed are released for distribution. 

[0067] The list of affected containers { . . . , i, . . . fag is 

also dynamically updated and maintained in the same man 
ner as the list of under processed containers { . . . , 

i, . . . }underpr. When the temperature deviation is cleared, this 
list Will remain the same and the process control program 
123 tracks the containers in this list until they have all been 
discharged. This tracking is done in the same manner in 
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Which the under processed containers are tracked. The 
process control program 123 Will then set the currently 
scheduled reel speed vsj back to the initially scheduled reel 
speed vsO in step 149. 

[0068] Furthermore, the controller 104 has the unique 
feature of being able to handle multiple temperature devia 
tions. For eXample, if another temperature deviation does 
occur, then the steps 137 to 149 are repeated during this 
deviation. Therefore, even if a selected container i is 
eXposed to multiple temperature deviations, the predicted 
total lethality Fij over [tf>i, tdij] that Will be delivered to it can 
be accurately determined based on those of the actual retort 
temperature pro?les TaRT1(t), . . . , TaRT5(t) that it has been 
treated With over the rotary steriliZation process. Moreover, 
this results in the list of under processed containers { . . . , 

1, . . . Lauder},I being further updated and expanded. 

[0069] 1.c. Detailed Process FloW for Step 135 of FIG. 3 

[0070] FIG. 6 shoWs the detailed process How that the 
process scheduling program 124 uses in step 135 of FIG. 3 
to de?ne the initially scheduled reel speed v50. In doing so, 
this program iteratively performs a simulation of the rotary 
steriliZation process that is predicted to be administered to 
each container i in sub-steps 150 to 160 of step 135. 

[0071] In step 150, the process scheduling program 124 
?rst de?nes the initially scheduled reel speed vsO as the 
maXimum reel speed vmaX. Then, in step 151, the program 
de?nes the time durations Atlo, . . . , AtsO for hoW long each 
container i is scheduled to be in the respective temperature 
Zones 115-1, . . . , 5. This is done based on the initially 

scheduled reel speed, the reel step information S for the reels 
109 and spiral tracks 108 of the cooking and cooling shells 
106-1 and 2, and the length and location information L1, . . . , 

L5 for the temperature Zones. 

[0072] In step 152, the current sample simulation time tS is 
initially set to Zero by the process scheduling program 124. 
This is the begin time of the simulated rotary steriliZation 
process for the container i. The program also initially sets the 
predicted product cold spot temperature Tcs(ts)iO of the 
container’s product cold spot at this time to the scheduled 
initial product temperature TSIP. Similarly, the lethality FiO 
predicted to be delivered to the product cold spot over the 
current simulation time interval [0, ts] is initially set by the 
program to Zero. 

[0073] Steps 153 to 157 are then performed by the process 
scheduling program 124 in each iteration of the simulation. 
In step 153 of each iteration, the program increments the 
current sample simulation time tS by the amount of the 
sampling period Atr. This results in a neW current sample 
simulation time ts. 

[0074] Then, in step 154 of each iteration, the process 
scheduling program 124 simulates the portion of the product 
cold spot time-temperature pro?le Tcs(t)iO predicted to 
occur at the product cold spot of the container i over the 
current simulation time increment [ts-Atr, ts]. This is done 
using the simulation model discussed earlier and is based on 
the predicted product cold spot temperature Tcs(ts-Atr)iO for 
the product cold spot at the previous sample simulation time 
tS-AtI and the heating and cooling factors jh, fh, Xbh, f2, jc, and 
fc. In the ?rst iteration, this product cold spot temperature 
Will be the scheduled initial product temperature TSIP from 
step 152. HoWever, in each subsequent iteration, the product 
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cold spot temperature is obtained from the portion of the 
product cold spot temperature pro?le predicted over the 
previous simulation time increment [ts-2Atr, ts-Atr] that Was 
simulated in step 154 of the previous iteration. Moreover, 
the simulation is also based on the respective scheduled 
retort temperatures TsRTlo, . . . , TSRTSO When the current 

sample simulation time tS is Within the corresponding simu 
lation time intervals [0, Atlo], . . . , [At10+. . . +At4o, Atso]. 
These time intervals indicate hoW long the container i is 
scheduled to be in the respective temperature 
Zones 115-1, . . . , 5. 

[0075] The lethality FiO that is predicted to be delivered to 
the product cold spot of the container i over the current 
simulation time increment [ts-Atr, ts] is then computed by the 
process scheduling program 124 in step 155 of each itera 
tion. This is done based on the portion of the product cold 
spot time-temperature pro?le Tcs(t)iO predicted over this 
time increment and the input parameters Z and TREF. This is 
also done in accordance With the lethality equation described 
earlier, Where tm=tS-Atr, tk=ts, TcS(t)=TcS(t)i0, and Fi=FiO. 

[0076] In step 156 of each iteration, the process schedul 
ing program 124 computes the lethality FiO predicted to be 
delivered to the product cold spot of the container i over the 
current simulation time interval [0, ts]. This is done by 
adding the predicted lethality FiO over the current simulation 
time increment [ts-Atr, ts] in step 154 to the lethality FiO 
predicted to be delivered to the product cold spot over the 
previous simulation time interval [0, ts-Atr]. In the ?rst 
iteration, the predicted lethality over the previous simulation 
time interval is Zero from step 152. In each subsequent 
iteration, this lethality is computed in step 156 of the 
previous iteration. 

[0077] Then, in step 157 of each iteration, the process 
scheduling program 124 determines Whether the current 
simulation time tS has reached the end time [At1O+ . . . +At5O] 
of the simulated rotary steriliZation process for the container 
i. If it is not, then the program returns to step 153 for the neXt 
iteration. In this Way, steps 153 to 157 are repeated in each 
subsequent iteration until it is determined that the end time 
for the simulated rotary steriliZation process has been 
reached. When this ?nally occurs, the program sets in step 
158 the lethality Fij over the current simulation time interval 
[0, ts] to the total lethality Fij predicted to be delivered to the 
container’s product cold spot over the total simulation time 
interval [0, At10+ . . . +At50]. 

[0078] When this ?nally occurs, the process scheduling 
program 124 determines in step 158 Whether the predicted 
total lethality FiO over [0, Atlo+ . . . +At5O] is at least equal 
to the target total lethality Fmg. If it is not, then the program 
decrements in step 160 the initially scheduled reel speed vsO 
by a prede?ned reel speed offset Av. This results in the 
re-de?nition of this reel speed. Steps 151 to 160 are then 
repeated until step 159 is satis?ed. The reel speed for Which 
step 159 is satis?ed is then used in steps 136 to 148 of FIG. 
3 in the manner discussed earlier. 

[0079] 1d. Detailed Process FloW for Computing Lethal 
ity Ff over [tf>i, t) in Steps 142 and 148 of FIG. 3 

[0080] FIG. 7 shoWs the detailed process How that the 
temperature deviation program 125 uses in steps 142 and 
148 of FIG. 3 to compute the actual current lethality Fij 
delivered to the product cold spot of the container i over the 
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actual time interval [tf>i, tr] that the container has been in the 
rotary steriliZer 102. This is done by iteratively performing 
sub-steps 161 to 168 of steps 142 and 148 to simulate the 
actual portion of the rotary steriliZation process that has been 
administered to the container’s product cold spot over this 
time interval. Here, steps 161 to 168 are respectively similar 
to steps 151 to 158 of FIG. 6 and discussed in section 1.c., 
eXcept for the differences discussed neXt. 

[0081] In step 161, the temperature deviation program 125 
de?nes the actual time intervals [tf)i, tlij], . . . , (tn_1)ij, tr] that 
the container i has actually been in the respective tempera 
ture Zones 115-1, . . . , n up to the current sample real time 

tr. In this step, the de?nition of these time intervals is based 
on the accumulated reel time-speed pro?le v(t). 

[0082] In step 162, the temperature deviation program 125 
initially sets the product cold spot temperature Tcs(ts)ij for 
the product cold spot of the container i at the initial sample 
simulation time tS to the actual initial product temperature 
Tan,(tf)i). This temperature is obtained from the actual initial 
product time-temperature pro?le TaIP(t). Moreover, the pro 
gram initially sets the actual lethality Fij delivered to the 
product cold spot over the current simulation time interval 
[tf>i, ts] to Zero. 
[0083] In step 164 of each iteration, the process schedul 
ing program 124 simulates the portion of the product cold 
spot time-temperature pro?le Tcs(t)ij that actually occurred 
at the product cold spot of the container i over the current 
simulation time increment [tS-Atr, ts]. This simulation is 
based on the respective actual retort temperatures 
TaRT1(tS), . . . , TaRTn([S)Wh6I1 the current simulation time tS 
is Within the corresponding simulation time intervals [tf>i, 
tlij], . . . , (tn_1>ij, tr]. These actual retort temperatures are 
obtained from the corresponding actual retort time-tempera 
ture pro?les TaRT1(t), . . . , TaRTn(t). 

[0084] The actual lethality Fij that Was delivered to the 
product cold spot of the container i over the current simu 
lation time increment [ts-Atr, ts] is then computed by the 
temperature deviation program 125 in step 165 of each 
iteration. This is done based on the actual portion of the 
product cold spot time-temperature pro?le Tcs(t)ij that Was 
simulated over this time increment. In this case, T“S(t)= 
Tcs(t)ij and Fi=Fij in the lethality equation described earlier. 
[0085] In step 166 of each iteration, the temperature 
deviation program 125 computes the actual lethality Fij 
delivered to the product cold spot of the container i over the 
current simulation time interval [tf)i, ts]. This is done by 
adding the actual lethality Fij over the current simulation 
time increment [ts-Atr, ts] in step 164 to the actual lethality 
Fij over the previous simulation time interval [tf)i, tS-Atr]. 
[0086] Then, in step 167 of each iteration, the temperature 
deviation program 125 determines Whether the current simu 
lation time tS has reached the current sample real time tr. If 
it is not, then the program returns to step 163 for the neXt 
iteration. In this Way, steps 163 to 167 are repeated in each 
subsequent iteration until it is determined that the current 
sample real time has been reached. When this ?nally occurs, 
the temperature deviation program 125 sets in step 168 the 
lethality Fij over the current simulation time interval [tf>i, ts] 
to the actual current lethality Fij over the actual time interval 
[tf>i, tr] and the product cold spot temperature Tcs(ts)ij for the 
container at the current sample simulation time to the actual 
product cold spot temperature Tcs(tr)ij at the current sample 
real time. 
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[0087_] 1.e. Detailed Process FloW for Computing Lethal 
ity FiJ over [tf>i, tdil] in Steps 142 and 148 of FIG. 3 

[0088] FIG. 8 shoWs the detailed process How that the 
temperature deviation program 125 uses in steps 142 and 
148 of FIG. 3 to compute the lethality Fij predicted to be 
delivered to the product cold spot of a selected container 
over the total time interval [tf], tdij] that the container is in 
the rotary steriliZer 102. In this case, the program iteratively 
performs a simulation of the predicted remaining portion of 
the rotary steriliZation process to be administered to this 
container using sub-steps 169 to 176 of steps 142 and 148. 
Like steps 161 to 168, steps 169 to 176 are respectively 
similar to steps 151 to 158 of FIG. 6 and discussed in section 
1.c., eXcept for the differences discussed neXt. 

[0089] In step 169, the temperature deviation program 125 
de?nes the remaining time intervals (tr, tmlj], . . . , (t4ij, tdij] 
that the container i is predicted to be in the respective 
temperature Zones 115-n, . . . , 5 after the current sample real 

time tr. The de?nition of these time intervals in step 169 is 
based on the currently scheduled reel speed V3. 

[0090] In step 170, the temperature deviation program 125 
initially sets the initial sample simulation time tS to the 
current sample real time tr. The program also initially sets 
the predicted product cold spot temperature Tcs(ts)ij for the 
product cold spot of the container i at this sample simulation 
time to the actual product cold spot temperature Tcs(tr)ij 
obtained from step 168 of FIG. 7. Moreover, the program 
initially sets the predicted lethality Fij to be delivered to the 
product cold spot over the current simulation time interval 
[tf)i, ts] to the actual lethality Fij over the actual time interval 
[tf)i, tr] also obtained from step 168. 

[0091] In step 172 of each iteration, the temperature 
deviation program 125 simulates the portion of the product 
cold spot time-temperature pro?le Tcs(t)ij that is predicted 
to occur at the product cold spot of the container i over the 
current simulation time increment [ts-Atr, ts]. The simulation 
is based on the respective scheduled retort temperatures 
TSRTD , . . . , TSRTSO When the current simulation time tS is 

Within the _ corresponding simulation time 

intervals (tr, tnil], . . . , (t4il, tdil]. 

[0092] The lethality Fij that is predicted to be delivered 
over the current simulation time increment [ts-Atr, ts] is then 
computed by the temperature deviation program 125 in step 
173 of each iteration. This is done based on the predicted 
portion of the product cold spot time-temperature pro?le 
Tcs(t)ij that Was simulated over this time increment in step 
172. 

[0093] In step 174 of each iteration, the temperature 
deviation program 125 computes the lethality Fij predicted to 
be delivered to the product cold spot of the container i over 
the current simulation time interval [tf], ts]. This is done by 
adding the predicted lethality Fij over the current simulation 
time increment [tS-Atr, ts] from step 173 to the predicted 
lethality Fij over the previous simulation time interval [tf)i, 
ts-Atr]. 
[0094] Then, in step 175 of each iteration, the temperature 
deviation program 125 determines Whether the current 
sample simulation time tS has reached the predicted dis 
charge time tdij for the container i. If it has not, then the 
program returns to step 171 for the neXt iteration. In this 
Way, steps 171 to 175 are repeated in each subsequent 
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iteration until it is determined that the predicted discharge 
time has been reached. When this ?nally occurs, the program 
sets in step 176 the lethality Fij over the current simulation 
time interval [tf)i, ts] to the predicted lethality. Fij over the 
currently scheduled total time interval [tf)i, tdi]. 

[0095] 1.f. Detailed Process FloW for Step 146 of FIG. 3 

[0096] FIG. 9 shoWs the detailed process How that the 
temperature deviation program 125 uses in step 146 of FIG. 
3 to de?ne the re-scheduled reel speed vsj. This program uses 
sub-steps 178 to 187 to iteratively perform a simulation of 
the remaining portion of the rotary steriliZation process 
predicted to be administered to the minimum lethality con 
tainer i identi?ed in step 142 of FIG. 3 and discussed in 
section 1.b. Steps 178 to 187 are respectively similar to steps 
159 and 151 to 159 of FIG. 6 and discussed in section 1.c., 
eXcept for the differences discussed neXt. 

[0097] In step 178, the temperature deviation program 125 
?rst decrements the currently scheduled reel speed vsj by the 
prede?ned reel speed offset Av. If the decremented reel 
speed is greater than the minimum reel speed vmin, the 
re-scheduled reel speed is de?ned as the decremented reel 
speed. HoWever, if the decremented reel speed is less than or 
equal to the minimum reel speed, then the re-scheduled reel 
speed is de?ned as the minimum reel speed. 

[0098] Since a re-scheduled reel speed vij is de?ned in step 
178, the re-scheduled remaining time intervals (tr, tnij], . . . 
, (t4ij, tdij] that the minimum lethality container i is pre 
dicted to be in the respective temperature Zones 115-n, . . . 

, 5 after the current sample real time tI need to be de?ned. 
This is done in step 179. 

[0099] Step 180 to 186 are the same as steps 170 to 176 of 
FIG. 8 and discussed in section 1.e. Thus, these steps are 
used to compute a total lethality Fij predicted to be delivered 
to the product cold spot of the minimum lcthality containcr 
i over the re-scheduled total time interval [tf)i, tdij It should 
be noted here that this is done using the actual current 
lethality Fij over [tf>i, tr] and the actual product cold spot 
temperature Tcs(tr)j for the minimum lethality container i 
computed in steps 161 to 168 of FIG. 7. 

[0100] Then, in step 187, the temperature deviation pro 
gram 125 determines if the predicted total lethality Fij over 
[tf)i, tdij] satis?es the target total lethality Ftar . If it does not, 
then the program determines in step 188 Whether the re 
scheduled reel speed vsj equals the minimum reel speed vmin. 
If it does not, then steps 181 to 188 are repeated until it is 
determined in step 187 that the target lethality has been 
satis?ed or it is determined in step 188 that the minimum 
reel speed has been reached. In this Way, the reel speed is 
re-scheduled. 

[0101] 2. Alternative Embodiments 

[0102] As indicated earlier, the embodiment of controller 
104 associated With FIGS. 3 to 9 and described in section 1. 
is an eXemplary embodiment. Alternative embodiments that 
utiliZe the principles and concepts developed in FIGS. 3 to 
9 and section 1. do eXist. Some of these embodiments are 
discussed neXt. 

[0103] 2a. Scheduling and Re-Scheduling Variations 

[0104] The operator of the rotary steriliZation process 100 
may Want to keep the initially scheduled reel speed vsO and 










